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Executive Summary

This document contains a report of the Decision support tools used for developing management
recommendations (MRs) in each of the FarFish case studies. These tools have been selected in
coordination with the production of the version two of the Management Recommendations for each
case study. It continues the work program outlined in Deliverable 6.4 and 6.7 in collaboration with
other work packages (WPs) of FarFish, mainly WP1, WP4 and WP7. The report shows the outputs of
the satellite work in support of compliance. It summarizes the use of the FarFish-DLMtool developed
for supporting stock assessment in data limited situations, including implementation, training
applications and dissemination beyond FarFish. It also describes how some data limited methods were
explored using small pelagics data from West Africa and the plan to use them to understand the effect
of the environment on the population.
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Abbreviations
AIS Automatic Identification System
CS Case Study
DLM Data Limited Method
DoA Description of Action
EEZ Exclusive Economic Zone
ESA European Space Agency
GFW Global Fishing Watch
GT Gross Tonnage
ICCAT The International Commission for the Conservation of Atlantic Tunas
ICES The International Council for the Exploration of the Sea
I0TC The Indian Ocean Tuna Commission
IUU Illegal, unreported and unregulated
MPA Marine Protected Areas
MR Management Recommendation
NOAA The National Oceanic and Atmospheric Administration
oT Outcome Target
RFMS Responsive Fisheries Management System
TAC Total Allowable Catch
VHF Very High Frequency
VIIRS Visible Infrared Imaging Radiometer Suite
WP Work Package
WWF World Wide Fund for Nature

Concepts/definitions

In RFMS, the management recommendation (MR) is a formal arrangement between a
Management management authority and operators that specifies the partners in the fishery and their
Recommendation respective roles, the agreed objectives for the fishery, the management rules and
regulations that apply, and provides other relevant details about the fishery.

Outcome targets (OTs) are specific and measurable requirements that are set by an
authority to make management goals operational. An OT is a statement of the condition
of an indicator relative to a reference point, often in the form of an inequality (‘A>B’) or
a statement of presence or absence of some entity. On the basis of relevant
information, this statement can be assessed to be either true or false at a given point
of time54. For instance, the management objective that “the fishery should be
biologically sustainable” could be expressed in terms of one or more OTs such as ‘Catch
< 20 000t; ‘by-catch < 20%’; SSB > 30 000t; ‘a catch reporting system is present’, etc.

Outcome Target
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1 Introduction

The overall objective of work package six (WP6) in the FarFish project is to develop tools that provide
added value, relevance and usefulness in support of management and decision making for the actors
involved in each of the case studies (CSs). As described in FarFish deliverables 6.4 and 6.7 the relevance
and added value was ensured through a consultation process involving both internal (mainly the
partners involved in the implementation of the case studies) and external (mainly regional fishery
bodies) actors of FarFish. Partnership with other organizations like Copernicus Marine Services, Global
Fishing Watch and Google was also incorporated to the exercise. As described in this report, these
organizations have provided data and technical support to develop the tools identified as relevant and
with added value by internal and external actors while ensuring technical characteristics that make of
them useful tools within the context of the Responsive Fisheries Management System (RFMS) applied

in FarFish.

As described in the DoA and in FarFish deliverables 6.4 and 6.7, for the tools generated in WP6 to be
useful to actors involved in the spiral procedure of applying the RFMS approach, they must accomplish
a set of operative characteristics such as:

1) Facilitating an equal footing for the technical dialogue of all actors involved.

2) Guaranteeing all-actors accessibility by working under open-access schemes.

3) Interaction with data, simulation and visualization based on free platforms.

4) Tools remaining once the project has ended.

According to consultation process starting and evolving through the time of the project (see D6.4), the
diversity of tool demands was organized into five basic sets, namely:

1) Model implementation to assess stocks.

2) Big-Data analysis from satellite in support of compliance.

3) Oceanographic support to stock dynamics.

4) Tools to differentiate hake stocks in NW Africa.

5) Visualization tools

It is described in this report how these tools have been implemented through the use of free and
widely used platforms such as RStudio, Shiny, Copernicus products or Google Earth Engine. This effort
has also benefitted from the data work carried out in WP2 (deliverable 2.3 and 2.6), and from the
collaboration of WP7 (deliverable 7.10) on delivering training in a hybrid workshop (in person and

online) about the use of some of these tools to students from case studies countries.
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In addition to the creation of these tools, the report also describes the use of satellite and big data
tools in support of compliance and how to combine the tools and methods available to provide

oceanographic and stock assessment support for the Moroccan coast.
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2 FarFish Decision Support Tool for Data Limited stocks

Despite the important economic and social role of fisheries worldwide, only 80% of world catches
come from species for whether current catch levels are sustainable (Costello et al 2012). This number
claims for tools able to be applied even in conditions where little data (frequently only catch and more
rarely effort) and technical expertise are available. A reference for sustainability is available through
these tools to managers even in these conditions of poor data and expertise. Which was the situation
of several FarFish Case studies as concluded by the stock assessment methods review performed by
WP2 (D2.5): “This review has shown that lack of suitable data for classical stock assessment methods
is an underlying theme in all the case studies and that to date, there has been limited use of data-
limited models or approaches applied”. Owing to this overall situation, the FarFish data limited tool
(FarFish-DLMtool) builds on the methods described in Carruthers et al. (2014) and on DLMtool R
package. Although there is a toolkit using this package developed by Carruthers and collaborators, we
developed a new version enhancing mainly the data input process and testing it with different students
from University of Cadiz, University of Algarve and GRO-FTP fellows including students from all case
studies. Short guidelines for data input into FarFish-DLMtool were also developed and distributed to
the students in collaboration with LDAC team (included as Annex 1 and 2 in this document). The
combination of these guidelines, the two days training workshop on data limited methods and the
open access of the tool ensure that it will remain once the project has ended.

The last version of the FarFish-DLMtool (available at https://ffdb.farfish.eu/) has two components: the
DLMGui and the SPiCTGui. As explained in D6.8 the DLMGui (Data Limited methods graphical user

interface) facilitates the implementation of the methods described in Carruthers et al. (2014), while

the SPiCTGui (Stochastic surplus model in continuous time graphical user interface) provides a platform
for the implementation of a Stochastic Surplus continuous-time state-space model (SPiCT, Pedersen et
al, 2014).

FarFish-DLMtool proved to be useful by providing preliminary stock status estimations and outputs of
different management measures for species of interest for the FarFish case studies, on one hand, on
selected bycatch species of Indian and Atlantic Oceans, and, on another hand, by going deeper in the
methods of the tool for assessing small pelagics status in the Moroccan coast. The first was part of the
Mercedes Aramburu’s master thesis for the Fisheries and Aquaculture master programme at
University of Cadiz (Aramburu, 2021) and the second was developed during a short stay of the PhD
student Ghoufrane Derhy from University of Cadi Ayyad at CSIC in Cadiz (Spain) and will be part of
Ghoufrane Derhy’s PhD thesis.

The tool was also used for training support in an introductory stock assessment workshop organized
by WP7 and delivered to GRO-FTP students.

= This project has received funding from the European Union’s Horizon 2020 3
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Another important part for FarFish-DLMtool development was its dissemination in different events.
Due to COVID 2019 pandemic, this dissemination was mainly performed through different online

events.

2.1 FarFish-DLMtool used for obtaining preliminary stock status
estimations and outputs of different management measures using
data from bycatch species in Indian and Atlantic Oceans

Common dolphinfish, wahoo and frigate tuna are some of the major pelagic species caught as bycatch
by fisheries targeting tropical tuna and swordfish in the Indian and Atlantic Ocean. They are also
important species for small scale fisheries and fish processing companies in some island states like
Seychelles and Cape Verde, where even some of these companies purchase these species caught by
foreign vessels. Understanding the population dynamics and current status of these species would
allow us to improve scientific advice and progress towards its sustainable exploitation. Because of the
low quality and quantity of the available data, it is difficult to know the status of these species, thus
there is a high level of uncertainty about their exploitation rates. Historical catch series, some
abundance indices and some life parameters were used as data input into the FarFish-DLMtool to
implement some data limited methods including the Surplus Production in Continuous Time model
(SPIiCT). The results obtained by implementing SPiCT for the common dolphinfish in the Indian Ocean
are promising. Model estimates suggest that the resource is under-exploited, and the uncertainty is
within acceptable levels, thus these results technically could be used to report on the status of the
fishery. This could be an approximation towards adequately regulating the exploitation of these
resources and ensuring their conservation and highlights the need to make a great effort to obtain
data that allow us to better understand the fishery of these species in the Indian and Atlantic Oceans.

2.1.1 Methods selected and data input:

A SPiCT model was implemented using SPiCTGui feature of FarFish-DLM-tool, as well as the following
methods to define management strategies for data limited stocks using the DLMGui feature: AvC
(Average catches), CC1, CC2, CC3, CC4, CC5 (Constant Catch management), SPMSY (Surplus Production
MSY) y SBT1 (Management applied to Southern Bluefin Tuna).

Catch data and catch per unit of effort (CPUE) as indices of abundance were obtained from the ICCAT
databases (tlnc-ALL_ 20181205 (excel) and t2ce 20181205web (access)) and IOTC (IOTC-2018-
DATASETS-NCDBrev2 (excel) and 10TC-2018-WPEB14-DATAO4 - CELongline (excel)) both from the
edition of 2018, it should be taken into account that these data are continuously being reviewed. For
the Common dolphinfish and Wahoo from the Indian Ocean, Seychelles longline catches were used for
the periods 1998-2017 and 1985-2017, respectively. CPUE data was obtained from swordfish longliners

from La Reunion Island (Reunion from now on), which corresponds to the period 1994-2017. For
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Frigate tuna from the Atlantic Ocean, Cape Verdes’s catches were used for the period 1987-2017
together with an abundance index from of the Spanish purse seine fleet (1991-2017). For all species,
an average of catches was calculated for the period 2000-2017 from available catch data and the
following life parameters were used: natural mortality, mean length at first maturity, rate of annual
growth, maximum or asymptotic length, age at length 0 and parameters a and b. Additionally, for the
Frigate tuna the maximum age and the size of first catch were also used. All life parameters for Indian
Ocean species (Common dolphinfish and Wahoo) were extracted from FishBase. For the Atlantic
Frigate tuna, the natural mortality, the mean length of first maturity and the parameters a and b were
extracted from FishBase and the size of the first catch, growth rate annual, maximum or asymptotic
length, age at height 0 and maximum age were extracted from Fredou et al, 2016.

