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The following general objectives were specified to be addressed:
GO1: Updating Jack mackerel Management targets and Management Plan.
a)

Define the hypotheses on stock structure to be used in the MSE

b)

Define spatial heterogeneity of the Jack mackerel stock

c)

Design management strategies

d)

Define fisheries behaviour for the different fleets under changing
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environmental and/or quota conditions
e)

Evaluate management regimes

f)

Report on results

GO2: Defining the Jack mackerel habitat.
a)

Data Evaluation: Develop standardized spatial statistical models to evaluate
the extent of environmental conditions on the distribution on Jack mackerel,
making use of industry data – data evaluation

b)

Statistical modelling: Develop standardized spatial statistical models to
evaluate the extent of environmental conditions on the distribution on Jack
mackerel, making use of industry data - statistical modelling

c)

Report on results
Wageningen Marine Research levert

Approach
Three main studies were undertaken to address the GOs as listed above.
1.

Development of an MSE framework for Jack mackerel

2.

The influence of habitat on fleet distribution

3.

Fisheries behavior for the different fleets under changing environmental
and/or quota conditions

met kennis, onafhankelijk
wetenschappelijk onderzoek en
advies een wezenlijke bijdrage aan
een duurzamer, zorgvuldiger beheer,
gebruik en bescherming van de
natuurlijke rijkdommen in zee-,
kust- en zoetwatergebieden..
Wageningen Marine Research is
onderdeel van Wageningen
University & Research. Wageningen

Study 1 has been executed in collaboration with many other SPRFMO members and
several intersessional online meetings were held for which minutes are available in
addition to this report. The main reporting on the studies is listed below.

University & Research is het
samenwerkingsverband tussen
Wageningen University en Stichting
Wageningen Research en heeft als
missie: ‘To explore the potential of
nature to improve the quality of life’
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minutes
GO1b: Define spatial heterogeneity of the Jack

Section 2

mackerel stock
GO1c: Design management strategies

Section 1

GO1d: Define fisheries behaviour for the different

Section 3

fleets under changing environmental and/or quota
conditions
GO1e: Evaluate management regimes

Section 1

GO1f: Report on results

Section 1-3

GO2a: Develop standardized spatial statistical models

Section 2

to evaluate the extent of environmental conditions on
the distribution on Jack mackerel, making use of
industry data - data evaluation
GO2b: Develop standardized spatial statistical models

Section 2

to evaluate the extent of environmental conditions on
the distribution on Jack mackerel, making use of
industry data - statistical modelling
GO2c: Report on results

Section 2 and 3

1. Development of an MSE framework for Jack
mackerel
Summary
The present document reports of the progress of work towards the development of a
simulation platform for the evaluation of candidate management procedures for the
Chilean jack mackerel, Trachurus murphyi, stock in the South Pacific including areas
under national jurisdiction. A platform has been developed and tested, based on the
FLR libraries (Kell et al. 2007), that is able to condition operating models based on
the current stock assessment model, apply a range of procedures that mimic current
data sampling and stock assessment, and compute their performance according to a
set of indicators.
A range of uncertainties are being incorporated, for example on stock structure and
dynamics, future recruitment and data quality, but a complete set of them will have
to be developed in agreement among interested scientists.
Test runs of the platform have been carried out, but no full evaluation of candidate
procedures has yet been conducted. Discussion and agreement on a number of
items, like sources and levels of observation and implementation error, or
performance indicators and initial management objectives, is required before
complete analyses can be performed.

Introduction
An important objective in the current Multi-annual workplan of the Scientific
Committee (SC) of the South Pacific Regional Fisheries Management Organization
(SPRFMO) is the ‘MSE development to design alternative harvest control rule’. The

objective is for this work to lead to the adoption of a management procedure to
replace the current rebuilding plan which is currently used to provide catch advice on
Chilean jack mackerel (CJM). The stock is considered to have recovered from the
time-series low around 2010, as intended by the rebuilding plan, and is now around
the proxy biomass reference levels. Management procedures should thus be explored
and evaluated that focus on the long-term exploitation of the stock.
Management Strategy Evaluation (MSE) is considered here as the analysis by which a
management procedure is simulation-tested. Simulations are to be carried out on a
model that represents our best knowledge of the stock and fisheries past and future
dynamics, but also recognizes and quantifies the uncertainties in that knowledge.
Operating models are conditioned on the available data and, as it is the case here,
are often based on the same population and fishery model used for stock
assessment.
A management procedure follows three main steps to arrive at a decision to be
applied to the fishery:
•

An observation and sampling scheme, by which information from the stock
(biology and surveys) and the fisheries (catch), is obtained. This process is
replicated in MSE by the observation error model (OEM).

