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REVUE DES ETUDES ESTIMANT LA PECHE INDNR ET LES
METHODOLOGIES UTILISEES

Résumé

En février 2015, la FAO a organisé un atelier a Rome, en ltalie, dans le but d’envisager les méthodes
d'estimation de la péche INDNR au niveau mondial. L'atelier a suggéré que la FAO pourrait:
(i) coordonner une «revue des études sur la péche INDNR» pour examiner les différentes méthodes
utilisées pour estimer la péche INDNR; (ii) conduire un processus visant a élaborer des directives
techniques pour les études futures afin qu'elles puissent étre faites de maniere a permettre
d‘effectuer des estimations combinées pour contribuer a une estimation globale; et (iii) considérer
des indicateurs de la péche INDNR et les intégrer dans la publication bi-annuelle de la FAO, SOFIA.

L'analyse des documents sur la péche INDNR présentée dans ce rapport a été réalisée par Poseidon
(par des consultants du Royaume-Uni travaillant sur la péche et I'aquaculture a I'échelle mondiale) et
a constaté que: (i) il existe de nombreuses méthodes différentes utilisées pour estimer les captures
INDNR, mais de nombreuses estimations ne sont pas fiables et les méthodologies employées non
conformes; (ii) les estimations des «captures manquantes» globales réalisées dans certaines études
prennent en compte des captures qui ne sont pas nécessairement INDNR en fonction des définitions
du PAI-INDNR,; (iii) développer une estimation globale mise a jour des captures INDNR peut avoir un
intérét limité en raison des larges écarts de confiance et du manque de clarté des comportements
INDNR considérés; (iv) les indicateurs de la péche INDNR pour suivre les progrées dans la lutte contre
la péche INDNR ne doivent pas nécessairement prendre en compte les estimations mondiales de
volumes de péche INDNR, et pourraient cibler d'autres aspects comme le nombre de navires figurant
sur les listes de navires de péche INDNR, le nombre de pays présents sur les listes INDNR des cartons
‘rouges' et 'jaunes' de I'Union européenne, et les estimations régionales ou locales sélectionnées de
captures de poisson INDNR calculées selon des méthodologies reproductibles et fiables; et (v) la FAO
pourrait jouer un role de soutien dans I'élaboration de directives techniques, a la fois sur les méthodes
d'estimation des captures INDNR, et sur la fagon de procéder a des évaluations de la péche INDNR
fondées sur les risques.
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RESUME EXECUTIF

Contexte

En 2009, une étude d’Agnew et al.! a estimé que les captures INDNR de 2003 constituaient 11 & 19%
des captures déclarées, soit 10 a 26 millions de tonnes de poisson d'une valeur de 10 a 23 milliards de
dollars EU. Ces chiffres tres notables qui ont surtout augmenté depuis le milieu des années 1990 et au
début des années 2000, ont aidé a mobiliser davantage les efforts internationaux, régionaux et
nationaux pour lutter contre la péche INDNR. De nombreuses autres études ont également été
réalisées au cours des dernieres années pour estimer les niveaux de captures INDNR, études qui
utilisent toutes une série de méthodologies différentes pour estimer les niveaux de péche INDNR.

En février 2015, la FAO a convoqué un atelier a Rome pour examiner les méthodes d'estimation de la
péche INDNR au niveau mondial. La thése qui sous-tend cet atelier était qu'une nouvelle estimation
globale des captures INDNR serait utile, I'estimation de 2009 des captures illicites de poisson étant
maintenant dépassée tant en termes de données qui datent de 2003, qu’au niveau de |'évolution du
contexte international, régional et national qui influence maintenant les niveaux de péche INDNR. Des
préoccupations ont également été exprimées par rapport a la large gamme d’estimations, supérieures
ou inférieures a |'étude, et sur certains des aspects méthodologiques, en particulier les facteurs de
substitution utilisés pour calculer I'estimation globale.

En examinant comment les méthodes d'estimation de la péche INDNR pourraient étre améliorées et
standardisées pour faciliter I'estimation mondiale des captures INDNR, |'atelier de février 2015 a
suggéré que la FAO devrait: (i) coordonner une revue des études faites sur la péche INDNR (ci-aprés
dénommeée ‘la revue des études') pour classer et examiner les forces et les faiblesses des différentes
méthodologies utilisées pour estimer les captures INDNR; et (ii) adopter un processus visant a élaborer
des directives techniques concernant les futures études afin qu'elles puissent é&tre menées de maniére
a permettre de combiner les estimations et favoriser les estimations globales. L'atelier a également
suggéré que la FAO devrait envisager d’élaborer des indicateurs de la péche INDNR qui seraient
présentés dans la publication bi-annuelle de la FAO, SOFIA, suggérant qu'une estimation globale des
captures INDNR pourrait étre un des indicateurs a considérer.

Méthodologie

Pour compléter la revue des études, d’autres textes ont été recueillis a travers: (i) des recherches
documentaires faites par des spécialistes sur les articles publiés dans des revues scientifiques;
(ii) des recherches sur Internet pour recueillir des rapports de projet et d'autres études pertinentes;
(iii) des demandes aux ORGP par le biais de la FAO identifiant les études en la matiére; et
(iv) la participation de consultants au 5™ Global Fisheries Enforcement Training Workshop (GFETW),
organisé par le Réseau International des activités SCS liées a la péche a Auckland, Nouvelle-Zélande
en mars 2016, qui a donné I'occasion de discuter avec plus de 150 spécialistes du SCS du monde entier
et de demander des copies des études traitant de la thématique. Au total, 89 études, articles de revues
et rapports de recherche ont été rassemblés et examinés. Quarante-quatre d'entre eux étaient des
études estimant effectivement les niveaux de captures INDNR de poisson, et pour chacune d’elles,
une fiche de synthése d’une page ou moitié de page a été faite, pour noter les informations clés sur
I'étude examinée. Trente-cing autres n'estimaient pas les captures INDNR, mais reportaient plutot les
niveaux de conformité ou les activités individuelles de péche INDNR. Les fiches de synthese pour les

1 Agnew, D.J., Pearce, J., Pramod, G., et al. (2009) Estimating the Worldwide Extent of lllegal Fishing. PLoS ONE
4, e4570.
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44 études pertinentes ont ensuite été analysées pour faire ressortir les principales constatations,
conclusions et recommandations pour la FAO et le COFI.

Résultats

La revue des études a montré que les études qui estiment les captures INDNR, au niveau
géographique, se concentrent au niveau tres local, avec des études nationales et régionales, ou
tentent d'estimer les captures INDNR au niveau mondial. Les estimations partielles ne peuvent pas
étre combinées pour générer une estimation globale car elles ne couvrent pas toutes les pécheries ni
I’ensemble des océans, et elles ont tendance a se concentrer sur la péche industrielle INDNR (et
souvent les flottes étrangeres), et dans certains cas, se chevauchent au niveau géographique (mais
avec différentes estimations de captures INDNR), et utilisent des méthodes différentes qui ne sont pas
comparables.

Concernant un certain nombre d'études fournissant des estimations mondiales, elles ont tendance a
avoir des niveaux particulierement élevés d'incertitude sur les chiffres produits, car plus I'échelle de
ces études augmente, plus elles perdent de précision en raison des hypothéses qu'elles font sur les
éléments pour lesquels il n'y a pas de données.

Un certain nombre d'études mondiales (ou régionales) estiment que les captures «manquent ou sont
inconnues» au lieu de préciser qu’elles sont spécifiguement INDNR. C’est important car ces études
ont une orientation ou un objectif biologique limité, qui, méme s’ils sont intéressants, ne parviennent
pas a reconnaitre que la péche INDNR pose également un probléme économique et social, avec des
impacts économiques et sociaux, non seulement biologiques en termes d'impact sur les stocks de
poissons mais également au niveau de la fiabilité des évaluations des stocks basée sur les captures
connues.

Le traitement des différents aspects de la péche illicite, non déclarée et non réglementée dans les
estimations n’est pas cohérent, par rapport a la définition de la péche INDNR du PAI-INDNR. Les études
sont trés confuses en termes de capture illicite, capture non déclarée et capture non réglementée,
regroupant souvent les captures inconnues dans le cadre unique de ‘captures INDNR’.

Les études utilisent un large éventail de sources d'information différentes, y compris: les données de
suivi et les niveaux de conformité; la télédétection (par ex., VMS, AlS); les livres de bord; les avis des
experts basés sur I'expérience; les entretiens avec les pécheurs et les organismes d'application; les
données d'observation; les caméras embarquées; les modeles d'évaluation des stocks; et les données
commerciales. Ces sources d'information sont exploitées différemment pour produire des estimations
des multiples aspects des activités de péche illicite, non déclarée et non réglementée, par exemple de
captures IUU inconnues pour les navires connus, de captures inconnues pour les navires
inconnus/invisibles, ou de volumes de capture qui sont connus, mais qui pourraient néanmoins étre
illégaux. La revue des études a conclu que la plupart des méthodes utilisées ont leurs limites. Par
exemple, elles peuvent étre trés bonnes pour estimer toutes les captures non déclarées d'une espece
spécifique, mais moins adaptées pour identifier d'ou elles proviennent ou quels types de péche INDNR
cela concerne. Elles peuvent mieux identifier les types de violations spécifiques, qu’estimer les
guantités ou elles peuvent estimer les captures INDNR d’espéces cibles mais ne pas du tout estimer
I'impact de la péche INDNR sur les autres espéces.

La revue des études a également constaté que la plupart des études ne sont pas suffisamment
transparentes sur les sources d'information et la faiblesse des méthodes utilisées, et qu’elles se basent
sur un grand nombre d'hypothéses qui conduit a se poser des questions inévitables sur I'exactitude
des estimations produites.
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Conclusions

La revue des études reconnait qu'il existe un certain soutien politique en faveur d’une estimation
globale des captures INDNR mise a jour, et que la FAO pourrait étre impliquée dans sa préparation vu
son mandat sur la péche mondiale. Toutefois, elle note que I'importance de la lutte contre la péche
INDNR est maintenant largement reconnue au niveau international, ce qui suggére que les avantages
tirés d’'une estimation globale pourraient étre limités. Ces avantages s’amoindrissent encore en raison
des intervalles de confiance et des faiblesses techniques inhérentes a la précision de toute estimation
globale; d'un point de vue technique, les estimations globales peuvent avoir peu d'intérét et
finalement ne pas étre souhaitables. Les directives techniques sur les méthodes d'estimation des
volumes de captures INDNR proposées durant I'atelier de Rome de 2015, pourraient néanmoins étre
utiles pour améliorer la qualité des études (globales) en cours d'achévement au niveau local, national
ou régional.

En termes de contribution aux efforts pour combattre la péche INDNR et réduire les niveaux de
captures INDNR, il pourrait étre utile d'élaborer des directives techniques sur la fagon de procéder a
des évaluations de la péche INDNR basées sur les risques. Un certain nombre de cadres d'évaluation
des risques INDNR sont utilisés par les ORGP et les administrations nationales. Mais comme le V¢
GFETW a Auckland I'a observé en mars 2016, il n'y a actuellement aucune indication sur la facon de
remplir ces évaluations, et de nombreux pays en développement et pays développés aimeraient bien
recevoir des conseils techniques. Les évaluations des risques INDNR pourraient aussi, mais ne doivent
pas nécessairement, entrainer et étre le point de départ d’estimations des captures INDNR et de la
mise en place d’un suivi plus cohérent de I'évolution des captures INDNR. La premiere étape dans
I'élaboration de ces directives techniques serait la préparation d'un inventaire et I'examen de tous les
cadres d'évaluation des risques existants qui sont utilisés.