2.1.2 Results:
2.1.2.1  Common dolphinfish in Seychelles

A list with the main estimated values is presented in Figure 1, showing an estimated MSY of 6.6 tons
and, a BMSY and FMSY, of 9.4 and 0.7, respectively. Figure 2 shows the time series of the estimated
relative biomass (B/BMSY), where it can be seen that B remains above BMSY. At the same time in
Figure 3, where relative fishing mortality time series is presented (F/FMSY), it can be observed that F
is below the FMSY. These two results indicate that if the fishing activity continues at this rate, the
Common Dolphinfish population would be within sustainable limits. On the other hand, the Kobe plot
presented in Figure 4 shows the evolution of the fishery relative to B MSY and FMSY reference points.
It shows that the risk of overfishing is minimal during the period 1994-2018 (green region of the plot).
Regarding the goodness of fit for the model, if we look at Figure 5, the green color of the titles informs
that there weren’t relevant deviations regarding the main assumptions of the model.
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[11 ' Convergence 0 MsG: relative convergence (4)"
[2] "objective function at optimum: 31.0280304"
[3] "euler time step (years): 1/16 or 0.0625"

[4] "Nobs C: 20, Nobs 1I1: 24"

[5]

[6] Pr1ors

[7] logn ~ dnorm[log(2), 2A2]"

[8] " logalpha ~ dnorm[log(1), 2Aa2]"

_[g; " Tlogbeta ~ dnorm[log(1), 2A2]"

107 =~

[11] "Model parameter estimates w 95% CI "

[12] " estimate cilow ciupp log.est "
[13] " alpha 3.4801662 0.3719797 3.255973e+01 1.2470801
[14] " beta 0.1922868 0.0287032 1.288157e+00 -1.6487671 "
[15] " r 0.8869637 0.2272506 3.461838e+00 -0.1199512 "
[16] " rc 1.4008200 0.1529444 1.283013e+01 0.3370578 "
[17] " rold 3.3300773 0.0001008 1.100558e+05 1.2029955
[18] " m 6.6209840 3.3908210 1.292826e+01 1.8902440
[19] " K 22.9405648 5.7680332 9.123899%e+01 3.1329067 "
[20] " g 0.0030625 0.0007248 1.294020e-02 -5.7885232 "
[21] " n 1.2663493 0.1309280 1.224826e+01 0.2361382 "
[22] " sdb 0.0681785 0.0077500 5.997824e-01 -2.6856255 "
[23] " sdf 0.6607764 0.4508060 9.685442e-01 -0.4143397 "
[24] " sdi 0.2372726 0.1733731 3.247234e-01 -1.4385454 "
;%2; " sdc 0.1270586 0.0225504 7.159028e-01 -2.0631068 "
[27] "Deterministic reference po1nts (Drp)"

[28] " estimate .est "

[29] " Bmsyd 9.453012 1. 4818203 60. 303851 2. 24 3334
[30] " Fmsyd 0.700410 0.0764722 6.415066 -0.3560894 "

[31] " msyd 6.620984 3.3908210 12.928264 1.8902440 "

[32] "sStochastic reference points (Srp)"

[33] " estimate cilow ciupp log.est rel.diff.Drp
[34] " Bmsys 9.4254101 1.4786753 60.079691 2.243409 -0.0029284028
[35] " Fmsys 0.7001904 0.0761456 6.438541 -0.356403 -0.0003136559
[36] " MsYs 6.5995756 3.3575156 12.972210 1.887005 -0.0032438997

37] "

[38] "states w 95% CI (inpS$msytype: s)"

[39] " estimate cilow ciupp log.est "
[40] " B_2017.94 22.3615843 5.7101708 87.5701387 3.1073445 "
[41] " F_2017.94 0.0133343 0.0028440 0.0625186 -4.3174182 "
[42] " B_2017.94/Bmsy 2.3724787 0.8528916 6.5994961 0.8639353 "
[43] " F_2017.94/Fmsy 0.0190438 0.0031882 0.1137519 -3.9610152 "
[44] "™

[45] "Predictions w 95% CI (1np$msytype s)"

[46] " prediction cilow ciupp log.est "
[47] " B_2019.00 22.4706828 5.6768300 88.9460467 3.1122115 "
[48] " F_2019.00 0.0133344 0.0017305 0.1027489 -4.3174060 "

[49] " B_2019.00/Bmsy 2.3840536 0.8522812 6.6688217 0.8688022 "
[S0] " F_2019.00/Fmsy 0.0190440 0.0020461 0.1772503 -3.9610030 "
[51] " catch_2018.00 0.2990256 0.1029119 0.8688624 -1.2072261 "
[52] " E(B_inf) 22.5221617 NA NA 3.1144998

Figure 1: Results of the SPiCT model implementation for the Common dolphinfish in the Indian Ocean.
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Figure 2: Estimated relative biomass (B/BMSY) for Indian Common dolphinfish (blue line). BMSY reference point
is represented by a black line parallel to the x-axis. The gray line parallel to the y-axis represents the end of the

range of available data and the blue area corresponds to the 95% confidence interval.
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Figure 3: Estimated relative fishing mortality (F/FMSY) for Indian Common dolphinfish (blue line). FMSY reference
point is represented by a black line parallel to the x-axis. The gray line parallel to the y-axis represents the end of

the range of available data and the blue area corresponds to the 95% confidence interval.

S This project has received funding from the European Union’s Horizon 2020
x X research and innovation programme under grant agreement no. 727891.
Fod www.farfish.eu


http://www.farfish.eu/

o E(B.|

15

Fi/ Fusy

spict v A 1@E1Td

Figure 4: The Kobe plot is divided into four panels: red (upper left) corresponds to the “overfished and overfishing
phase”, with biomass inferior to BMSY and fishing mortality superior FMSY. The green panel (lower right) is the
“no risk” area where fishing mortality is below FMSY and the biomass is above BMSY. The two yellow panels
(overfishing and overfished) characterize intermediate situations. Blue line represents the annual trajectory of

the Indian Common dolphinfish fishery from 1994 to 2018.
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Figure 5: Plots for diagnostics on model assumption violations. Green tittles stand for no model assumption
violations.

2.1.2.2  Wahoo in Seychelles

A list with the main estimated values is presented in Figure 6, showing an estimated MSY of 3.7 tons
and, a BMSY and FMSY, of 2.6 and 1.1, respectively. Figure 7 shows the time series of the estimated
relative biomass (B/BMSY), where it can be seen that B remains below BMSY. At the same time in
Figure 8, where relative fishing mortality time series is presented (F/FMSY), it can be observed that F
is above the FMSY. However, it must be taken into account for this case, that the estimated uncertainty
is very high, as it is represented by a great blue area in Figures 7 and 8. On the other hand, the Kobe
plot presented in Figure 9 shows the evolution of the fishery relative to BMSY and FMSY reference
points. It shows that during the period 1985-2018 the fishery was not exploited sustainably as B is
below BMSY and F above FMSY. The red color titles in Figure 10 show that they have been found

relevant deviations from the assumptions of the model that must be taken into consideration.
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Pr1ors g e s

~ norm v 1, v 4 b
loga1pga ~ dnorm 138213. 2A21"
., logbeta ~ dnorm[log(1), 2A2]"

:Model parameter estimates w 95% CI "

estimate cilow ciup .est rel.diff.orp

Bmsys 2.586773 0.0000000 1. 660776e+15 0. 95 4110 0.33115803

Fmsys 1.106741 0.0000000 7.235259e+38 0 1014194 -0.86888109

" Msys 3.686645 0.7381063 1.841381e+01 1.3047168  0.02931562
"States w 95% CI (1np$msytype s)" "

o estimate cilow iup) .est
B_2017.94 O 4592618 0.1263739 1. 669026e+00 -0. 77 1348
F_2017.94 5.5067350 1. 6766792 1.808583e+01 1.7059719
B8_2017.94/Bmsy 0.1775424 0.0000000 4.714228e+13 -1.7285458
F-2017.94/Fmsy 4.9756326 0.0000000 1.245310e+39 1.6045525

Predact1ons w 95% CI_(inpSmsytype: s)"

=0 prediction cilow lo .est
B8_2019.00 0.4588530 0. 1046456 2. 011991e+00 790254
F_2019.00 5.5067359 1.5588793 1.945253e+01 1 7059720
B_2019.00/Bmsy 0.1773844 0.0000000 4.755670e+13 -1.7294364
F_2019.00/Fmsy 4.9756335 0.0000000 1.246569e+39 1.6045527
Catch_2018.00 2.5272892 1.6889594 3.781731e+00 0.9271473
E(B_inf) 0.1362679 NA NA -1.9931328

estimate cilow ciup log.est
alpha 1.0923598 0.0270235 44. 1560580 0.0883403
beta 3.1309136 1.6081313 6.0956590 1.1413248
r 1.3857919 0.1074028 17.8805403 0.3262718
rc 4.1367335 0.7976284 21.4543073 1.4199065
rold 4.1992844 0.0420009 419.8475515 1.4349141
m 3.5785685 2.2307277 5.7407959 1.2749629
K 5.8227788 0.6778381 50.0189555 1.7617776
q 0.0435679 0.0141759 0.1339011 -3.1334338
n 0.6699933 0.2325747 1.9300942 -0.4004875
sdb 0.1129085 0.0032454 3.9280715 -2.1811777
sdf 0.2091582 0.1110394 0.3939788 -1.5646641
sdi 0.1233367 0.0244953 0.6210144 -2.0928374
sdc 0.6548564 0.5010214 0.8559254 -0.4233393

Deterministic reference po1nts (Drp)"
estimate cilow lTog.est "
Bmsyd 1.730142 0. 3105864 9. 637873 0.5482036 "
Fmsyd 2.068367 0.3988142 10.727154 0.7267593 '
msyd 3.578568 2.2307277 5.740796 1.2749629 "

"Stochast1c reference points (Srp)"
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Figure 7: Estimated relative biomass (B/BMSY) for Indian Wahoo (blue line). BMSY reference point is represented
by a black line parallel to the x-axis. The gray line parallel to the y-axis represents the end of the range of available
data and the blue area corresponds to the 95% confidence interval.
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Figure 8: Estimated relative fishing mortality (F/FMSY) for Indian Wahoo (blue line). FMSY reference point is
represented by a black line parallel to the x-axis. The gray line parallel to the y-axis represents the end of the
range of available data and the blue area corresponds to the 95% confidence interval.
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Figure 9: The Kobe plot is divided into four panels: red (upper left) corresponds to the “overfished and overfishing
phase”, with biomass inferior to BMSY and fishing mortality superior FMSY. The green panel (lower right) is the
“no risk” area where fishing mortality is below FMSY and the biomass is above BMSY. The two yellow panels
(overfishing and overfished) characterize intermediate situations. Blue line represents the annual trajectory of
the Indian Wahoo fishery from 1994 to 2018.
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Figure 10: Plots for diagnostics on model assumption violations. Red tittles stand for model assumption violations.

