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1. Fisheries behavior for the different fleets under

changing environmental and/or quota conditions

Introduction

Interannual variability due to the El Nifio Southern Oscillation (ENSO) is considered
to be one of the major sources of environmental variation in the Humboldt Current
System (HCS). Here, the question is whether patterns can be found between ENSO
events (both La Nifia and El Nifio events) and the amount of commercial Jack
mackerel (JM) catches by fishing fleet. For several reasons such as management
implications, trade, JM availability and fishery further offshore the offshore fleet was
not considered a suitable indicator of environmental dynamics, leaving the Chilean
and Peruvian fleets. For pragmatic reasons, we have focused here on the Peruvian
coastal fleet as they are likely most influenced by environmental conditions as well.

In the past, the cycle of ENSO events has been hypothesized to affect the JM
biomass in the Peruvian waters, although the exact relation between these events
and the available JM biomass is not clear and likely complex (e.g., Dioses 1995,
Ganoza 1998, Bertrand et al. 2004, Alegre et al. 2005, Gutierrez et al. 2012).
Increasing JM biomass has been linked to the presence (during and directly
afterward) of El Nifio events, but this effect has been found to be variable (Bertrand
et al. 2004 and references therein, Gutierrez et al. 2012). For example, although
high JM biomass was observed after various El Nifio events in the past, during the
specifically intense El Nifio event of 1997-1998 JM abundance drastically decreased in
Peruvian waters, due to less favorable oxygen conditions (Bertrand et al. 2004,
Gutierrez et al. 2012). The residual stock moved close to the coast, where it was
more easily available as catch for the Peruvian fleet. After the El Nifio event (when a
shift to a La Nifia event occurred), JM migrated away from the Peruvian waters, via
both offshore and latitudinal migration (Bertrand et al. 2004). Other studies found
more catches by the trawl fleet during El Nifio events, while purse seine catches
were higher in years without El Nifio events (SPRFMO, 2014). On an interdecadal
timescale, the most favorable oxygen conditions for JM (i.e. high oxygen content and
deeper oxycline conditions) in Peruvian waters have been found in relatively warm, El
Nifio type, periods (Bertrand et al. 2011), but in the most recent years JM biomass
has been increasing within a cold, La Nifia type, time period (pers. comm. M.
Gutierrez). Food conditions are a key driver of JM presence in Peruvian waters , and
although significant correlations of ENSO events with various dietary conditions of JM
have been found (condition factor, fullness of stomach, prey diversity) in a dataset
spanning many decades, these correlations pointed in different directions for different
dietary conditions; no simple positive relation between food availability and either La
Nifia or El Niflo events was found (Alegre et al. 2015).

ENSO events can affect the JM distribution through major environmental drivers of
the JM habitat in the Peruvian coastal waters; food availability, temperature, oxygen
and accessibility (for JM migrating up from Chilean coastal waters in summer), but
the influence of an ENSO event on these factors -and their interactions- and on the
JM distribution itself remains in need of further study. Here, the exact relationships
between ENSO events, environmental conditions and the JM habitat is skipped, and
the relationship between ENSO events and the amount of commercial catches of the
Peruvian purse seine fleet is directly studied. The reason for this study is a currently
ongoing management strategy evaluation (MSE) for JM in its entire distribution
range. For this MSE, it is most important to understand if in the future the catch
proportion of the various fleets will change depending on environmental drivers; the



SC9-HMO6

MSE can then take these changes in environmental conditions into account as
sensitivity scenarios. Thus, the effect of ENSO events on the amount of Peruvian
inshore catches is investigated directly.

Jack mackerel (JM) in the south-eastern Pacific is targeted by a coastal Peruvian fleet
of purse seiners, which operates almost entirely within the EEZ of Peru (SPRMFMO,
2020). Peruvian coastal fisheries takes place mostly in January-April, when the
favorable JM habitat in these waters is more concentrated near the coast due to
environmental conditions (Bertrand et al. 2016). The size of JM habitat along the
Peruvian coast depends on the availability of food and oxygen and on temperature
(Bertrand et al. 2004, 2006, Alegre 2015), factors that can in their turn be influenced
by ENSO events. This can influence both adults and juveniles, but likely in different
ways since different life stages have different temperature and oxygen and food
requirements.