Les indicateurs de la péche INDNR pour suivre les progrés dans la lutte contre la péche INDNR sont
d'une importance cruciale, mais d'un point de vue technique, ils n'ont pas besoin d'inclure une
estimation globale des captures INDNR, les niveaux de précision et les grandes différences entre les
estimations supérieures et inférieures rendant difficile de démontrer statistiquement les différences
entre les estimations globales préparées a divers intervalles. Le probléme de la comparaison s’aggrave
si les méthodes sont modifiées ou s’améliorent entre les estimations globales préparées a des
intervalles différents. Les indicateurs pourraient ainsi se concentrer sur d'autres aspects comme le
nombre de navires inscrits sur les listes des navires de péche INDNR, le nombre de pays ayant des
notes ‘jaunes’ et ‘rouges’ en vertu de la réglementation INDNR de I'UE, les résultats des évaluations
basées sur les risques INDNR, et peut-étre certaines estimations régionales ou locales spécifiques de
captures INDNR dans les zones a haut risque basées sur des méthodologies reproductibles et fiables.
Cependant, il est nécessaire de davantage considérer s'il est mieux d'avoir un seul indicateur de péche
INDNR, ou si une «suite» d'indicateurs peut étre plus utile et si oui, quels indicateurs retenir.

Recommandations au COFI

Notant que le COFl n'a pas encore approuvé les suggestions de |'atelier de Rome de 2015, les
conclusions de la revue des études de la péche INDNR, ou les délibérations du V¢ GFETW, la revue des
études recommande que le COFl examine et conseille la FAO sur 'opportunité de:

une estimation globale mise a jour des captures INDNR est souhaitable et si oui, quel serait
son objectif et quel r6le la FAO devrait avoir dans le soutien/I'élaboration d'une telle
estimation;

la FAO devrait encadrer un processus visant a élaborer des directives techniques pour
améliorer la qualité des études réalisées aux niveaux local, national et régional (et
potentiellement mondiales) pour estimer les captures INDNR. Et voir, si ces directives
devraient revoir les définitions du PAI-INDNR, pas nécessairement a partir du début, mais au
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niveau de l'identification de catégories distinctes de péche INDNR qui devraient étre prises
en compte dans I'évaluation des risques et les études de suivi qui sont plus sensibles par
rapport a I'expérience et aux pratiques actuelles;

la FAO devrait soutenir I'élaboration de directives techniques sur la réalisation d'évaluations
basées sur les risques INDNR;

reporter au niveau mondial les indicateurs de la péche INDNR serait utile, et si oui, quel
processus devrait étre proposé, convenu et reporté sur ces indicateurs, et quel role la FAO
devrait jouer dans un tel processus.
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EXAMEN DE LOS ESTUDIOS REALIZADOS PARA ESTIMAR
LA MAGNITUD DE LA PESCA INDNR Y LAS
METODOLOGIAS UTILIZADAS

Resumen

En febrero de 2015, la FAO organizé un taller en Roma (ltalia), a fin de examinar las metodologias de
estimacion de la magnitud de la pesca INDNR a escala mundial. En el taller se propuso que la FAO
podria: i) coordinar un 'Estudio de los estudios sobre la pesca INDNR' con el objetivo de examinar las
distintas metodologias que se estaban utilizando para estimar la magnitud de la pesca INDNR; ii) dirigir
un proceso encaminado a la elaboracién de directrices técnicas para futuros estudios a fin de que
puedan llevarse a cabo de manera tal que permitan combinar las estimaciones con miras a contribuir
a una estimacidn a nivel mundial; vy iii) examinar indicadores de pesca INDNR para su inclusién en la
publicacidn bienal de la FAO sobre El estado mundial de la pesca y la acuicultura.

El Estudio de los estudios sobre la pesca INDNR presentado en este informe fue completado por
Poseidon (firma mundial de consultoria sobre pescay acuicultura con sede en el Reino Unido) y reveld
que: i) se estd usando una gran cantidad de metodologias distintas para estimar las capturas realizadas
por la pesca INDNR, pero muchas de estas estimaciones carecen de solidez y las metodologias no son
coherentes; ii) las estimaciones de capturas “faltantes” a nivel mundial obtenidas en algunos estudios
incluyen capturas que no proceden necesariamente de la pesca INDNR desde el punto de vista de las
definiciones contenidas en el Plan de accidn internacional para prevenir, desalentar y eliminar la pesca
ilegal, no declarada y no reglamentada (PAI-INDNR); iii) la elaboracién de una estimacion actualizada
a nivel mundial de las capturas realizadas por la pesca INDNR puede tener ventajas limitadas debido
a los amplios intervalos de confianza y la falta de claridad en lo que respecta a los comportamientos
de la pesca INDNR abarcados; iv) los indicadores de pesca INDNR para vigilar los avances realizados
en la lucha contra la pesca INDNR no han de incluir necesariamente estimaciones a nivel mundial de
los volumenes de productos pesqueros procedentes de la pesca INDNR, y podrian centrarse en otros
aspectos como el nimero de buques que figuran en las listas de buques de pesca INDNR, el nimero
de paises en las listas de la UE de 'tarjetas amarillas' y 'tarjetas rojas' para paises que no cooperan en
la lucha contra la pescaINDNR y estimaciones especificas de las capturas realizadas por la
pesca INDNR a nivel regional o local en base a metodologias repetibles y sélidas; y v) la FAO podria
desempeiiar una funcién de apoyo a la elaboracidn de directrices técnicas sobre las metodologias de
estimacion de las capturas realizadas por la pesca INDNR y sobre el modo de llevar a cabo evaluaciones
basadas en el riesgo de la pesca INDNR.
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RESUMEN EJECUTIVO

Antecedentes

En un documento publicado por Agnew et al.2 en 2009, se estimé que el volumen de pescado obtenido
mediante la pesca INDNR en 2003 ascendia a un 11-19 % de las capturas declaradas, lo que representa
un total de 10-26 millones de toneladas de pescado valorado en 10 000-23 000 millones de
ddlares EE.UU. Estas sorprendentes cifras ayudaron a movilizar ain mas los esfuerzos internacionales,
regionales y nacionales de lucha contra la pesca INDNR, los cuales habian estado cobrando impulso
principalmente a partir de la mitad de los afios 90 y principios del afio 2000. En los ultimos afios,
también se han completado muchos otros estudios con el objetivo de estimar los niveles de capturas
realizadas por la pesca INDNR, los cuales han utilizado una variedad de metodologias diferentes para
ello.

En febrero de 2015, la FAO organizé un taller en Roma para examinar las metodologias de estimacion
de la magnitud de la pesca INDNR a nivel mundial. Dicho taller partié del principio de que seria util
contar con una nueva estimacion de las capturas realizadas por la pesca INDNR, ya que el documento
publicado en 2009 con estimaciones del volumen de pescado obtenido mediante la pesca INDNR esta
actualmente desfasado tanto desde el punto de vista de la estimacién facilitada para 2003, como por
lo que se refiere al nuevo contexto internacional, regional y nacional que influye ahora sobre los
niveles de pesca INDNR. Asimismo, se ha expresado preocupacion con respecto a la gran diferencia
existente entre las estimaciones mayores y menores que figuran en el estudio, asi como sobre algunos
aspectos de la metodologia y, especialmente, los factores de expansion utilizados para generar la
estimacion a nivel mundial.

Tras examinar como se podrian mejorar y tipificar las metodologias de estimacién de la magnitud de
la pesca INDNR a fin de facilitar una estimacion de las capturas realizadas por la pesca INDNR a nivel
mundial, en el taller celebrado en febrero de 2015 se propuso que la FAO deberia: i) coordinar un
Estudio de los estudios sobre la pesca INDNR (en adelante, el 'Estudio de los estudios') con el objetivo
de clasificar y examinar los puntos fuertes y débiles de las distintas metodologias que se estaban
utilizando para estimar las capturas realizadas por la pesca INDNR; vy ii) dirigir un proceso encaminado
a la elaboracidn de directrices técnicas para futuros estudios a fin de que puedan llevarse a cabo de
manera tal que permitan combinar las estimaciones con miras a contribuir a una estimacion a nivel
mundial. En el taller también se propuso que la FAO deberia examinar indicadores de pesca INDNR
para suinclusién en la publicacion bienal de la FAO sobre El estado mundial de la pesca y la acuicultura,
sugiriendo que una estimacién a nivel mundial de las capturas realizadas por la pesca INDNR podria
ser uno de estos indicadores que han de incluirse.

Metodologia

Durante la realizacion del Estudio de los estudios, se recopilaron estudios pertinentes a través de: i)
busquedas de bibliografia relativa a articulos pertinentes examinados por homdlogos y publicados en
revistas cientificas; ii) busquedas por Internet encaminadas a reunir informes de proyectos y otros
estudios pertinentes; iii) solicitudes de estudios pertinentes a las OROP realizadas a través de la FAO;
y iv) participacidon de consultores en el 5th Global Fisheries Enforcement Training Workshop (GFETW),
celebrado por la Red internacional de actividades de SCV relacionadas con la pesca en Auckland
(Nueva Zelanda), en marzo de 2016, donde se brindé la oportunidad de relacionarse con mas de 150
profesionales encargados de iniciativas de seguimiento, control y vigilancia de todo el mundo y
solicitar copias de estudios pertinentes. Se recopilé y examiné un total de 89 estudios, articulos de

2 Agnew, D.J., Pearce, J., Pramod, G., et al. (2009) Estimating the Worldwide Extent of lllegal Fishing. PLoS ONE
4, e4570.
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revistas e informes de investigacion. En 44 de estos estudios figuraban realmente estimaciones de los
niveles de pescado obtenido mediante la pesca INDNR y se prepard una hoja informativa resumida de
media pagina, o pagina entera, por cada uno de ellos a fin de recoger informacidn clave acerca de los
estudios examinados. Otros 35 estudios no contenian estimaciones de las capturas realizadas por la
pesca INDNR y, en su lugar, a menudo facilitaban informacién sobre los niveles de cumplimiento o
incidentes aislados de pesca INDNR. A continuacion, se analizaron las hojas informativas resumidas de
los 44 estudios pertinentes con miras a extraer los resultados, conclusiones y recomendaciones clave
para la FAO y el COFI.

Resultados

El Estudio de los estudios reveld que los estudios encaminados a realizar estimaciones de las capturas
realizadas por la pesca INDNR oscilan desde el punto de vista del ambito geografico desde aquellos
que se concentran en niveles muy locales, a través de estudios nacionales y regionales, hasta aquellos
gue intentan estimar las capturas realizadas por la pesca INDNR a nivel mundial. Las estimaciones que
no son de alcance mundial no pueden combinarse para generar una estimacién a nivel mundial, ya
gue no abarcan todas las areas oceanicas o de pesca, tienden a centrarse en la pesca INDNR marina
de caracter industrial (y a menudo de flotas extranjeras), se solapan en algunos casos con respecto a
la cobertura geogréfica (aunque producen diferentes estimaciones de las capturas realizadas por la
pesca INDNR) y utilizan distintas metodologias que no son comparables.

Varios estudios que facilitan estimaciones a nivel mundial suelen tener niveles de incertidumbre
especialmente altos en lo referente a las estimaciones producidas, ya que, a medida que la escala de
estos estudios aumenta, se pierde precision o definicidon debido a las suposiciones que deben hacer
con respecto a elementos para los que no existen datos.

En algunos estudios a nivel mundial (o regional) se realizan estimaciones de las 'capturas ausentes o

desconocidas', en lugar de capturas realizadas especificamente por la pesca INDNR. Esto es un dato
importante, ya que estos estudios tienen un centro de atencidn/objetivo de caracter bioldgico
limitado, el cual, si bien es beneficioso, no logra reconocer que la pesca INDNR constituye también un
problema econémico y social que provoca efectos de indole econédmica y social, aparte de los de
caracter bioldgico en cuanto al impacto que causa sobre las poblaciones de peces vy la fiabilidad de las
evaluaciones de las poblaciones basadas en las capturas conocidas.

No existe coherencia en la inclusién de aspectos diferentes de la pesca ilegal, no declarada y no
reglamentada en las estimaciones, como tampoco existe consistencia al aplicar la definiciéon de
pesca INDNR en el PAI-Pesca INDNR. Los estudios demuestran una considerable confusién acerca de
lo que significan los términos de captura ilegal, captura no declarada y captura no reglamentada, y a
menudo se agrupan las capturas desconocidas bajo un marco Unico de pesca INDNR.