2.1.2.3  Frigate tuna in Cape Verde

A list with the main estimated values is presented in Figure 11, showing an estimated MSY of 7 tons
and, a BMSY and FMSY, of 3.1 and 2.2, respectively. Figure 12 shows the time series of the estimated
relative biomass (B/BMSY), where it can be seen that B remains above BMSY from 2007 onwards. At
the same time, it can be seen that F is below the FMSY during the whole period (Figure 13) but with a
huge uncertainty, as it can be seen by the size of the blue shaded region in Figure 13. Figure 14 shows
the evolution of the fishery through a Kobe plot showing that frigate tuna fishery goes from left down
yellow region where B is below BMSY and F is below FMSY, to green region, where risk of overfishing
is minimal during period 1987-2018. Regarding the goodness of fit for the model, in Figure 15 red color
titles show that relevant deviations from the assumptions of the model have been found and that must

be taken into consideration.
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[1] "convergence: 0 MSG: relative convergence (4)"
[2] "objective function at optimum: B5.9645424"

[3] "euler time step (years): 1/16 or 0.0625"

[4] "Nobs C: 31, Nobs I1: 27"

[s5] °"
[6] "priors”
73 ” logn ~ dnorm[log(2), 2A2]"

[8] " logalpha ~ dnorm[log(1), 2A2]"
[9] " 1logbeta ~ dnorm[log(l), 2A2]"

[10] "

[11] "Model parameter estimates w 95% CI "

F1239 * estimate cilow ciupp log. est
[13] " alpha 1.689889e+00 0.6234247 4.580707e+00 0.5246631 "
[14] " beta 1.784917e-01 0.0252199 1.263257e+00 -1.7232132
as] " r 1.478066e-01 0.0351074 6.222845e-01 -1.9118506 "
[16] " rc 4.097773e-01 0.1205256 1.393209e+00 -0.8921413 "
[17] " rold 5.305326e-01 0.0675121 4.169102e+00 -0.6338739 "
(18] " m 8.664500e+03 1.6500590 4.549751e+07 9.0669895 "
[19] " K 1.365478e+05 23.6458004 7.885253e+08 11.8244303 "
[20] " q 2.195000e-04 0.0000000 2.029815e+00 -8.4243108 "
23] " 7.213996e-01 0.5471059 9.512186e-01 -0.3265621 "
[22] " sdb 4.449655e-01 0.1986439 9.967295e-01 -0.8097586 "
[23] " sdf 8.982914e-01 0.6246548 1.291797e+00 -0.1072608 "
[24] " sdi 7.519424e-01 0.5165213 1.094664e+00 -0.2850956 "
[257  'sdc 1.603376e-01 0.0262757 9.783979e-01 -1.8304740 "
[26] " "

[27] "Deterministic reference points (Drp)"

28] ™ estimate cilow ciupp log.est "

[29] " Bmsyd 4.228882e+04 7.2806999 2.456281e+08 10.652278 "

[30] " Fmsyd 2.048887e-01 0.0602628 6.966047e-01 -1.585289

[31] " MSyd 8.664500e+03 1.6500590 4.549751e+07 9.066990 "

[32] "stochastic reference points (srp)”

[33] * estimate cilow ciupp log.est rel.diff.orp "
[34] " Bmsys 3.126824e+04 4.8781123 2.004265e+08 10.350358 -0.35245292 "
[35] " Fmsys 2.184993e-01 0.0686472 6.954684e-01 -1.520972 0.06229142 "
[36] " MSYs 6.982087e+03 1.2388758 3.934982e+07 8.851103 -0.24096136 "

[37] "

[38] "states w 95% CI (inpSmsytype: s)"

[39] * estimate cilow ciupp log.est "
[40] " B_2017.94 1.410302e+05 13.4097270 1.483215e+09 11.856729 "
[41] " F_2017.94 1.096860e-02 0.0000010 1.180872e+02 -4.512715 "
[42] " B_2017.94/Bmsy 4.510333e+00 0.9941850 2.046210e+01 1.506371 "
[43] " F_2017.94/Fmsy 5.019990e-02 0.0000047 5.345713e+02 -2.991742 “
[44] "

[45] "predictions w 95% CI (inpSmsytype: s)”

[46] " prediction cilow ciupp log.est "
[47] " B_.2019.00 1.259271e+05 11.1265313 1.425209e+09 11.743458 "
[48] " F_2019.00 1.096880e-02  0.0000009 1.407548e+02 -4.512700 "

[49] " B8_2019.00/Bmsy 4.027317e+00 0.8536053 1.900091e+01 1.393100 "

[50] " F_2019.00/Fmsy 5.020060e-02 0.0000040 6.373160e+02 -2.991727 "
[51] " catch_2018.00 1.460117e+03 295.2558593 7.220657e+03 7.286272 "
[52] " e(e_inf) 7.080554e+04 NA NA 11.167693 "

Figure 11: Results of the SPiCT model implementation for the Frigate tuna in the Atlantic Ocean.
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Figure 12: Estimated relative biomass (B/BMSY) for Atlantic Frigate tuna (blue line). BMSY reference point is
represented by a black line parallel to the x-axis. The gray line parallel to the y-axis represents the end of the
range of available data and the blue area corresponds to the 95% confidence interval.
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Figure 13: Estimated relative fishing mortality (F/FMSY) for Atlantic Frigate tuna (blue line). FMSY reference point
is represented by a black line parallel to the x-axis. The gray line parallel to the y-axis represents the end of the
range of available data and the blue area corresponds to the 95% confidence interval.
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Figure 14: The Kobe plot is divided into four panels: red (upper left) corresponds to the “overfished and overfishing
phase”, with biomass inferior to BMSY and fishing mortality superior FMSY. The green panel (lower right) is the
“no risk” area where fishing mortality is below FMSY and the biomass is above BMSY. The two yellow panels
(overfishing and overfished) characterize intermediate situations. Blue line represents the annual trajectory of
the Atlantic Frigate tuna fishery from 1987 to 2018.
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Figure 15: Plots for diagnostics on model assumption violations. Red tittles stand for model assumption violations.

2.1.2.4 Comparison between management measures defined with SPiCT and other data limited
methods

Table 1 shows the calculated medians of the quotas for each of the methods applied (rows) to each of
the species (columns). We perform a comparison by calculating the difference between each of the
medians of the quotas calculated by the methods AvC, CC1, CC2, CC3, CC4, CC5, SPMSY and SBT1 and
the quota calculated using the SPiCT model (multiplying FMSY value by the last year estimated
biomass), that was used as a reference.

For the Atlantic tuna, we observe that SBT1, a management rule that was formulated within the
framework of the recovery plan for the southern bluefin tuna fishery (Hillary et al, (2012), was the rule
with a closer value to the reference, 26260.77 tonnes compared with 30815. At

In the case of the Indian Wahoo, the best performance was found with CC5, that estimated a value of
1.67, and that was the smallest difference with respect to the reference value of 0.5082839. For the
Common dolphinfish, we consider that the differences between the medians of the quotas of the AvC,
CC1, CC2, CC3, CC4, CC5, SPMSY and SBT1 methods and the reference value 15.65737 are too large

and it is not possible to identify which method is showing the best performance.
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Common

dolphinfish |Wahoo Frigate tuna
SPiCT
(Referencia) 15.65737| 0.5082839 30815
AvC 3.38 3.13 767.62
cc1 1.42 2.79 3075.85
cc2 1.28 2.51 2773.64
CC3 1.14 2.24 2461.45
cca 0.99 1.95 2146.68
CC5 0.85 1.67 1841.9
SPMSY NA NA 438.12
SBT1 0.28 2.86 26260.77

Table 1: Median quota values calculated for the methods applied to each of the selected species. The NA code
represents those cases in which any of the methods could not be applied because the minimum requirements
were not met.

2.1.3 Discussion:

Common dolphinfish, wahoo and frigate tuna are bycatch species commonly caught by tuna fisheries
in the Indian and Atlantic Oceans, however the quantity and quality of available data is limited and it
is currently difficult to know the status of their populations. In order to improve knowledge about the

status and level of exploitation of these bycatch species, methods for data-limited fisheries were used.

The SPiCT model is the most robust method that we have used for this exercise and proof of this is that
it is the most used currently for stock assessment compared to the others. For example, it is used for
assessment of Brosme brosme (ICES, 2020) and Isurus oxyrinchus (Maguire & Berg, 2020).

In the case of its application to Common dolphinfish, as already mentioned, we used catch data from
the Seychelles and CPUE from Reunion Islands, so the quality of the data on this species is limited.
However, the CPUE choice of Reunion longliners may be reinforced by the fact that this fleet, which
fishes near the Seychelles, is highly representative in the region (Coelho et al. 2014) and routinely
catches this species (Miossec & Taquet, 2004, Romanov et al. 2013, Sabarros et al. 2013). The results
of this model are of special interest since for this species the estimates obtained for biomass and
fishing mortality could be used to inform about the state of the fishery (figure 2 and 3) since the

associated uncertainty to them is within acceptable levels (Mildenberger et al. 2019).

In the case of wahoo, some of the SPiCT model estimates present high uncertainty, as can be seen in
Figures 8 and 9, which show biomass and fishing mortality estimates, respectively, and like for the
dolphinfish, studies on this species in the Indian Ocean are extremely scarce. On the other hand,
advances have been observed regarding the study of this species in the Atlantic. For Northwest Atlantic
wahoo, for example, Mourato et al (2019) identified the most acceptable fishery management

methods through a rigorous management strategy evaluation process. The results of that work
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indicated that the AvC and CC1 methods, based on catches, were the most acceptable. Contrary to
these results, in the present work the most acceptable fishery management method for wahoo, using
the SPiCT results as a reference, was CC5, also based on catches. Although we do not have other more
complete studies on the Indian wahoo to be able to compare with our results, new knowledge on this
species indicate that the wahoo could be the first vertebrate with a single globally distributed
population, which may represent a challenge from the point of view of the worldwide cooperation of
tuna RFBs and agents involved to know their status and ensure their sustainable exploitation (Theisen
et al. 2008).

In the case of frigate tuna, the estimates of biomass and fishing mortality that we obtained also present
a very high uncertainty, as can be seen in figures 13 and 14 respectively, however, it is important to
mention that in the ICCAT reports, it was mentioned that it was not possible to know the status of their

populations from the information available at that moment (Valeiras & Abad, 2006).

This exercise show that SPiCT implementation can help to estimate population status regarding
reference points, but only the results of the model for common dolphinfish could be considered for an
assessment, with lot of limitations considering the data used. It highlights the need to make a great

effort to obtain data that will allow us to better understand the situation of these species.