Another process that might influence the Peruvian catches and might itself be
influenced by ENSO events is the northbound migration of JM from Chilean waters:
Around March-April, Chilean waters cool down due to cold water arriving from the
south and the fattening adult JM in the Chilean waters move north along the coast
(Bertrand et al. 2016, Hintzen et al. 2014). Connectivity between Chilean and
Peruvian waters can be severely limited, due to a gap in the horizontal habitat at
~19-22°S during summer, which limits extensive mixing. The presence of such a
barrier varies strongly between years and the Peruvian JM patch can receive
significant contribution in biomass from the adjacent South-Central unit in some
years, but not always (Bertrand et al. 2016, Hintzen et al. 2014). The presence of
this barrier is caused by an oxygen minimum zone (the zone where the oxygen
content is too low for JM to breath, OMZ) that is too shallow for JM to migrate
through this area around 19-22°S. The depth of the OMZ is influenced by
temperature and oxygen (Bertrand et al. 2006, Bertrand et al. 2016), both of which
are influenced by ENSO events. Migration by juveniles takes place in other months
when such barrier does not play a role.

Since the two life stages can potentially be impacted differently by ENSO events, a
differentiation was made between adult and juvenile catches of JM and the effect of
ENSO events was examined per life stage.

Methodology

Catch data

All catch data are derived from Annex 8 of the SPRFMO SC7 Report (SPRFMO, 2020);
total Peruvian coastal catches from Table A8.1 (Fleet 3 (Far North) / Peru) and length
composition of these catches (in numbers) from table A8.6. The length composition is
based on the whole Fleet 3 and is assumed to be representative for the Peruvian Far
North catch composition. Length composition data are available from 1980 onwards.
Length composition is translated into biomass proportion of mature/immature IM,
using the cut-off length of Lso%=26.5 cm, which is based on Peruvian JM caught in
1963-2012 (Perea et al. 2013) and the length-weight key with a=0.0213 and
b=2.757 (fishbase.org). See figure 1 for the split of total catches into juvenile and
adult catches.
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Figure 1 Peruvian JM catches (ton) in 1970-2019, divided into mature (grey) and
immature (green) in 1980-2019

ENSO events

ENSO events (both La Nifia and El Nifio) are based on data from the Oceanic Nino

Index (ONI); a 3-month running mean of sea surface temperature anomalies in the
Nino 3.4 region, based on centered 30-year base period from the National Oceanic

and Atmospheric Administration (NOAA, see table 1 and figure 2)1.

The definition of an ENSO event differs between sources and here the historical
definition as stated by NOAA is used: A minimum of 5 consecutive ONI-periods with
mean sea surface temperatures being at least 0.5° C lower (for La Nifia ) or higher
(for El Nifio) than the centered 30-year average.

An ENSO event was defined to be relevant for the Peruvian landings, if it takes place
around the time of Peruvian fishing (January-April) or the months leading up to this
fishing period (October-December). (Note that this month selection does not play a
major role: an ENSO event typically takes places over many months and mostly over
austral summer).

Table 1. A subset of the ONI dataset: Warm (red) and cold (blue) periods based on a threshold of +/-
0.50C for the Oceanic Nifio Index (ONI). 3 month running mean of ERSST.v5 SST anomalies in the Nifio
3.4 region (50N-50S, 1200-1700W)], based on centered 30-year base periods updated every 5 years.