Los estudios utilizan una amplia gama de fuentes de informacién diferentes, incluidos datos de
vigilancia y niveles de cumplimiento; teledeteccion (p. ej., SLB o AlS); libros de a bordo; juicios de
expertos basados en la experiencia; entrevistas con pescadores y organismos encargados del
cumplimiento de la ley; datos de observadores; camaras de a bordo; modelos de evaluacion de las
poblaciones de peces; y datos comerciales. Estas fuentes de informacién se usan de manera diferente
en las distintas metodologias utilizadas para producir estimaciones de diversos aspectos de las
actividades de pesca ilegal, no declarada y no reglamentada, como por ejemplo, de capturas
desconocidas realizadas por la pesca INDNR efectuadas por buques conocidos, de capturas
desconocidas realizadas por buques desconocidos/no detectados, o de volimenes de capturas que
son conocidas pero que aun asi podrian ser ilegales. En el Estudio de los estudios se llegd a la
conclusiéon de que la mayoria de los métodos utilizados tienen limitaciones. Por ejemplo, pueden ser
muy buenos a la hora de estimar todas las capturas no declaradas de una especie en particular, pero
serlo menos con respecto a la identificacién de su origen o de los tipos de pesca INDNR que se
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utilizaron. O pueden ser muy buenos para identificar tipos especificos de infraccidn, pero ineficientes
a la hora de estimar cantidades. O pueden producir estimaciones de las capturas realizadas por la
pesca INDNR de especies especificas, pero no facilitan ninguna estimacion del impacto causado por la
pesca INDNR sobre otras especies.

El Estudio de los estudios también reveld que muchos de los estudios no son lo suficientemente
transparentes respecto de las fuentes de informacién y los puntos débiles de los métodos utilizados,
y formulan una gran cantidad de hipdtesis que dan lugar inevitablemente a preguntas relacionadas
con la precision de las estimaciones producidas.

Conclusiones

En el Estudio de los estudios se reconoce que puede haber cierto grado de apoyo politico a favor de
una estimacion actualizada de las capturas realizadas por la pesca INDNR a nivel mundial y de que la
FAO participe en su preparacion, habida cuenta del mandato mundial de la FAO con respecto a la
pesca. No obstante, se observa que la importancia de la lucha contra la pesca INDNR esta hoy en dia
ampliamente reconocida a nivel mundial, lo que sugiere que los beneficios derivados de la promocién
de una estimacidén a nivel mundial pueden ser limitados. Dichos beneficios también pueden verse
reducidos debido a los amplios intervalos de confianza y los probables puntos débiles de caracter
técnico inherentes a la precision de cualquier estimacién a nivel mundial; desde un punto de vista
técnico, una estimacién a nivel mundial puede reportar pocos beneficios y no ser recomendable. No
obstante, las directrices técnicas sobre las metodologias de estimacidon (a nivel mundial) de los
volumenes de capturas realizadas por la pesca INDNR, las cuales se propusieron en el taller celebrado
en Roma en 2015, podrian ser de utilidad para mejorar la calidad de los estudios que se estan
ultimando a nivel local, nacional o regional.

Por lo que se refiere a contribuir a los esfuerzos encaminados a luchar contra la pesca INDNR y reducir
los niveles de capturas realizadas por este tipo de pesca, podria ser beneficioso elaborar directrices
técnicas sobre el modo de llevar a cabo evaluaciones basadas en el riesgo de la pesca INDNR. Las OROP
y las administraciones nacionales estan utilizando varios marcos de evaluacién de riesgos de la
pesca INDNR. Sin embargo, segun lo observado en el 52 Taller mundial de capacitacién en aplicacion
de criterios pesqueros, celebrado en Auckland en marzo de 2016, no existe actualmente ninguna
orientacién sobre el modo de completar dichas evaluaciones y muchos paises desarrollados y en
desarrollo se beneficiarian de disponer de orientaciones de caracter técnico al respecto. La realizacién
de evaluaciones de riesgos de la pesca INDNR también podria, si bien no necesariamente, convertirse
en la base para las estimaciones de las capturas realizadas por la pesca INDNR y resultar en un mayor
nivel de coherencia en el seguimiento de la evolucion de dichas capturas. El primer paso que ha de
darse en la elaboracion de estas directrices técnicas seria la preparacion de un inventario y el examen
de todos los marcos existentes de evaluacidn de riesgos que se utilizan.

Los indicadores de pesca INDNR para vigilar los progresos realizados en la lucha contra la pesca INDNR
son cruciales, si bien, desde un punto de vista técnico, no es necesario que incluyan una estimacion a
nivel mundial de las capturas realizadas por la pesca INDNR, ya que los niveles de precision y las
grandes diferencias entre las estimaciones mayores y menores implicarian una dificultad para
demostrar desde el punto de vista estadistico cualquier diferencia entre las estimaciones a nivel
mundial preparadas a diferentes intervalos. El problema de la comparacion se veria acentuado si las
metodologias cambiaran o mejoraran entre estimaciones a nivel mundial preparadas a intervalos. De
esta manera, los indicadores podrian centrarse en otros aspectos, tales como el nimero de buques
en las listas de buques de pesca INDNR, numero de paises que han recibido 'tarjetas amarillas' y
'tarjetas rojas' en virtud de la regulacion de la UE relativa a la pesca INDNR, resultados de las
evaluaciones basadas en el riesgo de la pesca INDNR vy, quizds, algunas estimaciones especificas a nivel
regional o local de las capturas realizadas por la pesca INDNR en dreas de alto riesgo basadas en
metodologias repetibles y sélidas. No obstante, es necesario seguir examinado si es aconsejable
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disponer de un solo indicador de pesca INDNR o si seria mas conveniente contar con un 'juego’ de
indicadores vy, si asi fuera, qué deberia incluirse en el mismo.

Recomendaciones para el COFI

Tomando nota de que el COFI no ha refrendado con anterioridad las propuestas del taller celebrado
en Roma en 2015, los resultados del Estudio de los estudios sobre la pesca INDNR o los debates del 5¢
Taller mundial de capacitacién en aplicacién de criterios pesqueros, el Estudio de los estudios
recomienda que el COFl examine los siguientes supuestos y brinde asesoramiento a la FAO al respecto:

(v)
(vi)

si es recomendable contar con una estimacién actualizada a nivel mundial de las capturas
realizadas por la pesca INDNR vy, si asi fuera, cudl seria su objetivo;

si la FAO deberia dirigir un proceso para elaborar directrices técnicas encaminadas a mejorar
la calidad de los estudios completados a nivel local, nacional y regional (y posiblemente
mundial) para realizar estimaciones de las capturas realizadas por la pesca INDNR, y si, en el
contexto de estas directrices, se deberian volver a examinar las definiciones que figuran en el
PAl-Pesca INDNR, no necesariamente para desviarse de ellas, sino para identificar categorias
independientes de pesca INDNR que deberian tenerse en cuenta en las evaluaciones de
riesgos y los estudios de seguimiento que estan en mayor sintonia con la experiencia y las
practicas actuales;

si la FAO deberia apoyar la elaboracién de directrices técnicas sobre la realizacién de
evaluaciones basadas en el riesgo de la pesca INDNR;

si seria beneficioso informar a nivel mundial con respecto a los indicadores de pesca INDNRYy,
si asi fuera, qué procesos deberian aplicarse para formular propuestas, elaborar acuerdos y
presentar informes sobre estos indicadores y qué papel deberia desempenfiar la FAO en estos
procesos.




Poseidon Review of studies estimating levels of IUU fishing

REVIEW OF STUDIES ESTIMATING IUU FISHING AND THE
METHODOLOGIES UTILIZED

SUBMITTED TO

THE FOOD AND AGRICULTURE ORGANIZATION OF THE
UNITED NATIONS

JUNE 2016

BY

Poseipon

Aquatic Resource Management Ltd




Poseidon Review of studies estimating levels of IUU fishing

Disclaimer and Report Information
Support for this report was provided by FAO of the United Nations.
The views expressed herein are those of the author(s) and do not necessarily reflect the views of FAO.

The content of this report may not be reproduced, or even part thereof, without explicit reference to the
source.

Macfadyen G., Caillart, B., Agnew, D. (2016). Review of studies estimating levels of IUU fishing and the
methodologies utilized. Poseidon Aquatic Resource Management Ltd.

Tel/Fax: +44 (0)1590 610168

Email:  graeme@consult-poseidon.com

URL: http://www.consult-poseidon.com

Version: Final Report Report ref: 1188-REG/R/01/B Date issued: 3 June 2016

Abstract

In February 2015 FAO convened a workshop in Rome, Italy, to consider methodologies for estimating IlUU
fishing at the global level. The workshop suggested that FAO could: (i) coordinate a ‘Study of IUU fishing
studies’ to review the different methodologies being used to estimate IUU fishing; (ii) lead a process to
develop technical guidelines for future studies so they could be conducted in a way that would allow for
estimates to be combined to contribute to a global estimate; and (iii) consider indicators of IUU fishing for
inclusion in FAQ’s bi-annual SOFIA publication.

The study of IUU fishing studies presented in this report has been completed by Poseidon (UK-based
fisheries and aquaculture consultants working globally) and found that: (i) there are many different
methodologies being used to estimate IUU catch but many estimates are not robust and methodologies
not consistent; (ii) estimates of global “missing catch” made in some studies include catch that is not
necessarily IlUU in terms of the definitions in the IPOA-IUU; (iii) developing an updated global estimate of
IUU catch may have limited benefit due to wide confidence intervals and a lack of clarity over IUU behaviors
included; (iv) indicators of IUU fishing to monitor progress in combatting IUU fishing need not necessarily
include global estimates of volumes of IUU fish, and could focus on other aspects such as numbers of
vessels on IUU fishing vessel lists, the number of countries on the EU IUU ‘yellow’ and ‘red card’ lists, and
selected regional or local estimates of IUU fish catch based on repeatable and robust methodologies; and
(v) FAO might play a role in supporting the development of technical guidelines, both on methodologies
for estimating IUU catch, and on how to conduct risk-based assessments of IUU fishing.
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EXECUTIVE SUMMARY

Background

In 2009 a paper by Agnew et al® estimated that IUU-caught fish in 2003 was 11-19% of reported
catches, representing 10-26 million tonnes of fish valued at US$10-23 billion. These eye-catching
figures helped to further mobilize international, regional and national efforts to combat IUU fishing
which had been gaining pace mainly since the mid 1990s and early 2000s. Many other studies have
also been completed in recent years to estimate levels of IUU catches, and these studies have used a
range of different methodologies to estimate levels of IUU fishing.

In February 2015, FAO it convened a workshop in Rome to consider methodologies for estimating IUU
fishing at the global level. The premise underlying this workshop was that a new global estimate of
IUU catch would be useful, as the 2009 paper estimating IUU-caught fish is now outdated both in
terms of the 2003 estimate it provided and in terms of the changed international, regional and
national context now influencing levels of IUU fishing. Concern has also been expressed over the wide
range between the upper and lower estimates in the study, and over some of the methodological
aspects and particularly the raising factors used to generate the global estimate.

In considering how methodologies for estimating IUU fishing could be improved and standardized to
facilitate a global estimate of IUU catch, the February 2015 workshop suggested that FAO should: (i)
coordinate a Study of IUU fishing studies (hereafter referred to as the ‘study of studies’) to categorize
and review the strengths and weaknesses of the different methodologies being used to estimate IUU
catches; and (ii) lead a process to develop technical guidelines for future studies so they could be
conducted in a way that would allow for estimates to be combined to contribute to a global estimate.
The workshop also suggested that FAO should consider indicators of IUU fishing for inclusion in FAO'’s
bi-annual SOFIA publication, suggesting that a global estimate of IUU catches could be one such
indicator to be included.

Methodology

In completing the study of studies, relevant studies were collected through: (i) literature searches for
relevant peer-reviewed articles published in scientific journals; (ii) web-based searches to collect
project reports and other relevant studies; (iii) requests through FAO to RFMOs for relevant studies;
and (iv) participation by the consultants in the 5 Global Fisheries Enforcement Training Workshop
(GFETW) held by the International MCS network in Auckland, New Zealand in March 2016, which
afforded the opportunity to engage with more than 150 MCS practitioners from around the world to
request copies of relevant studies. A total of 89 studies, journal articles and research reports were
collected and reviewed. Forty-four of these were studies actually estimating levels of IUU fish catch,
and for each one a summary fiche of half, to one page, was prepared to capture key information about
the study which had been reviewed. A further 35 were studies which did not estimate IUU catch and
which often instead just reported on compliance levels or individual IUU fishing events. The summary
fiches for the 44 relevant studies were then analysed to draw out the key findings, conclusions and
recommendations for FAO and COFI.