2.2 DLM used for preliminary stock status estimations for small
pelagics in the Moroccan coast.

Small pelagic are considered as essential resource in the marine ecosystem, which occupy an
intermediate level in the trophic web (Philippe Cury et al. 2000). In economic terms this group is the
main harvested fish group, representing approximately 39 million tons (FAO, 2016) and playing a
crucial role in the oceans food chain (Brochier et al. 2018). In Morocco, the exploitation of this group
occupies an important place in the Moroccan fisheries sector, with a production exceeding 80% of the
total landing in 2018 (INRH, 2019). In 2017, the Moroccan Atlantic coast was characterized by generally
favorable hydrological conditions resulting an increase in the small pelagic abundance with 7.59 million
tons assessed in the autumn season. The main targeted small pelagic resources in this area are sardine
(Sardine pilchardus), chub mackerel (Scomber colias), anchovy (Engraulis encrasicolus), horse mackerel
(Trachurus trachurus and Trachurus trecae). However, the increasing catches of these resources and
the diagnosis of the size structures landed in certain areas of Morocco require knowledge on these
stocks status and some caution regarding the level of fishing pressure, particularly because of their
high instability in relation to hydro-climatic changes (INRH, 2017; FAO, 2020). This section presents a

preliminary exploration of the most used data limited approaches (mainly SPiCT and LBSPR models)
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implemented for three important stocks in Morocco and based on different available fisheries and

biological data.

2.2.1 Anchovy in the Moroccan Coast

The SPiCT model was applied for the anchovy harvested in the whole Moroccan coast. Two main data
sets were used in this study: the FAO landings time series from 1995-2018 and biomass index from a
survey conducted by the research vessel Atlantida (1995-2018) (FAO, 2018).

The Figure 16 illustrates the most important outputs of the SPiCT model for the Moroccan anchovy
stock. The main results of this figure show that the estimated biomass for the anchovy stock is quite
stable in the last part of the time series. A significant decrease in fishing mortality (F) has been observed
since 2006, but the model is considered a bit optimistic: F/FMSY=1.31 B/BMSY=0.41.

In addition, to ensure no model assumptions violations and consistency of data/model, diagnostics

residuals and a retrospective analysis were performed (Figures 17 and 18).
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Figure 16: Summary of SPICT results for anchovy stock in Moroccan Atlantic coast
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Figure 17: Summary diagnostics for violation of the anchovy model
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Figure 18: Retrospective plots for the anchovy model

According to the Figure 17, these data do not show significant violations of the assumptions, which
increase our confidence in the results. The retrospective analysis results show a high consistency in all
runs allowing us to say that this preliminary implementation of the SPiCT model suggests that this

anchovy stock is been exploited sustainably.

2.2.2 Sardine in the Moroccan coast using LBSPR model

The Length-based Spawning Potential Ration (LBSPR) method has been developed also for data-limited
fisheries, where few data are available other than a representative sample of the size structure of the
vulnerable portion of the population (the catch) and an understanding of the life history of the species.
The LBSPR method does not require knowledge of the natural mortality rate (M), but instead uses the
ratio of natural mortality and the von Bertalanffy growth coefficient (K) (M/K), which is believed to
vary less across stocks and species than M (Prince et al, 2015). The LBSPR model described by (Hordyk
et al. (2015 a, b)), and tested in a MSE framework (Hordyk,2015c), use a conventional age-structured
equilibrium population model. An important assumption of this model structure is that selectivity is

age-based not length-based.
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This model was fitted for the Moroccan sardine stock using length composition data for the period
2006-2017, derived from a biological sampling of Moroccan vessels operating in both the central and
the southern areas, and the length distribution of sardine was estimated on the basis of Moroccan and
Russian catch data for the zone Cape Bojador-Cape Blanc. The required growth input parameters used
were estimated by INRH scientists for both stocks of sardine (central and southern).

The LBSPR package uses a Kalman filter and the Rauch-Tung-Striebel smoother function to smooth out
the multi-year estimates of SPR, F/M, and selectivity parameters. With the life history parameters and
the length composition data from CECAF reports, the LBSPR model estimated the selectivity sizes at
50% and 95% (SL50, SL95, the relative fishing mortality rates (F/M) and Spawning Potential Ratio (SPR).

The length frequency distributions by year with their corresponding LBSPR model fits are presented in
Figure 19. The mean length size in 2006 was 22.5 cm and in 2017 decreased to 19 cm. The histograms
of length frequencies by years (From 2006 to 2017) mostly exhibited two modes except for the 2014
with three modes. For most bimodal distributions of length frequencies, the first and highest peak
occurs around 20 cm while the second lower is found around 15-25 cm. And for some years (2007,
2011 to 2013) the fish sizes smaller than the sizes at maturity (L50=15.8 cm and L95=21.3 cm) were

found in a high proportion of the catch.

Other results are presented in Figure 20 showing the evolution of estimated maturity and selectivity
at length. According to this figure we can suggest that the majority of sardine captured in this fishing
area are adults, the estimated selectivity curves are not all the time above the maturity curve.
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Figure 19: Length composition distributions for Sardine with curves fitted by length based SPR model
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Figure 20: Maturity at length and the selectivity at length curves for Sardine
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Detailed estimated parameters SlLso, SLos, F/M ratio and SPR by year are presented in Figures 21 and
22.

i SL50 SL95 FM SPR
# [1,] 172.67 211.09 4.29 0.29
## [2,] 165.41 200.17 3.68 0.30
## [3,] 162.30 195.62 3.38 0.28
# [4,] 161.90 195.65 3.29 0.26
## [5,] 160.35 194.43 3.23 0.25
## [6,] 158.54 193.54 3.26 0.23
# [7,] 160.17 197.46 3.42 0.22
## [8,] 158.35 194.27 3.26 0.22
## [9,] 159.15 195.35 3.24 0.22
## [10,] 161.77 199.37 3.32 0.22
# [11,] 161.97 199.66 3.33 0.22
## [12,] 163.03 200.95 3.53 0.21

Figure 21: The main results of the LBSPR model implementation for the Moroccan sardine stock (the numbers 1-
12 represent years from 2006 to 2017)
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Figure 22: Visual display of estimated quantities (Selectivity, SPR and F/M), the black line corresponds to the
smoother line to the estimated points

The results show the variation of observed and fitted values of sizes selectivity (SLso and SLgs), from
15,835cm to 17,267cm for SLsp and from 19,354cm to 21,109cm for SLss, the estimates selectivity
length-at-50% for all years was high relative to length at first maturity. For the selectivity length-at-

95% was also above the Lso for all years. Most of the SPR values were estimated to be below 0.40 which
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is the proxy for Bmsy. These results of LBSPR model with this sardine population suggest that it is

sustainably exploited.

2.2.3 Chub Mackerel in the Moroccan Coast using LBSPR model

The model fit to the length distributions landings data of the Moroccan central and southern stock
(A=B=C zones) of chub mackerel and the life history parameters were extracted from Fishbase. For this
stock different values of the same parameter were available for the same area, therefore two scenarios
have been tested (scenario 1: Linf= 39.35, K= 0.25 and scenario 2; Linf= 47.14, K= 0.16).

The Figures 23 and 24 show respectively the LBSPR model fit to the length composition landings data
and the specified maturity with the estimated selectivity at length for scenarios 1 and 2. These
estimates are equal for both scenarios because the length data input was the same for both scenarios.
It can be observed that the length frequency data of the catch for the study area is mainly unimodal in
all the years, and the peak of catches by length was mostly found below the length at first maturity
(Lso).
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Figure 23: Length composition distribution for Moroccan central and southern chub mackerel stock (bars) and
LBSPR modeéel fit (solid black line) for scenarios 1 and 2.

This project has received funding from the European Union’s Horizon 2020 27
research and innovation programme under grant agreement no. 727891.
www.farfish.eu



http://www.farfish.eu/

FarFish

2002 == 2006 2010 2014 = 2018
2003 2007 = 2011 2015 == Maturity
2004 2008 2012 2016

== 2005 2009 2013 == 2017

Est. Selectivity

1.00 1

0.751

Proportion
o
S

0.251

0.001

10 20 30 40 50
Length (cm)
Figure 24: Moroccan central and southern chub mackerel stock: Specified maturity and estimated selectivity at
length for scenarios 1 and 2.

The Figures 25 and 26 show the different estimated values for SPR, selectivity and F/M, for scenarios
1and 2.
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Figure 25: Moroccan central and southern chub mackerel stock: Estimated values for SPR, SL50, SL95 and F/M for
scenario 1; the black line corresponds to the smoother line to the estimated points.
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Figure 26: Moroccan central and southern chub mackerel stock: Estimated values for SPR, SL50, SL95 and F/M for
scenario 2; the black line corresponds to the smoother line to the estimated points

The length at capture in the level 50% (SLso) and 95% (SLss) were defined as selectivity. The estimated
selectivity pattern in the study area decreased over time, indicating that in this region, the proportion
of caught smaller fish is increasing. The fitted F/M plots for the first scenario of this model, we notice
an increase of relative fishing mortality, and for the second scenario, a slight time variation of this ratio
was observed.

The estimated Spawning Potential Ratio (SPR) results for this stock varied above the reference point
(0.4) for both scenarios, which are below the 0.4 value of SPR which is the proxy for BMSY. According
to these results we can say that an increase of F/M is associated with a decrease in SPR which
suggesting in this region an increase of fishing mortality with the subsequent impact on the population

reproductive biomass.

2.2.4 Note on SPIiCT and LBSPR results
SPiCT results should be contrasted using the technical guidelines for SPiCT (Mildenberger et al. 2021)

taking into account that abundance indexes should be an estimation of the exploitable population,
here we assume they are but there is no way to verify this assumption with the data available. For
LBSPR, it is important to say that the results obtained here are part of an exploratory exercise and they
should be interpreted with caution because non-representative length compositions of the stock or
violation of the theoretical assumptions of the model (constant mortality and recruitment or logistic
selectivity) could lead to unrealistic results (Hordyk et al. 2015). In addition Cousido-Rocha et al. 2022

demonstrate that the accuracy of Linf parameter is indispensable to obtain reliable results in this
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method, and currently we don’t have a reliable way to check the violation of these assumptions with

the data available.

2.3 FarFish Data limited methods course in Hafnarfjorour, Iceland

Athree day course (September 29th to October 1st, 2021) was delivered at the Marine and Freshwater
Research Institute facilities in Hafnarfjordur, Iceland, explaining to the GRO-FTP fellows focused on
stock assessment and to some scientists from the case study countries (remotely), how to use the
FarFish-DLMtool and selected data-limited methods with hands on exercises where they brought their
own data and tried to implement some of the methods explained.

First day morning session was open to all the GRO-FTP students (not only to those focused on stock
assessment) and remotely to everybody willing to attend just by filling a registration form. During this
morning there was a small tutorial in collaboration with EuroSea project connecting the tool and the
methods with Oceanographic information obtained from Copernicus Marine System, and also, an
introductory session to stock assessment and its evolution through time including the data limited
methods more used nowadays. A total of 50 participants attended this open seminar, 30 in person and

20 via Teams.