Year | DJF | JFM | FMA | MAM | AMJ | MJJ | JJA | JAS | ASO |SON | OND | NDJ
2010/ 1.5|13/09| 04 (-0.1|-0.6 -1 (-1.4|-1.6|-1.7 |-1.7 |-1.6
2011 |-1.4|-1.1/-0.8| -0.6 (-0.5|-0.4|-0.5|-0.7|-0.9|-1.1|-1.1 | -1

2012 -0.8|-0.6 -0.5| -04 {-0.2| 0.1 | 0.3 | 0.3 | 0.3 | 0.2 0 -0.2
2013 -04|-0.3|-0.2 | -0.2 |-0.3|-0.3|-0.4|-0.4|-0.3|-0.2| -0.2 | -0.3
2014|-04|-04|-0.2| 0.1 | 0.3 | 0.2 0.1 0 0.2 | 0.4 | 0.6 | 0.7
2015| 0.6 | 0.6 | 0.6 | 0.8 1 1.2 (15(1.8| 21| 24| 25 | 2.6
2016 | 2.5 | 2.2 | 1.7 1 0.5 0 |-0.3(-0.6|-0.7|-0.7 | -0.7 | -0.6
2017|-03|-0.1{ 01| 03 |(04|04|02)|-0.1|-04|-0.7|-09| -1

2018|-0.9|-0.8/-0.6 | -0.4 (-0.1| 0.1 | 0.1 | 0.2 | 04| 0.7 | 0.9 | 0.8

Lhttps://origin.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ONI_v5.php
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Figure 2. 3-month running anomaly of SST (°C), with in blue 3-month periods that
are at least 0.5°C colder than the centered 30-year base period, and in red 3-month
periods that are at least 0.5°C warmer.

Data selection

The years 1970 to 2019 were selected, since catch data is available since 1970. The
definition of an ENSO event is (1) a month and its two adjacent months must be on
average 0.5 below (La Nifia ) or above (El Nifio) the 30-year mean temperature. This
3-month period is here defined by its middle month. (2) five such 3-month periods
must follow each other, (3) For an ENSO event to be relevant for the Peruvian
catches, it must take place around the time of Peruvian fishing (January-April) and
the months leading up to this (October-December); this is a seven month period.

Three parameters for an ENSO event in this fisheries relevant period (of seven
months) are made

1. Presence of an event
Number of months of the event
3. Average coldness of the event

Results

ENSO presence

In figure 3 the catches (total, adult and juvenile) per year are linked to the presence
of an ENSO event leading up to and during that fishing period (October-April). In
years with the highest catches all three ENSO situations (La Nifia , El Nifio and no
event) occur. Also in years with low catches all three ENSO situations occur. In
general, no obvious pattern seems present between amount of catch and the
presence of ENSO events.

When summarizing the data, no differences in distribution of total catch seems
present between the three ENSO situations (figure 4a). Low adult catches seem to
occur more often during El Nifio events, while the adult catches during La Nina
events is similar to those in years without ENSO event (figure 4b). In contrast, the
amount of juvenile catches during le Nino events is similar to that in years without
ENSO event, while high juvenile catches seem to occur more often during La Nifa
events. This implies the two maturity stages are affected differently by ENSO events.



SC9-HMO6

However, none of these relationships were significant, when performing basic
statistical analyses?.
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Figure 3. Yearly catches (ton) of the Peruvian coastal fleet per year, total (above)
and the estimated amount of adult (middle) and juvenile (below). Circle color reflects
the presence of an ENSO event during or in the months before the fishing season.

2 a generalized linear model on the log-transformed catches, with the ENSO event as
explanatory factor. After single term deletion with an F-test, removing the ENSO event led
to an F-value and p-value of F=0.0019 and p=0.99, F=1.78 and p=0.18, and F=1.10 and
p=0.34, for total, adult and juvenile catch, respectively.



— 600000 -
£
0
i
o
@ 400000 -
=
2
=
T 200000 - ]
] \_V_‘
0- l ‘
absent nina nina
presence of ENSO event during fishing season
(@)
-
150000 -
c
2 . i
s o
£ 100000 -
[
(&)
5
o
©
& 50000-
©
o
oy
I
o |
absent nina nino
presence of ENSO event during fishing season
(b)
600000 - *
=
5 .
=
2 400000 -
()
o L]
E ‘
=
©
=
e A
'>1200000 ‘
©
o«
o

e

abs:ent ni||1a nillw
presence of ENSO event during fishing season

0-

(©

SC9-HMO6

Figure 4. Boxplots of the yearly Peruvian catches of all (a), adult (b) and juvenile (c)
JM, plotted against the presence of an ENSO event during (or just before) the fishing