3 Agnew, D.J., Pearce, J., Pramod, G., et al. (2009) Estimating the Worldwide Extent of Illegal Fishing. PLoS ONE
4, e4570.
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Findings

The study of studies found that studies to estimate IUU catches range in geographical scope from
those concentrating at very local levels, through national and regional studies, to those attempting to
estimate IUU catch at a global level. The sub-global estimates cannot be combined to generate a global
estimate as they do not cover all fisheries or ocean areas, tend to focus on marine industrial IlUU fishing
(and often of foreign fleets), in some cases overlap in geographical coverage (but with different
estimates of IUU catch being produced), and use different methodologies which are not comparable.

With respect to a number of studies providing global estimates, these tend to have especially high
levels of uncertainty over the estimates produced, because as the scale of these studies increases,
they either lose accuracy or lose granularity because of the assumptions that they have to make for
elements for which there are no data.

A number of global (or regional) studies estimate ‘missing or unknown catch’ rather than catch that is
specifically IUU. This is important as such studies have a limited biological focus/objective, which while
of benefit, fails to recognize that IUU fishing is also an economic and social problem, with economic
and social impacts not just biological ones in terms of impacts on fish stocks and the reliability of stock
assessments based on known catches.

The inclusion of different aspects of illegal, unreported and unregulated fishing in the estimates are
not consistent, nor is the definition of IUU fishing in the IPOA-IUU consistently applied. The studies
demonstrate considerable confusion about what illegal catch is, what unreported catch is, and what
unregulated catch is, often grouping unknown catches under a single IlUU umbrella.

The studies use a wide range of different sources of information including: surveillance data and
compliance levels; remote sensing (e.g. VMS, AlS); logbooks; expert judgment based on experience;
interviews with fishermen and enforcement agencies; observer data; onboard cameras; stock
assessment models; and trade data. These sources of information have different uses in terms of
different methodologies used to generate estimates of different aspects of illegal, unreported, and
unregulated fishing activity, for example of unknown IUU catch for known vessels, of unknown catch
of unknown/unseen vessels, or of catch volumes which are known but which might nevertheless be
illegal. The study of studies concluded that most of the methods used have limitations. For example,
they may be very good at estimating all the unreported catch of a particular species, but less good at
identifying where it came from or what types of IUU were being used. Or they may be very good at
identifying specific violation types, but poor at estimating quantities. Or they may estimate IUU catch
of target species but have no estimate of the impact of IUU fishing on other species.

The study of studies also found that many of the studies are insufficiently transparent about the
sources of information and weaknesses in the methods used, and make a large number of assumptions
which lead to inevitable questions over the accuracy of the estimates produced.

Conclusions

The study of studies recognizes that there may be some political support for an updated global
estimate of IUU catch, and for FAO to be involved in its preparation given FAO’s global mandate for
fisheries. However it notes that the importance of combatting IUU fishing is now widely recognized at
the global level suggesting that the advocacy benefits of a global estimate may be limited. Advocacy
benefits may also be diminished due to wide confidence intervals and the likely inherent technical
weaknesses in the accuracy of any global estimate; from a technical perspective a global estimate may
serve little benefit and not be advisable. The technical guidelines on methodologies for estimating
(global) volumes of IUU catch suggested by the workshop in Rome in 2015 might nevertheless be
useful in improving the quality of studies being completed at local, national or regional levels.
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In terms of contributing towards efforts to combat IUU fishing and reduce levels of IUU catch, of
potential benefit could be the development of technical guidelines on how to conduct risk-based
assessments of IUU fishing. A number of frameworks for IUU risk assessments are being used by
RFMOs and national administrations. But as the 5" GFTEW in Auckland observed in March 2016, there
is currently no guidance on how to complete such assessments, and many developing and developed
countries alike would benefit from technical guidance. The completion of IUU risk assessments could
also, but need not necessarily, result in and be the basis for estimates of IUU catches and further
consistent monitoring of evolution of IUU catches. The first step in developing such technical
guidelines would be the preparation of an inventory and review of all existing risk assessment
frameworks in use.

Indicators of IUU fishing to monitor progress in combatting IUU fishing are critically important but
from a technical perspective need not include a global estimate of IUU catch as levels of accuracy and
large differences between upper and lower estimates would mean that it would be difficult to
statistically demonstrate any difference between global estimates prepared at different intervals. The
problem of comparison would be compounded if methodologies were changed or improved between
global estimates prepared at intervals. Indicators could thus focus on other aspects such as numbers
of vessels on IUU fishing vessel lists, number of countries issued with ‘yellow’ and ‘red cards’ under
the EU IUU regulation, the outputs of IUU risk-based assessments, and perhaps some specific regional
or local estimates of IUU catch in high risk areas based on repeatable and robust methodologies.
However more consideration needs to be given as to whether it is advisable to have a single indicator
of IUU fishing, or whether a ‘suite’ of indicators might be more beneficial and if so what should be
included.

Recommendations to COFI

Noting that COFI has not earlier endorsed the suggestions of the 2015 Rome workshop, the findings

of the study of IUU studies, or the deliberations of the 5" GFETW, the study of studies recommends
that COFI consider and advise FAO on whether:

(ix) an updated global estimate of IUU catch is desirable and if so what would be its objective
and what role FAO should have in supporting/developing such an estimate.

(x) FAO should lead a process to develop technical guidelines to improve the quality of studies
completed at local, national and regional (and potentially global) levels to estimate IUU
catch, and whether such guidelines should revisit the IPOA-IUU definitions, not necessarily
departing from them but identifying separate categories of IUU that should be considered in
risk assessments and monitoring studies that are more attuned to current experience and
practices.

FAO should support the development of technical guidelines on conducting IUU risk-based
assessments.

reporting globally on indicators of IUU fishing would be beneficial, and if so what the process
should be for proposing, agreeing and reporting on such indicators, and what role FAO
should play in such a process.
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1 CONTEXT, OBJECTIVES, AND METHODOLOGY OF THIS STUDY

1.1 BACKGROUND TO THIS STUDY OF STUDIES

FAO has played an active role internationally over many years in efforts to combat lllegal,
Unreported and Unregulated (IUU) fishing. These actions, guided by the Committee on
Fisheries (COFI), and have resulted in amongst other things: the UN Fish Stocks Agreement;
The Code of Conduct for Responsible Fisheries; the FAO Compliance Agreement; the IPOA-
IUU; the Port States Measures Agreement; Voluntary Guidelines on Flag State performance;
and ongoing work to establish a Global Record of fishing vessels, and Unique Vessel Identifier
(UVI). An International Monitoring Control and Surveillance (IMCS) Network was also
established in 2001 to link fisheries enforcement agencies and MCS practitioners from around
the world and to facilitate increased communication and information sharing to prevent,
deter and eliminate IUU fishing. The network is a voluntary organisation acting informally,
and while its members participate in an individual capacity rather than formally representing
their international, regional or Member State organisations, it serves to share experiences,
methods and tools for combatting IUU fishing.

FAO and other international partners have also been active in regional forums to combat IUU
fishing. Regional Fisheries Management Organisations have adopted a wide range of
Conservation and Management Measures (CMMs) aimed at reducing IUU fishing, a range of
catch documentation schemes (CDS), lists of IUU fishing vessels, and many Compliance
Committees within RFMOs increasingly serve to report on IUU issues and related CMMs. At
the regional level RFMOs are engaging more collaboratively than ever before with a wider
range of other organisations (such as INTERPOL’s Environmental Security Unit) to combat IUU
fishing. The European Union has also adopted a regulation aimed at combating IUU fishing
for fisheries under its competency as coastal state, flag state, port state and market state.

The increasingly robust international and regional framework aimed at combatting IUU
fishing has also translated into considerable efforts at national levels to reduce 1UU fishing.

Given this rising international concern of IUU as reflected by such action mainly since the mid
1990s and early 2000s, a number of studies began to attempt to measure and report on the
extent of the IUU problem. Perhaps the most widely quoted one is a study completed by David
Agnew et al in 2009 (Agnew, D., et al, 2009) titled “Estimating the Worldwide Extent of lllegal
Fishing”. This study estimated that IUU-caught fish in 2003 was 11-19% of reported catches
representing 10-26 million tonnes of fish valued at US$10-23 billion.

In February 2015, FAO, with support from Pew Charitable Trusts, convened a workshop in
Rome, Italy, to develop a methodology to estimate IUU fishing at global level. The motivation
for this workshop reflected a recognition that the Agnew study is now outdated both in terms
of the 2003 estimate it provided and the very different international, regional and national
context now influencing levels of IUU fishing as represented by the actions outlined above.
While the 2009 study was innovative for its time in generating a global estimate, the wide
range of studies that it used as source information, which estimated different elements of
IUU and with varying confidence, led to the study generating a wide range between the upper
and lower estimates. Furthermore the study examined the situation as it existed in the mid-
2000s, some 10 years ago. FAO therefore considered that it might be timely and appropriate

1
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to have a new global estimate of IUU fishing, both to serve an advocacy purpose in mobilizing
further action to combat IUU fishing, and to assess change in IUU fishing since 2003.

There were three main conclusions of the 2015 workshop in terms of what FAO could do.
First was for FAO to coordinate a Study of IUU fishing studies, to review the different
methodologies and document the different studies available. Second was for FAO to lead a
process to develop technical guidelines for future studies so they could be conducted in a way
that allowed for their estimates to be combined with those of others to contribute to a global
estimate. Finally it was proposed that FAO could consider a suite of indicators of IUU for
inclusion in FAO’s bi-annual flagship publication ‘the State of World Fisheries and
Aquaculture’.

The Study of IUU fishing studies was considered important by the workshop as a first step to
be taken by FAQO, because the workshop was informed about: (i) different ideas commonly
held about how IUU fishing should be defined, what a definition of IUU fishing should include,
and therefore what studies to estimate IUU fishing should attempt to quantify; (ii) a number
of completed or ongoing/planned studies to estimate the extent of IUU fishing in certain
regions, most of which were using different methodologies; (iii) a wide range of
methodological options and data sources for estimating IUU fishing.

1.2 OBIJECTIVES OF THIS REPORT

The purpose of this report is to provide relevant information to COFl on the issue of having a
new global estimate of IUU fishing, and takes as its starting point the fact that:

1. the Rome 2015 workshop did not represent a formal mechanism with the power to
instruct FAO.

COFI has not previously asked FAO to develop a global estimate of IUU fishing.
COFI should guide FAQ’s activities on estimating and reporting on levels of IUU

fishing.
The objectives of this study of studies and this report are therefore to:
1. ldentify ongoing or recently completed studies to estimate levels of IUU fishing.

2. Analyse and categorize the different studies based on the methodologies used and
the different aspects of IUU fishing included in the studies.

3. Assess the methodological strengths and weaknesses of the studies.

4. Consider how comparable the studies might be and how possible it might be to
combine their outputs into a global estimate of IUU fishing (noting that this report
itself is not intended to produce a global estimate).

5. Provide recommendations to COFl on the usefulness and feasibility of having a new
global estimate of IUU fishing, and on FAOs role in contributing to such a global
estimate and in guiding countries on how to estimate IUU fishing.

Additionally, while not a primary objective of this report, given the recommendation of the
Rome 2015 workshop on indicators, this report also provides some comment for COFl on the

2
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issue of indicators of IUU indicators outside of a single global estimate. Indicators of IUU
fishing at national, regional and international level are potentially important in terms of:

1. Sustainable Development Goal number 14 “Life below the water” and the related
target of effectively regulating harvesting and ending IUU fishing by 2020.

2. Mobilising further action to combat IUU fishing.
3. Reporting on progress in reducing IUU fishing.

1.3 METHODOLOGY USED DURING THIS STUDY
The approach taken to completing this study of studies involved a number of steps.

