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SUMMARY

In 2003 the Commission recommended the ICCAT Vessel Monitoring System. (ViS)
ICCAT VMS system has been fully operational since 2008. Besides its monitoring and
conpliance use, the VMS data offer detailed information onfiteng activity that can be
useful for scientific purposesThis manuscript reviews the current ICCAT VMS data and
provides preliminary analyses on 2010 and 2011 to identify fishing behavior and estimate
potential fishing effortfor the main fleet monitoredResults indicated that itsifeasible to
estimate a probability of active fishing operations given an identification of the maifflgetar
vessel.

RESUME

En 2003, la Commission a recommandé le systtme de surveillance des navires (VMS). Le
systeme VMS de I'ICCAT est entierement opérationnel depuis 2008. Outre son emploi pour le
suivi et l'application, les données de VMS fournissent des informations détaliéeles

activités de péche qui peuvent s'avérer utiles a des fins scientifiques. Le présent document passe
en revue les données actuelles du VMS de I'lCCAT et fournit des analyses préliminaires au titre
de 2010 et 2011 afin d'identifier le comportememnpéche et estimer I'effort de péche potentiel

de la principale flottille objet de suivi. Les résultats indiquaient qu'il était faisable d'estimer la
probabilité d'opérations de péche actives une fois identifié le type d'engin/de flottille principal.

RESUMEN

En 2003, la Comisién recomendé el establecimiento del Sistema de Seguimiento de Buques
(VMS). El VMS de ICCAT ha estado plenamente operativo desde 2008. Ademas de su uso para
el seguimiento y el cumplimiento, los datos del VMS ofrecen informdetailada sobre las
actividades pesqueras, que puede ser (til para fines cientificos. Este documento examina los
datos actuales del VMS de ICCAT y proporciona andlisis preliminares de 2010 y 2011 para
identificar el comportamiento pesquero y estimar eliffesesfuerzo pesquero de la principal

flota objeto de seguimiento. Los resultados indicaron que es viable estimar la probabilidad de
operaciones pesqueras activas siempre que se identifique el tipo diotrigrincipal.
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1. Introduction

Following the recommendations from the ICCAT Commission [Re@4)3the Secretariat established a VMS
data center in April 2008Chis VMS data center received information from vessels involved in fishing Eastern
Bluefin tuna primarily, as required in Rec-06 and Rec 0‘D8. The VMS information was initially classified as
confidential data primarily used for compliance purposes exclusiVélgn, after three years, the Commission
authorized the SCRS to use the VMS data for scientific purpéseally, with the adoption of the Data
Confidentiality Policy by the Commissiom 2010, it authorized the SCRS the availability of Vid&a for
scientific purposes.

Vessel Monitoring Systems (VMS) have quickly developed and expanded in terms of implementation, with the
primary purposes of monitoring, control and surveillance (Kaairél 2005).The VMS data itself reports only

the geographical position of the boat, the time of the signal emission and a vessel identifier to the reception
station(s) or satelliteThere is not strictly associated information such as vessel catchamdggoyment, that

can classify the type of fishing activity and or estimate fishing effort, or catch assoEiateda scientific point,

the detailed operation of fishing activity requires to discriminate between active fishing (e.g. searching, gear
dedoyment, active fishing gear, gear retrieval and catch associated) affsmiag time (e.g. treeling, port
deployment, etc.).

The objective of this document is to review the available ICCAT VMS data, to carry out preliminary analyses
trying to identifyand separate fishing trips, fishing behavior and to estimate, if possible, effective fishing effort.
Because of the size of the DB, analyses were restricted to last two years 2010 and 2011

2.Data

The ICCAT VMS receives the data transmitted by CPCa tlatabase center, in a specified format NAlke

ICCAT VMS DB contains over 2.25 and 1.64 million VMS records for 2010 and 2011, respechigiye(1).

They represent messages from 22 CPCs, and over 17 different gear/vessel type cdtagmee?) (By month,

most VMS are received from March through July, with a peak in-BMae Figure 3), coinciding with the peak

in bluefin fishery seasorhe main type of gear/vessel category from which VMS messages are received are
from the longline fleet, pursseiners, trawlers, and pole & line (baitboatjowever, there are also VMS

messages from tugboat s, freezer s, assisting vessels &
the dataln 2010, there were registered 998 different vessels aséide ICCAT registration number, and 698
different vessels in 200lHo we v e r , there are VMS messages received t

Number associatedhe main ID in the VMS transmission is actually the Radio Call Sign (RCS) code, imdeed i
2010 there were 1330 different RCS registered, and 799 in Zbétefore, the ICCAT VMS receive messages
from vessels not registered in the ICCAT list of vessels; although the proportion -oégistered VMS is
relatively low. In 2011, for example 2084 VMS messages (< 1.25 %) were from vessels with no ICCAT
registration number and only RCBhe list of ICCAT registered vessels objective is to keep an updated list of
vessels in the different ICCAT fisheries. However, the lack of a truly unique i@erfofi each vessel that can

keep track of changes of flag/gear or fishing activity makes it difficult to track historically all the changes
associated with a particular vesstherefore, it is possible that the same vessel may appear with two or more
ICCAT registration numbers, if for example changes of vessel name and or flag are not reported to the
Secretariat.