season.
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ENSO duration

In figure 5, the number of months of the ENSO event during the seven months
leading up to and during the fishing season are plotted against the catches. When an
ENSO event occurs, it often occurs during all seven months, but there are years in
which the event only occurs during one up to six months. The amount of catch (total,
adult or juvenile) does not seem related to the length of the ENSO event.
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Figure 5. Plots of the number of months of an ENSO event (La Nifia or El Nifio)
during (or just before) the fishing season plotted against the yearly Peruvian catches
of all (a), adult (b) and juvenile (c) JM. Correlations are visualized using the
“"ggplot2” package in R, in which linear regression is applied with the formula y~x
(geom_smooth with method="Im’” and CI=95%).
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ENSO intensity

In figure 6, the intensity of the ENSO event (mean deviation in SST from the 30-year
average) during the seven months leading up to and during the fishing season are
plotted against the catches. When an ENSO event occurs, it often deviates less than
1°C from the 30-year average, but especially for El Nifio events the intensity can be
much higher (more than 2°C deviation). No clear relation between the amount of
catch and the intensity of either La Nifia or El Nifio events can be seen. As in figure
4, the amount of adult (figure 6b) and juvenile (figure 6¢c) catch seems on average
lower in an El Nino event than in a La Nifa event, but this difference does not
increase with the intensity of the ENSO event.
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Figure 6. The mean deviation of the SST (from the 30 year average) in an ENSO
event (La Nifia in red and El Nifio in blue) during (or just before) the fishing season,
plotted against the yearly Peruvian catches of all (a), adult (b) and juvenile (c) JM.
Correlations are visualized using the “ggplot2” package in R, in which linear
regression is applied with the formula y~x (geom_smooth with method="Im’ and
CI=95%).

Discussion

There are no clear correlations in the yearly Peruvian catch and the presence or
intensity of an ENSO event. The presence of an ENSO event, or either proxy for
strength of the event (duration or intensity) are not correlated with clear differences
in amount of catch, for either total, adult or juvenile catch. Some indications were
found that the effect of El Nifio and La Nifia events could be opposite, with a
negative impact of El Nifio on adult catches and a positive impact of La Nifia on
juvenile catches. However, this pattern was not strong or significant and high
variation in catches exists under all ENSO situations.
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Non-environmental variables potentially influencing Peruvian catches;
preliminary analyses

Another parameter that is potentially correlated with the Peruvian catches is the total
population size of JM, although the historical absence of a dedicated IM fisheries
(Gutierrez et al. 2012) and the strong interannual variability in mixing of the
Peruvian subsystem with the rest of the JM population (Hintzen et al. 2014), makes a
strong relationship over the whole time period less likely. Preliminary analyses, in
which stock size estimates (table A8.1 in SPRFMO, 2020) were plotted against the
Peruvian catches, show no correlation between the two, also not when taking a time
lag of maximally three years into account. This implies the catches of the Peruvian
fleet are not highly correlated to total population size of IJM.

Also, the Peruvian JM catches could be correlated with the Chilean and offshore
southern catches, either positively (if driven by similar factors such as environmental
conditions or quota) or negatively (if the migration of JM from Chilean into Peruvian
waters is a strong driver of amount of catchable JM in Peruvian waters). Preliminary
analyses imply a positive correlation between especially Chilean and Peruvian
catches, more notably when taking a time lag into account (Peruvian catches ~
Chilean catches 1-3 years earlier). To a lesser extent a positive correlation seems
present between total southern catches (Chilean and offshore) and Peruvian catches.
In contrast to Peruvian catches, total southern catches have in other analyses been
shown to be strongly correlated to the total stock size of JM, especially when a time
lag of three years is taken into account. This dependency seems more fitting for the
southern fleet than for the Peruvian fleet, since JM is the target species for a large
part of that southern fleet (i.e. the offshore and South Central Chilean fleet). Since
the Peruvian fleet preferentially targets anchovy, the availability of anchovy in
Peruvian waters and its preferential status as target species for the fleet, might also
have influenced the amount of JM catches of that same fleet. Also the changes in
fishing capacity of the Peruvian fleet might have played a role. Preliminary analyses
did not point towards a clear relationship with either anchovy catches or fleet
capacity.