•

An estimator of stock status or change in status. This could be model-based, for
example the jjms stock assessment applied to Chilean jack mackerel, or modelfree, based on trends in CPUE series or surveys.

•

A Harvest Control Rule, as a function that compares the estimator output with
some limits and targets, and provides a value for an output (catch) or input
(effort) quantity to be followed by the fishery.

This decision can either be perfectly implemented in the system, or suffer from some
level of implementation error, by which discrepancies between advice and the actual
application of the management measure can be analysed. Additional processes and
dynamics can also be included in MSE, for example technical measures on the fishing
gear that alter the fisheries selectivity or catchability.
The results of the simulations of future stock and fishery dynamics under a particular
candidate management procedure need to be assessed in comparison with a series of
management objectives. A set of performance indicators need to be agreed that best
measures how well those multiple objectives are being achieved.

Conditioning of Operating Models
Operating models are quantitative representations of the past and future dynamics of
a stock, or set of stocks, and the fisheries operating on them. Although commonly
based on the existing stock assessment model, the emphasis is on characterizing the
productivity and time series dynamics, and the uncertainty in their estimation, rather
than on obtaining precise values of past and current stock status.
A number of operating models have been developed that attempt to cover a range of
important uncertainties previously identified. The OMs are conditioned on the
available data using the latest version of the Joint Jack Mackerel Model, jjms
(SPRFMO 2019). A number of changes and extensions have been made to the model
for its use in the MSE work. They mostly relate to the generation of alternative model
outputs or to optimize its performance during simulations, and do not affect the
model dynamics.

Data
Data in the operating model conditioning is the same as used in the latest stock
assessment (SPRFMO (2019), Annex 8), namely:
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•

Catch data (total landings) for the four fisheries.

•

Mean weight at age or length by fishery.

•

Catch at age for fisheries 1, 2 and 4.

•

Catch at length for fishery 3.

•

Three CPUE indices from fisheries 2 , 3 and 4.

•

Three acoustic indices and one DEPM-based index.

Model runs used for conditioning of the operating model used input files available at
the SPRFMO github jjm repository, so no specific data preparation took place.

OM grid
A grid of alternative operating models was agreed during the various MSE meetings
that attempts to incorporate major sources of uncertainty in the model for which
reasonable hypotheses can be currently formulated:
•

Single stock or two stock hypotheses (1s, 2s).

•

Two values for the steepness of the Beverton & Holt stock-recruitment
relationship: ℎ = 0.65 or ℎ = 0.80 (h06, h08).

•

Alternative growth hypothesis, with corresponding changes in natural mortality
and maturity schedules. Analyses are ongoing on this scenario, so no OM has
yet been formulated including it.

A hypothesis is also considered that affects the future dynamics of the operating
models for the 2 stocks scenario. Rather than a total isolation of both stocks, a
degree of movement is incorporated. Movement is set to occur each year, according
to the exchange rates at age contained in Table 2 of (Hintzen et al. 2015).
This movement scenario does not affect model conditioning, but is only applied in
future projections. Movement is implemented by specifying a particular projection
function to the OM, fwdmov.om, which takes the above movement matrix as input.
These movement rates are currently constant, and not influenced by environmental
factors, density-dependence or stock abundance.

Parameter uncertainty
For each of the models in the grid, a Markov chain Monte Carlo (McMC) procedure
was conducted using the no-U-turn (NUTS) sampler (Monnahan and Kristensen
2018) run in parallel along 12 chains, for 2,000 iterations each, and with a burn-in of
500 iterations. The depth of search by the NUTS algorithm, as controlled by the
max_treedepth control argument, was set to 10, and increased to 12 for a single run.
This run for the one stock, h=0.65 model, was also run for 10,000 iterations per
core. The standard McMC runs took approximately 15 hours to complete. The results
presented are based on 500 iterations sampled at equal distances from the 20,000
parameter samples obtained.