Further analyses were restricted to ICCAT VMS records for which the ICCAT Vessel registration number was
available.Table 1 shows the actual in variable available in the ICCAT VMS DB (variables 1 to 18pst of

this information is received from the vessel s VMS ur
center which rgoutes the messages to the ICCAT Secretarlare ae, however, CPCs that do send the VMS

information via electronic files directly to ICCAT in a NAF formdthe input data include a uniqgue message

identifier (MDGID), vessel code(s) (Vesd&, ICCAT registration Number, RCS), vessel name, date of VMS
origination (data and hour, in GMT), date of VMS reception, and latitude and longitude position of each
messageAt the VMS DB, each record is linked to the vessel registration to assign the Gear/vessel type, size of
vessel (LOA), and using the latitudtengitude position to match to a list of know landing poRsr matching

lat-lon to port, it uses a radio of approximately 2 km within the port position.
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3. Methods

Analysis of VMS data are based primarily in the estimated trajectory (distance, betmegand speed of the
vessels activityThis information is not actually transmitted from the boat (although it may be requested directly
in the NAF format), therefore it was required to estimate/MS records were first sorted by the ICCAT
registrationnumber (ICCATRegN), and then by the date/time of the VMS signal transmigsidhis stage,
records were checked for duplication and duplicated messages were d&l&tsts record was considered
duplicate only if it had the same ICCATRegN and the exantsgate/time of VMS transmission.

Subsequently, the time between messages in hours was estimated between two consecutive records from the
same vessel ICCATRegNhen, the distance (km) between two consecutive records was calculated using the
following formulation prescribed by the FCC (47 CRF 73.208), recommended for distances not exceeding 475
km.

D = \/(KiA¢)? + (KoAN)?;

Where D = distance in kilometeréﬂ}*‘i’ and A\ are the differences of longitude and latitude (degrees),
respectively, and

K, = 111.13209 — 0.56605 cos(2¢,,) + 0.00120cos(4dé);
Ko = 111.41513c08( ) — 0.09455 cos(3¢m) + 0.00012cos(5ebym).

With @m is expressed in units compatible wite tnethod used for determinin‘i‘&'stﬁbm);with theK,, andK,
parameters adjusted to theeridionaland its perpendiculanérmal) radii of curvature of the Earth, using the
Clarke 1866 reference ellipsoifiGeographicatlistance, 2013)

Also, the bearing (or initial heading direction) was estimated between two consecutive records as:

— AOKIEM T TATI0A &1 IOAGPETNAOQEITAGATIOAGATY 11
where latl, lot refer to the point of originBearing angles were expredsi reference to-360° degrees.
Finally, having distance and time, speed in nautical miles per hour was also estBeatadse the list of ports
available in the ICCAT VMS is limited, a second list of known harbors from thé&Bhkries Center was also
used to match lalbn positions Hintzenet al, 2012) Similarly, a radio of approximately 2 km was used as
overlapping between the VMS position and the harbetolatcenter positionFor records that have been
identified as located in harbor or port, @stimates of distance, sgmkor bearing were calculated.

The frequency of VMS messages was initially requested at every six (6) hours during fishing ldeaswer,
not all vessels send full time, or continuoudfarthermore, with the current dafiarmat it is not identified if
given sequences of messages are from a single fishing trip, partial or severdlhuigsthe next step was to
identify for each vessel the number of trips and separate the consecutive records into individugdip(essel
For this, the following two assumption rules were followed:

a. Once a vessel entered or was in port it was considered the end of a fishifigdripthe first
following VMS record of this vessel out of port was considered a new trip.

b. If a vessel was ndh port, a record was considered a new trip if the time between the current
record and the immediately previous VMS record was over 48 hours of difference.

Once identified the*irecord for each vesséip, estimates of time between signals, distaspeed and bearing
were set to null for this®irecord, with values only for the second to last VMS of each trip.