First day afternoon and the other remaining two days there were two practical sessions, the first one
on models using only catches and abundance indices as input with an emphasis on the Surplus
Production Model in Continuous time (SPiCT) ,available also through the FarFish-DLMtool (SPiCTGui).
Second practical session was about length-based methods with emphasis on the Length based
Spawning Potential Ratio (LBSPR) available also through the FarFish-DLMtool (DLMGui). Nine students
attended to these practical sessions and each one implemented at least one of these models using
data from their own countries in a totally reproducible environment using the R-package RMarkdown.

One of the instructors was the FarFish representative from the Spanish CSIC, Margarita Rincon, who
developed the FarFish-DLM tool, and a GRO-FTP fellow from CRODT in Senegal, Kamarel Ba, who

participated in the 6-month course in Iceland through the FarFish cooperation.

As mentioned before, short guidelines for data input into FarFish-DLMtool were distributed to the
attendees (Annex 1 and 2). The combination of these guidelines with the practical sessions ensure that
the tool and the knowledge that students obtained from some of the most used data limited methods

in Europe will remain once the project has ended.
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2.4 Online dissemination of the FarFish DLMtool

2.4.1 Bycatch Stock assessment

e Poster entitled: “Exploratory implementation of the surplus production model in continuous
time (SPiCT) for common dolphinfish in the Indian Ocean” (Figure 27) by Mercedes Aramburu
et al. presented at the World Fisheries Congress 2021 (WFC). Held in Adelaide, Australia (20-
24 September 2021).

e Poster entitled: Implementacidon con enfoque exploratorio de un modelo de produccion
excedentaria en tiempo continuo (SPICT) para el dorado en el Océano Indico by Mercedes
Aramburu et al. presented at the Iberoamerican symposium of reproductive ecology,
recruitment and fisheries (SIBECORP), held in Santa Marta, Colombia (11-15 October 2021)
and at the Iberian Symposium on Modeling and Assessment of Fishery Resources (SIMERPE),
held in Vigo, Spain (19-22 October 2021). Available at:
https://mervex-
group.github.io/SIMERPE/proof/Mercedes%20Aramburu_Exploratory%20implementation%2
00f%20surplus%20production%20model%20in%20continous%20time%20(SPiCT)%20for%20
common%20dolphinfish%20in%20the%20indian%20ocean.pdf

(E)xploratory implementation of the surplus production model in continuous time (SPiCT) for common dolphinfish in the Indian \a  Mercedes Aramburu
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Figure 27: Screenshot from Mercedes Aramburu’s poster presentation at WFC 2021
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2.4.2 Dissemination about the tool implementation under a co-creation approach
(in person)

An oral communication about the development of the tool under a co-creation approach was

presented by Margarita Rincon in the 2019 ICES Annual Science Conference (Gothemburg, 2019). This

2019 conference were the last in person conference before COVID 2019 restrictions.

2.4.3 Tutorial about the last version of the tool for ICES experts and for University of
Cadiz

A tutorial on the use of the last version of the tool was provided in the second edition of the ICES

Workshop on Data-limited Stocks of Short-lived Species (WKDLSSLS2, September 2020,

https://www.ices.dk/community/groups/Pages/WKDLSSLS.aspx). In addition, it was also provided online to master

students of the Aquaculture and Fisheries program at University of Cadiz in 2020 and 2021 on the Data

Limited Methods session.

2.4.4 Participation on the ICES 2021, Second Workshop on Atlantic chub mackerel
Partcipation of Ghoufrane Derhy and Margarita Rincon in the ICES WCOLIAS workshop as members of
the stock assessment group and collaborators for report writing mainly in the stock assessment

sections (report available at https://www.ices.dk/sites/pub/Publication%20Reports/Forms/DispForm.aspx?ID=37992).

Data limited methods for different areas were implemented:

e LBSPR model was implemented for The Cantabrian Sea (27.8.c), Portuguese waters (27.9.a.c.n
+ 27.9.a.c.s + 27.9.a.s.a), Mediterranean Sea — Catalan Sea (GSA6), Madeira island, Canary
Islands, North of Moroccan Atlantic coast and Centre (A+B) and south (C) of Moroccan Atlantic
coast.

e A SPIiCT model was implemented for chub mackerel in the Moroccan coast and a working
document was presented. Derhy, G., K. Elkalay, K. Khalil, M.M. Rincén. Stock assessment for
chub mackerel in the Moroccan Atlantic coast using SPiCT model.
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3 Satellite and big data tools in support of compliance

3.1 Rationale (the why)

According to the EU IUU Fishing Coalition (http://www.iuuwatch.eu/) it is estimated that as many as

one in five wild caught fish is fished illegally, representing at least 15% of the world’s catches. lllegal,
unreported and unregulated (IUU) fishing is widely recognised as a significant environmental,
economic and social problem. In addition to being a major threat to marine ecosystems, it also
represents a disadvantage for responsible fishermen, and a disruption for the seafood market.
Combatting IUU fishing is essential for achieving sustainable management of global fisheries. Although
the main cause of IUU fishing is states' failure to control vessels operating under their flag, tackling this
problem requires a multi-sided approach. In response to this global phenomenon, the EU adopted the
IUU Regulation 1005/2008, which remains to date a unique piece of fisheries legislation worldwide. Its
main aim “is to prevent, deter and eliminate trade in fisheries products deriving from IUU fishing into
the EU”. Prior to the adoption of the IUU Regulation in 2008, approximately 500,000 tonnes of illegal
fisheries imports were estimated as entering the EU annually, to a value of approximately €EUR 1.1
billion. Waters beyond national jurisdiction (the “high seas”) are particularly vulnerable to IUU since
regulation and compliance control is more difficult to enforce in these areas, as they are not subject
to direct control by a national authority. In many cases, the national authorities closest to the high sea
area even experience difficulties in providing in situ control to ensure compliance in their exclusive
economic zone (EEZ) waters, which are subject to the specific legal regime established in the United
Nations Convention on the Law of the Sea (1982) Therefore, the high seas, including vast sea regions,
are frequently in need of stronger compliance control due to insufficient in situ resources. In this
context, although traditional monitoring methods are essential for effective fisheries management,
they can be cost- and time-intensive. Recent advances in satellite technology and machine learning
offer powerful, scalable tools that can complement and broaden current approaches by providing cost-
effective tools for estimating human activities at sea, including tracking individual fishing vessels in

near real time.

3.2 Technical description of the tools implemented (the how)

3.2.1 Automatic Identification System (AIS)

The automatic identification system, (AIS), transmits ships’ positions so that all other ships in the
vicinity are aware of each other's whereabouts. In fact, this is a requirement established by The
International Maritime Organization and other management bodies in order to avoid collisions
between large ships, including fishing vessels. According to Global Fishing Watch (GFW), each year,
more than 400,000 AIS devices broadcast vessel location, identity, course and speed information. The

AIS system was designed for the transfer of very high frequency (VHF) information between ships, so
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it does not depend on satellites for the communication between vessels. Ground stations and satellites

pick up this information, allowing the tracking of vessels even in the most remote areas of the ocean.

While AIS has been deployed globally, there is one major limitation which is shared by all VHF
communications: the Earth’s curvature limits its horizontal range to about 74 km offshore. This means
that AlIS traffic information is available only near coastal zones or on a ship-to-ship basis. Tracking ships
using satellites overcomes this since vessel AlS messages are recorded and decoded by satellites, and
subsequently sent to ground stations for further processing and distribution. The European Space
Agency (ESA) is promoting a satellite-based AIS (S-AlS) service in partnership with the European
Maritime Safety Agency thus supporting the European Commission and Member States in the
prevention, for example, of the pollution from ships as well as the tracking of dangerous goods.

Through activities in WP6, FarFish has established a partnership with GFW which has allowed the
project to gain access to more than 4 GB of data, including daily data of individual vessels’ fishing

efforts throughout the ocean for the period between 2012 and 2019.

Despite the new power that has emerged from the global tracking of vessel position, there are
drawbacks in the system implemented by GFW. These have been pointed out by other maritime
organizations such as Windward (wnwd.com). This organization alerts that vessels engaging in illegal
activities are overriding the system and manipulating AIS data. Windward has been detecting this
manipulation since 2012 when organizations such as GFW or Marine Traffic, started to openly offer
massive AlS data. Windward assessments show that 1% of IMO numbers transmitted by AIS are fake
or that the Chinese fishing fleet is responsible for 44% of all GPS manipulations. Windward’s main
criticism of the GFW products is that their programme only monitors vessels that are willing to be
monitored. Moreover, despite the algorithms developed by GFW to detect erratic AIS transmission, a
symptom of GPS manipulation, Windward considers that crews are becoming savvier to the various
AIS manipulations that can improve their capacity to not be detected.

Therefore, despite the unquestionable utility of the database generated by GFW, for a more complete
implementation for compliance purposes, this needs to be complemented with alternative sources of
information, either in situ or through remote sensing. In this context, the CSIC team has carried out a

comparison of two alternative sources of information obtained through satellite: VMS and VIIRS data.

3.2.2 Vessel Monitoring System (VMS)

Vessel monitoring system (VMS) tracks vessels in a similar way to AlS, and is a standard tool used in
fisheries monitoring; however, it has historically been restricted to government regulators or other
fisheries authorities, and several countries have released their VMS publicly on the Global Fishing

Watch map. VMS systems broadcast positions at set intervals and some systems allow operators to
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increase transmission frequency when needed. Some vessels broadcast both AIS and VMS so

information from both systems can be combined to give a higher resolution vessel track.

Europe was the first part of the world to introduce compulsory VMS tracking for all the larger boats in
its fleet. The EU legislation requires that all coastal EU countries should set up systems that are
compatible with each other, so that countries can share data and the Commission can monitor
compliance. The system is compulsory for EU vessels above 15 m (as from of 1 January 2012 — vessels
above 12 m). VMS is also compulsory for EU vessels involved in fishing activities of in non-EU waters.

3.2.3 Visible Infrared Imaging Radiometer Suite (VIIRS)

Although the spatial resolution is not as good as Deimos-1 or Sentinal-2 satellites, the Visible Infrared
Imaging Radiometer Suite (VIIRS) is a polar orbiting satellite that uses highly sensitive optical sensors
to see lights at night. The Earth Observation Group (EOG) at the Colorado School of Mines manages
the VIIRs Boat Detection (VBD) database, which identifies vessels in the VIIRs data that use light to
attract catch, such as most industrial squid vessels and some types of purse seines.

One of these instruments is the radiometer for visible infrared VIIRS (Visible Infrared Imaging
Radiometer Suite) on board the Suomi NPP, which is part of NASA’s earth observation system. The
spatial resolution of VIIRS is about 750 meters and it offers a daily coverage of the earth. One of VIIRS’
spectral channels is DNB (Day Night Band), specifically designed to capture low light levels during the
night (Figure 28).

