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Abstract

This paper describes a new method for estimating illegal, unregulated and unreported
(IUU) catches of fish and by-catch of birds. It utilises high quality, well-documented
fisheries protection vessel (FPV) cruise data. The method takes explicit account of both
‘seen’ and ‘unseen’ IUU fishing by using a simulation model to arrive at statistically
rigorous estimates of, and confidence intervals for, fish and bird catches by IUU vessels. In
order to estimate an IUU catch there must have been at least one encounter with an FPV in
a year; no encounters in a year are interpreted as zero IUU fishing. For each IUU incident
detected by the FPV, a theoretical maximum time over which this IUU activity could have
occurred was calculated. This was then converted to estimated actual IUU fishing time,
using a model simulating IUU vessel and FPV behaviour. IUU activity was considered to
have been observed when the IUU vessel and the FPV vessel were in the same place at
the same time. When this occurred, the FPV was assumed to detect IUU activity according
to an ‘encounter probability’. The encounter probability was estimated from the known
encounters of FPVs with licensed vessels. The total annual IUU catch of toothfish and
birds was calculated using a second simulation model. Subarea 48.3 was divided into
six areas for the purposes of the estimation of fish and bird catch associated with ITUU
fishing. The mean and variance of fish catch rate was calculated for each area and each
year using reported catch and effort data. The catch rate of birds was estimated separately
for summer and winter by bootstrapping previously published CCAMLR observer data
weighted by the number of hooks observed. These data were obtained in the early licensed
fishery (1997) when few vessels used mitigation measures.

Three years were analysed: 1998/99, 1999/2000 and 2000/01. Each year fully covered the
period 1 October to 30 September, thus including one summer and one winter period.
The estimated mean toothfish catches attributable to IUU fishing were 776, 1019 and
198 tonnes in 1998/99, 1999/2000 and 2000/01 respectively (a total over the three years
of 1994 tonnes). The distribution of estimated total bird catch was highly skewed, with
medians in the three years of 621, 2 852 and 550 birds respectively. 95% confidence limits
were calculated to be 54-2 017, 468-1779 and 22-487 tonnes respectively for fish and
162-7 752, 1 040-23 361, 140-9 023 respectively for birds. Despite continuing high levels
of FPV coverage from 2001 to 2004, no further IUU activity has been detected, leading to
estimates of zero fish and bird catches for the years 2001/02, 2002/03 and 2003 /04.

Résumé

Ce document décrit une nouvelle méthode d’estimation des captures illicites, non
déclarées et non réglementées (IUU) de poisson et de la capture accidentelle d’oiseaux.
11 utilise des données de campagnes de navires de surveillance des péches de tres bonne
qualité et bien documentées. La méthode tient compte explicitement de la péche IUU
«vue» et «<non vue» par le biais d'un modele de simulation pour arriver a des estimations
rigoureuses sur le plan statistique, avec intervalles de confiance, des captures de poissons
et d’oiseaux par les navires IUU. Pour estimer une capture IUU, il doit y avoir eu au
moins une rencontre avec un navire de surveillance en une année; dans le cas contraire,
la péche IUU est considérée comme nulle. Pour chaque incident [IUU détecté par le navire
de surveillance, on détermine théoriquement la durée maximale de cette activité. Cette
valeur est ensuite convertie en une estimation du temps de péche TUU réel, a I'aide d"un
modeéle de simulation du comportement des navires IUU et des navires de surveillance.
11 est considéré que l'activité IUU a été observée lorsque le navire IUU et le navire de
surveillance se trouvaient au méme endroit, au méme moment. A ce moment-13, le navire
de surveillance est présumé détecter 1’activité IUU selon une «probabilité de rencontre».
La probabilité de rencontre est estimée a partir des rencontres réelles entre les navires de
surveillance et les navires munis de licences. Un deuxieme modéle de simulation sert a
calculer la capture annuelle totale IUU de légine et d’oiseaux. La sous-zone 48.3 est divisée
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ensixsecteurs pour les besoins de I'estimation dela capture de poisson et d’oiseaux associée
a la péche IUU. La moyenne et la variance du taux de capture de poisson sont calculées
par secteur et par année au moyen des données de capture et d’effort de péche déclarées.
Le taux de capture d’oiseaux est estimé séparément pour 1'été et 'hiver par I'amorcage
des données déja publiées, provenant des observateurs de la CCAMLR et pondérées par le
nombre d’hamecons observés. Ces données datent du début des licences de péche (1997)
lorsque les navires étaient peu nombreux a utiliser les mesures d’atténuation de la capture
accidentelle.

L’analyse concerne trois années : 1998/99, 1999/2000 et 2000/01. Chaque année couvre
entierement la période comprise entre le 1°* octobre et le 30 septembre et comprend donc
une période d’été et une période d’hiver. Les captures moyennes de légine estimées,
attribuables a la péche IUU sont respectivement de 776, 1 019 et 198 tonnes en 1998/99,
1999/2000 et 2000/01 (un total 1 994 tonnes pour les trois années). La distribution de la
capture totale d’oiseaux estimée est fortement faussée, avec des médianes respectives
de 621, 2852 et 550 oiseaux pour les trois années. Le calcul des limites de l'intervalle
de confiance a 95% donne 54-2 017, 468-1 779 et 22-487 tonnes respectivement pour le
poisson et 162-7 752, 1 040-23 361 et 140-9 023 respectivement pour les oiseaux. Malgré
les niveaux de couverture élevés des navires de surveillance de 2001 a 2004, aucune autre
activité IUU n’a été détectée, entrainant des estimations nulles de capture de poisson et
d’oiseaux pour les années 2001 /02, 2002/03 et 2003 /04.

Pesrome

B nanHo# cTarbe OMUCHIBAETCS HOBBIM METO/] OLIEHKH HE3aKOHHOTO, HEPETYJINPYEMOTo 1
HezaperucrpupoBanHoro (HHH) BbuioBa peiObl 1 npuitoBa ntuil. B Hell uconb3yrorces
BBICOKOKaY€CTBEHHBIE, XOPOII03aI0KyMEHTHPOBAaHHbIE JaHHbIE, T0JTyYeHHbIE BXO/Iepeiica
prroooxpanHoro cynHa (FPV). DToT MeTon B IBHOM BHJIC YUUTHIBACT KaK «3aMCUCHHBII,
TaK u «He3ameyeHHb» HHH npombicen nmyTem ncnoiab30BaHUs] IMUTALMOHHON MOAETH
B LIEJISIX NOJYYEHUS! CTAaTUCTUYECKU CTPOTUX OLEHOK M JOBEPUTENIbHBIX MHTEPBAJIOB
i BeuToBa peIObI M ntrn HHH cymamu. Ing omenkn HHH BrutoBa HEoOxommmo,
9TOOBI TIPOM30IIIa XOTs OBl OHa BcTpeda ¢ FPV B rom; ecnu B TedeHne roga He OBLIO
HU OfHOrO ciy4das, To cuuraerca, yro HHH npombicen paBen Hymoo. s Kaxaoro
cnyyas HHH npomeicna, 3amMedeHHoro cynHoMm FPV, nmpocuuTeiBanoch TEOpeTHUECKOE
MaKCUMaJIbHOE KOJMYECTBO BPEMEHHU, B TEUEHUE KOTOPOTO MOTJIAa OCYIIECTBISATHCS ITa
HHH nestenbHOCTh. 3aTeM Ha OCHOBE Mojenu, umuTHpytomei neiicteuss HHH cynna
u FPV, sT0 Bpems nepecunThiBajoch B olnieHouHOe peanbHoe Bpemss HHH npowmbicia.
Cuwnranock, uto HHH nesitrensroCcTh HaOmonanace, eciiu HHH cynao u FPV naxonuiuck
B OZIHOM U TOM K€ MecTe OIHOBpeMeHHO. Korja 3To mpoucxoauio, To Npearnonaraioch,
yto FPV BrissBunio HHH pesitensHOCTH B COOTBETCTBUUM C «BEPOSITHOCTHIO BCTPEUM».
BepositHOCTh BCTpeun oOLEHMBaldach Ha OCHOBAaHWM M3BECTHBIX BcTpeu cynaoB FPV
C JHUIEH3WpOBaHHBEIME cymamu. OOmmii romoBoi HHH BBUTOB KilbIKawa ¥ TTHII
pacCUMTHIBAJNICS C WCIIONB30BAHWEM BTOPO MMHTAIMOHHONH Mozenu. [lompaifon 48.3
ObUT TofeNieH Ha 6 PaliOHOB B IENAX OLEHKH BBIIOBA PHIOBI M NTHUI[, CBSI3aHHOTO C
HHH npowmeiciiom. CpenHee u IucriepcHs MOKa3aTesi BbIJIOBA PHIObI paCCUUTHIBAINCH
JUTSL K@XJIOTO paiioHa M KaKIOTo ToJa Ha OCHOBE 3apETMCTPUPOBAHHBIX JTaHHBIX 00
yIOBE W YCWJIMH. YPOBEHb BBUIOBA NTHI[ OIICHUBAJCS Pa3eNbHO JUIsSl JeTa U 3UMBI
nyteM OyTCTpENIMHIa paHee OIyOJIMKOBAaHHBIX AaHHBIX, COOPAHHBIX HAOIIOAATEISIMU
AHTKOMa u B3BEHICHHBIX HAa KOJMYECTBO HAOJFONABIIMXCS KPIOYKOB. DTH JAHHBIC
OBUTH NOJTyYCeHBI B HAYaJILHBIHA TIEPHOJI BEICHHUS JIMIIEH3UPOBAHHOTO ITpoMbicia (1997 1),
KOT/Ia JIMILb HEMHOTHE CyJla IPUMEHSUIIN CMSTYaroIie MEphI.