OM projections and dynamics
Basic checks of the dynamics of the various operating models were carried out by
projecting them from one year after the last year of conditioning, 2020, until 2040,
and for a series of scenarios:
•
•
•

𝐹𝐹2020−2040 = 𝐹𝐹2019
𝐹𝐹2020−2040 = 0

𝐹𝐹2020−2040 = 𝐹𝐹𝑀𝑀𝑀𝑀𝑀𝑀

where 𝐹𝐹 refers here to the mean fishing mortality, 𝐹𝐹, computed across all ages (112).
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Observation Error Model (oem)
The observation error module in the FLR mse system replicates the data collection
taking place on the fishery, and provides the necessary inputs to the estimation
module, in this case the jjms model. Observations are generated from the operating
model by the cjm.oem function on catches by fishery and the indices of abundance
still active on the projection year. These observations are then appended to those
available from the previous year, stored in the corresponding jjms input files.
Total landings for each fishery and the proportions at age for fisheries 1, 2 and 4 get
generated directly by the projection of the operating model. Length-frequency in the
catch for fishery 3, Far North, is generated from the observation of the operating
model abundances at age available to that fishery and the following von Bertalanffy
growth model: 𝐿𝐿∞ = 80.4, 𝑘𝑘 = 0.16, and 𝐿𝐿0 = 18. Length samples are generated for a
given Effective Sample Size (ESS) and coefficient of variation. The procedure borrows
heavily from code developed for the length-based integrated mixed effects (LIME)
model (Rudd and Thorson 2018)
Indices of abundance are generated according to the estimated selectivities and
catchability coefficients, as
𝐼𝐼𝑠𝑠𝑠𝑠 = � ( 𝑁𝑁𝑦𝑦𝑦𝑦 𝑊𝑊𝑦𝑦𝑦𝑦 𝑆𝑆𝑠𝑠𝑠𝑠 exp(−𝑍𝑍𝑦𝑦𝑦𝑦 𝑡𝑡𝑠𝑠 )𝑄𝑄𝑠𝑠
𝑎𝑎

where the index (𝐼𝐼) for year 𝑦𝑦 and survey 𝑠𝑠 is calculated from the sum of the
available biomass (from abundance 𝑁𝑁𝑎𝑎 , weight 𝑊𝑊𝑎𝑎 and selectivity at age 𝑆𝑆𝑎𝑎 ), the
fraction of total mortality (from 𝑍𝑍𝑎𝑎 and survey timing 𝑡𝑡𝑠𝑠 ), and the survey catchability
𝑄𝑄𝑠𝑠 . The same variables are then used for the observations of the proportions at age
in the catch associates with each of the indices. At the moment no changes in future
selectivity or catchability are being considered, but the code allows for those values
to be altered as required. For example, increases in catchability through technological
improvements or changes in selectivity brought by environmental factors, could all
be considered.
The cjm.eom function has been programmed with the ability to go back in time and
create inputs to jjms from any point in the past. This feature would enable
hindcasting analyses to be performed. The chosen management procedure would be
applied starting at some point in the past, and the results of potential and actual
management be compared. Currently only data inputs are altered when a stock
assessment is specified in the past, but other parameters in the model might also
need adjusting to the change in sample size and time series lengths. The reduced
length of some indices of abundance, for example, might diminish the ability of the
assessment model with the current setup to use their information. A full exploration
of the consequences of this procedure on the model would have to be carried it if
there is interest in a backtesting analysis for this stock.

Estimation method (est)
The estimation method in a management procedure is tasked with providing an
estimate or calculation of current stock status, or of the change of status between
previous and current time steps. Both model-based or model-free estimators can be
used, and the FLR mse platform allows modules to be defined for either of the two.
The initial estimator being applied for Chilean jack mackerel is the current stock
assessment model, jjms.
A series of R functions have been written that enable running jjms in R from the two
lists holding the contents of the dat and ctl files used by the model executable. These
lists can be created through a call to the functions available in the jjmR package. For
example, the ‘runjjms’ function requires only an object of class jjm.output to execute
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a model run. A full description of the functions developed around the jjms model will
be available inside the FLjjm package.