A kick off meeting was held with FAO staff in Rome in December 2015 to discuss the scope of
the study, and it was agreed that:

e the studies to be included in the review should primarily include those published
since 2009 but could include some older studies where they are considered of
special relevance;

e studies reviewed would not include reports of specific I[UU fishing events and the
volumes of IUU fish resulting from those events, but would rather focus on studies
that estimate levels of IUU fishing at a broader fishery or geographical level;

e likewise methodologies would be reviewed for studies estimating levels of IUU fish
catch, not those that report on or estimate compliance levels (noting that
compliance levels may be used in studies to estimate IUU fish catch); and

e sources of information used to estimate levels of IUU fishing (i.e. inspection data,
compliance records) should not be considered as studies of IUU fishing (even though
they are frequently used in studies to estimate levels of IUU catch).

It was also agreed at the kick off meeting that the outputs of the study of studies would the
form of three main deliverables, all of which should be available for the COFI 32 session in
July 2016: (i) a contribution to a COFI “working document” on IUU fishing; (ii) a short one to
two page “information document” summarizing the study of studies; and (iii) the main report
(this report) to be made available as a “session background document” for the COFl meeting.

Relevant studies were then collected using literature searches for relevant peer-reviewed
articles published in scientific journals, web-based searches were used to collect project
reports and other relevant studies, requests were made via FAO to RFMOs for relevant
studies, and Poseidon used its global network of contacts to identify relevant studies. In
addition, the authors of this report participated in the 5 Global Fisheries Enforcement
Training Workshop held by the IMCS network in Auckland, New Zealand in March 2016. This
participation afforded the opportunity to engage with more than 150 MCS practitioners from
around the world and to request relevant studies.

A total of 89 studies, journal articles and research reports were collected and reviewed.

Forty-four studies (see Appendix 1) were studies falling within the scope as detailed above
and estimated levels of IUU fish catch. For each of these a summary fiche of half to one page
was prepared to capture key information for aspects such as: the study’s geographical scope;
the fisheries being covered; the objectives of the study; the main methodology; the data
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sources; the strengths and weaknesses; and the studies replicability and compatibility with
other studies. These summary fiches provide a record of the different studies which may be
of use and relevance to others, and so are included in this report in Appendix 3.

An additional 35 studies/reports/articles (see Appendix 2) were also reviewed, but were
found to fall outside the scope as detailed above. Mostly this was because the studies
reported on compliance or incentives for IUU fishing rather than estimating IUU fish catch.
For each of these studies, Appendix 2 provides a short note under each reference as to the
main reason why it falls outside the scope of this review and therefore why a fiche has not
been prepared.

The summary fiches were then analysed to draw out key findings, conclusions and
recommendations for COFI.

A second visit by the consultants was made to FAO prior to the finalisation of this report to
present to staff in the Fisheries and Aquaculture Department the main findings, conclusions
and recommendations. Comments made at the meeting were incorporated into this report.

1.4 THE DEFINITIONS OF IUU FISHING

While later text in this report discusses the coverage of different studies and their focus on
different aspects of illegal, unreported, and unregulated fishing, the definitions of these
different components in the IPOA-IUU are such that:

[llegal fishing (Articles 3.1.1 - 3.1.3 of the IPOA-IUU) refers to fishing activities:

3.1.1 conducted by national or foreign vessels in waters under the jurisdiction of a
State, without the permission of that State, or in contravention of its laws and
regulations;

3.1.2 conducted by vessels flying the flag of States that are parties to a relevant
regional fisheries management organization but operate in contravention of the
conservation and management measures adopted by that organization and by which
the States are bound, or relevant provisions of the applicable international law; or

3.1.3 in violation of national laws or international obligations, including those
undertaken by cooperating States to a relevant regional fisheries management
organization.

Unreported fishing (Article 3.2.1 - 3.2.2 of the IPOA-IUU) refers to fishing activities:

3.2.1 which have not been reported, or have been misreported, to the relevant
national authority, in contravention of national laws and regulations; or

3.2.2 undertaken in the area of competence of a relevant regional fisheries
management organization which have not been reported or have been misreported,

in contravention of the reporting procedures of that organization.

Unregulated fishing (Article 3.3.1 - 3.3.2 of the IPOA-IUU) refers to fishing activities:
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3.3.1in the area of application of a relevant regional fisheries management
organization that are conducted by vessels without nationality, or by those flying the
flag of a State not party to that organization, or by a fishing entity, in a manner that
is not consistent with or contravenes the conservation and management measures
of that organization; or

3.3.2 in areas or for fish stocks in relation to which there are no applicable
conservation or management measures and where such fishing activities are
conducted in a manner inconsistent with State responsibilities for the conservation
of living marine resources under international law.

The first set of definitions under ‘illegal fishing’ are those most usually associated with
“pirate” fishing — fishing without a licence — but also cover all other elements of non-
compliance with national and international laws — for instance fishing in closed areas or
seasons, with prohibited gears, or catching over prescribed quotas. In all these cases non-
compliance may result in the quantity of catch being known, but it may also not be known.

The second set of definitions under ‘unreported fishing’ attempts to be very specific about
the loss of information on catch quantity arising from non-compliance with reporting
requirements, but does not cover the non-reporting or misreporting of catch in the situation
where reporting is required by national law or covered by the reporting procedure of an
RFMO. This has led to much confusion in IUU studies (see further discussion in Section 2.1
below), since in many cases a missing catch volume can be identified but its legality or
otherwise is not known. Many countries, for instance, do not have regulations requiring
recording of discards, self-consumption or recreational fishing catches, and in some cases
guota-based regulations accidentally encourage discarding without requiring its reporting.

Recent international instruments, such as the Port States Measures Agreement and the FAO
Voluntary Guidelines on Flag State Performance essentially adopt or assume these IPOA-IUU
definitions.

However in establishing IUU vessel lists, RFMOs contribute to the definitions of IUU fishing
with binding measures being associated with vessel listing and de-listing criteria. These listing
criteria are not necessarily fully aligned in practice with the IPOA-IUU definitions, and not
uniform across all RFMOs - indeed within a specific RFMO the definitions may not be similar
for contracting parties and cooperating non-contracting parties on the one hand, and non-
contracting non-cooperating parties on the other hand.

While it is not the objective of this review to analyse the definitions of IUU fishing in Member
State legislation, it seems likely that the specific definitions being used, may also differ. The
definition of IUU fishing may be dealt with directly in Member States’ legislation, indirectly
through references to a binding measure of a RFMO, or through a combination of both. And
these definitions may thus be based on a combination of the definitions in the IPOA-IUU,
those adopted in practice by RFMOs, or Member State’s own interpretation of what
constitutes IUU fishing. Further issues associated with the definition of IUU fishing arise from
the application of the EU IUU Regulation, with measures included in yellow and red-card
notifications under the Regulation going beyond the definition of IUU fishing contained in the
Regulation.
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2 FINDINGS FROM THE REVIEW OF STUDIES ESTIMATING IUU FISHING

2.1 THE INCLUSION OF I, U, AND U IN THE STUDIES

As noted above, this study of studies has reviewed the methodologies used in 44 studies
which made estimates of IUU fishing. The studies reviewed have a wide range of different
objectives in terms of estimating different components of IUU fishing activity (see Section
2.3), generally stating the IUU behaviours they seek to estimate but only sometimes
specifying the types of IUU activity estimated in respect of the IPOA-IUU definition; and rarely
are the methods consistent between studies (see Section 2.2).

The largest body of work using one consistent methodology is the catch reconstruction
methodology developed by Pitcher et al (2002) and Pauly and Zeller (2015), but these studies
usually do not explicitly separate between reporting errors that fall within the IPOA-IUU
definition and those that do not (see Section 2.1). A number of studies aiming at
reconstructing catch statistics include under the lUU umbrella some specific activities which,
arguably, are not explicitly considered by the IPOA-IUU because they do not infringe existing
laws or regulations. A frequent example is the inclusion under ‘IUU’ fishing of catches
discarded at sea or any other sources of unmeasured catches like subsistence catches, bait
usage or recreational catches, with the difference between reconstructed catches and official
catches being termed as IUU e.g. Lescrauwaet et al. (2013), Pham et al. (2013), Coll et al.
(2014). Some studies aiming at the same catch reconstruction objective include similar
sources of unreported catches but more correctly do not use the IUU acronym in any part of
their studies (e.g. Tesfamichael and Pitcher (2007) or Al-Abdulrazzak et al. (2015)) to qualify
the difference between their reconstructed catch estimates and official catch data.

For some studies, definitions are overlapping. For example, estimates of unreported catches
by duly licensed vessels in contravention with legal reporting requirements (thus mostly FAO
IUU definition 3.2.1, see for example Aanes et al. (2011) or Hendati-Sundberg et al. (2014))
do not identify whether underreported catches have been obtained in compliance or in
breach with existing technical regulations (gear specifications, closed season, closed area),
thus incorporating an element of FAO IUU definition 3.1.1. Other studies do not clearly
separate estimates of underreporting by legal vessels from underreporting by vessels
operating illegally, while stating that they are unable to make the distinction (Agnew et al.
(2009), Clarke et al. (2006) , Clarke et al. (2009) or Pramod et al. (2014)). Therefore, most
studies aiming to estimate real catches from a given set of fisheries focus on a grouping of
lllegal and Unreported components, some explicitly excluding the Unregulated component,
others not.

Another example of overlapping definitions includes the recent FFA study (MRAG, 2016) study
which clearly identifies different types of IUU behaviours subject to estimates, but with
definitions deviating from IPOA-IUU definitions. For example, the unlicensed/unauthorised
fishing infringement type in the FFA study that is subject to a specific estimate amalgamates
elements of illegal fishing and unregulated fishing.

Nonetheless, the studies reviewed do also contain some that concentrate on particular types
of IUU fishing that are well aligned with the IPOA-IUU definitions. Studies estimating
unregulated catches of non-party vessels in RFMO areas are focused on this particular type
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of IUU behaviour (FAO IUU definition 3.3.1) and do not include any other behaviour falling
under other IPOA-IUU definitions (Agnew (2000), Agnew and Kirkwood (2005)).

The difficulties encountered by the different studies in providing consistent definitions of IlUU
fishing that are unambiguously aligned with IPOA-IUU definitions can be explained by the lack
of clarity of those definitions in the IPOA-IUU, and a lack of alignment of those definitions to
the types of activities, and quantities (catch; economic loss) estimated in typical IUU studies.
As noted by Tsamenyi et al. (2015), the IUU fishing term is broad and, due to the diversity in
governance frameworks, national legislation, fishing operations throughout the globe, and
RFMO conservation and management measures, there are a number of grey areas and
overlapping situations among the three components of IUU fishing.

In addition, whilst the IPOA-IUU describes a number of illustrative activities under each of the
IUU fishing components, it does not completely cover all possible scenarios and does not
address the issue of overlap among the three IUU fishing components, leaving open some
room interpretation. The categories also do not line up well with either a general
understanding of the types of problems or the egregiousness of problems; for instance, 3.1.1
covers both (i) unlicensed fishing by large industrial vessels in State waters off west Africa and
(ii) using illegal gears. And the IPOA-IUU fails to emphasise sufficiently the importance of
controlling transhipment as a form of illegal fishing activity.

In response to such problems Tsamenyi et al. (2015) proposed a categorisation of IUU
behaviours which would place all misreporting in contravention with existing laws or
regulation under the illegal component of IUU, and leave under the underreported
component reporting that is not required by a law or regional/international conservation and
management measure, like for example unreported discards where such reporting is not
mandatory. Unregulated fishing under the proposals made by Tsamenyi et al. (2015) would
be largely an issue of governance. These proposals have not been endorsed by FAO or the
wider international community, but there are good arguments for the definitions in the IPOA-
IUU to be revisited.

2.2 THE GEOGRAPHICAL AREA, SCALE AND SCOPE OF THE STUDIES

While the lists of studies in Appendix 1 and Appendix 2 may not be completely
comprehensive, the studies listed in Appendix 1 and their respective fiches in Appendix 3
allow for some findings as to the coverage of studies estimating levels of IUU fishing in terms
of their geographical scale, the ocean areas they consider, and the types of fishing fleets, gear
and species which are included.