Beur mpoBexeH aHamm3 mo Tpem romam: 1998/99, 1999/2000 u 2000/01. Kaxxmbrit
TOJI TIOJTHOCTBIO OXBaThIBaeT mepuof ¢ | okTsaops mo 30 ceHTsAOps, BKIIOYAS, TaKUM
00pa3oM, OWH JICTHUHA U ONWH 3UMHHH mepron. CpeqHuii OIIeHOYHBIN BBUTOB KIIBIKaYa,
otHeceHHbI Ha caueT HHH mpowmeicia, coctaBmsut cootBeTcTBeHHO 776, 1019 11 198 T B
1998/99, 1999/2000 u 2000/01 rr. (Bcero 3a Tpu roga 1994 T). Pacnpenencuue oomiero
OIICHOYHOTO BBUIOBA MTHUI] OBIJIO CHJIBHO CMEIICHO, CO CPEJHUMH 3HAYCHUSIMHU 32 TPU
rozia cooTBeTCTBeHHO 621, 2852 n 550 mtun. beimu paccuntansl 95% noBepUTEIbHBIE
MpeJesnbl, KOTOpble COCTaBUJIIM COOTBETCTBEHHO 54-2017, 468—1779 u 22-487 T nns
peiOBI U 162-7752, 1040-23 361, 140-9023 s nrtun. HecMoTpss Ha TOCTOSHHBIN
BBICOKHUH oxBat cynamu FPV B mepuon 2001-2004 rr., He 66110 3aMeueHO Hukakoit HHH
JIeITEIIHOCTH, UTO JIAJI0 HYJIEBYIO OIIEHKY BbUIOBA pHIOB! M ntun B 2001/02, 2002/03 n
2003/04 rr.



Statistical method for estimating the level of IUU fishing

Resumen

Este documento describe un nuevo método para estimar la captura ilegal, no declarada y no
reglamentada (INDNR) de peces y la captura incidental concomitante de aves, a partir de
datos muy bien documentados y de alta calidad de las patrullas de los barcos guardapesca
(FPV). El método toma en cuenta explicitamente la pesca INDNR “observada” y “no
observada” mediante un modelo de simulacién que produce estimaciones rigurosas (con
intervalos de confianza) de las capturas de peces y aves realizadas por los barcos de pesca
INDNR. Para poder calcular una captura INDNR es preciso que se haya producido por lo
menos un encuentro con un barco guardapesca (FPV) en un aio; una captura INDNR cero
denota que no se han producido tales encuentros. Por cada incidente INDNR detectado
por un guardapesca, se calculé tedricamente el maximo periodo de tiempo durante el
cual podria haberse llevado a cabo la actividad INDNR. Esto se convirtié a continuaciéon
en una estimacién del tiempo real de pesca INDNR, mediante un modelo que simulaba
el comportamiento del barco de pesca INDNR y del guardapesca. Se consider6 que se
habia observado la pesca INDNR cuando el barco de pesca INDNR y el guardapesca FPV
se encontraron en un mismo lugar y al mismo tiempo. Cumplidas estas condiciones, se
supuso que el guardapesca detect6 actividades de pesca INDNR segtin una “probabilidad
de encuentro”. La probabilidad de encuentro se calculé de los encuentros conocidos
de guardapescas con barcos autorizados para la pesca. La captura INDNR anual total
de austromerluza y de aves se calculé6 mediante un segundo método de simulacién. La
Subarea 48.3 fue dividida en seis areas con el fin de estimar la captura INDNR de peces
y aves. Se calcul6 el promedio y varianza de la tasa de captura de peces para cada area
y afio utilizando los datos notificados de captura y esfuerzo. La tasa de captura de aves
se estim0 por separado para el verano e invierno con el método de bootstrap aplicado a
los datos de observacién (ya publicados) de la CCRVMA, ponderados por el niimero de
anzuelos observados. Estos datos fueron obtenidos a principios de la pesca reglamentada
(1997) cuando muy pocos barcos aplicaban medidas de conservacion.

Se analizaron tres afios: 1998/99, 1999/2000 y 2000/01. Cada afio cubrié el periodo del
1° de octubre al 30 de septiembre , incluyendo por lo tanto un verano y un invierno. Las
estimaciones del promedio de las capturas de austromerluza atribuibles a la pesca INDNR
fueron de 776 en 1998/99, 1 019 en 1999/2000 y 198 toneladas en 2000/01, un total de
1994 toneladas en tres afios. La distribucién de las estimaciones de la captura total de
aves fue muy asimétrica, con medianas correspondientes a los tres afios de 621, 2 852 y
550 aves. Los intervalos de confianza del 95% calculados fueron 54-2 017, 468-1779 y
22-487 toneladas para peces y 162-7 752, 1 040-23 361, 140-9 023 respectivamente para
las aves. A pesar de la alta cobertura proporcionada por los barcos FPV desde 2001 hasta
2004, no se ha detectado ninguna actividad INDNR, dando como resultado capturas cero
de peces y aves para los afios 2001/02, 2002/03 y 2003 /04.

Keywords: IUU fishing, estimation of illegal /TUU fishing, encounter probability,
simulation modelling, CCAMLR

Introduction

Illegal, unregulated and unreported (IUU) fish-
ing has become one of the most important prob-
lems facing world high-seas fisheries. Reliable
estimation of IUU catches, however, remains very
difficult. Various approaches can be taken, such as
accounting for sightings, monitoring trade, moni-
toring landings, making quantitative use of anec-
dotal information (Pitcher et al., 2002) and compar-
ing the results of stock assessments (OECD, 2004).
Of these, trade tracing is perhaps the least easy
to use because it is at one remove from the [UU
activity itself, and there are difficulties associated
with standardising customs codes and attributing
catches to areas and years (Willock, 2004). The most
direct methods include estimates based on actual
sightings and landings of IUU vessels. However,

these suffer from being absolute and are usually
minimum estimates (OECD, 2004), and they are
always open to the criticism that there is ‘unseen’
IUU activity which is not accounted for.

CCAMLR hashistorically estimated IUU activity
based on the number of sightings and the assumed
fishing effort of those sighted vessels. This method
is of course also open to the criticism that it does not
account for unseen activity. The method is also only
capable of producing point estimates or estimates
of ranges, and does not include any indication of
the variance of those estimates. However, at least
in some cases, information is available that would
allow estimates of levels of unseen IUU activity
to be made. This paper develops a methodology,
based around a simulation model of IUU vessel
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Figure 1:  Definition of fishing areas within Subarea 48.3, showing 500, 1 000 and 2 000 m bathymetric contours.

Table 1:  Fisheries protection vessel (FPV) sightings of
IUU incidents by year (Agnew, 2004).

Year % of the year spent Number of IUU

patrolling in incidents sighted
Subarea 48.3

1998/99 8 1

1999/00 24 8

2000/01 32 1

2001/02 35 0

2002/03 37 0

2003/04 40 0

behaviour, which is capable of dealing with unseen
IUU effort and can be used to derive estimates of
the level of IUU fishing (with confidence intervals)
and its impact on fish and birds.

In CCAMLR waters, IUU fishing started in 1992
or 1993 around South Georgia. Following a series of
arrests by UK authorities, and the identification of
large areas in the Indian Ocean sector where tooth-
fish could potentially be caught, IUU operations
moved to thatareain 1996 and 1997. Since then, most
activity has been concentrated on fishing grounds
around Prince Edward and Marion Islands (South
Africa), Crozet and Kerguelen Islands (France) and
Heard Island (Australia).

Even though most IUU activity has now moved
to the Indian Ocean, South Georgia has continued
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to experience low levels of IUU activity. Each year
CCAMLR has made estimates of the level of IUU
catch in Subarea 48.3, based on evidence from
sightings of IUU vessels and estimates of the likely
duration of fishing and catch rates of the vessels
sighted. The waters of Subarea 48.3 have been used
as a test case to develop the model presented here,
and it is shown that this model can be used to esti-
mate the level and confidence limits of IUU catches
of fish and birds.

Methods

The methodology followed here uses informa-
tion on sightings of IUU vessels in Subarea 48.3.
There are a number of sources for such informa-
tion, such as opportunistic sightings by merchant



vessels, cruise ships, scientific research vessels and
fishing vessels, or systematic searching performed
by fisheries protection vessels (FPVs). Of these,
the most reliable is FPV data. By simulating [UU
activity and overlaying it with the known search
pattern of the FPV (in time and space), it is possible
to derive a relationship between what was detected
by the FPV and what the total IUU activity was.

This results in estimates of the number of days
of IUU fishing, by position within Subarea 48.3,
year and time of year. The catch rates of toothfish
by IUU vessels are assumed to be the same as
those achieved by licensed vessels, which have
been derived using CCAMLR and UK catch data.
The catch rates of birds are derived from analysis
of CCAMLR data, based on rates published in
CCAMLR reports.