Harvest Control Rules (hcr)
Two harvest control rules have so far been developed for testing purposes. Both
require an estimate of stock abundance in terms of either spawning or total biomass
(𝐵𝐵�). They are of the hockey-stick type, with either a catch or fishing mortality target
level (Ctarget or Ftarget), a biomass level below which catch or F is reduced
(Btrigger), a minimum catch or F value (Cmin or Fmin) and a level of biomass below
which catch or F are reduced to this minimum (Blim). They are both implemented as
functions in the FLjjm package, respectively called catchHockey.hcr and fHockey.hcr.
This type of harvest control rule is commonly employed in multiple advice bodies
(e.g. ICES or IOTC) when an absolute estimate of abundance is available.

Figure 1. Diagramatic representation of the catch-based hockey stick harvest control
rule (catchHockey.hcr).
The standard ICES control rule returns a proposed level of fishing mortality, as
fHockey.hcr does. Its application would require that forecasting be conducted for the
selected F level to obtain the corresponding catch levels. The precise methodology to
be applied in the forecast would have to be agreed and would then for an
implementation system step in the management procedure.
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Figure 2. Diagramatic representation of the fishing mortality-based hockey stick
harvest control rule (fHockey.hcr).

Implementation error model (iem)
Implementation error is an essential element to consider when evaluating the likely
performance of a management procedure, and should reflect how management
regulations are expected to be applied in practice (Punt et al. 2014). In the platform
presented here, implementation error is set up as a module by which the catch or
fishing mortality level applied to the operating model would deviate from what was
determined by the harvest control rule. The patterns of that deviation would need to
considered and adopted in dialogue between scientists and managers, so at this point
no attempt has been made to introduce it in the analysis.

Performance indicators
The choice of performance indicators is largely determined by the management
objectives that managers would like to explore for this fishery. For the development
work on this platform, a minimal set of objectives has been defined. They are
intended to provide input to the various functions in the code that require
performance calculations. For example, testing of the tuning algorithm was carried
out as if the primary desired objective was for the probability of the stock biomass
being at the corresponding MSY level (𝐵𝐵/𝐵𝐵𝑀𝑀𝑀𝑀𝑀𝑀) to be 50%.
The current list includes the following indicators:
•
•
•
•
•
•
•

Mean spawner biomass relative to unfished
Mean spawner biomass relative to 𝑆𝑆𝐵𝐵𝑀𝑀𝑀𝑀𝑀𝑀

Mean fishing mortality relative to 𝐹𝐹𝑀𝑀𝑀𝑀𝑀𝑀

Probability of SB greater or equal to 𝑆𝑆𝐵𝐵𝑀𝑀𝑀𝑀𝑀𝑀

Probability that spawner biomass is above 𝐵𝐵𝑙𝑙𝑙𝑙𝑙𝑙
Mean catch over years
Catch variability

DATUM

31-03-2021
ONS KENMERK

2111429-NH-lcs
PAGINA

8 van 38

•

Probability of fishery shutdown

where 𝑆𝑆𝐵𝐵𝑀𝑀𝑀𝑀𝑀𝑀 and 𝐹𝐹𝑀𝑀𝑀𝑀𝑀𝑀 are the spawning biomass and fishing mortality at MSY
reference points, unfished refers to the estimated initial biomass, and 𝐵𝐵𝑙𝑙𝑙𝑙𝑙𝑙 has been
arbitrarily set at 20% of 𝑆𝑆𝐵𝐵𝑀𝑀𝑀𝑀𝑀𝑀 . Catch computed for performance purposes refers to
overall catch, across all fleets, while fishery shutdown refers to any year or iteration
in which catch is set to the minimum level in the harvest control rule.
In the tests conducted so far, indicators were computed over the second half of the
projection period (2030-2039), as averages across years. Short, medium and longterm indicators can also be easily computed and could prove useful when presenting
the implications and trade-offs of alternative procedures.