Based on fiches presented in Appendix 3 and as shown in Table 1:

e |tis most common for the studies reviewed to focus on regional, or national IlUU
fishing issues, rather than on global or local/sub-national estimates;

o Veryfew (2 [5%] of the 44 studies) examine IUU fishing in inland freshwater fisheries
(in rivers or lakes), even though inland fisheries accounted for 12.5% (11.7 million
tonnes) of total global capture fisheries production in 2013 of 93.8 million tonnes?;

4 FAO FishStatJ
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e There is a strong concentration of the studies on the Pacific Ocean (or parts of it)
with the Pacific being the subject of 18% of the studies reviewed, but given that the
Pacific accounts for more than 50% of global catches this region may still be
considered under-represented in terms of studies to estimate IUU fishing;

e The East and West Atlantic regions combined accounted for 21% of global catch in
2013, and 18% of the studies reviewed are concerned with estimating IUU fishing in
this Ocean;

e Seemingly also over-represented in terms of the focus of studies, is the Antarctic
which was the subject of 7 (16%) of the studies reviewed, but only accounts for
<0.5% of global catches in volume terms.

e Only two studies were estimates of IUU fishing in the Americas, one a study of
commercial and recreational fisheries targeting groundfish and salmon in British
Columbia, and the other a study of IUU fishing in the Mexican EEZ. It is not clear
whether the small number of studies focussing on this continent is due to studies not
being published in English and therefore not being collected by the consultants, or
whether the Americas are actually under-represented in terms of studies estimating
levels of IUU fishing.

Table 1: Geographical scale and ocean coverage of studies to estimate IUU fishing

Scale global local / sub- national regional Total %
Ocean areas national
All 6 2 8 18%
Antarctic / S Oceans 7 7 16%
Artic 1 1 2%
Baltic 1 1 2 5%
East Atlantic Ocean 2 3 2 7 16%
Indian Ocean 3 3 6 14%
Inland rivers/lakes 1 2 5%
Mediterranean 1 2 5%
Pacific Ocean 3 1 8 18%
West Atlantic
Ocean 1 1 2%
Total 6 8 11 19 44
% 14% 18% 25% 43%

Source: Poseidon analysis of studies reviewed. Notes: (i) Not all global studies make estimates of total global
IUU fish catch, as some make estimates of global IUU catch of particular species or by particular fishing fleets.
(i) Studies with a regional geographical scale but which cover all ocean areas are studies using a number of
regional case studies in different oceans.

Table 2 below shows that in terms of the species groups that are covered by the studies, many
(17, 40% of the studies reviewed) cover all species within the geographical area that is the
focus of the particular study. Twenty-seven (61%) of the studies reviewed focus on one
particular species or species group, although few of these had crustacea, freshwater fish,
cephalopods, or other molluscs as the focus of their estimates even these species groups
accounted for 7%, 12.5%, 4% and 3% respectively in 2013° i.e. a total of almost 30% of the

5 FAO, FishStatJ
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volume of global catches. Some of these species can be very susceptible to overfishing due
their biological characteristics, and of high value, making a lack of focus on such species
surprising.

Table 2: Types of species covered in studies to estimate IUU fishing

Species Total % of Total
All (in the area being

covered by the study) 17 39%
Anadromous 2 5%
Crustacea 1 2%
Demersal 9 20%
Freshwater 1 2%
Mollusc 1 2%
Multiple 6 14%
Pelagic 7 16%
Total 44

Source: Poseidon analysis of studies reviewed. Notes: studies focussing on anadromous species both concerned
salmon, while the study related to molluscs estimated IUU fishing for abalone.

Table 3 below categorises the different studies reviewed in terms of their focus on IUU fishing
by different types of fishing fleets and gears. Most studies (32, 73%) consider all gear types in
the area that is the focus of the study, but a few studies (12) estimate IUU fishing specifically
for gillnets, longlines, pots/traps, or trawling. Seventeen of the 44 studies (39%) estimate IUU
fishing as it pertains not just to commercial fishing but also to recreational and/or subsistence
fishing — these studies are those making estimates of ‘total removals’ (see more discussion
below in Section 2.4), with 27 being concerned only with commercial fisheries. Of the studies
making estimates of IUU fishing in commercial fisheries, while 11 include all fleet types, 14
focus on large-scale/foreign fleets, and only two focus solely on IUU fishing by small-scale
fleets - this despite the fact that small-scale fisheries employ around 90% of the world’s fishers
and fish workers® and make a significant contribution to global catches.

6 FAO, http://www.fao.org/3/a-au832e.pdf, http://www.fao.org/3/a-i4356e.pdf
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Table 3: Types of fishing fleets and fishing gear covered in studies to estimate IUU fishing

Gear type Gillnet Longline Multiple Pots/traps/ Trawling Total %
Fleet type gears divers
commercial,
recreational and
subsistence fisheries 11 11 25%
commercial and
recreational fisheries 5 6 14%
all commercial fleets 1 9 11 25%
foreign fleets only 2 2 5%
large scale fleets
only 2 3 4 3 12 27%
small-scale fleets
only 1 1 2 5%
Total 3 4 32 2 3 44
% 7% 9% 73% 5% 7%

Source: Poseidon analysis of studies reviewed. Notes: studies covering ‘gillnet’, ‘longline’, etc. estimated IUU
fishing for that particular gear type only.

For studies concerned with different oceans, geographical scales, fleet types and gears, there
is no clear pattern or consistent use of a particular type of methodology (as discussed further
in Section 2.4), or indeed a focus of the studies on different aspects of I,U and U (as discussed
in Section 2.3) i.e. studies focussing at the national level, or on pelagic fisheries, for example,
don’t all use the same methodology or consider/include the same types of I, U and U. This
fact, coupled with the discussion on the partial coverage of the studies as presented above
also makes it clear that the sum of all IUU fishing estimates made by the individual studies at
local, national and regional levels would be far from complete in terms of global coverage,
would result in some double-counting which would be difficult to unpick, and could not be
compiled into a global estimate.

2.3 THE MAIN OBJECTIVES OF THE DIFFERENT STUDIES

Many of the studies to estimate IUU fishing start by clearly articulating their objectives, and
these often relate to the components of IUU behaviours being estimated, the geographical
scale of the studies, the focus on aspects of IlUU behaviour, and the species, fleet and gear
types to be included. The objectives often have a strong bearing on the methodologies then
used.

More than a quarter of the studies reviewed (e.g. Ainsworth et al, 2005, Zeller et al 2011,
Belhabib et al 2014, Swartz et al 2014, Al-Abdulrazzak et al 2015, Pauly and Zeller, 2016, to
name a few) have as an objective the estimation of ‘total removals’ i.e. the objective is to
obtain a truer picture of the impacts of catches on sustainability, and the methodology used
is to re-construct catches (often adding recreational and subsistence catches to known
commercial catch). These studies (which examine total removals at a range of different
geographical scales) often therefore focus strongly on ‘unreported’ catches, but as already
noted only some of these are likely to be IUU as defined by IPOA IUU definition 3.2.1 or 3.2.2.
Indeed, these studies are less concerned about the cause of unreported/misreported catch
than its magnitude.

10




Poseidon Review of studies estimating levels of IUU fishing

The objective of some studies is to focus on a particular species and just to raise awareness
of levels of IUU catch, and this can allow for the use of specific methodologies appropriate for
those species. For example, trade data are used when considering IUU catches of shark
(Clarke et al, 2006), salmon (Clarke et al, 2009), tunas (MRAG, 2016) and orange
roughy/abalone/sea cucumber (Willock et al, 2004).

For other studies, their objective in estimating levels of IUU catch is strongly underpinned by
the desire to use those estimates to make recommendations about necessary management
actions to reduce IUU fishing. In such cases this objective can impact on the geographical scale
adopted by the study and the species covered so as to match the scope of analysis to the
management competencies of different organisations and institutions. Thus the recent FFA
study (MRAG 2016) quantified IUU volumes and values of tuna by fleet segment in areas
under the management competency of the WCPFC so to as make data available to the WCFPC
in the hope that such data will be used by the Contracting Parties to take necessary
management action. Another very recent study of IUU fishing in the Asia-Pacific region
(Funge-Smith et al, 2015) also had as a key objective the identification of IUU hotspots in
order to inform a discussion about opportunities to combat IUU fishing by countries in the
region, even providing an IUU risk assessment tool. Other studies at a national or sub-national
level, for example Glazer et al (2015) when estimating IUU fishing in Somali waters, and
Wagey et al (2009) providing estimates of IUU activities in Indonesian waters, are also
intended to focus the attention of management authorities on necessary management action
to reduce IUU fishing. Many of the studies reviewed but for which fiche have not been
prepared (i.e. those in Appendix 2) have an especially strong focus and objective on
identifying necessary management and MCS actions to reduce IUU fishing, given that they
tend to focus on compliance.

A sub-objective of many of the studies, whether they focus on estimating total removals
and/or on identifying potential management measures to reduce IUU fishing, is to identify
the drivers of IUU fishing. These drivers are revealed to include economic incentives/benefits
of IUU behaviour by fishers, macro-level economic and political factors, and weak fisheries
management and related MCS.

2.4 THE DIFFERENT METHODOLOGIES USED BY THE STUDIES

The section considers in more detail the specific methodologies used to estimate IUU fishing
and the building blocks or types of data/information that are often used in the studies.

Sub-national, national and regional studies

Methods giving estimates specific to defined IUU categories (see Section 1.4) can be used for
different elements of IlUU behaviour, and draw on a number of sources of information and
data as building blocks to arrive at the final estimates. It should be noted that rarely does one
study use an identical method as another study, and often studies use a combination of
methods. This variability reflects the availability of data to different studies, and the fact that
by the very nature of the problem IUU studies are trying to estimate unknown quantities, so
researchers usually use methods that are tailored to their specific situations.

1. Quantity of unknown catch for unlicensed fishing (IPOA-IUU definition 3.1.1) or
unregulated fishing (definition 3.3.1) i.e. activity of unseen or unknown IUU vessels or
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fishers can be estimated from the estimated number of vessels/fishers fishing without a
licence or in an unregulated way multiplied by the estimated catch per vessel/fisher.

Estimated unseen fishing effort - number of vessels or fishers fishing - may be
acquired from surveillance overflight data (eg MRAG, 2016), remote sensing (e.g.
comparison of AIS/VMS/SAR data), MCS surveillance and arrest data, expert
judgement, or identification of specific [IUU vessels and knowledge of their
whereabouts and catch per day (e.g. Coalition of Legal Toothfish Operators, (2015)).
Surveys of active or discarded fishing gear (Agnew & Kirkwood 2005; Kleiven et al.
2012; Williamson et al. 2014). In all cases, estimates must take into account
observation efficiency and avoidance probability in order to obtain a useful estimate
of overall unseen effort.

Estimated catch per vessel or fisher or gear unit is often assumed to be the same as
legal fishing with like gear, target, area, and may include bycatch rates of
endangered, threatened and protected (ETP) species; sometimes estimates are
made based on the number of likely trips, hold capacity, and catch rates of vessels,
again based on legal vessels, or if there are no legal vessels operating in the area,
expert judgement or knowledge of the specific characteristics of the fleet.

2. Quantity and type of unknown IUU catch from known vessels (vessels not complying
with regulations) (illegal behaviour, misreporting or discarding; definitions 3.1.2, 3.2.1,
3.2.2) can be estimated from the estimated number of fishing vessels displaying the
behaviour multiplied by the estimated discard or unreported catch per illegally behaving
vessel.

Estimated number of vessels from known licence data expected to be undertaking
transgressions, is usually obtained from a combination of licence records and
surveillance data (e.g. surveillance reports provided by control authorities)

Estimated unreported or misreported catch in illegally behaving vessels is usually
obtained from logbook or observer data from vessels that are known to be behaving
legally, for instance when they have an observer/camera on board.

O Observer data and comparative analysis between observed/unobserved trips
(often using sophisticated statistical modelling techniques, eg Hentati-
Sundberg et al. 2014) in situations where unexplained differences can be
attributed to the adoption of illegal (e.g. illegal discarding, illegal shark
finning);

O Logbook data and comparative analysis can be used between expected legal
vessels and others; and

0 Interviews with fishers or MCS professionals can provide anecdotal
information on quantities and trends of illegal fishing, categorised by IUU

type.
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0 It should be noted that where discarding is not illegal, good estimates of
discarding are often available through observer data, but this does not
contribute directly to IUU catch information.