The analysis is thus spatially and temporally
explicit. Six areas were defined within Subarea 48.3,
based on differences in catch rates of toothfish and
of birds. These are shown in Figure 1. The area of
operation of the FPV covers all possible positions
for toothfish fishing (approximately 500 to 2 000 m
depth) within these areas, thus satisfying the
assumption that if there is an IUU vessel fishing in
one or more of the areas, then there is a possibility
of it being encountered by the FPV.

Comprehensive FPV data are only available
from 1998. Over the following four years, FPV
activity increased considerably at South Georgia,
with the result that after detecting a few inci-
dents in 1999 and 2000 no further incidents were
recorded (Table 1). The method used here requires
there to be some encounter between the FPV and
IUU activity for the true extent of that activity to be
estimated, and so initially its use was restricted to
the first three fishing years in the series.

For the purposes of this paper, the fishing year
was defined as extending from October of one year
to September of the next. This is more coincident
with the periods of summer presence and winter
absence of seabirds from Subarea 48.3 than either the
CCAMLR fishing season (December to November)
or split-year (July to June). Large numbers of birds,
including albatrosses, appear to leave the fishing
areas around South Georgia in April each year
(around 15 April: Agnew and Croxall, 1999), and
thus for the fishing data, April to September was
considered to be the winter season, and October to
March to be the summer season.

1

grounds only.

Statistical method for estimating the level of IUU fishing

Model for estimating days fished
and total catch

It is assumed that the FPV searches randomly
for IUU activity in Subarea 48.3. Overall IUU
activity can then be estimated if the relationship
between the likelihood of FPV detection and the
total number of days fishing that IUU vessels
were engaged in during the year is known. This
involves a two-step process. First, a plausible but
almost certainly biased estimator of the number of
days of IUU fishing that are represented by actual
encounters between FPVs and IUU vessels was
constructed. A simulation model was then used
to estimate a correction factor to convert the initial
estimate of number of days of IUU fishing to the
total IUU activity in the area.

The initial estimates of number of days of [IUU
fishing were made with reference to the winter and
summer seasons defined above. For each FPV IUU
sighting, the earliest possible date from which the
IUU vessel could havebeen fishing was determined,
as was the latest possible date up to which the IUU
vessel could have been fishing, based on the dates
of previous and subsequent FPV cruises during
which activity by that IUU vessel was not detected
(assuming for the moment that the probability of
detection by the FPV is one). The estimated number
of days fishing for the IUU cruise! detected by an
FPV, i, in year y, D;,, was thus calculated from FPV

iy
encounters with IUU vessels as:

Di,y = Li,y - Ei,y (1)

where L is the latest and E is the earliest date from
which the vessel can have been fishing. For in-
stance, if FPV cruises took place in June, July and
August, and an IUU vessel was detected in Area 3
in July, the earliest that that vessel can have been
fishing would be the date that the FPV searched
Area 3 in June and did not find anything. The latest
would be the date that the FPV searched Area 3 in
August and did not find anything. In determining
these dates, for the time being it is assumed that

IUU vessels do not change areas.

Earliest and latest dates were based on prior and
subsequent cruise dates by the FPV, but informa-
tion on the prior and subsequent presence of other
vessels (such as fishing vessels) could also have
been used. However, the areas most frequently
covered by other vessels are Areas 2 and 4, whereas
all recorded incidents have been in Areas 6, 1 or 3.
Furthermore, although fishing vessels, cruise ships
and research vessels do report sightings of vessels

All mentions of cruises in this document are synonymous with ‘campaigns’, and refer to time spent on the fishing
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which may be fishing illegally, they are not under
an obligation to do so. These reports, therefore,
may not be fully reliable. For these reasons, only
reports by FPVs were considered to be confirmed
data. To the authors’” knowledge, over the period
covered by this study there were no instances of a
confirmed IUU incident being reported by a non-
FPV vessel, without that incident being also inde-
pendently detected by an FPV.

Next, it is necessary to adjust D so that it rep-
resents accurately the total number of days of [UU
fishing during a year that is indicated by the FPV
encounter with an IUU vessel. If A is defined as
adjusted days fishing, then

Ai,y =Pay Di,y (2)

where p is the correction factor used to convert IUU
days fishing assumed from FPV encounters into
real IUU days fishing. p is defined by year and area.
A is the total number of days of IUU fishing that
occurred during the year which are represented by
the ith encounter of the FPV with an IUU vessel. The
following section discusses this in more detail and
presents the methodology used for estimating p.

Adjusted days fishing was then combined with
area- and year-specific estimates of fish catch rates
and bird by-catch rates to produce estimates of
catches of fish and birds. Each IUU cruise i was
assigned an area of fishing, a, corresponding to the
area in which the FPV detected the vessel. Then the
fish catch of the cruise was

C;, = A;, CPUE,, 3)

where CPUE was the average CPUE of licensed
vessels in that area in year y. The estimated number
of birds caught by that IUU cruise, B, was

Bi,y = Hu,yAi,y (q Mu,s + (1_‘7) Ma,w) (4)

where H is the average number of hooks per day
used by the licensed fishery in year y (thousands)
in the area in which the IUU vessel is recorded as
having been fishing. The proportion of fishing days
that took place in the summer is g (and in the winter
is 1-q). M, is the bird mortality rate (per thousand
hooks) in summer in area a, and in winter this is
M, - The methodology used for estimating bird
by-catch rates is detailed later in this paper.

2

The total estimated fish and bird by-catch is
estimated for each year by

C,=2xCj, 5)
B,=Z%B;, (6)
for all i in year y.

In order to calculate both point estimates and
confidence intervals for the annual fish and bird
catches, 10 000 sets of values of CPUE, H and M
were drawn from probability distributions deter-
mined through analyses of existing fish catch and
effort and bird by-catch data described in subse-
quent sections of this paper. The estimate of the
correction factor, p, used in these calculations was
obtained using the method described in the next
section.

Estimating p using a simulation model
of IUU fishing activity

For a number of reasons, as noted earlier, calcu-
lations based solely on earliest and latest dates, D,
of IUU cruises actually detected by the FPV are not
likely on their own to produce unbiased estimates
of IUU fishing effort, A (see equations 1 and 2).
Firstly, it is possible that an IUU vessel arrives and
departs the zone between FPV cruises and is not
recorded. This may occur when the IUU vessel
cruise duration is less than inter-FPV-cruise dura-
tion. Secondly, FPVs may have an imperfect detec-
tion rate. Thirdly, by basing D on the prior and
subsequent FPV cruises, it is effectively assumed
that after detection by an FPV, IUU vessels con-
tinue fishing right up to the date of the next FPV
cruise, regardless of the encounter with the FPV.
While theoretically possible, it would be surpris-
ing if an encounter with an FPV did not have some
deterrent effect on an IUU vessel?. Thus the detected
IUU cruise might be expected to be curtailed, being
completed some time between the encounter and
the next time the FPV is in the area or the planned
end of the IUU cruise. Fourthly, and by the same
token, it is assumed that the earliest that an ITUU
vessel can have been present was just after the last
FPV cruise, but in fact the IUU vessel would have
arrived in the area some time between the last FPV
cruise and the encounter (i.e. a shorter time).

Obviously, when a vessel is arrested it will stop fishing immediately. While arrests have been made, it has been more

common to encounter longline buoys alone, which are subsequently removed. Vessels have also been encountered
outside the South Georgia Management Zone, in international waters inside the CCAMLR Convention Area, in
which case they are either inspected (if they are CCAMLR Members) or asked to leave the Convention Area
(non-CCAMLR Members). Sometimes vessels are encountered which are strongly suspected of engaging in [IUU
fishing, but where direct evidence is not of sufficient quality for an arrest.
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Figure 2:

The estimation of the correction factor p in equa-
tion 2 was carried out using simulation modelling.
Taking the actual FPV record for a year (October
to September), an IUU cruise was randomly placed
within the year, selecting start date from a uniform
distribution U[1,365], and assigning itan IUU cruise
duration drawn randomly from another uniform
distribution bounded by assumed maximum and
minimum durations (see ‘IUU cruise length and
strategy’). It was assumed that an IUU vessel con-
ducts fishing on each day during its cruise in one
of the areas in Subarea 48.3. It is not known which
area this is, or when the FPV will search it. The
search date is therefore assigned a random position
within the FPV cruise, again selected from a uni-
form distribution. If the IUU vessel has not arrived
in the zone at this point, or has departed, then the
FPV will miss it. If the IUU vessel is in the zone,
there is still a chance that the FPV will miss it. The
chance that the IUU vessel will not be observed will
be a combination of the probability that it is simply
not seen even though the FPV searched the area(s)
within which it was fishing, and the probability
that it has never been fishing in the same area as
the FPV was searching. This combined probability
is called the encounter probability.

The process is illustrated in Figure 2. The year
is illustrated by a line extending 365 days. The first
simulated IUU cruise occurs from day 20 to day 60.
Since this is prior to any FPV cruise, it is undetected
and the IUU cruise is assigned its full, simulated,
number of days. The second IUU cruise takes place
just after the end of the first FPV cruise, but over-
laps with the next two FPV cruises. It is missed by
the first one (modelled using the encounter prob-
ability acting at the time of the downward-pointing
arrow) but correctly located by the third FPV cruise
(at the second downward-pointing arrow). Each of
the upper row of downward-pointing arrows is the
(random) day on which the FPV searches an area in
which the IUU vessel is fishing.