Figure 28: Picture of Radiometer VIIRS on board Suomi NPP (left) and VIIRS image of western Europe at night
(right)
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3.3 Open and transparent access to the tool: Google Earth Engine

As identified in the DoA, in addition to relevance and added value, the tools generated by FarFish must
include a set of technical characteristics to be useful in the implementation of a Responsive Fisheries

Management System, namely:

1) Platforms to host the tools will be free and open access to guarantee reproducibility,
interoperability, affordability, and transparency.

2) The tools will ensure full access to all actors in the process.

3) The tools will ensure the immediate capacity of all actors to use it once this has been created.

4) Long-term legacy of FarFish beyond the life-time of the project.

5) The codes generated will be implemented within open code platforms.

These technicalities are more difficult to achieve when the tool is based on the use of massive data
obtained from satellites. However, FarFish is not the only initiative facing the need to increase
transparency and accessibility to analysis of big data connected to earth functioning and its natural
resources. Powerful organizations like Google have already implemented platforms to facilitate this

aim and FarFish is making use of this, concretely of Google Earth Engine (GEE).

Google Earth Engine is a cloud-based platform that allows users to run geospatial analysis on Google's
infrastructure. It provides a web-based code editor to write and run scripts, including a set of powerful
libraries for geospatial analysis. Additionally, GEE is also designed to easily disseminate the results of
the analysis to policy makers, NGOs, field operators, and even the general public. Algorithms
developed on Earth Engine can be transformed into systematic data products or applications backed
by Earth Engine's resources, without needing to be an expert in application development, web
programming or HTML. Therefore, the Earth Engine is a platform matching the technical conditions
imposed by FarFish for the tools, in particular for those making use of massive satellite data like GFW
or VIIRS.

FarFish is already applying Google Earth Engine for the analysis of satellite information in case studies
with tool codes that will be open to the public for the use in the cases studies as well as outside the

FarFish consortium. The system is composed of the following components:

e Data set from VIIRS images and GFW programme.

e Computational power provided by Google online.

e Application Programming Interface (API) with a programming library provided by Google.

e Code editor provided by Google and codes created in this work package for the analysis of

interest to the case studies and FarFish aims.
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3.4 Case study implementation

3.4.1 Southwest Atlantic (FAO Major Fishing Area 41)

FarFish has already implemented Google Earth Engine (GEE) in conjunction with Global Fishing Watch
(GFW) dataset and available visible infrared imaging radiometer suite (VIIRS) images to test its
suitability for assessing compliance from the space. VIIRS-DNB radiance results presented in this work
are based on the database and the tools provided by GEE. In the study by Ruiz et al. (2019), the authors
selected the case study (CS) Southwest Atlantic, i.e. the Food and Agriculture Organization of the
United Nations’s (FAO) Major Fishing Area 41, a high-sea fishery where in situ surveillance is less
feasible thus more prone to illegal practices. In particular, a first test has been conducted to assess the
possible manipulation of GPS data to avoid AlS tracking of these activities. Figure 29 shows the VIIRS
composite image for the whole period of study (2012 to 2018). In addition to the urban areas of South
America, the image also evidences the massive presence of fishing activities beside and outside the
EEZ of Argentina. This was clustered in three regions, with R1 in the map tagging the main activity
conducted in high seas in connection with the fishing of lllex argentinux stock. In the study, the
consistency of two time series was analysed of AIS (GFW) and VIIRS-DNB data for one of the main high
fisheries of the world's oceans — the jigger fleet squid (/llex argentinus) landings in the FAO Major
Fishing Area 41. The results show a high level of temporal and spatial consistency between the two
signals during the seven years analysed and for the different regions of this area. This suggests that in
this particular area and fleet, GFW and VIIRS-DNB are valid tools to assess the temporal dynamics and
the spatial structure of these fishing activities.

The study’s results show a high level of consistency between GFW and VIIRS-DNB signals at different
spatial and temporal scales for the jigger fleet at FAO Area 41. No traces of a significant manipulation
were detected in the effort data provided by AIS. The results also provide evidence of the increasing
power of remote sensing to add transparency to fishing operations in distant and vast zones of the
ocean that are difficult to survey.

Details or the study can be found in the article by Ruiz et al. (2019) entitled “Sensing the Same Fishing
Fleet with AIS and VIIRS: A Seven-Year Assessment of Squid Jiggers in FAO Major Fishing Area 41”
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Figure 29: (A) Visible infrared imaging radiometer suite day/night band (VIIRS-DNB) radiance image
(entire mission composite 2012-2018). (B) Map showing southwest Atlantic bathymetry. R1, R2 and R3
are the regions of interest. The black line shows the exclusive economic zone (EEZ) of Argentina.

3.4.2 Mauritania

The analysis conducted for the Mauritanian CS uses publicly available AIS data from Global Fishing
Watch (GFW), covering the 2012-2016 period. The aim of this research is to study the occurrence of
different fleets by country and cross-check with the international public and private agreements, if
any, what are the conditions for their presence, and if there are any incongruences.

This study is an exploratory exercise providing an example of what can be achieved with the available
public information on marine traffic, as well as test the possibilities of a cross-check verification and
validation between different IT tools such as VMS and AIS data. It also aims to serve as a tool to
demonstrate the importance of the linkages and interoperability in terms of exchange between

scientific and legislative data.

The ICMAN-CSIC project team produced a report (Annex 3) that graphically shows the analysis of daily
and monthly apparent fishing effort (in hours), as well as the number of fishing vessels (determined
from the Maritime Mobile Service Identity, MMSI), in the EEZ (IMF, 2019) of Mauritania from 2012 to
2018. The analysis was carried out utilizing the Global Fishing Watch (GFW) database
(https://globalfishingwatch.org/; Kroodsma et al., 2018). GFW uses the aforementioned automatic
identification system (AIS), a GPS-like device that large ships use to broadcast their position in order
to avoid collisions, to directly map global fishing activity. From the collected data obtained via satellites
and terrestrial receivers, GFW provides information about the type of fishing vessel, its position and
the apparent fishing effort (in hours). Only from 2012 to 2016 they tracked more than 70,000 industrial

fishing vessels (Kroodsma et al., 2018). VMS data were not accessible for the Mauritania CS.
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A spreadsheet was created containing a list with all the vessels from the GFW data. The document
displays information on the ownership in terms of Flag States, the years they were found actively
fishing, the peak months of effort and the licenses under which they are allowed to fish, if any. These
licenses were found via whofishesfar (Oceana/EU FAR-SMEFF) and the ICCAT databases. Once all the
info was collected, the trends in the number of vessels per year, for both EU and non-EU vessels were
analysed. Next, the fisheries partnership agreements between the Coastal State and the Flag State
were identified, checking the availability of the documents and the periods covered by them. Figure
30 shows the countries with vessels present in the Mauritanian EEZ, while Figure 11 explains the
percentage of vessels per country.

Flag States present in Mauritania EEZ

Figure 30: Number of vessels per Flag State present in Mauritanian waters.
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Figure 31: Percentage of total fleet in Mauritanian EEZ per Flag State.
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Figure 32: Trend of number of foreign fishing vessels transmitting from Mauritanian waters

40

FarFish


http://www.farfish.eu/

FarFish

Figure 33: Comparison of trend of fishing fleet size between non-EU and EU fleets

Figure 32 shows the trend on the number of fishing vessels transmitting AIS per year, within the
Mauritanian EEZ, while Figure 33 shows the differences in trends between the EU and the non-EU
fleets. 7 out of 17 vessels from Japan started their activities (always according to the signal or “ping”
transmissions) at the end of 2016. All the other 10 Japanese vessels were fishing in the area in 2012-
2013, and came back in 2016. All 3 vessels from Indonesia, and 2 out of 3 vessels from Korea started
their activity in 2016. The increase in number of vessels between 2015 and 2016 matches the signing
of a new SFPA between Mauritania and the EU (entered into force on November 2015). However, only
10 of those new vessels are from an EU MS (9 from Spain), so this factor alone does not explain the

increasing numbers.

3.4.3 Senegal

The analysis conducted for the Senegalese CS uses publicly available AIS data from Global Fishing
Watch (GFW), covering the 2012-2016 period (see Annex 4), as well as a list of VMS data transmitting
vessels provided by CRODT. These data have been analysed with the aim of looking for inconsistencies
between AIS and VMS signals, namely between the signals and data report and the requirements laid
out in the maritime legislation in place. Any other additional information that might be useful for the
Senegal Case Study has also been considered. It is important to mention that CRODT provided the
FarFish consortium with a list of the vessel names for which they have VMS data. That is, they did not
provide the actual VMS data.

Regarding the methodology and process, the steps were as follows:
1. The first step was to identify the CRODT listed vessels and match them with their MMSI, so
they could then be compared with the GFW data. The Flag State ownership of the vessel was
also annotated. This was done checking the names provided in the vessels’ list by Senegal

against the publicly available databases such as MarineTraffic or vesselfinder.
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2. A spreadsheet was created containing all the vessels, both in the GFW and the CRODT lists.
The document contains the Flag States, the years they were found fishing, the peak months of
effort and the licenses under which they are allowed to fish, if any. These licenses were found

via whofishesfar and the database from ICCAT.

3. Once all the info was collected, the number of vessels per Flag State, the difference between
the CRODT list and the GFW list for the Senegalese CS and the trend in the number of vessels
per year, for both EU and non-EU vessels, were analysed and cross-checked.

The image in figure 34 shows the countries with vessels present in Senegal EEZ. The legend shows the
number of vessels. Figure 35 contains a chart explaining the percentage of vessels per country.

Flag States present in Senegal EEZ
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Figure 34: Number of vessels per Flag State present in Mauritanian waters.
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Figure 35: Percentage of total fleet in Senegalese EEZ per Flag State.

Figure 36 shows the trend on the number of fishing vessels transmitting either VMS or AIS per year

within the Senegalese EEZ, while Figure 37 shows the trend difference between EU and non-EU fleets.
2014 was the year the last SFPA between Senegal and the EU was implemented (2014-2019). 24 out
of 25 vessels from China started their activities (always according to the signal transmissions) in 2015,

being the main responsible of the increase of number of vessels between 2014 and 2015.
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Figure 36: Trend of number of foreign fishing vessels transmitting from Mauritanian waters
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Figure 37: Comparison of trend of fishing fleet size between non-EU and EU fleets

In terms of data gaps, 44 of the vessels from the list provided by CRODT do not appear in the Global
Fishing Watch provided data. If entered manually into the GFW search engine, 20 of those vessels do
however appear in the map but they only show activity records outside the year gap studied by the
CSIC (2012-2016). 7 vessels with identified Flag States (1x Angola, 1x Italy, 1x Argentina, 4x Senegal)
are not found via GFW. 17 vessels from the CRODT list are not located via GFW, vesselfinder or
similar. The assumption to be made is that they might have stopped working. Last, there are neither
Chinese nor Russian vessels sending VMS data to the Senegalese authorities. The reasons might be

either there are not sending them or that info is not reaching CRODT.