Software platform
The developed platform is based around the tools for Management Strategy
Evaluation available in the FLR platform (Kell et al. 2007). Information on the
structure, capabilities and features of FLR can be found in the FLR Project website,
https://flr-project.org.
A specific R package, FLjjm, has been created that contains all code that is specific to
the CJM MSE. Functions dealing with jjms inputs and outputs are based around the
functions already available on the jjmR package. From a jjm.output object, a whole
range of FLR classes can be created. They represent the various elements in the
simulation of the fishery system built in MSE, including the natural population(s) and
their estimated reference points, fisheries, indices of abundance, and stockrecruitment relationships.
A significant extension of some FLR packages has been carried out to accommodate
the nature of the Chilean jack mackerel operating model: one or two stock and
multiple fisheries operating on them. Many MSE analyses include an operating model
that is based on a stock assessment model that considers a single stock and an
aggregated fishery.
A trial of the accessibility of the platform to other scientists was carried out during
one of the MSE online meetings. Most participants were able to install the necessary
packages and dependencies, and run some example code. A great effort is being
made in making the platform as accessible as possible to all interested parties. Usage
of this platform still requires a certain familiarity with the R language, and any user
willing to extend or modify the provided analyses would also benefit from some
experience with the FLR toolset. But the code has been built with transparency and
readability in mind, so as to help as much as possible scientists reviewing and
engaging with the tools.
All development has taken place in a SPRFMO-owned github-hosted source code
repository (https://github.com/SPRFMO/hcr), which includes the right version of the
necessary FLR packages, as well as instructions for installation.

Initial results
The platform has been able to evaluate candidate management
procedures during its development, but only some initial results are
available. They are intended as proof of the platform working status and
possibilities. Interpretation of these results should be made with great
caution.

Conditioned Operating Models
A total of three operating models from the grid have so far been fully conditioned,
although issues remain to be solved on quality of the output from the Markov chain
Monte Carlo, as indicated by the diagnostics reported below. These tentative runs

have provided a test of the suitability of the McMC methodology employed by the
adnuts package to obtain a solid evaluation of the parameter uncertainty for the jjms
model. They have also been used as a realistic test bed for the development of the
functions and methods specific to the analysis presented here. The following outputs
should be interpreted with caution as they might not reflect the real uncertainties in
estimation for these models (Figures 3-6). Future work will be necessary to obtain
more robust output from the McMC sampler, possibly including a reformulation of
some of the model processes so they are more amenable to the methods employed
by this sampler.
McMC diagnostics
Basic diagnostics for the McMC output indicate at this point that the sampler is not
able to obtain a robust set of samples from these models. The reported minimum
Effective Sample Size is 7 (0.04%), the maximum 𝑅𝑅� = 2.012. The algorithm reported a
large number of divergences, an indication that some part of the posterior is not
being explored.
The trajectories and uncertainty obtained from these initial operating model
conditioning attempts can be found in Figures 3 to 6. The spawning biomass
trajectory, together with the ratio of SSB to SSB at MSY and F over F at MSY, are
shown for the one stock operating model, with either low or high steepness, and for
the two stocks model with low steepness.

Figure 3. Spawning biomass of Chilean jack mackerel (1970-2019) as determined by
the output of the McMC sampler on operating model 1 (one stock, h=0.65). Black line
shows the median value, while the darker and lighter bands show the 65% and 33%
probabilities.
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Figure 4. SSB and mean F (ages 1-12) relative to the MSY reference points of Chilean
jack mackerel (1970-2019) as determined by the output of the McMC sampler on
operating model 1 (one stock, h=0.65).

Figure 5. Spawning biomass of Chilean jack mackerel (1970-2019) as determined by
the output of the McMC sampler on operating model 2 (one stock, h=0.80). Black line
shows the median value, while the darker and lighter bands show the 65% and 33%
probabilities.
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Figure 6. SSB and mean F (ages 1-12) relative to the MSY reference points of Chilean
jack mackerel (1970-2019) as determined by the output of the McMC sampler on
operating model 2 (one stock, h=0.80).
The alternative values for the stock-recruit relationship steepness (h) between
models 1 and 2 (single stock, h=0,65 and h=0.80 respectively) provide different
estimates for the main reference points (Figure 7). A higher steepness leads to a
higher value for the fishing mortality at MSY (FMSY), as well as for the other MSYbased quantities, and to smaller differences in the estimates of virgin biomass and
recruitment (SB0 and R0).
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Figure 7. Distribution of 500 samples of the estimates of various reference points for
Chilean jack mackerel as determined by the output of the McMC sampler on
operating models 1 and 2 (one stock, h=0.65 and h=0.80).
Similar results have been obtained for the two stocks operating model, shown here
with steepness of 0.65 (Figures 8 and 9).