3. Unknown catch generally. Without any external reference points (such as a number of
known vessels engaged in IlUU behaviours as in (2) the quantity of unknown catch can
still be estimated, but its origin is often unknown — whether it is illegal or not illegal
based on the definitions in the IPOA-IUU (for instance discarding and reporting discard
guantities is rarely illegal, even though it is assumed by many to be IUU). Techniques
include

e Using stock assessment models to estimate the total catch of a species, which when
compared with declared catch provides an estimate of undeclared catch (which may
not be illegal if it is estimated as discarded or unreported). This method has some
similarities with the cross-comparison of observed/unobserved vessels, in that some
known data are used to statistically infer unknown data. This is not the same as the
non-statistically based inferences in the “anchors and influences” meta-methods
discussed below, where unknown catches are inferred from changes in management
regimes and assumed fisher behaviour, without an underlying statistical model such
as a fish population model/stock assessment.

e Using trade data and other combinations of high level statistics (landings; catches;
imports; exports; transhipments) to estimate total catch or traded volumes, which
when compared with declared catch provides an estimate of undeclared catch.
Catches may or may not be illegal. For instance, Clark (et al, 2009) was able to
attribute unreported salmon detected using trade data as illegal, but her similar
analysis of shark catches (Clark 2006), and those made by Worm et al (2013) were
simply estimates of total shark unreported catches, including mortality due to
finning, which is both illegal and legal in various jurisdictions.

4. Quantity and type of IUU fishing that does not result in unreported catches can only
really be obtained from MCS or remote sensing techniques. For instance, in tuna
fisheries there is a growing interest in using camera technology to monitor all activities
of vessels (setting FADs, hauling fish, fish size and species) and many companies are now
offering these services (Archipelago Marine; Digital Observer Services to name but two).

Agnew (2015) characterised and provided strengths and weaknesses of the different data
types/sources and their use in estimating different aspects of IUU behaviour, as shown in
Table 4 below.
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Table 4: Strengths and weaknesses of common approaches to estimate IUU fishing at a
case-specific level

Data Potential
type/source

Strengths Weaknesses
elements being

estimated

data, from
nominated
patrol  vessels

and work by
authorities  at
landing
sites/ports

MCS inspection |e

Accurate
recording of
individual
violations
(IUU or non-
IUU) in
practice on
land and sea

High resolution data
attributing IUU
catches to actual
fishing activity and
violation type

Large sample sizes
from fishery surveys
may be statistically
unbiased

Possible information
on damage to non-
target species and
habitats

Underlying statistical
framework unlikely to be
appropriate when arising from
targeted MCS activities (i.e.
this produces over-sampling of
high IUU problems; see Green
and McKinlay, 2009)

Catches from different IUU
activities may not be
recordable by inspectors at sea

Remote e Estimates of Possibility of repeat Computationally and
sensing, number of synoptic surveys, electronically
including vessels generating high intensive/expensive
satellite,  ship fishing quality statistical Identification of actual fishing
and air surveys, without data activity is lacking
on-board licences or in Offers the possibility Cannot detect non-positional
camera areas that of matching various violations (eg gear,
monitoring. are data sources — misreporting, discarding)
prohibited anecdotal and Must be matched with other
objective. estimates of catch rate,
Can detect and track species, etc from legal vessels
individual vessels
globally, not just in
area of study
Stock e Estimates of Statistically robust Usually unable to identify
assessments total estimates violation type, e.g. to separate
deriving unreported Good spatial and illegal from legal unreported
estimates of catches of temporal coverage: Should be used in conjunction
missing catches target fish coverage of the with other information on
(the one whole of the stock, relative levels of IUU activity to
that is the over all years anchor the estimates
subject of Potentially Best to estimate significant
the stock applicable to all periodic IUU, rather than long
assessment) species caught by term constant IUU
e May allow the fleet if they are No information on collateral
resolution assessed damage by IUU fishing to non-
by IUU type target species and habitats
if input data
allow.
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Weaknesses

Data Potential
type/source

Strengths
elements being

estimated

Trade data |e Estimate of Easy access to global Mis-declared products not
analysis, total data captured
including data unreported Accurate data if Usually limited to iconic
captured by catch by declared on species, which are declared on
catch and species and catch/import customs forms, or documents
statistical sometimes documents by all Trade data not linked to catch
documentation by country countries importing, documentation (which tracks
schemes or if all countries catches through the entire
subscribe to the supply chain) may suffer from
scheme low temporal resolution
Comparison with (product often stays in storage
reported catch for months or years) meaning
means that that cross checking with
estimates are illegal declared catch data is
or unreported, but inaccurate
unreported may not Where fish can be caught and
be strictly illegal, landed in a number of
depending upon jurisdictions identification of
circumstance IUU location is difficult
Specific violations (except
import violations) cannot be
detected
Relies on exporting - cannot
detect IUU where fish are
consumed locally
Expert e Individual Integrates Difficult to validate or
judgement point knowledge from understand in the context of
estimates of practitioners, often any objective, comprehensive
IUU, or fishers with direct and statistical analysis.
trends over knowledge of IUU May suffer from over-sampling
time activities, or MCS —i.e. only those experiencing
professionals high 1UU levels will be
interviewed

Source: Poseidon, adapted from Agnew (2015)

All the methods in Table 4 can provide estimates of “missing catch” but this may not be easily
(or generally) expressed in terms of ITUU unless their source data allows identification of IUU.
For instance, an assessment method was used by International Council for the Exploration of
the Seas (ICES) (ICES, 2014) to estimate “un-recorded” catches of cod. Instead of assuming
catches to be known without error the assessment model used assumed that catches include
observation noise. This has the consequence that estimated F-at-age paths display less inter-
annual variability than with deterministic assessment models, because part of the observed
fluctuations in catch-at-age are arising from observation noise instead of from changes in F.
Application of the model assuming unknown catch observation noise for a very long period
of time (1993 to the present) did not lead to satisfactory results, but constraining the
“uncertain” time to 1993 — 2005 allowed ICES to estimate that during the period of most rapid
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management action, the early 2000s, real catches were up to 68% higher than the combined
declared catches. This example displays two features. Firstly, assessment models usually
need sufficient “contrast” to be able to estimate unknown catches, and this is best provided
through assuming that IUU fishing occurred over a small discrete period of time within a
longer period assessment. Secondly, ICES at this point did not know whether the unknown
catches were discards (at that time not illegal, and therefore not IUU); or unreported (and
landed) catches in contravention with mandatory reporting requirements (thus illegal). This
level of resolution of the data can only be estimated through comparison with other data
sources, such as MCS reports.

Most of the methods discussed above have very specific limitations. They may be very good
at estimating all the unreported catch of a particular species, but less good at identifying
where it came from or what types of IlUU were being used. Or they may be very good at
identifying specific violation types, but poor at estimating quantities. Or they may estimate
target species IlUU but have no estimate of the impact of IUU fishing on other species.

Global (and regional) estimates using meta-data

The studies using the methodologies discussed above all work at different scales - sub-
national, national or regional. Integrated global (or in some cases regional) studies have
tended to use meta-analyses — analyses or reviews of large amounts of secondary data and
other studies completed at smaller geographical scales. The most common methodology used
to pull these disparate studies and information sources together is the “anchor points and
influence factors” method (Pitcher et al, 2002) which was used in the only global study to date
(Agnew et al, 2009). This method uses some confirmed estimates of IUU or underreporting of
catches, such as derived using the building blocks and methodologies discussed above for
specific years, and extrapolates or interpolates these estimates to other species, years and
fleets based on logical argument or other, often anecdotal or interview-based information.
Uncertainty is often high, as represented by upper and lower bounds to the anchor data and
to the interpolated data, from which an overall estimate of IUU catches or activity can be
derived.

As the scale of these studies increases, usually they either lose accuracy or lose granularity
because of the assumptions that they have to make for elements for which there are no data.
For instance, there may be good data on illegal discarding or unlicensed fishing one year and
no other estimate for a further 10 years; or there may be good data on unreported catches
of one species, but no knowledge of other species or the IUU status of those catches.
Furthermore the opportunity for overlap between studies, leading to double counting,
increases (for example, an individual instance of IUU behaviour might be estimated separately
by an RFMO, by a flag state, or by a coastal state, and therefore could be counted twice (or
more), or catches misreported as coming from a particular area may have been reported
elsewhere).

A generalisation of the Pitcher et al (2002) methodology has been described by Pauly and
Zeller (2015) as “catch reconstruction, undertaken using the following methodology:
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1. ldentification, sourcing and comparison of baseline reported catch times series,
i.e., a) FAO (or other international reporting entities) reported landings data by FAO
statistical areas, taxon and year; and b) national data series by area, taxon and year;

2. ldentification of sectors (e.g., subsistence, recreational), time periods, species,
gears etc., not covered by (1), i.e., missing data components. This is conducted via
extensive literature searches and consultations with local experts;

3. Sourcing of available alternative information sources on missing data identified in
(2), via extensive searches of the literature (peer-reviewed and grey, both online and
in hard copies) and consultations with local experts. Information sources include
social science studies (anthropology, economics, etc.), reports, colonial archives,
data sets and expert knowledge;

4. Development of data ‘anchor points’ in time for each missing data component,
and expansion of anchor point data to country-wide catch estimates;

5. Interpolation for time periods between data anchor points, either linearly or
assumption-based for commercial fisheries, and generally via per capita (or per-
fisher) catch rates for non-commercial sectors; and

6. Estimation of total catch times series, combining reported catches (1) and
interpolated, country-wide expanded missing data series (5).

7. Quantifying the uncertainty associated with each reconstruction.

Table 5: Strengths and weaknesses of meta-analyses

Data Potential Strengths Weaknesses
type/source elements
being
estimated
Interpolations |e Resolution |e Use of many different o Difficult to consistently
from multiple depends sources allows cross-checks separate different types
sources on e Generates time series and of IUU fishing
(anchor  and resolution allows reasonable e Establishing quality and
influence of source extrapolations/interpolations overlap of individual
points;  catch data to unobserved fleets contributing studies is
reconstruction) e Different data sources can be difficult
given different quality e Asthe scale increases,
markings and assigned the potential for double
confidence counting increases.

e Anchor points can be
sparse, and the
rationale for using
management changes
to infer interpolations,
results in estimates
with considerable
uncertainty.

Source: Poseidon
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An analysis of these meta-data type studies available shows the following:

No single methodology appears to be used consistently for the estimation of IlUU
fishing. The closest that anything comes to being a consistent methodology is the
anchor and influence method. No single methodology appears to be better than
another, and of necessity studies in different regions need to take into account
available data and information in that region.

Although the best practice individual studies are able to estimate fairly precisely the
amount of illegal or unreported activity on a specific species in a specific area (Aanes
et al. (2011) for cod and haddock using data from fully inspected vessels, Payne et al
(2005) using stock assessments; Agnew et al (2005) for CCAMLR using fisher
behaviour and MCS modelling; Clark et al (2005 and 2009) using trade data for shark
and salmon) this has only rarely contributed to global or regional estimates;
furthermore they may or may not be able to identify specific IUU types.

The most widely applied meta-data methodology (anchor and influence, and catch
reconstruction) has sometimes been applied without full knowledge of the
underlying data (often using secondary information, reports, anecdotal information
rather than the more robust IUU estimation techniques above), without precise
identification of IUU categories, and with a large number of assumptions to fill in the
missing data holes. However, all use some robustly acquired data (the anchor)
derived using the basic building blocks and in many cases the additional assumptions
lead to fairly logical interpolations and extrapolations. Many of the better studies
along these lines seek to reduce uncertainty by triangulating amongst different
sources and types of information (e.g. in Eritrea the changes in regime are clearly
linked to changes in fishing behaviour by Tesfamichael and Pitcher, 2007). As noted
above (Section 2.3) these methods have most widely been used in “catch
reconstruction” for which IUU catches only form a part; but if estimation of total
losses/extractions from marine ecosystems is the objective of a study, these provide
probably the best estimate available, and have the advantage of being country-EEZ
specific, therefore avoiding problems associated with double counting.