When looking for the agreements under which these vessels operate, 5 out of 9 French vessels are
licensed under the Senegal SFPA, but are not listed by CRODT as VMS transmitting boats. This supports
the idea that CRODT does not have the full VMS data for all the vessels operating in the area, despite
it is mandatory. With CRODT being the main national research institution, this eventual data flow gap
is rather important and would need further investigation on underlying reasons. In terms of access to
information, there are no documents to be found about a public or private fisheries agreement
between China (or Chinese companies and investments) and Senegal. However, there are
infrastructures such as fishmeal factories and processing plants funded by China in Senegal. Conditions
for their funding, cost-benefits and scale of their fishing activities remain unknown and unclear. The
agreement between Russia and Senegal exists, but an official document for the agreement was not

found likely due to confidentiality issues.

3.4.4 Southeast Atlantic (SEAFO)

Similar to the previous CSs, an analysis was carried out of daily and monthly apparent fishing effort (in
hours), as well as the number of fishing vessels (determined from the Maritime Mobile Service Identity,
MMSI), in the South-East Atlantic region, delimited by the South East Atlantic Fisheries Organisation
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(SEAFO), from 2012 to 2018. This analysis was carried out utilizing the Global Fishing Watch (GFW)
database (https://globalfishingwatch.org/; Kroodsma et al., 2018) (see Annex 5).

In this case, data related to the following fisheries were analysed: drifting longlines, purse seines, tuna
purse seines (pelagic tuna vessels), other purse seines (non-tuna purse seines) and trawlers. (Not
enough data were registered for purse seines and other purse seines fisheries). For each of these
fisheries, the apparent fishing effort (hours) is represented, as well as the number of fishing vessels
(by MMSI) throughout the study period (2012 - 2018) for all the principal subdivisions (e.g., provinces
or states) of all countries coded in ISO 3166-2 (see table in supplementary material of the annexed
report) that were identified in the ‘SEAFO region’. Moreover, for both variables the contribution to the
total (%) of apparent fishing effort (hours) is calculated, as well as the number of fishing vessels of each
subdivision. In a more detailed analysis, the five subdivisions that exerted the highest fishing pressure
are analysed with a daily and monthly resolution. The contribution to the total (%) of apparent fishing
effort (hours) and the number of fishing vessels of each subdivision over time is shown. Also shown
are the individual apparent fishing effort and the number of fishing vessels of each subdivision. The
raw data from these analyses can be found in the excel files. For each fishing gear, there is an excel file
for each variable analysed (i.e., the apparent fishing effort and the number of fishing vessels). In each
file, the first column refers to the analysed time period (2012 - 2018) with a daily or monthly resolution.
The remaining columns refer to the apparent fishing effort or the number of fishing vessels
corresponding to all the subdivisions that were identified in the ‘SEAFO region’. Thus, each cell
represents the sum of each variable (i.e., the apparent fishing effort and the number of fishing vessels)

for each day or month of the time period analysed and each subdivision for the ‘SEAFO region’
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4 Environmental forcing of small pelagics in NW Africa

New scientific Knowledge was also required to understand how environmental forcing creates
fluctuation of small pelagics in the West coast of Africa. The exploratory work for this scientific
contribution has been developed in collaboration with Cadi Ayyad University in Marrakech to develop
the knowledge where small pelagic dynamics in the West Africa can be understood in the
oceanographic frame of the region and where vulnerabilities can be assessed. The Moroccan chub
mackerel stock was selected to understand the relationship between stock abundance and different
environmental covariates. An approach was adopted to achieve our objective, which consisted in
estimating the stock abundance using one of the DLM tools (SPiCT model) and based on catch and
abundance indices data. The model output (relative biomass trend) representing the stock abundance
was then correlated with environmental variables of the studied region obtained by using Copernicus
Marine Service products (Figure 38). The results indicated a strong correlation between different
environmental forcing in our upwelling ecosystem and population dynamics and allow us to identify
factors that may affect the fluctuation of stock abundance mainly salinity, chlorophyll concentration,
net primary production, oxygen concentration and nitrate concentration (more details about this work
are available in the deliverable 6.11). These variables can be included in this model or in other fisheries
management approaches to estimate different scenarios of stock dynamics under different
environmental conditions, which can be applied on the other small pelagic stocks of the west coast of
Africa.
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Figure 38: Graphical summary of FarFish contribution to advance in the knowledge about the
environmental forcing of small pelagics in NW Africa.

S This project has received funding from the European Union’s Horizon 2020 46
B 3 research and innovation programme under grant agreement no. 727891.
Fod www.farfish.eu


http://www.farfish.eu/

FarFish

4.1 Online dissemination

e Oral communication entitled: “Assessing external environmental drivers for the Chub
Mackerel Moroccan fishery” (Figure 38) by Ghoufrane Derhy et al. presented at the World
Fisheries Congress 2021 (WFC). Held in Adelaide, Australia (20-24 September 2021).

e Oral communication entitled: “Links between the environment and Surplus production model
outputs: The case of Moroccan chub mackerel stock” by G. Derhy. et al. the Iberian Symposium
on Modeling and Assessment of Fishery Resources (SIMERPE), held in Vigo, Spain (19-22
October 2021). Video available at:
https://drive.google.com/file/d/1089s9Jpmb7xTUEg692fpYs8U2FVXUtue/view?usp=sharing

e Oral communication on the FarFish Workshop on Small pelagic and climate change in the

CECAF area with a presentation entitled: “Links between the environment and population
dynamics model outputs: The case of Anchovy in Gulf of Cadiz and first steps with Chub
mackerel in Morocco.” By Margarita Rincon, Ghoufrane Derhy and Diego Macias.
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Figure 38: Screenshots of Ghoufrane Derhy’s presentation at WFC 2021
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5 Specific use of DST in connection with MR: From MRO to MR2

Consultation process at the beginning of the project results in the needs and tools specified in Table 1 in accordance with MRO, this table also

include a column with the state of the tool at the end of the project, nevertheless needs have been changing with the evolution of the project and

they were formalized as outcome targets and the tools have been adapted to the new formulations and demands as can be observed in Table 2.

Table 1: Schematic view of the potential tools to be developed of WP2 and 4, including partners and risks involved from MRO demands.

utilizing latest available satellite systems and tools

Demands from MRO Demands to WP2 Potential tools Partners Risks/achievements at the end
of the project
SW Atlantic
Contribute to better compliance in the area by supporting enforcement by Satellite remote sensing & AlS csIC Not enough sensitivity or

resolution -> Tool developed; a
manuscript has been published
with the results

SE Atlantic

Analyse current stock assessment methods Improvements using new or
existing tools is dependent on the defined CS objectives and OT, making
sure that the FarFish contribution is relevant also by consulting SEAFO
(FarFish RG).

(1) Data gathering
according to the
online template in
FarFish D6.1-online
site and in
coordination with
D4.1, D4.3 and D4.4

(2) Implement Data Limited
Methods

(1) IMR, CCMAR
(2) csic

Data do not exist or insufficient
-> Methods not implemented
because there was not data
available

Contribute to better compliance in the area by supporting enforcement by
utilizing latest available satellite systems and tools.

Satellite remote sensing & AlS

csic

Not enough sensitivity or
resolution -> Only an analysis of
GFW data was presented
because AIS data was not
available.

Cape Verde

In conformity with ICCAT, collect and analyse data on bycatch of swordfish
and blue shark by the EU fleet in the Cape Verde EEZ. If sufficient data is
accessible, model scenarios, which may add value to development harvest
control rules for these bycatch species. Implementation of biological
sampling and data collection programmes (self-sampling protocols)

(1) Data gathering
according to the
online template in
FarFish D6.1-online
site and in

(2) Implement DLM for sword fish
and blue shark

(1) IMR, CCMAR
(2) IMR, UiT

Data do not exist or insufficient
-> DLM not suitable for these
species, they were
implemented for Frigate tuna
and Wahoo, but not significant
outcomes were obtained.
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coordination with
D4.1, D4.3 and D4.4

Contribute to better compliance in the area by supporting enforcement by
utilizing latest available satellite systems and tools.

Satellite remote sensing & AlS

CSIC

Not enough sensitivity and/or
resolution-> GFW data was not
detailed enough

Senegal

Improve stock assessment models and tools, developing networks, working
groups and knowledge transfer. FarFish aim to add value to present work in
CECAF applying new models and tools.

(1) Self-sampling

(1) Tools for hake stock
differentiation

(2) Automatic Biodim run and
visualization

(3) Automatic DLM run and
visualization

(1) UiT, CCMAR
(2) IMR, MATIS
(3) CSIC, MATIS

Inexistent data or impossibility
to make new operative tools to
this aim-> Self sampling was
implemented

Further formal contacts with
CECAF may identify further
tools-> LBSPR method
implemented for hake by
Kamarel Ba, nevertheless stock
assessment needs were not
identified in posterior versions
of MR: MR1 and MR2.

Contribute to better compliance in the area by supporting enforcement by
utilizing latest available satellite systems and tools

Satellite remote sensing & AlS

CsIC

Not enough sensitivity and/or
resolution-> AlS signals have
been cross-checked with VMS
signals using ISRA-CRODT info
as a proxy
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Demands from MP0Q Demands to WP2 Potential tools Partners Risks
Mauritania
Advanced knowledge on how the signal of oceanographic processes affects Assess shrimp stock CSsIC No neat assessment is
the shrimp stocks and the shrimp fishery will improve assessment and dynamics in an CCMAR achieved-> This changed into

dampen the fluctuations in landings. Given the present capacity of the
scientific community to foresee the impact of large-scale climatic oscillations,
this might help to rise early warnings and preventive measures to protect the
stock and improve long-term profitability of the EU fleet targeting shrimp.

oceanographic context

the need of oceanographic
support for population
dynamics on small pelagics
and particularly implemented
with chub mackerel in the
Moroccan coast

Seychelles

Contribute to the assessment of non-target species included in recent discard

(1) Data gathering according to

(2) DLM for bycatch

(1) IMR, CCMAR

Data do not exist or

ban (I0TC, 17/04) the online template in FarFish (2) IMR, UiT insufficient->DLM
D6.1-online site and in implemented for Wahoo and
coordination with D4.1, D4.3 Common Dolphinfish,
and D4.4 obtaining promising
preliminary results with the
latest.
Contribute to better compliance in the area by supporting enforcement by Satellite remote sensing | CSIC Not enough sensitivity and/or

utilizing latest available satellite systems and tools

& AIS

resolution-> No AlS or GFW
data available
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Table 2: Outcome targets in MIR2 connected to the tools developed in FarFish project

Case Study (CS)

Outcome Target (OT)

Tool

Comment

1: High seas: South-West
Atlantic fisheries (FAO Area 41)

OT1.2 All vessels
transmitting AIS
signals

Remote sensing (AIS
and VIIRS-DNB) and
AlS.