Schematic representation of the stochastic model.

Following the encounter between the FPV and
the IUU vessel, the IUU vessel modifies its behav-
iour and leaves at some random time before the
next FPV cruise. This may be before the end of its
planned cruise duration, earlier than it would have
if it had remained undetected (shown by the first
upwards-pointing arrow in Figure 2). By modelling
the behavioural response this way, we are in fact
saying that if the IUU vessel is encountered close
to the end of its planned cruise it will probably take
the risk and finish it. If it has a long time still to run
on its cruise it will not want to extend its fishing
time in Subarea 48.3 by very much and will, in any
case, finish its cruise some time before the FPV is
next in the area. Note that this is a more conserva-
tive assumption of IUU vessel response than that of
the IUU vessel leaving Subarea 48.3 immediately.

The estimate of the number of days fishing,
according to the methodology outlined above, is
the duration D — the time between the previous
search of the area in which the IUU fishing was
detected and the next search of the area.

The final case is the third TUU cruise, which
starts on day 340 after the last FPV cruise and has a
randomly chosen cruise duration of 60 days. These
simulations were run individually for each year of
the study period, because each has a quite different
set of FPV cruises. Therefore, the IUU fishing days
were only assigned up to the end of the year and
the IUU cruise is stopped at the second upwards-
pointing arrow. This introduces a small edge effect,
which is unlikely to have a significant effect on the
results.

The above model probably mimics the interac-
tion of IUU and FPVs fairly well. However, the
choice of a random time during the FPV cruise for a
possible ‘sighting” of the IUU vessel is at first sight
counter-intuitive. One might think that it would be
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Figure 3:  Effect of different timings of IUU cruises.
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Figure 4:

Duration of fishery protection vessel (FPV) cruises in Subarea 48.3. Labels correspond to the

first of each month. The lower line shows cruises that covered Subarea 48.3, but did not make
a complete circuit of South Georgia (missed Area 5 — see Figure 1). The central line shows
cruises that did complete a circuit of the island. Crosses are incidents in which IUU activity

was encountered.

better to assign the random sighting time during
the period of overlap of the IUU and FPV cruises
rather than for the whole FPV cruise. But this would
mean that there was no increased probability of
detection of an IUU vessel with increased overlap
between the FPV and IUU cruises — there would
be as much chance of detection if the two cruises
overlapped by one day as by eight days. According
to the diagram in Figure 3, it would naturally be
expected that the IUU1 cruise would be more dif-
ficult for the FPV to detect than IUU2.

Each IUU cruise simulated therefore generates
a real number of days fished and an FPV-estimated
number of days fished. The ratio of real to estimat-
ed days fishing over 1 000 simulated IUU cruises
is p, and this is used to adjust the estimates of [UU
fishing days made from real encounters of FPVs
and IUU according to equation 2.

Simulations of 1000 IUU fishing operations
were run for each year under a number of sce-
narios of assumed distributions of IUU trip length.
Estimates of p derived from these runs (i.e. for
sightings in 1998, 1999 and 2000) were then used in
the main model.
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IUU cruise length and strategy

IUU cruises are likely to be shorter than licensed
cruises. Licensed vessels are usually able to oper-
ate in Subarea 48.3 for two to three months with-
out having to tranship their catch. This explains
why many vessels are able to fish through May
and June, transhipping only in July. Hold capaci-
ties of longliners licensed to fish in South Georgia
and the South Sandwich Islands have a mean of
355 tonnes (SD 177, n = 56), equivalent to about
585 tonnes wet weight of fish. Filling a hold of this
size will take about three months at catch rates of
4-6 tonnes/day:.

IUU vessels, on the other hand, operate (or
are thought to operate) on much shorter time
scales. Industry sources (Peter Thomson, Argos
Evergreen Ltd, pers. comm.) estimate that cruises
(i.e. time spent on the fishing grounds) may nor-
mally last four to six weeks around South Georgia.
SC-CAMLR (1999, 2000) also estimated typical [UU
cruise duration as being between 30 and 40 days in
this period.



One would expect that cruises of this duration
would be more difficult to detect, but would take
fewer fish and birds than the longer cruises made
by licensed vessels. Since it was also interesting
to see what the effect of assuming longer cruises
would have on the estimates of IUU fishing, simu-
lations of two different cruise lengths were carried
out: short (4-6 weeks: cruise duration sampled
from U[28,42] days) and long (8-12 weeks, cruise
duration sampled from U[56,84] days).

Results
Parameter estimates
Encounters of IUU activity

The frequency of FPV cruises has increased
over the three years analysed (Figure 4). Most FPV
cruises have covered the whole of Subarea 48.3,
although some (especially early in the series) did
not cover the areas to the southeast of South
Georgia. Ten incidents were identified in which the
FPV encountered IUU activity, either by detecting a
vessel or buoyed longlines. These incidents were in
Area 1 (November 1999, September 2000), in Area 3
(January 2000, December 2000), in Area 5 (August
1999) and five in Area 6 (December 1999, January
2000, January 2000, January 2000, May 2000, May
2000). Four of them involved Argentine-flagged
vessels (Crystal Marino in December 1999 and again
in January 2000, Kinsho Maru in January 2000 and
Toshi Maru in January 2000). Reports of inspec-
tions and other proceedings against these vessels
have been made to the Standing Committee on
Observation and Inspection (SCOI) by Argentina
(CCAMLR, 2000).

Some additional information about incidents 2
and 5%, deriving from the Argentine portinspections
of the Crystal Marino and Kinsho Maru (CCAMLR,
2000), is available. The Argentine inspection re-
ports suggest that the vessels may have been in
Subarea 48.3 fishing illegally in the Convention
Area for 10 and 8 days respectively (although these
might be considered to be minimum estimates), but
had onboard 262 and 311 tonnes (processed weight)
of toothfish. The tables from the model (Tables 2
and 3), however, suggest IUU fishing periods of
50 and 98 days (246 and 374 tonnes round weight
respectively in this simulation). Why, then, are the
inspection report data not simply substituted to
calculate total IUU catch for these vessels?

Firstly, it is difficult to interpret these data; they
are contradictory (10 days is not sufficient time to

3

Statistical method for estimating the level of IUU fishing

catch 262 tonnes), and it is not known how much
of the 262 tonnes was caught in Convention Area
waters. However, the more important reason is that
the created simulation model does not attempt to
estimate the IUU catch of any particular cruise. The
model simply estimates the total number of IUU
fishing days represented by the FPV encounters,
taking into account vessels that are known about
and those that are not. Thus it is consistent with the
model approach that the actual IUU days fishing
represented by these encounters is 50 and 98 days,
and it is not necessary (though very interesting) to
have additional port-inspection data to estimate
IUU catch.

Encounter probability

Encounter probability for the simulation model
was estimated using the FPV cruises that have
coincided with periods when the licensed longline
fishery for toothfish is open. During these times,
it is known exactly which days the FPV was in
Subarea 48.3, and it is also known which licensed
fishing vessels were present on these. A ‘sightings
rate’ can be generated from these data.

The situation with licensed vessels mimics, fairly
well, the likely real situation with [UU vessels and
the situation in the simulation model. It is assumed,
in the simulation model, that the timing of the
cruise of an IUU vessel will, on occasion, overlap
with that of an FPV, and that at some randomly
defined time during this overlap (when they are in
the same area, for instance), the FPV will have a
chance of spotting the IUU vessel. This is precisely
the same situation as pertains when the cruise of a
licensed vessel overlaps with an FPV cruise.

The sightings rate does not correspond directly
to the encounter probability used in the simulation
model. In the model, the presence of an IUU vessel
is simulated and then an encounter probability is
applied. Unfortunately, in the real data, the licensed
vessels were rarely all in the area simultaneously,
but what is required is the sightings rate when all
licensed vessels were in the area at the same time
as the FPV. However, as Figure 5 shows, there is
a linear relationship between the sightings rate
and the average time that fishing vessels spend in
the area during the observation period of the FPV
cruise, from which an appropriate sightings rate
can be calculated when licensed fishing vessels
are present for the full duration of the FPV cruise

Also incident number 6, the second sighting of the Crystal Marino in January 2000, but the details in the inspection

report are not as complete as for the first Crystal Marino sighting or the Kinsho Maru.
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Table 3:  Simulation results: the ratio of real IUU days
fishing to assumed IUU days fishing, as
calculated from sightings made by FPV
cruises.

Short IUU cruise Long IUU cruise
(4-6 weeks, (8-12 weeks,
28-42 days) 56-84 days)

Area 1-5 6 1-5 6

1998/99 0.879 0.920 0.956 0.869

1999/00 0.874 0.712 0.836 0.677

2000/01 0.628 0.677 0.679 0.653

1.00
[ ]
0-80 4 Cruises covering
® whole area
0.60 - ([ ]
2
o
)
% O Cruise without Area 5
= 0.40 -
o
0.20 -
0.00 T T
0.8 0.9 1 1.1
Mean number of days
Figure 5:  Sightings rate plotted against mean number of days on which fishing vessels

were in the zone during the observation period, expressed as a proportion of

the total observation days.

(i.e. when the x-axis in Figure 5 equals 1). At this
point the sightings rate approximates the encoun-
ter probability.