It is likely difficult to tease apart the influence of environmental drivers on the JM
catches of especially the Peruvian fleet, with its preference for anchovy, the variable
effects ENSO events have on the favored habitat of JM and the variable influx of JM
from the Chilean stock.
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2. The influence of habitat on fleet distribution

Introduction

The distribution of Jack mackerel (JM) can be explained by environmental drivers of
various trophic levels at different spatiotemporal scales (e.g. Vasquez et al. 2020,
Dragon et al. 2017, Bertrand et al. 2016, Valdez et al. 2015). Some of these studies
explain JM distribution based solely on readily available wide-reaching data, such as
satellite oceanographic and depth data (Bertrand 2016, Valdez et al. 2015).
Standardized vessel location data (VMS) of the fleets that target JM are increasingly
collected in a routine and open-source manner within SPRFMO. VMS has proven to be
a powerful tool in studying commercial fleet behaviour and its relationship with the
environment (e.g. van der Reijden et al. 2018, Hintzen et al. 2020, Maina et
al.2016). These VMS data can thus be used to explain the relationship between the
behaviour of the fleets targeting JM and the environment of the Southeast Pacific.
The goal here is to create a statistical model that explains the fleet distribution
targeting JM, based on readily available environmental information: With such a
model SPRFMO could easily and routinely explain the behaviour of the fleets.

In order to create an easy exercise, only explanatory variables are selected that are
routinely collected and readily available, for the entire time period and geographical
area that the selected fleets operate in. Data should also be available for fleets that
in the future might be incorporated into the routine. In this first exploration, the
focus is on fleets that have readily available VMS data and target JM specifically; all
VMS data of that fleet can then be used without selecting trips that target JM (which
required logbooks or fishing sets). As such, only the South-Central Chilean fleet and
the offshore Dutch fleet are investigated. In order to include the other coastal fleets
(North Chilean and Peruvian fleet), further data selection needs to be undertaken,
since these fleet fish opportunistically on multiple species. Historic VMS data of the
other offshore fleets are not readily available at the moment.

The most important environmental variables driving the fleet distribution are
probably largely similar to those explaining the distribution of JM itself in the South-
East Pacific. Open-access environmental variables were thus selected based on
previous studies analysing the habitat of JM itself; satellite data of sea surface
temperature and chlorophyll-a, as well as oxygen content and the presence or
absence of minimum oxygen content (2 ml/l) in the top 50 meter. The fleets
themselves use daily updated information on mesoscale eddies, also raised from
open-access satellite information; the location of eddies will thus probably be an
important factor explaining fleet behaviour. Fleets are also potentially influenced by
other factors, such as accessibility of an area (the offshore fleet cannot enter the
EEZ), distance to shore/port and spatiotemporal autocorrelation.

Methodology

Fleet behaviour will be studied at a monthly scale, for the years 2010-2019. The
spatial structure is defined by the availability of environmental data and was set at 9
x 9 km, in the area 0-50°S and coast to 100° west.

Statistical model design

As statistical framework the Integrated Nested Laplace Approximation (INLA) will be
used, similar to Hintzen et al. (2020). VMS data intrinsically have strong
spatiotemporal autocorrelation; consecutive VMS locations depend heavily on each
other. INLA allows for the capturing of such spatiotemporal autocorrelation in
observations. INLA also allows for the use of numerous distributions of the response
variable; for the VMS count data the Poisson, over-dispersed Poisson, Negative

11
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Binomial, Zero-inflated Poisson, and Zero-inflated Negative Binomial distributions will
be investigated. Model design will take place similar to Hintzen et al. (2020).