Figure 8. Spawning biomass of Chilean jack mackerel (1970-2019) as determined by
the output of the McMC sampler on operating model 3 (two stocks, h=0.65). Line
shows the median value, while the darker and lighter bands show the 65% and 33%
probabilities.
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Figure 9. SSB and mean F (ages 1-12) relative to the MSY reference points of Chilean
jack mackerel (1970-2019) as determined by the output of the McMC sampler on
operating model 2 (two stocks, h=0.65).
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Operating Model projections
The projections of various operating models under the scenarios outlined above show
the expected dynamics of the stock or stocks as captured by the conditioning
procedure. The examples shown here all correspond to the one stock, low steepness
operating models. Figures 10 and 11 present the projection under a fishing mortality
equal to the 2019 level, 12 and 13 to a no fishing scenario, and 14 and 15 for the F
at MSY projection. On each of those pairs, the first plot shows the biomass trajectory,
with the shaded area indicating the projection years, 2020 to 2039. The second
figure show the trajectories of biomass and fishing mortality, relative to the
corresponding MSY reference points.

Figure 10. Spawning stock biomass (SSB) of Chilean jack mackerel for the one stock,
low steepness model, projected between 2020 and 2040 for F=F_2019.

Figure 11. Spawning stock biomass and fishing mortality over the corresponding MSY
reference points for the one stock, low steepness model, projected between 2020
and 2040 for F=F_2019.
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Figure 12. Spawning stock biomass (SSB) of Chilean jack mackerel for the one stock,
low steepness model, projected between 2020 and 2040 for F=0.

Figure 13. Spawning stock biomass and fishing mortality over the corresponding MSY
reference points for the one stock, low steepness model, projected between 2020
and 2040 for F=0.
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Figure 14. Spawning stock biomass (SSB) of Chilean jack mackerel for the one stock,
low steepness model, projected between 2020 and 2040 for F=F_MSY.

Figure 15. Spawning stock biomass and fishing mortality over the corresponding MSY
reference points for the one stock, low steepness model, projected between 2020
and 2040 for F=F_MSY.

Test runs of candidate MPs: CatchHockeyStick on one stock, low
steepness OM
Some test runs are presented here of the jjms-based procedure with a catch hockeystock harvest control rule. No full tuning has been carried out to select the HCR
parameters that would achieve a given management objective and probability.
Instead, an initial search was carried out on a grid of possible values for the biomass
below which catch is reduced (Btrigger) and the level of catch to aim for (Ctarget).
Search on this 2D grid was carried out applying a shortcut to the assessment
method, so a direct observation of the operating model is available. A management
objective of a 50% probability of spawning biomass being at the MSY level
(𝑆𝑆𝑆𝑆/𝑆𝑆𝐵𝐵𝑀𝑀𝑀𝑀𝑀𝑀 ), computed over the 2030-2039 period, was chosen for this test. Two
alternative cells in the grid, named as A and B, with similar performance for the
primary objective, were chosen for a complete run of the procedures, this time
including the jjms stock assessment:

•

Btrigger = 1000 and 800 kt

•

Ctarget = 260 and 350 kt

•

Blim = 250 and 200 kt

•

Cmin = 1 kt

Application of these procedures over the 2020-2039 period leads to a significant
decline in stock biomass (Figure 16) after an initial period of increase. Computation
of performance indicators over a range of years can sometimes cause
overcompensation of the stock metric (SSB in this case) if the stock is above the
intended target at the start of the series, as it is the case here.

Figure 16. Spawning stock biomass (SSB) for the one-stock, low steepness operating
model of Chilean jack mackerel. Projections for the 2020-2039 period under the
tested management procedures (A and B).
Once a series of candidate procedures have been run, comparisons can be made
across all performance indicators. Figure 17, for example, presents the median and
range over the initial performance indicators for the two example procedures.