If it is assumed that IUU vessels behave simi-
larly to licensed vessels, then the sightings rate
for licensed vessels can be used as the encounter
probability in the simulation model. Note that more
avoidance can be expected from IUU vessels than
from licensed vessels, which would tend to lower
the encounter rate. Unfortunately there is no way
of estimating the size of this avoidance effect, and
therefore the relationship is implemented as seen
in Figure 5.

Figure 5 also shows that when the FPV does
not cover Area 5 (i.e. the southeast of the area) its
sightings rate drops considerably (note however

that this observation is based on only one cruise).
Assuming that a similar relationship between fish-
ing vessel presence and sightings rate exists for all
types of cruises, it is estimated that the encounter
probability for FPV cruises which do not include
Area 5 (and do not circuit South Georgia) is about
0.5, and for cruises that include all areas, 0.8.

Target (toothfish) and by-catch
(bird and fish) catch rates

It is assumed that IUU vessels would catch fish
at the same rate as legitimate vessels. Normal quan-
tile plots suggest that a square-root transformation
is appropriate for normalising catch/day, and a log
transformation for hooks/day. Catch rates are dif-
ferent in different areas and years, because of the
changing practice of the licensed fleet, as well as
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the different fishing conditions of the various areas
(for instance, fewer hooks can be set in deeper
areas because hauling time is greater). However,
all the evidence available to date suggests that
catch rates are the same in summer and winter,
apart from the month around spawning time (July:
Agnew et al., 1999). Accordingly, square-root and
log-transformed catch (tonnes)/day and hooks
(thousands)/day (with variances) were derived for
each area and year separately. The stochastic model
sampled from each of these distributions to obtain
estimates of IUU catches of fish. The mean over all
years and areas was 3.996 (tonnes/day) and 13 844
(hooks/day).

The by-catch rate of birds in IUU activities is
assumed to be higher than for the legitimate fleet,
since IUU vessels have little incentive to use miti-
gation methods. For obvious reasons, no data exist
on the by-catch of birds on IUU vessels. However,
CCAMLR has previously assumed that in 1997 the
level of mitigation measures used by the licensed
fleet was so low as to approximate IUU operations.
Fortunately there were observers on board vessels
in this fleet, so good records of the bird by-catch
rates are available.

Agnew and Croxall (1999) have shown that
there is a progressive reduction in the number of
birds available to be caught by the fishery dur-
ing the first two weeks of April, as they depart
South Georgia for their winter feeding areas. Bird
by-catch rates in summer and winter can therefore
be expected to be quite different. Fortunately, in
1997 the fleet operated from the end of February
to the start of August, so there are data on bird
by-catch rates over this whole period, which have
previously been published by SC-CAMLR (1997).
Because the number of birds around South Georgia
declines rapidly over the period from 1 to 15 April,
itis assumed that the best estimates of summer bird
by-catch rates would be from the 1997 fleet fishing
before 1 April, and the best estimates of winter
by-catch rate would be from fishing after 15 April.

Consistent differences in bird by-catch rate
between the various areas could not be found,
because vessels tend to fish predominantly in one
area and thus the area and cruise factors in any
model are inseparable. However, tracking of sea-
birds tagged at South Georgia indicates that bird
densities are much lower in Area 6 than in Areas 1
to 5 (Berrow et al., 2000). It is therefore assumed
that the bird by-catch rate for Area 6 was 50% of the
bird by-catch rate for other areas.

Unlike the situation with fish catch data, the
data on bird by-catch rates (SC-CAMLR, 1997) are
too sparse to allow characterisation by a probability
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density function. The stochastic model therefore
used the raw data to bootstrap bird by-catch rates.
Agnew and Kirkwood (2002) described simple
bootstrapping, but following comments from the
Working Group onFishStock Assessment(WG-FSA)
weighted bootstrapping was introduced, where
the weights were the number of hooks observed.
Bird by-catch rate data are shown in Table 2.

The justification for using a lower summer
and winter rate for bird by-catches in Area 6 may
seem somewhat tenuous, given that there are few
reliable data from which to make this assumption.
Therefore, a scenario in which the bird by-catch rate
for Area 6 is assumed to be the same as for Areas 1
to 5 has also been included.

Not enough is yet known about catch rates of
other species (rays, macrourids etc.) in IUU fish-
ing. General comparisons could be drawn with the
licensed fleet. However, even here, catch rates are
difficult to ascertain. For example, it is known that
in 2000/01 the licensed fishery took 14 tonnes of
skates and rays and 5 tonnes of macrourids, as part
of a catch of 4 047 tonnes of toothfish (SC-CAMLR,
2004). However, little is known about the variance
of these rates, how by-catch is taken and handled,
what its discard mortality is, etc. The choice was
therefore made not to create estimates of takes of
by-catch species by IUU vessels. The reader may
apply the abovementioned proportions to the
results of this study to see what possible effect IUU
fishing might be having on by-catch fish species.

Model Results

The first simulation model: estimation
of p in an IUU-FPV encounter model

The simulation as described above assumes a
single ‘encounter opportunity’ for each FPV cruise.
But the normal cruise track of an FPV always
passes twice through Areas 6 and 1. Area 1 is suf-
ficiently large to be able to contain two slightly
different tracks, for instance north and south of
Shag Rocks, and therefore can be seen in somewhat
the same light as Areas 2 to 5 —i.e. that the FPV is
taking one pass at it. The simulation assumptions
therefore conform reasonably well to reality for
Area 1. Area 6, on the other hand, contains only
very restricted fishing grounds. The FPV passes
through the area, which are usually separated by
more than four days, are thus best considered as
two separate (if not entirely independent) inci-
dents. Other differences between Areas 1 to 5 and 6
have been pointed out previously, not least being
the inclusion of Areas 1 to 5 in the South Georgia
Management Zone and the concentration of cruise
effort in these areas.



Each pass through Area 6 has therefore been
treated as a separate FPV cruise. In consequence,
there are twice as many FPV cruises to Area 6 as
there are to Areas 1 to 5. In addition to running
the simulation model for the three years 1998/99,
1999/2000, 2000/01 and for two lengths of IUU
cruise, the model was run for Areas 1to5and Area 6
separately.

Table 3 demonstrates that the FPV-derived esti-
mates of IUU days fishing are always greater than
the real IUU days fishing. This is consistent with
the assumption that they represent ‘maximum pos-
sible” days fishing in the areas. As expected, the
ratio of real to assumed IUU days is smaller for the
2000/01 year, with its more comprehensive cover
of FPV activity, than for the 1998/99 year. In most
cases the ratio is higher for short IUU cruises than
for long ones, although relatively little of the dif-
ference between ratios is attributed to the length of
IUU cruises.

The second simulation model:
model scenarios

Tables 4 and 5 show the construction of the
model to estimate fish and bird by-catches. The
methodology outlined above calls for assumed
days fishing from each IUU incident. The method
of calculating this must be the same as is used in
the simulation model and equation 1 —i.e. the time
that has elapsed since the FPV was last in the area
in which an IUU vessel was found, plus the time
that will elapse until the FPV is next in the area,
with allowance for the end of each year.

It can be seen that the corrected estimates of
number of days fished are high, especially for
incident 1. The problem here derives from the poor
FPV coverage in 1998/99. In August 1999 the FPV
detected some buoys in Area 5 but had not visited
this area previously. An early date of 24 February
1999 had to be assumed for this incident, although
on the February cruise the FPV did not visit Area 5
and so this assumption is not entirely consistent
with the simulation in this study. This gives an
estimated mean catch of 670 tonnes, which is
beyond the hold capacity of an average longliner.
Data on legitimate vessels suggest an average
capacity of 355 tonnes processed weight (SD 177,
n = 56), which equates to 585 tonnes of wet weight
(assuming a conversion factor of 1.65). Note, how-
ever that this does not matter; the model is estimat-
ing the total catch represented by the encounter by
the FPV of one IUU vessel, not the catch by that
vessel alone.

Statistical method for estimating the level of IUU fishing

A number of different scenarios were run.
Scenario 1, the baseline run, was considered to
be the most plausible, and to generate the most
accurate estimates of fish and bird IUU by-catch.
Scenarios 2 and 3 were run as sensitivity tests.

Scenario 1 (baseline scenario): The model inputs

in Tables 2 and 3, assume a simulation model IUU
fishing trip duration of four to six weeks (see
Table 1) and that bird by-catch rates in Area 6 are
50% of those in other areas.

Scenario 2: This is the same as Scenario 1 except
that the assumed IUU fishing trip duration is 8 to
12 weeks.

Scenario 3: This is the same as Scenario 1 except
for the assumption that bird by-catch rates in Area 6
are not different from those in the other areas.

Second simulation model results

Estimates of fish and bird by-catch for each
scenario are given in Table 6 and Figure 6. The
model estimated mean catches of toothfish in
1999, 2000 and 2001 to be 776, 1 019 and 198 tonnes
respectively. Since there were no sightings of IUU
activity in the years 2002 to 2004, despite FPV
activity exceeding that in the previous three years,
the model estimates a zero catch in these years.