VMS

The activity of the ships during each VMS ping is qualified (figure 1), using
methodology described in Hintzen et al. (2012). A distinction is made between
drifting, steaming, searching and fishing based on ship-specific speed thresholds.
The Chilean South-Central fleet consists of purse seiners and trawlers, that fish
mostly in January-April, close to the coast. The EU offshore fleet consists of trawlers
and starts fishing later and fishes from the border of the EEZ to the high seas.

activity

fishing

lat

© searching
*  steaming
still

-110 -100 -90 -80 70
long

Figure 1. Activity definition per ping of the Dutch trawler, calculated as in Hintzen et
al. (2012).

Explanatory variables
The following variables will be examined for their potential as explanatory variable in

the statistical model:
1. Sea surface temperature (°C) and chlorophyll density (CHL-a in ng/m3) per

month and per 9x9 km grid cell. Collected as satellite data from
oceancolor.com.

2. Oxygen content and oxycline depth. Data are collected from World Ocean
Atlas Database version 9: WODO9. This database is a collection of all
available scientific data (surveys, boys, etc), and does not allow a 100%
coverage in time and space. Oxygen data needs to be raised, having
corrected for temperature. Using methodology of Vasquez et al. 2020 and
Bertrand et al. 2016.

3. Mesoscale eddy. Presence or absence of a mesoscale eddy per month will be
determined. This gives a proxy for the most persistent eddies. Data is
satellite altimeter derived geostrophic currents with a spatial resolution of "
degree. Eddies will be identified by applying the Okubo_weiss parameter (W)
over the geostrophic current field, which allows separating vorticity-
dominated regions. Both the Peruvian and Chilean fleets receive daily
information of mesoscale eddies, as proxy for stock presence.

4. Depth. Bathymetry as gathered by GEBCO. The 1 minute interval dataset
from 2008 is used and raised to a 9 x 9 km grid.

5. Distance to coast

6. Distance to EEZ

12



SC9-HMO6

7. El Nino event (ELE). As Ocean Nino Index: three month running mean of SST
anomolies in the Nino region (5N-5S, 120-170W), based on centered 30-yr
base period. El Nino and la Nino are defined as 5 consecutive seasons with
above/below mean. ELE was found to be important as explanatory variable
in CPUE raising of offshore fleets (see SpRMFO SC report 2019) and will also
be investigated here.

Results: Data collection and exploration
VMS data

Collaboration on VMS data with Chile has been pending for more than one year and
although there is the initiative to work together, no data exchange has taken place
yet. This limits the study to further test models.

From the EU, all Dutch VMS data between 2010-2018 were collected. The Dutch fleet
consists of only 1 ship, that was present in 2010, 2011, 2014, 2015, 2017 (table 1).
It fishes for one consecutive period, starting in April. There is no stable pattern in
presence over months between years; it was present between March-October, but
the only consistent month of presence is April. Sometimes fishing stops for 1 month
in between.

The spatial pattern in 2010 and 2011 differs markedly from the other years, with the
fleet fishing more offshore on the high seas. All other years most fishing took place
on the border of the Chilean EEZ. The fleet moves up North from April onwards.
Fishing occurs between the EEZ border and 1.983 km from the coast, but mostly
close to the EEZ border.

Table 1. Number of fishing pings, per month and year, for the Dutch offshore fleet

3 4 5 6 7 8 9 10
2010 0 143 128 62 65 0 0 0
2011 0 13 91 22 0 0 0 0
2014 0 0 284 211 333 342 104 152
2015 0 199 422 0 263 45 29 0
2017 138 279 295 243 148 0 0 0

Sea surface temperature

SST data is available between 2010 and 2019, except in May 2017. The
spatiotemporal coverage of the satellite data is nearly perfect. In order to link most
VMS locations to SST data, a distance of reach of 10 km is set. All available
chlorophyll points within a 10 km radius are averaged, 4 VMS locations to only one
SST location, the rest to 2-8 SST locations. 295 out of 4011 VMS points could not be
linked, all from May 2017. Some examples of spatial patterns in SST are presented in
figures 2 and 3.
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Figure 3. Sea surface temperature (°C) in July 2010 (left) and 2017 (right), with

fishing activity (per fishing ping) of the Dutch trawler

Chlorophyll -a

Chlorophyll data is available between 2010 and 2019. The spatiotemporal coverage is
not very good. Especially in April/June the coverage in the southern regions is often

missing. In order to link most VMS locations to chlorophyll-a data, a distance of
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reach of 10 km is set. All available chlorophyll points within a 10 km radius are

averaged, 77 VMS locations to only one chlorophyll-a location, the rest to 2-8

chlorophyll-a locations. Even then, 290 out of 4011 VMS points could not be linked -
all from April/June. The presence of upwelling/eddies can clearly be seen in the
chlorophyll patterns. Some examples of spatial patterns are presented in figures 4

and 5.