Based on the geographical |l ocati ons, VMS signals at
assuming that during active fistyg (e.g. searching or gear deployment) with lower speed operations and in

general shifting directions, the VMS signals will clustir.contrast, during cruising the points will tend to

follow a predetermined pathNonparametric bivariate density estinmai was wused to identi f
(Faraway 2006)The kernel density function was used to estimate the bivariate probability density function of

the latitude longitude VMS positions for each vedspl at seaThen the density function was calculatezing

theinverse Fourier transformation
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4. Results

There is a wide range in terms of VMS messages received at the ICCAT DB by re284l0, for example,
regarding the 934 different vessels (ICCATRegNum), the frequency of VMS messages varieddrb®&)0DO;

with a median of 1721 and a clearly skewed distributigure 4). If restricted to the main gedleets, longline

(154 vessels), purse seine (116) and Baitboat (pole & line, 62) in 2011; the number of VMS messages ranged
from 30 to 15,000 witlsome median around 200Bigure 5). For 2011 main gedieets, the VMS messages
represented over 1.6 million hours of monitoring. The distribution of these messages between at sea and in port
was roughly equal for the purseiners and the pole line flegivhile it showed 61% at sea and 39% in port for

the longline fleet Kigure 6). There were at least 244 different harbors reported with VMS messages, of which
Kali, Sete, Marsala, Hondarribia, Salerno, Marsaxlokk, Guetaria, Licata and Svetikajo &op tha ports in

terms of VMS messages in 201Hidure 7). The mean time between VMS messages also varied by main gear
fleet, with purseseiners having on average VMS signals each 1.3 hours while longliners send VMS signals each
2.6 hours Figure 8). In general, the frequency of signals is below the 6 hours original requirement.

Figure 9 shows the frequency distribution of vessel speed (NM/h) of VMS signals at sea by mdie&tsan

2011. Although there are some obvious outlier points, the averagedsfme longliners is 4 NM/h, with a
bimodal distribution and with peaks at low (< 3 NM/h) and high (8 NM/h) speeds, which show a substantial
overlapping.A similar shape distribution was observed for the pole & line fleet with a more clear definition of
the bimodal featurelnstead, for the purse seine there was a high proportion of lower speeds (< 1 NM/h) and a
less defined second peak at 8 to 10 NM/h rafdges bimodal distribution has been previously used as an
indicator for the fishing activityatloes peed r anges, a n-fishingloperatiorat highes speed.d6 or
It is important to note, however, the different features for each main vesseFigpee 10 shows a scatterplot

of the total hours at sea (2011) versus the distance coveredt(keg ée.g. excluding all in port VMS) grouped

by main gear typeThe longliners show overall a wider range of hours and distances covered. By comparison,
the pole & line fleet has much more restricted ranges of hours at sea and distance, but théalioaahi is

similar to the longlinerdn contrast, the purse seiners cover on average shorter distances than longliners or pole
line vessels, and have different slope in the linear relationship with total hours aAredher indicator
commonly used ithe changes in bearing; it is expected that during cruising the vessel does change little in their
heading direction, while more erratic direction is observed during fishing searching or fishing deployments.
Figure 11 shows a time series (Apdun 2011) ér some longline vessels and the change in heading directions.
The change in directions (DtaBea) was estimated as the sin of d&g*d¥ference between consecutive VMS
messages from a vess€hus, a value of 0 in the-gxis indicates no change in h&agl while values closer to 1
indicate opposite heading.

The estimated number of trips per vessel changed in function of the fishing gedfitype (2). For example,

in 2011, the number of trips for longliners averaged 30 but the distribution is skeweadis less than 40 trips

per year.n contrast, the bait boat fleet has on average 90 trips with a 80% quantile between 66 and 120 trips.
Finally, much fewer trips were estimated for the purse seine fleet, averaging 20 trips per year with also a
predomnant lower (<30 trips) overalRlots inAppendix 1 show general examples of selected vessels and their
estimated annual trips distributio®@verall, in the ICCAT VMS data there are indicators that can be used to
characterize fishing behavior such as spaed changes of bearing (headinig)is important, however, to note

that these indicators did vary with respect to the main gear type of the vessel and should be estimated separately.
Usually classification of time at sea in fishing or cruising has usesktindicators of speed and bearing, as well

as auxiliary information (Russo et al 2011, Vernard et al 2(8@ne approaches use Bayesian with priors by
fleet type (Vernard et al 2010). A more complex approach uses artificial neural networks (Rus2601df) al
incorporating a relatively large set of auxiliary information such as license type, sea depth of operation and
vessel classin our case we have no auxiliary information, thus alternative methods were explored to classify
vessel time at se&igure 13 presents an example of a nonparametric bivariate density approach, in this case
using the ladon positions directly; the neparametric kernel estimates a density bivariate functidre
assumptions under this approach aa:that geographical positie in proximity are positively correlated
(clustered) with active fishing while when on cruising the positions areclusitered, and b) the sampling of the
positions are equally distributed in time, independent of the locaftmn.second assumption holfits most of

the ICCAT VMS data at the vesgeip level. Preliminary results of the bivariate density approach show results
consistent with the indicators of speed and changes of heading for thettipsselaluatedKigure 14). The

results from the biariate nonparametric density are a classification of each position in a cluster level with high
cluster for high density aggregatiofsgure 13).