-“The OT achieved the desired impacts, by demonstrating that remote sensing adds transparency to the
fishing operations in high seas where enforcement is challenging.”

-“The data and analyses performed by CSIC allows for assessment of the AIS and remote sensing data and
hence contribute to the selected indicator.” From Deliverable 5.4

2: High seas: South-East Atlantic
fisheries (SEAFO Convention
Area; FAO area 47)

0T2.2 All vessels
transmit AlS or VMS
signals

AIS (annex 5)

No VMS data for EU vessels in the SEAFO system, and AIS data from Global Fishing Watch are not detailed
enough, nevertheless, the data available was analysed.

3. Cape Verde

OT3.1 A harmonised
catch data protocol
in place that
facilitate improved
reporting of
swordfish and blue
shark commercial
and biological data.

FarFish-DLMtool

This OT could have an impact in improving stock assessment. Nevertheless, the data limited tool currently
is not a suitable tool to use with these two species, which assessment is carried out regularly by the ICCAT.
The tool was implemented for an important bycatch species as it is the Frigate tuna.

4: Cape Verde

0T3.2: All vessels
transmit AIS and/or
VMS signals.

Global Fishing Watch data was not detailed enough

5: Senegal

0T4.3: VMS and/or
AlIS signals are
transmitted

AlIS (annex 4)

Connected to I_10_CS4: AlS signals have been cross-checked with VMS signals using ISRA-CRODT info as a
proxy, and I_11_CS4: The comparison between AlS and VMS signals is an accurate and useful method to
identify if vessels are compliant

6: Mauritania

OT5.3: Increased
onboard observer
coverage on all high-
capacity pelagic
vessels in place
OT5.4: Data on all
catches, discards and
bycatches provided

FarFish-DLMtool
and
Oceanographic
support for small
pelagics dynamics
using Copernicus
Marine Service

Even there is still a lack of good quality data for small pelagics, several efforts have been performed with
UCA to gather small pelagics data in areas close to Mauritania. Using the data available several Data limited
stock assessment methods have been implemented. There is also a promising ongoing work connecting
chub mackerel population dynamics with environmental variables in the Moroccan coast.

7: Seychelles

0T6.3 MPAs and no-
take zones identified
in the SMSP are
respected

0T6.6 Vessel
Monitoring System
(VMS) or Automatic

Lack of access to VMS data and no transmission of AlS data
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Identification System
(AIS) signals are
transmitted.

8: Seychelles

0T6.2 Catches of
non-target species
registered in e-
logbooks

FarFish DLM-tool

Linked to indicator I_4_CS6, to conduct the key activity to explore data-limited methods (DLM) applied to
data available for non-target species. Promising results were obtained with a data limited stock assessment
method applied to Common dolphinfish in the area.

Mauritania, Senegal, Cape Verde
and Seychelles

MR2 aims to improve
the quality of the
current stock
assessment

FarFish-DLMtool
FarFish DLM course

Even not a specific OT, training on data limited methods for stock assessment provided to scientist of the
CS countries would indirectly help to achieve this in the long term.

3 % research and innovation programme under grant agreement no. 727891.

*ax www.farfish.eu

This project has received funding from the European Union’s Horizon 2020 52



http://www.farfish.eu/

FarFish

References

Aramburu, M. (2021). Asessoramiento de algunas especies capturadas incidentalmente en los océanos
Atlantico e Indico. Travbajo fin de master (perfil investigador/profesional) Master Universitario en acuicultura
Y pesca. Puerto Real a. https://www.farfish.eu/wp-content/uploads/2021/10/TFM-MMAramburu-.pdf

Brochier, T., Auger, P.A., Pecquerie, L., Machu, E., Capet, X., Thiaw, M., Mbaye, B.C., et al. 2018. Complex small
pelagic fish population patterns arising from individual behavioral responses to their environment.” Progress in
Oceanography 164: 12-27.

Carruthers, T. R., Punt, A. E., Walters, C. J., MacCall, A., McAllister, M. K., Dick, E. J., & Cope, J. (2014).
Evaluating methods for setting catch limits in data-limited fisheries. Fisheries Research, 153, 48—68.
https://doi.org/10.1016/j.fishres.2013.12.014

Costello, C., Ovando, D., Hilborn, R., Gaines, S. D, Deschenes, O., & Lester, S. E. (2012). Status and Solutions for
the World’s Unassessed Fisheries. Science, 338(6106), 517-520. doi: 10.1126/science.1223389

Cury, P., Bakun, A., Crawford, R.J.M., Jarre, A., Quin ones, R. A., Shannon, L.J., and Verheye, H.M. 2000. “Small
pelagics in upwelling systems: Patterns of interaction and structural changes in ‘wasp-waist’ ecosystems.” ICES
Journal of Marine Science 57 (3): 603-18.

Cury, P., Fromentin, J.-M., Figuet, S., and Bonhommeau, S. (2014). Resolving Hjort’s Dilemma: How s
Recruitment Related to Spawning Stock Biomass in Marine Fish? Oceanography, 27(4):42-47.

FAO. (2016). The state of World Fisheries and Aquaculture 2016. Contributing to food security and nutrition for
all. Rome. 200 pp.

FAO. (2018). Status summary for small pelagic stocks in the Northern area of the Eastern Central Atlantic —
CECAF summary. Abidjan, Céte d’lvoire, 23-26 October 2018. CECAF/SSCVIII/2018/2.

FAO. (2020). “Report of the Working Group on the Assessment of Small Pelagic Fish of Northwest Africa
Casablanca, Morocco.” July. Vol. 1309.

Frédou, F. L., Frédou, T., Gaertner, D., Kell, L., Potier, M., Bach, P., ... & Ménard, F. (2016). Life history traits and
fishery patterns of teleosts caught by the tuna longline fishery in the South Atlantic and Indian Oceans.
Fisheries Research, 179, 308-321.

Frédou, F. L., Frédou, T., Ménard, F., Beare, D., Abid, N., & Kell, L. (2017). Preliminary ecological risk
assessment of small tunas of the Atlantic Ocean. Collective Volume of Scientific Papers ICCAT, 73, 2663-2678.

Hillary, R., Preece, A. L., & Davies, R. (2012). Developing a Management Procedure Based Recovery Plan for
Southern Bluefin Tuna. CSIRO Marine and Atmospheric Research.

Hordyk, A.R., Ono, K., Sainsbury, K.J., Loneragan, N., and Prince, J.D. 2015a. Some explorations of the life
history ratios to describe length composition, spawning-per-recruit, and the spawning potential ratio. ICES J.
Mar. Sci. 72: 204 - 216.

Hordyk, A.R., Ono, K., Valencia, S.R., Loneragan, N.R., and Prince, J.D. 2015b. A novel length-based empirical
estimation method of spawning potential ratio (SPR), and tests of its performance, for small-scale, data-poor
fisheries. ICES J. Mar. Sci. 72: 217 - 231.

This project has received funding from the European Union’s Horizon 2020 53
research and innovation programme under grant agreement no. 727891.
T www.farfish.eu


http://www.farfish.eu/
https://www.farfish.eu/wp-content/uploads/2021/10/TFM-MMAramburu-.pdf

FarFish

Hordyk, A.R., Loneragan, N.R., and Prince, J.D. 2015c. An evaluation of an iterative harvest strategy for data-
poor fisheries using the length-based spawning potential ratio assessment methodology. Fish. Res. 171 :20- 32.

INRH/DP. (2017). Rapport annuel de I'Etat des stocks et des pécheries marocaines 2017. 287 p. Institut
National de recherche Halieutique, Casablanca (Maroc) - ISSN : 2509-1727.

INRH/DP. (2019). “Rapport annuel de I'Etat des stocks et des pécheries marocaines au Maroc 2019.”
Département des péches, Institut National de recherche Halieutique, INRH, Casablanca (Morocco) 2019. ISSN
:2509-1727

IOTC Catch and Effort Data - Reference File. IOTC-2018-DATASETS-NCDBrev2 and IOTC-2018-WPEB14-DATA04
- CELongline
(https://ww2.iotc.org/WPTT/22DP/Data/08-CEref Para la versidn actualizada de las bases de datos).

IOTC-WPEB16 2020. Report of the 16th Session of the IOTC Working Party on Ecosystems and Bycatch. Online,
7 - 10 September 2020 I0TC-2020-WPEB16—R[E]: 104 pp

Kroodsma, D.A.; Mayorga, J.; Hochberg, T.; Miller, N.A.; Boerder, K.; Ferretti, F.; Wilson, A.; Bergman, B.;
White, T.D.; Block, B.A.; Woods, P.; Sullivan, B.; Costello, C.; Worm, B. Tracking the Global Footprint of
Fisheries. Science. 2018. February 22, 2018.

Mildenberger, T.; Kokkalis, A.; Berg, C. Guidelines for the stochastic production model in continuous time
(SPiCT) available at
https://raw.githubusercontent.com/DTUAgqua/spict/master/spict/inst/doc/spict_guidelines.pdf

Pedersen, M. W., & Berg, C. W. (2017). A stochastic surplus production model in continuous time. Fish and
Fisheries, 18(2), 226-243

Ruiz, J., Caballero, I., and Navarro, G. (2019). Sensing the Same Fishing Fleet with AIS and VIIRS:
A Seven-Year Assessment of Squid Jiggers in FAO Major Fishing Area 41. Remote Sens. 2020, 12, 32;
doi:10.3390/rs12010032

Santiago, J. L., Ballesteros, M. A., Chapela, R., Silva, C., Nielsen, K. N., Rangel, M., ... & Sala, A. (2015). Is Europe
ready for a results-based approach to fisheries management? The voice of stakeholders. Marine Policy, 56, 86-
97.

Schmidt,M.andLipson,H.(2009). DistillingFree-FormNatural373 Laws from Experimental Data. Science,
324(5923):81-85

Searson, D. P. (2015). GPTIPS 2: An Open-Source Software Platform for Symbolic Data Mining. In Handbook of
Genetic Programming Applications, pages 551-573. Springer International Publishing, Cham

Sugihara, G. (1994). Nonlinear Forecasting for the Classification of Natural Time Series. Philosophical
Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciences, 348(1688):477—-495.

Troadec, J.-P. (1983). Introduction to fisheries management: advantages, difficulties and mechanisms. FAO
Fish. Tech.Pap. (224)

This project has received funding from the European Union’s Horizon 2020 54
7 research and innovation programme under grant agreement no. 727891.
T www.farfish.eu


http://www.farfish.eu/
https://raw.githubusercontent.com/DTUAqua/spict/master/spict/inst/doc/spict_guidelines.pdf