Different assumptions about IUU fishing trip
length in the simulation model have a negligible
effect on estimates of IUU toothfish catch and
bird by-catch. Increasing the assumed IUU trip
length has the effect of marginally increasing the
apparent IUU catch in 1999 because FPV coverage
was so low in that year that there was in effect no
greater chance of detecting long trips than short
trips, and of course longer IUU trips catch more
fish. Conversely in 2000, because FPV coverage
was high, the increase in detectability of long IUU
trips outweighed any possible increase in catch for
these trips. In Scenario 3, using the same bird by-
catch rates for all areas within Subarea 48.3 had a
very minor effect on estimates of bird by-catch, and
then only for 2000 (the only year in which fishing
was detected in Area 6). The reason that the esti-
mated bird by-catches in 1999 are much lower than
the estimated catches in 2000, despite only a small
difference in estimated toothfish catch, is that only
20% of the fishing effort is estimated to have taken
place in summer in 1999 (Table 4).
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Table5:  Catch estimation model: parameter distributions. Each run of the model takes a fish
catch rate from the distribution given in the table, number of hooks from a similar
distribution in the table, and a bird by-catch rate from bootstrapped 1997 data.

Incident Fish catch rate Number of hooks Approx.
number mean SD mean SD catch
[tonnes/ day In(thousand hooks/day) (tonnes)
1 1.83 0.69 2.62 0.45 669.8
669.8
2 2.23 0.77 2.71 0.43 247.0
3 1.00 0.25 2.58 0.39 12.9
4 1.00 0.25 2.58 0.39 222
5 1.95 0.65 2.60 0.57 3741
6 1.00 0.25 2.58 0.39 10.0
7 1.00 0.25 2.58 0.39 38.7
8 1.00 0.25 2.58 0.39 38.7
9 2.23 0.77 2.71 0.43 173.3
916.9
10 1.99 0.65 2.61 0.50 177.3
177.3

Table 6:  Results of calculations of IUU fish and bird by-catch over a number of different scenarios. The
model was constructed in Excel using Crystal Ball. 10 000 simulations were performed to
acquire confidence intervals. 1999 = fishing year from October 1998 to September 1999.
Scenario 1 was the base-case with short IUU fishing trips, Scenario 2 had long IUU fishing trips,
and Scenario 3 had short IUU fishing trips but assumed higher rates of bird by-catch in Area 6
than in Scenario 1.

1999 2000 2001 1999 2000 2001
fish catch fish catch fish catch bird bird bird
(tonnes) (tonnes) (tonnes) by-catch by-catch by-catch
Scenario 1
Mean 776 1019 198 1288 4 860 1255
Median 687 983 177 621 2852 550
SD 518 339 122 2280 6077 2425
Lower 95% 54 468 22 162 1040 140
Upper 95% 2017 1779 487 7752 23 361 9023
Scenario 2
Mean 835 969 211 1422 4792 1323
Median 733 935 190 670 2783 599
SD 564 319 129 2592 6 053 2519
Lower 95% 52 442 25 173 1005 147
Upper 95% 2196 1693 513 10 074 22 699 9212
Scenario 3
Mean 769 1017 195 1238 5478 1236
Median 676 978 176 609 3368 555
SD 524 335 119 2193 6 356 2340
Lower 95% 44 465 23 160 1304 136
Upper 95% 2039 1768 477 8 567 23423 9193
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Figure 6: Comparison of toothfish catch and bird by-catch estimates (+95% confidence interval) by
scenario. The model estimated zero IUU catch of toothfish or birds in 2002, 2003 and 2004,
so these years have been omitted from the figure.

Table7:  Comparison of approaches taken in this paper and previously by CCAMLR.

CCAMLR This paper
Days fishing Sum of combined sightings and reports FPV sighting information and a simulation
estimate of total catch. model of IUU fishing activity explicitly

takes into account all IUU fishing that may
have taken place.

Fish catch Sum of reports of total catch with Stochastic model, separated by fishing area
calculations of average catch rate of and year, generating mean/mode and
licensed vessels multiplied by days confidence intervals.

fishing, estimating ranges.

Bird by-catch ~ Estimates of total days fishing, Stochastic model, bootstrapping from 1997
combined with mean and upper limits bird by-catch data, generating mean/mode
of estimates of bird catch rates for and confidence intervals.
various combinations of summer:winter
distribution.
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Figure7:  Comparison of the results of this study (Scenario 1) with CCAMLR estimates. In its assessments
CCAMLR has sometimes estimated upper and lower bounds, which are presented in the figure but
which are not strictly comparable with the estimates of 95% confidence intervals presented here. For
birds, the CCAMLR upper limit is a maximum limit, whereas in this study it is the 95% limit. The
CCAMLR lower limit is actually the lowest mean catch rate estimate, which does not equate to the 5%
limit presented here. Note that CCAMLR years refer to fishing seasons, 1 December to 30 November,
whereas the year is defined in this study to be 1 October to 30 September, but since there is no fishing
in the period 1 October to 1 December, these are effectively the same definitions. In the absence of
sightings, the model used here calculates a zero IUU catch, which has been added to the figure.
Discussion

Comparison with CCAMLR estimates

CCAMLR assessments already take estimates
of IUU fishing into account, but those estimates
were calculated using quite different methods from
those described above (Table 7).

The new estimates of IUU catch presented here
are similar to CCAMLR estimates, with the excep-
tion that for the first time they provide statistically
rigorous confidence limits (Figure 7).

The new estimates of IUU catch in Subarea 48.3
were presented to CCAMLR in 2002 and have

since been taken into account in assessments. The
differences between these and previous estimates
have a negligible effect on the assessment. It is
worth noting that even in 1998/99 and 1999/2000,
the IUU catch in Subarea 48.3 is only 9-13% of the
total IUU catch in the Convention Area estimated
by CCAMLR. Recent calculations by Traffic (Lack
and Sant, 2001) have estimated the total IUU catch
in the Convention Area to have been much higher
in 1999/2000 than the CCAMLR estimates (up to
17 000 tonnes more). This difference is not thought
to have come from the Atlantic Ocean sector. If
these estimates are to be believed, the Subarea 48.3
proportion of these IUU catches for 1999/2000
would drop to 6%.
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IUU vessel behaviour

In the absence of encounters between an FPV
and an IUU vessel for a particular year, the model
presented here calculates a zero IUU catch (e.g. for
2002, 2003 and 2004). However, it can be argued
that although the model currently takes account of
unseen IUU activity and uncertainty in the level of
IUU activity in years in which some activity is de-
tected, it is unable to do this in years in which there
is no IUU activity. One way to deal with this in the
current formulation would be to combine several
years within the model. However, a better solu-
tion would be to reformulate the model. Instead of
deriving a correction factor to account for uncer-
tainty and unseen IUU activity, one could calculate
the probability that a certain level of IUU activity
would be seen. This would allow the estimation
of an upper confidence limit for IUU activity in
years in which no sightings are made: the lower
confidence limit and the point estimate would of
course still be zero. Note also that a single correc-
tion factor (Table 3) is currently calculated over
1 000 runs of the IUU-FPV encounter model in the
second simulation model. An alternative would be
to sample this correction factor from a distribution
in the second model. This is complicated by the fact
that the results from the IUU-FPV include many
zero encounters (and approximate a delta distribu-
tion), but it was achieved in other applications of
the model.

A second criticism of the model could be that it
does not account for active evasion of FPV patrols
by IUU vessels. The encounter probability is simply
a random encounter effect, dependent upon the
path of the FPV. It should, however, be noted that
since 2000/01 almost all patrols have included
Area 5, so the potential for encounters should have
been high.

The difficulty with including active avoidance
into the model is that it is very difficult to estimate
(Charles et al., 1999). It could be argued that the
discovery of gear alone confirms that IUU vessels
have been actively evading the FPV, and with more
data it might be possible to use the ratio of encoun-
ters of vessels to encounters with gear as an esti-
mate of avoidance behaviour. On the other hand,
it might be expected that evasion would involve
the IUU vessel leaving the area entirely, leaving no
traces, and thus the discovery of gear indicates that
the vessel has not taken effective advance action.
It is true, however, that any additional evasion
would decrease the encounter rate and increase the
estimate of IUU catch.
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An interesting example of how IUU vessels
were operating in 2000 is provided by the San
Rafael 1 (Belize) which was encountered in Area 6
on 1 December 1999. Four days earlier, when the
FPV encountered the Crystal Marino in Area 1,
a second vessel had been seen steaming rapidly
away in the opposite direction from the Crystal
Marino, and this was assumed to have been the
San Rafael 1. The pattern of movement, leaving
Area 1, which is under national jurisdiction, for the
more remote international waters of Area 6, would
be consistent with the two sightings, and would
suggest that although some avoidance action had
been taken, this was only by some 100 km. Thus the
assumption has been made that during the period
in question there was rather little attempt to avoid
the FPV, possibly because it was not perceived to be
particularly active in the area or a particular threat
to IUU fishing operations.

Has there been more avoidance behaviour since
2001? The simplest form of avoidance would be
similar to that shown by the San Rafael 1,i.e. to avoid
fishing in Areas 1 to 5 during the period that the
FPV is active around South Georgia, retreating to
the international waters of Area 6. The FPV has not
encountered any unlicensed fishing in Area 6 since
2001, despite FPV activity increasing year on year
(Agnew, 2004 and Table 1). This suggests that either
avoidance is very large scale (movement of several
100s of km, out of Subarea 48.3), or that there has
been no or negligible IUU activity in Subarea 48.3
since 2001.