lat

Figure 4. Chlorophyll-a density (mg/m?3on log scale) in 2018, per month (1-12)
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Figure 5 Chlorophyli-a density (mg/m?) in October 2014 (left) and May 2014
(right), with fishing activity (per fishing ping) of the Dutch trawler
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Oxygen content

Work in progress, waiting on results. Oxygen content at 25 meter depth and the
presence or absence of minimum oxygen content (2 ml/l) in the top 50 meter will be
determined.

Mesoscale eddies

Work in progress, waiting on results. Eddies will be estimated as in Vasquez et al.
(2020); the estimates will be a proxy for the presence/absence of the most
persistent eddies, on a monthly scale, per 4 degree.

Depth

Depth data is available at a very fine spatial scale. Depth is averaged on a 9 x 9 grid.

Figure 6. Depth profile (left), with EEZ and fishing activity (right), with fishing activity
of the Dutch trawler (per fishing ping)

El Nino / la Nina temperature
Fishing activity per month is linked to the presence or strength of an Nino/Nina event
in the month itself (figure 7) and to the number of event months before.

Table 2. Warm (red) and cold (blue) periods based on a threshold of +/- 0.50C for
the Oceanic Nifio Index (ONI). 3 month running mean of ERSST.v5 SST anomalies in
the Nifio 3.4 region (50N-50S, 1200-1700W)], based on centered 30-year base
periods updated every 5 years.

Year | DJF | JFM | FMA | MAM [ AM] | MJJ | JJA | JAS | ASO |SON | OND | NDJ

2010|1.5(13|(09| 04 |-0.1|-0.6| -1 |-1.4|-1.6|-1.7 | -1.7 |-1.6
2011 |-1.4|-1.1/-0.8| -0.6 (-0.5|-0.4|-0.5|-0.7|-0.9|-1.1|-1.1 | -1

2012|-0.8|-0.6 | -0.5| -0.4 |-0.2| 0.1 | 0.3 | 0.3 | 0.3 | 0.2 0 |-0.2
2013 | -04|-0.3|-0.2| -0.2 |-0.3|-0.3|-0.4|-0.4|-0.3|-0.2| -0.2 |-0.3
2014 | -04|-04|-0.2| 0.1 | 0.3 |0.2|0.1 0 0.2 | 0.4 | 0.6 | 0.7
2015| 0.6 | 0.6 | 0.6 | 0.8 1 1.2 (15|18 | 21| 24| 2.5 | 2.6
2016 | 2.5 | 2.2 | 1.7 1 0.5 0 |-0.3|-0.6|-0.7|-0.7 | -0.7 | -0.6
2017|-0.3|-0.1( 0.1 | 03 | 04|04 |0.2|-0.1|-04|-0.7|-09]| -1

2018|-0.9|-0.8/-0.6| -0.4 (-0.1| 0.1 { 0.1 | 0.2 | 04| 0.7 | 0.9 | 0.8
2019/ 0.8 | 08| 08| 0.8 | 0.6 |05 |03|0.1]0.1
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Figure 7. Boxplot of fishing pings per ENSO event (la Nina, el Nino, or no event) in
that month

Conclusions

An automated process has been designed to retrieve environmental data that is
relevant for studying the fleet distribution of the Jack mackerel fishery. This is now
routinely available for the SPRFMO SC. Although VMS data availability is still pending,
a statistical design has been formulated already and allows the SC to routinely
analyze the variability in fleet distribution of the Jack mackerel fishery. Once VMS
data is available, habitat preference of the fleet, variability herein and spatial
distribution maps will be created as input for the SC.
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