Figure 17. Values (shown as median and 90% probabilities) for a number of
performance indicators for the two test management procedures (A and B).
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The trade-offs of the application of either procedure are presented in Figure 18,
where the x axis shows the values of the mean catch over the 2030-2039 period,
plotted against all other indicators.
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Figure 18. Values for a number of performance indicators for the two test
management procedures (A and B) plotted against the mean catch (C), as median
and 90% probabilities.
The mse platform keeps track of the estimates and decisions taken at each step of
the evaluation, the runs by the estimation model and the harvest control rule. For
example the estimates of spawning biomass and fishing mortality in the final year of
estimation, then used for the HCR decision. The actual values of these metrics for the
operating model are also stored, so a comparison between the two can be easily
made. The differences in the estimated and actual SSB for this evaluation is shown in
Figure 19. The assessment model appears to overestimate biomass, which leads the
harvest control rule to propose catches that are higher than necessary. The reasons
for this discrepancy need to be fully explored, and at this point could still be due to
errors in the generation by the OEM function of the inputs required by jjms.
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Figure 19. Spawning stock biomass (SSB) during the projection years (2020-2040)
under the tested procedures (A and B), for the operating model (OM, in green) and
as estimated by the stock assessment (SA, in red).

Discussion
This document presents the progress and status of work for the development of a
platform for the evaluation of management procedures for Chilean jack mackerel.
The code is based on the FLR toolset, which is widely used in a number of other
scientific and advice bodies. However, a significant number of extensions and
additions have been made, specific to this fishery. They have been subject to careful
testing and have been successfully applied to the models shown, but they would
benefit from a final review and quality control, ideally with the involvement of the
jjms developers.
The platform can already be used to carry out the various analysis required by an
analysis of the comparative performance of management procedures for the stock.
The current default procedure is based on the jjms stock assessment model and a
simple hockey-stick harvest control rule. Output of the rule is a total allowable catch,
which is then split across fisheries with the same proportions as in the 2019 total
catch data. From this starting point, extending of the platform to include other
harvest control rules is relatively easy. The mse package of the FLR suite follows a
well defined modular approach that simplifies this task greatly. An alternative harvest
control rule is already available but its use requires some decisions on the
methodology to use for a short-term forecast, which it requires.
The evaluation of model-based procedures implies a substantial increase in the
computational load of each evaluation, when compared with model-free alternatives.
A single run of a candidate procedure over a 20 year period, working on a sample of
500 replicates of the operating model, requires between 175 and 200 CPU hours.
Access to High Performance Computing facilities of a medium size (100 to 300
processors) is thus essential for runs to be conducted in a reasonable time frame.
Model-free management procedures can also be easily explored, with the advantage
of being far less computationally intensive. The estimation module developed to fit
jjms at every time step in the simulation, only needs to be substituted by one that
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computes an indicator of changes in stock status, for example, from the current
indices of abundance. Work would still be required on how best to combine the
various indices.
The characterization of uncertainty that the operating models presented here must
be discussed and improved. The McMC samplers applied to jjms appear to be unable
to work as expected. Some elements in the model structure might need to be
revisited to make them amenable to this methodology, and this could require a
significant amount of work. Ideally, any change in model parametrization should take
place before the next benchmark for the stock in 2021.
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Introduction
Interannual variability due to the El Niño 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 Niña and El Niño 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 Niño 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 Niño events in the past, during the
specifically intense El Niño 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 Niño event (when a
shift to a La Niña 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 Niño events, while purse seine catches
were higher in years without El Niño 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
Niño type, periods (Bertrand et al. 2011), but in the most recent years JM biomass
has been increasing within a cold, La Niña 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
Niña or El Niño 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
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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 JM,
using the cut-off length of L50%=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 Niña and El Niño) 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 Niña ) or higher
(for El Niño) 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 +/0.5oC for the Oceanic Niño Index (ONI). 3 month running mean of ERSST.v5 SST anomalies in the Niño
3.4 region (5oN-5oS, 120o-170oW)], based on centered 30-year base periods updated every 5 years.