Summary

1. The features of this analysis are that:

it utilises high quality, well-documented and
recorded FPV cruise data;

e these FPV data cover all possible fishing
areas within Subarea 48.3, the presumed
distribution of the toothfish stock in
Subarea 48.3;

e it takes explicit account of both ‘seen’ and
‘unseen’ IUU fishing through a simulation
model to arrive at a statistically rigorous
best estimate of the number of days fishing
by IUU vessels over the period 1999 to 2001;

e it utilises the CCAMLR dataset on licensed
vessels to arrive at year- and area-specific
statistical estimates of fish catch rates;



e it utilises the 1997 CCAMLR data, when
most vessels were not applying effective
mitigation measures, to estimate bird
by-catch rates;

e the final model is expressed stochastically so
as to generate estimates of fish and bird by-
catch with statistically rigorous confidence
intervals.

2. These new calculations result in an increase in
IUU catches over those already assumed by
CCAMLR, but this has a negligible effect on
estimates of current population status or catch
limit. The present calculations result in a de-
creased estimate of IUU bird by-catch in com-
parison to those used by CCAMLR in all years,
but to a lesser degree in 2000 than in 1999 and
2001.

3. There have been no sightings of IUU vessels
in Subarea 48.3 since December 2000, despite
increasing FPV activity. This is interpreted,
in terms of the present model, as indicating
that the decline in IUU catch seen in 2000/01
has continued and that IUU catch levels in
Subarea 48.3 are now negligible or zero.
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Liste des tableaux

Observations d’incidents IUU par les navires de surveillance des péches par année (Agnew, 2004).

Données des taux de capture accidentelle d’oiseaux de la pécherie de 1997. “Saison” correspond a été
(S) — péche jusqu’au 1 avril 1997, et hiver (W) — péche a partir du 15 avril 1997. Les navires mentionnés
plusieurs fois ont réalisé plusieurs campagnes de péche, chacune comptant comme une campagne
différente. Pour simplifier la procédure d’amorcage, on a calculé comme facteur de pondération le
nombre d’hamecons divisé par 10 000.

Résultats de la simulation : rapport entre le nombre de jours réel de péche IUU et le nombre présumé de
jours de péche IUU, calculé a partir des observations lors des patrouilles des navires de surveillance.

Modeéle d’estimation des captures : informations sur les incidents. Les dates les plus anciennes et les
derniéres dates sont tirées des données de patrouilles des navires de surveillance et ’estimation du
nombre de jours de péche est calculée en faisant la différence entre les deux. La proportion de jours de
péche ayant eu lieu pendant I'été est calculée a partir de la date indiquée du début de I'hiver et des dates
les plus anciennes et des dernieres dates (ainsi il est présumé que les jours de péche corrigés ont la méme
distribution dans 1’année que les jours d’incident).

Modele d’estimation des captures : distributions des parametres. Chaque passage du modele prend un
taux de capture de poisson de la distribution donnée dans le tableau, il prend le nombre d’hamecons d"une
distribution similaire du tableau et un taux de capture accidentelle d’oiseaux des données d’amorcage de
1997.

Résultats des calculs de capture IUU de poisson et des captures accidentelles d’oiseaux pour différents
scénarios. Le modele a été construit en Excel a I’aide de Crystal Ball. 10 000 simulations ont été exécutées
pour acquérir les intervalles de confiance. 1999 = année de péche d’octobre 1998 a septembre 1999. Le
1" scénario était le cas de base avec des sorties de péche IUU courtes, le 2¢ scénario comptait de longues
sorties de péche IUU et le 3¢ scénario avait des sorties de péche IUU courtes, mais des taux de capture
accidentelle d’oiseaux plus élevés dans le secteur 6 que dans le 1°* scénario.

Comparaison entre les approches suivies dans le présent document et celles suivies précédemment par
la CCAMLR.

Liste des figures

Délimitation des secteurs de péche dans la sous-zone 48.3, avec les profils bathymétriques de 500, 1 000
et 2 000 m.

Représentation schématique du modele stochastique.
Effet des différentes dates des campagnes de péche IUU.

Durée des patrouilles des navires de surveillance des péches dans la sous-zone 48.3. Les graduations
correspondent au premier de chaque mois. La ligne inférieure montre les patrouilles qui couvraient
la sous-zone 48.3, mais qui n’ont pas fait le tour complet de la Géorgie du Sud (n’entrant pas dans le
secteur 5 — voir la figure 1). La ligne centrale indique les patrouilles ayant fait le tour complet de I'ile. Les
croix correspondent aux incidents, la o1 des activités IUU ont été observées.

Taux d’observations par rapport au nombre moyen de jours o1 des navires de péche étaient sur zone
pendant la période d’observation, exprimés en proportion du nombre total de jours d’observation.

Comparaison des estimations de capture de légine et de capture accidentelle d’oiseaux (intervalle de
confiance a +95%) par scénario. Le modele ayant estimé a zéro les captures IUU de légine ou d’oiseaux
en 2002, 2003 et 2004, ces années ont été supprimées de la figure.

Comparaison entre les résultats de la présente étude (scénario 1) et les estimations de la CCAMLR. Dans
ses évaluations, la CCAMLR a quelquefois estimé des limites supérieures et inférieures qui, bien que
présentées dans la figure, ne sont pas strictement comparables aux estimations des intervalles de confiance
a 95% présentés ici. Pour les oiseaux, la limite supérieure de la CCAMLR est une limite maximale, alors
que dans cette étude, elle correspond a la limite a 95%. La limite inférieure de la CCAMLR est en fait
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I'estimation la plus faible du taux de capture moyen qui ne correspond pas a la limite a 5% qui est
présentée ici. Il convient de noter que les années CCAMLR correspondent aux saisons de péche du 1¢"
décembre au 30 novembre, alors que 'année est définie dans cette étude comme étant la période du
1¢" octobre au 30 septembre mais, comme la période comprise entre le 1°" octobre et le 1°* décembre est
fermée a la péche, il s’agit en fait des mémes périodes. En I'absence d’observations, le modele utilisé ici
calcule une capture IUU nulle qui est ajoutée sur la figure.

Crmcok a0y
Ha6nronenue cinyuace HHH npombicia peioooxpanubsiv cynaoM (FPV) o rogam (Agnew, 2004).

JanHbIe 00 ypOoBHE MTPHUIIOBA IITUI] B X011 TpoMbIcia B 1997 1. «Ce30H» OTHOCHTCH K 1eTy (S) — mpoMbIcen
BILUTOTH 70 | ampens 1997 1., u 3ume (W) — mpomeicen HauuHas ¢ 15 anpens 1997 r. Cyna, ynomsHyThIe
HECKOJIBKO pa3, MPOBEIU PsJ MPOMBICIOBBIX PEHCOB, KaXKABIA M3 KOTOPBIX CUHUTAETCA OTIACIbHBIM
peticom. [lns ynpormieHust mpouexypsl OyrcTpan Ko3()(HIMEHT B3BELIMBAHHSA PACCUMUTHIBAICA Kak
KOJIMYECTBO KPIOYKOB, neneHHoe Ha 10 000.

Pesynbrarsl MonenupoBanus: otHoueHue peanbHbix nHeid HHH npombicna k npennonaraeMbiM JHAM
HHH npombiciia, paccynuTaHHBIM 110 HAOJIIONEHUSIM, TPOBEACHHBIM B X0z peiicoB FPV.

Monens oneHkH BbUIOBA: mMH(popManus 00 MHIMAeHTaX. Cample paHHHWE M CaMble IMO3JHHE IAThI
IOJIyuyeHbl 10 JaHHbIM peiicoB FPV, a konuuecTBO JHEH NIPOMBICIA PACCUUTAHO HA OCHOBaHUM
pasHuipl Mexay Humu. [Ipu pacuere noau qHEH MpoMbicia, IPOBOAMUBIIETOCS JIETOM, UCIONb3YeTCs
yKa3aHHas 3UMHSAS JlaTa Hadayua, a TaKkkKe caMasl paHHss W camas MO3IHSAS JaTekl (TakuM 00pasoM,
[IPEIIOIAraeTCs, YT0 YTOUHEHHBIC JIHU IIPOMBICIIA UMEIOT TaKOE XK€ PacIpelelieHUe B TEUCHUE Ioa,
KaK ¥ THU MHIUJICHTOB).

Moziens OLIGHKH BBUIOBA: Paclpelie]ieHHue MapaMeTpoB. B Kak[oM IPOroHe MOAEIM HUCIOIb3yeTCs
MOKa3aTeNlb BBIJIOBA PBHIObI M3 MPUBEICHHOTO B TAONHIE pacIpeieseHHs, KOIMYECTBO KPIOUKOB M3
AQHAJIOTHYHOTO PacHpeieieHNs B TAOMUIIE U YPOBEHb NMPHIOBA NTHIl U3 OyTcTpan-aaHHbx 1997 .

Pesynerarsl pacuera HHH npmtoBa peiObI M NTHII 1O PsiAy Pa3iM4HBIX clieHapueB. Mozeinb Oblia
noctpoena B Excel c ucnonezoBannem nmakera Crystal Ball. J[ist moy4enus 1oBepuTeIbHBIX HHTEPBAJIOB
6bu10 npoBeneHo 10 000 MozenbHBIX SKCIIepuMeHTOB. 1999 = npombIcioBeIi o ¢ okTsiopst 1998 1o
ceHTa0pb 1999 rr. Cuienapwuii 1 — 6a30BbIif BapraHT ¢ kopotkuMu peficamn HHH npomsica, Crienapuii 2
umen mHHbIE pericel HHH npomsicna, a Cuenapuii 3 umen kopotkue HHH-npombicioBbie peficsl, HO,
MIPEATIOIOKHUTENEHO, O0JIee BRICOKHE YPOBHH NpuiioBa ntul B Paiione 6, vem Cuenapwuii 1.