After the analyses of speed, change of heading and clustering of positions, we normalized each ofabkese vari
to a scale 0 to 1; with O representing low speeds, high variation in heading direction and high cluster density.
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Figure 15 shows in a ternary plot the distribution of VMS signals from a single longline vessel and the
corresponding lalon map of thesame informationGiven equal weighting to all three variables, it is then

possible to estimate a probability for each VMS position summing all three vari&igese 16 shows the

frequency distribution of this probability for our prior example and thautative density functionln this

exampl e, 75% of the 2765 VMS records have O00.41 prob
speed, heading and clustering.

In summary, the preliminary analyses and review of the ICCAT VMS data indi¢egddliowing:

A High percent of the VMS data is associated with vessel ID and are registered in the ICCAT Vessel DB.

A Given the main gedteet declaration of each vessel, there are differences in the derived variables of speed,
time at sea and overalkhing behavior between the longline, pole and line and purse seine Tleets. is
however a considerable portion of vessels with VMS records for which main gear is not ddtlared.
recommended to update this information and maintain it up to date chEnges in the ICCAT fleet
registration.Or alternatively classify these vessels within main gear types using indicators such as the total
distance covered versus their total hours at sea.

A The proposed algorithms for trip identification proved constséad robustHowever, validation should be
done with auxiliary information such logbooks or reports from observers at board.

A The combination of indicators such as speed, changes of heading and clustering of positions appear to give
consistent results lren evaluated for each main géaet. The probability of fishing effort should be also
validated with auxiliary information from logbooks or observer programs.

A Independently of the fishing effort estimates, there is not at present a direct linkatdthfor the ICCAT
VMS database. In the case of bluefin tuna, possible links with BCD files can provide the catch component
and catch size distribution information.
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Table 1 Variables recorded in the ICCAT VMS database.

1. MSGID Unique identifier for each VMS message received by the ICCAT VMS ce

2. FlagCPC Corresponding flag associated with the vessel ID as available in the ICC
Vessel records

3. VesselName ICCAT vessel name recorded

4. VessellD CPC vessel identification code

5. ICCATRegNumber ICCAT Vessel identification code

6. RCS Radio Call Sign code

7. Gear Main gear type reported for registered vessels

8. DateRec Date and time of the VMS reception at ICCAT

9. DateVMS Date and time of the VMS transmission from the vessel unit to the main
reception center

10. LOA Length overall registered in ICCAT vessel DB

11. LatY Latitude position of VMS

12. LonX Longitude position of VMS

13. Puerto An estimated variable base on ilain that indicate if a signal is within an
approximate 2 km radio from a know port {lan) position,The value is the
name of the port

14. DATE Date of the VMS transmission (ddm-year) format

15. TIME Time of the VMStransmission (Mmm-sec) format

16. TBM_Hrs Estimated time (in hours) between two consecutive VMS from the same
vessel

17. DupPing Variable to define if a VMS signals is duplicat&lplicate = same Date &
Time for same vessel ID (ICCATRegNumbédf)duplicate= TRUE, these
records were deleted

18. Dkm Estimated distance in km between 2 consecutive VMS signals from the g
Vessel ID (ICCATRegNumber) and same trip.

19. NMhr Estimated speed (Nautical Miles per hour, or knots) of the vessel betwee
consecutive pingfrom the same Vessel ID and trip

20. Bearing Estimated bearing direction{860 degrees) between two consecutive ping
from same VessellD and trip

21. Harbour A second estimation of a position of a vessel within an approximate 2 ki

radi o fr om (atldo)position.nphis casedthe EU list of ports
was used, a more comprehensive database than the ICCAT VMS
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22. Atport Identify if a vessel is within a port (Puerto or Harbour)

23. trip A trip for a given vessel was estimated lds§ime transmission beteen
consecutive VMS signals is over 48 h, it was considered a newf ipessel
returns to port, next signal not in port is considered a new trip