Year

DJF

JFM FMA MAM AMJ MJJ

2010

1.5

1.3

0.9

-0.1 -0.6

-1

JAS ASO SON OND NDJ
-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 -0.4

-0.3

-0.2

-0.2

-0.3

-0.3

-0.4

-0.4

-0.3

-0.2

-0.2

-0.3

2014 -0.4

-0.4

-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

1.5

1.8

2.1

2.4

2.5

2.6

2016

2.5

2.2

1.7

1

0.5

0

2017 -0.3

-0.1

0.1

0.3

0.4

0.4

0.2

-0.1

-0.4

-0.7

-0.9

-1

-0.4

-0.1

0.1

0.1

0.2

0.4

0.7

0.9

0.8

2018 -0.9 -0.8 -0.6

1

0.4

JJA

-0.3 -0.6 -0.7 -0.7

-0.7 -0.6

https://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 Niña ) or above (El Niño) 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

2.

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 Niña , El Niño 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 Niño events, while the adult catches during La Niña
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 Niña
events. This implies the two maturity stages are affected differently by ENSO events.

However, none of these relationships were significant, when performing basic
statistical analyses 2.
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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.
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(a)

(b)

(c)
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.

ENSO duration

DATUM

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.

(a)

(b)

(c)
Figure 5. Plots of the number of months of an ENSO event (La Niña or El Niño)
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=’lm’ 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 Niño 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 Niña or El Niño events can be seen. As in figure
4, the amount of adult (figure 6b) and juvenile (figure 6c) catch seems on average
lower in an El Niño event than in a La Niña event, but this difference does not
increase with the intensity of the ENSO event.

(a)

(b)

(c)

Figure 6. The mean deviation of the SST (from the 30 year average) in an ENSO
event (La Niña in red and El Niño 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=’lm’ 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 Niño and La Niña events could be opposite, with a
negative impact of El Niño on adult catches and a positive impact of La Niña on
juvenile catches. However, this pattern was not strong or significant and high
variation in catches exists under all ENSO situations.

Non-environmental variables potentially influencing Peruvian catches;
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population size of JM, although the historical absence of a dedicated JM 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 JM.
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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3. 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 SouthEast 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
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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.

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 ¼
degree. Eddies will be identified by applying the Okubo_weiss parameter (W)
over the geostrophic current field, which allows separating vorticitydominated 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

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.
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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 2. Sea surface temperature(˚C) in 2018, per month (1-12)

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

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.

Figure 4. Chlorophyll-a density (mg/m3on log scale) in 2018, per month (1-12)

Figure 5 Chlorophyll-a density (mg/m3) 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 ¼ 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 +/- 0.5oC for
the Oceanic Niño Index (ONI). 3 month running mean of ERSST.v5 SST anomalies in
the Niño 3.4 region (5oN-5oS, 120o-170oW)], based on centered 30-year base
periods updated every 5 years.
Year

DJF

JFM FMA MAM AMJ MJJ

2010

1.5

1.3

0.9

0.4

-0.1 -0.6

JJA
-1

JAS ASO SON OND NDJ
-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 -0.4

-0.3

-0.2

-0.2

-0.3

-0.3

-0.4

-0.4

-0.3

-0.2

-0.2

-0.3

2014 -0.4

-0.4

-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

1.5

1.8

2.1

2.4

2.5

2.6

2016

2.5

2.2

1.7

1

0.5

0

2017 -0.3

-0.1

0.1

0.3

0.4

0.4

0.2

-0.1

-0.4

-0.7

-0.9

-1

2018 -0.9 -0.8 -0.6

-0.4

-0.1

0.1

0.1

0.2

0.4

0.7

0.9

0.8

2019

0.8

0.6

0.5

0.3

0.1

0.1

0.8

0.8

0.8

-0.3 -0.6 -0.7 -0.7

-0.7 -0.6
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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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Final comments
The results presented in the three studies as shown in this report addressed the
ToRs. However, expected delivery of agreed management scenarios and resulting
delivery of evaluated management strategies was hampered due to the COVID-19
situation that limited further progress to be made on Jack mackerel stock assessment
and the specific choice by the SPRFMO commission to progress along a track with
annual increments.
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