CpaBHeHHE METO/IOB, UCTIONB30BABIINXCS B TaHHOU cTathe U panee B AHTKOMe.

Cnucok pucyHKOB

OmnpeneneHne MpOMBICTOBEIX paiioHoB B [Toxapaiione 48.3 ¢ o6o3rauenuem 500, 1000 1 2000-meTpoBBIX
0aTUMETPUYECKUX KOHTYPOB.

CxeMaTndeckoe H300pakeHIe CTOXaCTHYCCKON MOJICITH.
Dddexr paznuunbix cpokoB HHH peiicos.

[IpomomxuTenbHOCTE peficoB peidooxpaHHBIX cynos (FPV) B [Tompatione 48.3. 3HaYKH COOTBETCTBYIOT
MEepBOMY peiicy B KaXIOM Mecsme. B HIDKHEM psay IOKa3aHbl PeHchl, KOTOPBIC OXBaTHIBAIN
Ionpation 48.3, HO He coBepmany moiaHOro ooxona KOxHoi ['eoprum (mporyckanu pailoH 5 — cM.
puc. 1). B cpennem psimy moka3aHbl pelchl, KOTOPBIE COBEPIITHIIN MOTHBIN 00X0x ocTpoBa. Kpectukamu
0003Ha4YeHbI MHIUICHTHI, Koraa Obuta 3ameuena HHH nesiresnbHOCTB.

I'paduk 3aBucuMocTn Kod(duImerTa HAOMIONCHUH OT CpPEeTHET0 KOMWMYecTBa JHEH (BBIPaKCHHOTO

B BHUJIC JOJIM OT OOIIEro KOJIMYECTBA JHCH HAOIIONCHHUS), B TCUCHHE KOTOPBHIX MPOMBICIOBBIC Cyaa
HAXOIVJINCH B 30HE B TICPUOJ BEACHUS HAOIIONCHUH.
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CpaBHEHHE OIIEHOK BBUIOBA PBIOBI M TpmiioBa NOTUI (+95%-HBIH JOBEPUTENBHBIA HWHTEPBAN) IO
cueHapusaM. [Tockonbky cormacno moaenn HHH BeutoB kibikaua unm nrun B 2002, 2003 u 2004 rr.
PaBHSICS HYJO, TO 3TH TOABI HE MOKa3aHbI HA PUCYHKE.

CpaBHeHue pesynbraroB qanHoro uccienoanus (Cuenapuii 1) ¢ oumenkamun AHTKOMa. B cBomx
onenkax AHTKOM wHorma ompenensul BepXHHE M HIKHHME IPEIeNbl, KOTOPbIe MpEeICTaBICHb Ha
PHUCYHKE, HO KOTOPBIE HE MOT'YT OBITh CTPOTO COIIOCTaBUMEI C OIIECHKaMH ITPEICTaBICHHBIX 31€Ch 95%-HbBIX
JIOBEPUTENBHBIX HHTEpBaJIOB. B ciyuae ntur onpenenennsiii AHTKOMowm BepxHuit mpenen apisercs
MaKCHMaJbHBIM, TOTJa Kak B JaHHOW pabote — 310 95%-ubrii mpenen. Onpenenenasiii AHTKOMom
HWDKHUM IIpeZiell B ACUCTBUTEIbHOCTH SIBJIIETCS CaMOW HUYKHEH OLICHKOM CPEIHET0 II0KA3aTelIs BbUIOBA,
KOTOpasi He paBHsCTCS 5%-HOMY Tpeseny, MpeacTaBIeHHOMY 31ech. OOpaTuTe BHUMaHUE, YTO TOIBI
AHTKOMa oTHOCSTCSI K POMBICIIOBBIM ce30HaM, 1 nexadps—30 HOsOpsI, TOTa KaKk B JaHHOW padore
Toz ompenersieTcss Kak mepuox ¢ 1 oktaops mo 30 ceHTAOps, HO MOCKONBKY MPOMBICEN B TEPHOI C
1 okTs0pst o 1 nexadpsi He BeleTCs, TO OTH ONpeNesIeHHs] MPAKTHYeCKH COBIaNaioT. B orcyTcTBhe
HaOJTIOICHAH MCIIONB3yeMast 31eCh MosieNb AaeT HyiaeBord HHH Bbu1oB, KOTOpEI MOKa3aH Ha rpaduke.

Lista de las tablas

Avistamientos de actividades de pesca INDNR por parte de barcos guardapesca (FPV), por afo (Agnew,
2004).

Datos sobre la tasa de captura incidental de aves marinas de la pesqueria durante 1997. “Temporada”
se refiere al verano (S) — pesca hasta el 1° de abril de 1997, e invierno (W) — pesca desde el 15 de abril de
1997. Los barcos con multiples registros de datos realizaron varios viajes de pesca que se cuentan por
separado. Para simplificar el método de bootstrap, se calculé un factor de ponderacién dividiendo el
numero de anzuelos por 10 000.

Resultados de la simulacién: la razén entre los dias de pesca INDNR reales y los dias de pesca INDNR
supuestos, calculados de los avistamientos realizados durante las patrullas de los barcos guardapesca.

Modelo de estimacién de la captura: informacién sobre los incidentes. La primera y ultima fecha
provienen de los datos de patrullas de guardapesca, y la estimacién de los dias de pesca se calcula de la
diferencia entre dichas fechas. La proporcion de los dias de pesca en verano se calcul6 a partir de la fecha
del comienzo del invierno, y de la primera y tltima fecha (por lo tanto, se supone que los dias de pesca
corregidos tienen la misma distribucién anual que los dias en los cuales hubo incidentes).

Modelo de estimacion de la captura: distribucién de parametros. Cada pasada del modelo utiliza una tasa
de captura de peces de la distribucién dada en la tabla, el niimero de anzuelos de una distribucién similar
en la tabla, y una captura incidental de aves marinas de los datos de 1997 sometidos al procedimiento de
bootstrap.

Resultado de las estimaciones de la captura INDNR de peces y la captura incidental de aves marinas en
distintos casos. El modelo fue construido en Excel utilizando Crystal Ball. Se hicieron 10 000 simulaciones
para obtener intervalos de confianza. 1999 = afo de pesca desde octubre de 1998 hasta septiembre de
1999. El caso 1 es el caso base, con viajes de pesca INDNR de corta duracién, los viajes de pesca INDNR
del caso 2 fueron de larga duracién, y en el caso 3 las campanas de pesca INDNR fueron de corta duracién
pero se supuso que las tasas de captura incidental de aves marinas eran méas elevadas en el Area 6 que
en el caso 1.

Comparacién de los enfoques considerados en este documento y otros enfoques anteriores de la
CCRVMA.
Lista de las figuras

Definicién de las areas de pesca dentro de la Subarea 48.3, mostrando las isébatas de 500, 1 000 y
2000 m.

Representacion esquematica del modelo estocastico.

Efecto de la época de realizacion de distintos viajes de pesca INDNR.



Figura 4:

Figura 5:

Figura 6:

Figura 7:

Statistical method for estimating the level of IUU fishing

Duracién de las patrullas de los barcos guardapesca (FPV) en la Subarea 48.3. Los meses indicados en la
abscisa corresponden al 1° de cada mes. La linea mas baja muestra los viajes dentro de la Subérea 48.3,
pero no completaron la circunnavegacién de Georgia del Sur (falta el Area 5 — véase la Figura 1). La
linea central muestra las campafias que circunnavegaron la isla. Las cruces representan incidentes en los
cuales se detect6 actividades INDNR.

Tasa de avistamientos graficadas en funcién del promedio de los dias en los cuales los barcos estaban
en la zona durante el periodo de observacién, expresados como una proporciéon del total de los dias
observados.

Comparacién de las estimaciones de la captura de austromerluza y de la captura incidental de aves
marinas (intervalo de confianza del +95%) para cada caso. El modelo estimé una captura INDNR cero de
austromerluza y de aves en 2002, 2003 y 2004, de manera que estos afios se omitieron de la figura.

Comparacién de los resultados de este estudio (caso 1) con las estimaciones de la CCRVMA. En algunas
de sus evaluaciones, la CCRVMA ha estimado limites superiores e inferiores, que se presentan en la
figura pero no son estrictamente comparables con las estimaciones del intervalo de confianza del 95%
presentadas aqui. Para las aves, el limite superior de la CCRVMA representa el maximo, mientras que
en este estudio es el limite de 95%. El limite inferior de la CCRVMA es de hecho la estimacién mas baja
de la tasa de captura promedio, que no es equivalente al limite de 5% presentado aqui. Nétese que los
anos CCRVMA se refieren a las temporadas de pesca del 1° de diciembre al 30 de noviembre, mientras
que el ano definido en este estudio va del 1° de octubre al 30 de septiembre, pero ya que no se pesca
en el periodo del 1° de octubre al 1° de diciembre, estas definiciones son de hecho las mismas. A falta
de avistamientos, el modelo utilizado aqui calcula una captura INDNR cero que ha sido agregada a la
figura.
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