24. Bytrip ID code for unique Vessel ID and Trip number

25. EEZLibya Overlap with the EEZ shape file of Lybia

26. Month Month of the Date variable
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Figure 1. Number of VMS messages received at the ICCAT VMS center by year and CPC.
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Figure 2. Number of VMS messages by gear vessel category and year.
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Figure 3. Monthly distribution of VMS messages received in 2010 and 2011 at ICCAT VMS.
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Figure 4. Frequency distribution of number of VMS messages by vessel sent to ICCAT VMS during 2010.
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Number VMS by vessel per year 2011
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Figure 5. Frequency distribution of number of VMS messages by vessel for the maiflegtarategories in
2011.
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Total hours by main gear type VMS 2011
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Figure 6. Total hours VMS monitoring by main gear type and thieein port or at sea for 2011
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Figure 7. Identified ports of operation from the 2011 ICCAT VMS DB.
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Mean Time between VMS message 2011
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Figure 8. Mean time between VMS messages received by ICCAT VMS in 2011 by main gear fleet and location.
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Figure 9. Frequency distribution of vessel speed (NM/hr) of VMS at sea positions by maifiegea011.
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Scatter plot by main gear type of total distance vrs hours at sea VMS 2011
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Figure 10. Scatter plot of total hours at sea (2011) versus the distance covered (km) at sea by nrilEetgear
The shaded areas represent the 90% bivariate normal ellipses.
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Figure 11 Time series April throgh June 2011 for selected longline vessels and their change in heading
direction. In the yaxis, a value of zero corresponds with no change in heading-l&ay @onsecutive VMS
signals from the same vessel; values closer to-1 mpresent maximum headichange for 2ag VMS signals.
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[ Distribution number of estimated trips 2011 by main gear type
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[Quantiles ] [ Moments ]
60 100.0% maximum  119.00  Mean 29.88961
Lso 99.5% 119.00  Std Dev 23.315837
97.5% 89.50  Std Err Mean 1.8788437
I a0 90.0% 58.50  upper 95% Mean 33.601436
§ 75.0% quartile 4525 lower 95% Mean 26.177785
F30 8| 500% medan 3000 N 154
25.0% quartile 7.75
20 10.0% 450
10 2.5% 1.00
0.5% 1.00
T —F — — — T 0.0% minimum 1.00
0 20 40 60 80 100 120 140 160 180

[ Pole & Line ]
[Quantiles ] [Moments
L5 100.0% maximum  163.00 Mean 89.467742
99.5% 163.00  Std Dev 25.567473
97.5% 15150  Std BT Mean 3.2470723
90.0% 120.00  upper 95% Mean 95.960664
10 | 750% quartle 10625 lower 95% Mean  82.97482
8| 500% medan 8250 N 62
25.0% quartile 72.00
5 10.0% 66.30
2.5% 27.30
0.5% 2.00
L 0.0% minimum 2.00
0 20 40 60 80 100 120 140 160 180
l
[ Purse seines ]
[Quantiles ] [ Moments ]
80 100.0% maximum  163.00 Mean 18.681034
70 99.5% 163.00  Std Dev 24.90385
L 6o 97.5% 98.03  Std Err Mean 2.3122644
90.0% 42.90  upper 95% Mean 23.261185
50 £| 750% quartle 2500 lower 95% Mean 14.100884
Fao S| 500%  median 9.00 N 116
30 25.0% quartile 6.00
10.0% 2.00
2 2.5% 193
1o 0.5% 1.00
0.0% minimum 1.00

U L T T
0 20 40 60 80 100 120 140 160 180

Figure 12. Frequency distribution of estimated number of trips per vessel in 2011 grouped by mdiaagear
type.
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| Bivariate fit of Lat Lon longline vessel 2011 ICCAT VMS at sea ]

Laty

12345 8.9 Quantile Density ‘
[Nonparametric Bivariate Density |

Variable Kernel Std
LonX 0.072628
Laty 0.090685

Figure 13. Nonparametric bivariate density fit to VMI8t-lon positions at sea from a longline vessel 2011.
Shaded areas correspond to the estimated quantile den
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Figure 14. Examples of nongametric bivariate density fit for ldbn positons of at sea VMS signa011.

Contour represent the estimated cluster level according to the estimated density function, points are the actual
VMS locations.
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Figure 15. Ternary plot of the distribution of VMS signals from a single longline vessel ahseference to
vessel speed (ScSpeed), changes in heading (ScDtaB) and nonparametric cluster bivariate fit (ScClust).
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[Frequency distribution estimated probability of fishing effort longline vessel at sea VMS ICCAT 2011 ]
— (Quantiles | (Moments | [CDF Plot )
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Figure 16. Frequency distribution of the estimated fishing effort probability for a longline vessel at sea from
ICCAT VMS 2011.
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