The best regional studies appear to approach the problem using both quantitative
and qualitative data and triangulating between different data sources. They utilise a
wide range of building block data, with known or estimated statistical properties,
distinguish and identify different IUU types, and triangulate results with other data
such as trade data or expert judgement (Plaganyi et al, 2011; Schwarz and Ishimura,
2014; Pramod et al, 2014; MRAG 2016). They also often undertake a risk assessment
of the problem, and focus their analysis on the areas of highest risk (Funge-Smith et
al, 2015). The results may not be simply quantified in tonnes of unreported IUU fish,
but include estimates of economic losses and ecological impacts (MRAG, 2016).
However, only rarely are ecological impacts (e.g. estimates of bycatch of birds or
habitat damage) included.

Much of the analysis above focusses on EEZs and areas under jurisdictional control
(eg FFA waters, MRAG 2015; or south east Asian hot spots, Funge-Smith et al, 2015).
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The methods used by RFMOs to estimate IUU fishing follow no single methodology
(see Table 6).

Table 6: Status of IlUU estimation across selected RFMOs

Parameter

Estimation
technique

CCSBT IATTC ICCAT I0TC ‘ WCPFC CCAMLR
Market/ Unknown Case bycase | Case by | Bottom up | Bottom up
but 100% | based on | case basis | approach based on
Trade
based coverage on | external done based on | MCS data,
purse seine | knowledge | internally | field and | estimate of
vessels. approved by | by remote- number of
Assumed no | the secretariat | sensing active I1UU
IUU Standing and data vessels,
Committee | approved catch rates,
on Research | by and species
and Scientific composition
Statistics Committe
e

Source: Sharma (2016) and Poseidon data acquired from RFMOs.

not aware of

NAFO reported to the authors that they were
any IUU in their region since 2006.

Other issues of quality

In considering the strengths and weaknesses of the studies reviewed (as documented in the
fiches in Appendix 3), most studies specify well their objectives, scope and the main
methodological approach being used.

However, in addition to inherent weaknesses in the different methodologies as discussed

above and

presented in Table 4 and Table 5, many of the studies are poor in terms of:

The large number of assumptions made, which lead to inevitable questions over
the accuracy of the estimates produced. Some examples include: Ainsworth and
Pitcher (2005), Agnew et al (2009), Aanes et al (2011), Funge-Smith et al (2015).
Questions over accuracy are especially pronounced with studies that fail to
provide ranges of estimates. Some of those that do provide such ranges, and
implicitly or explicitly acknowledge uncertainty, include the recent FFA study
(MRAG, 2016), and Agnew et al (2009).

A lack of detailed source information being provided, supporting and allowing
replicability and scrutiny of workings to derive estimates of IUU fishing. This is
understandable for those studies reported in peer reviewed journal articles with
length limitations, but is less justifiable in project reports. Notable exceptions of
studies that provide good source information are the studies by Agnew et al
(2009) which included all information in a 242 page report accompanying the
main paper; and Pramod et al (2008).

The failure to triangulate estimates. The best studies of IUU fishing have used a
combination of methodologies, at different levels of resolution, to triangulate on
guantities, impacts, and types of IUU fishing, but many do not. One particularly
good example is Plaganyi et al (2011) which triangulates stock assessment,

19




Poseidon Review of studies estimating levels of IUU fishing

police/surveillance and trade data to estimate illegal catches of abalone in South
Africa.

A failure by authors themselves to state, and be transparent about, the
weaknesses and limitations of their work. Some studies that do state such
limitations include: MRAG (2005), NASCO (2007), Funge-Smith et al (2015), MRAG
(2016).

Lack of transparency or robustness of statistical methods used to produce
confidence intervals.
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3 CONCLUSIONS AND RECOMMENDATIONS

3.1 CONCLUSIONS

The context in which IUU fishing takes place has evolved considerably in recent years with
improved governance at national, regional and international levels, and changing incentives
and risks for vessels of engaging in IUU fishing. These changes are certain to have impacted
on the amount of IUU fish catch globally, where IUU activities may take place, and the relative
importance of different types of IUU fishing behaviour and which behaviours may now be
most prominent. For example while the opportunities for vessels to engage in unregulated
fishing are becoming ever smaller, misreporting may now be a major component of IUU fish
catch.

Earlier studies to estimate IUU fishing at the global level served a useful advocacy purpose in
providing ballpark estimates of the volume of IUU catch, but their usefulness can be
guestioned now that there is greater awareness about the problems of IUU fishing and the
need to address it. The objective of estimating IUU fishing may now be more usefully focussed
around generating estimates at a more sub-national, national or regional levels as the basis
for practical targeting of fisheries management and MCS efforts to reduce IUU fishing, rather
than just for the purposes of raising awareness of the IUU fishing problem.

The argument against devoting effort to generate an up-to-date global estimate is further
bolstered by weaknesses that would be inherent in the methodology, which would be likely
to reflect weaknesses in earlier studies. A new global estimate would almost certainly: lack
accuracy and be highly uncertain; be unclear as to the IUU behaviors included due to the need
to draw on other studies/analyses; fail to provide sufficient detail for all geographical areas,
fleets, fish species, and types of fishing gear thereby having to reply on many assumptions in
the process of scaling up the estimates from some individual studies to the global level. In
addition, having a global figure as a benchmark to be monitored at periodic intervals (say
every 5 years) may not be especially useful, as any future estimates would be likely to be
based on evolving methodologies and would have to draw on information/data from a range
of different studies each time, rendering direct comparison potentially rather meaningless.
Furthermore confidence intervals of estimates in global studies are wide given the
assumptions and uncertainty involved, so observing any statistically significant change
between two time periods would be unlikely.

We therefore conclude that the global estimate of IUU catch suggested by the FAO-supported
workshop in Rome in 2015 is not necessary or advisable from a technical point of view. We
do however note that there may still be political impetus for such an estimate, and that in this
case, FAO may be considered the most appropriate organisation to support the development
of such an estimate given its global mandate for fisheries.

The technical guidelines for studies estimating levels of IUU fishing suggested by the Rome
2015 workshop, might nevertheless be useful in improving the quality of studies being
completed at local, national or regional levels, given the variable quality in many of the studies
that have been completed to date — such studies, in areas where governance and control
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resources are weak, and/or where key resources are subject to overfishing, would certainly
be useful.

Given the lack of consistency in studies as to aspects of |, U, and U fishing being estimated,
and common misunderstanding about what IUU activities are included in the definitions of
IUU fishing in the IPOA-IUU, if technical guidelines are to be prepared to inform the
completion of studies estimating levels of IUU fishing activity, it would be useful for such
guidelines to revisit the definitions of IUU as articulated in the IPOA-IUU, and to provide
further elaboration, and potentially sub-division of these categories. However, given the
emerging range of definitions of IUU as highlighted in Section 1.4, it may still be necessary to
leave future studies some room to define what they mean by IUU fishing within the context
of the analysis they might wish to conduct.

In addition, technical guidelines on estimating IUU fishing should make it clear that studies to
estimate IUU fishing within the content of the IPOA-IUU and efforts to tackle the ‘crime’ of
IUU fishing, should not include studies that focus on estimating ‘total removals’ i.e. which may
include recreational and subsistence catches even when such catches are not illegal,
unreported or unregulated in terms of the IPOA-IUU definitions. Furthermore, such guidelines
could usefully note that the economic and social impacts of IUU fishing activities may not
result from non-reporting of catch data but rather from misreporting. This means that the
volumes of IUU catch which are the focus of catch accounting methodologies, may need to
be accompanied by sufficient focus on the value to fishers of IUU activity and the associated
costs to society. A stronger focus on estimating values of IUU catch for different types of IUU
behavior and for different fleet types and fishing gear, rather than just volumes as tends to
be the case in many studies, would generate information about the importance and benefits
of devoting sufficient management and MCS resources at reducing IUU fishing activity, while
also serving to inform the priority focus areas for such resources so as to maximise efficiency
and cost effectiveness.

Considering that the objective of actively contributing towards efforts to combat IUU fishing
and reduce levels of IUU catch may now be of greater priority than just raising awareness of
the problem, also of great benefit would be the development of technical guidelines on risk-
based assessments of IUU fishing. A number of frameworks for I[UU risk assessments are being
used by RFMOs and national administrations. But as the 5th GFETW in Auckland observed in
March 2016, there is currently no guidance on how to complete such assessments, and many
developing and developed countries alike would benefit from technical guidance. The
completion of IUU risk assessments could also, but need not necessarily, result in and be the
basis for estimates of IlUU catches. The first step in developing such technical guidelines would
be the preparation of an inventory and review of all existing risk assessment frameworks in
use. FAO could take the lead in developing such guidelines as FAO is the appropriate
organisation to do so with its global fisheries mandate.

Indicators of IUU fishing to monitor progress in combatting IUU fishing internationally are
critically important in terms of both benchmarking and monitoring progress over time in
combatting IUU fishing activity. However for the reasons stated above we conclude that IUU
activities indicators should not include a global estimate of IUU catch. Indicators could
however focus on other aspects such as numbers of vessels on IUU fishing vessel lists, number
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of countries issued with yellow and red cards under the EU IUU regulation, the outputs of IUU
risk-based assessments, and perhaps some specific regional or local estimates of IUU activities
in high risk areas based on repeatable and robust methodologies. Technical work and
stakeholder consultation would need to be undertaken to identify and agree on the
appropriate indicators, and FAO would be the logical organisation to lead such work. It would
also need to be agreed where and how such indicators should be published; possibilities might
include a ‘live’ dashboard of indicators being hosted by an organisation such as FAO and
regularly updated, or alternatively more static indicators published periodically, for example
in FAOQ’s bi-annual flagship publication, State of the World Fisheries and Aquaculture (SOFIA),
as recommended by the Rome 2015 workshop.

3.2 RECOMMENDATIONS

Given the findings as presented in Section 2 of this report, and the conclusions as presented
in Section 3.1 above, this study of studies makes a number of recommendations to COFI for
consideration at its 32" session in July 2016. These recommendations at that COFI should
advise and consider whether:

(i) an updated global estimate of IUU catch is desirable and if so what would be
its objective and what role FAO should have in supporting/developing such
an estimate.

(ii) FAO should lead a process to develop technical guidelines to improve the
quality of studies completed at local, national and regional levels to estimate
IUU catch (even if a global estimate of IUU catch is not considered
important), and whether such guidelines should revisit the IPOA-IUU
definitions, not necessarily departing from them but identifying separate
categories of IUU that should be considered in risk assessments and
monitoring studies that are more attuned to current experience and
practices.

(iii) FAO should support the development of technical guidelines on conducting
IUU risk-based assessments.

(iv) reporting globally on indicators of IUU fishing would be beneficial, and if so
what the process should be for proposing, agreeing and reporting on such
indicators, and what role FAO should play in such a process.
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Appendix 2: Other references related to IUU fishing but for which fiches have not been
prepared

Anganuzzi A., (2004) Gathering data on unreported activities in Indian Ocean Tuna fisheries.
IOTC Secretariat. In: OECD (2004) Fish Piracy: Combating lllegal, Unreported and Unregulated
Fishing. Chapter 8 pp. 147 - 154. OECD Publishing.

Reports on legal/illegal vessels, not on estimates of IUU catch from those vessels. So more a
focus on compliance.

Blank, S.G., and Gavin, M.C. (2009) The randomized response technique as a tool for
estimating non-compliance rates in fisheries: a case study of illegal red abalone (Haliotis
rufescens) fishing in Northern California. Environmental Conservation 36, 112-119.
Paper focuses on compliance rates (using randomized surveys) with licences, size, and daily
limits. Compliance with bag limits not converted in estimates of IUU catch volumes.

Borit, M., Olsen, P. (2012) Evaluation framework for regulatory requirements related to data
recording and traceability designed to prevent illegal, unreported and unregulated fishing.
Marine Policy 36, 96-102.

Discusses traceability options to detect IUU fish in general.

Bray, K. (2000) - A Global Review of lllegal, Unreported and Unregulated (IUU) Fishing.
Document AUS:IUU/2000/6. 53 p.

The report is outside the timeframe/scope of our review, and presents the views of RFMOs on
IUU fishing with qualitative and quantitative records (e.g. sights of IUU fishing activities), and
ways to combat it (e.g. signature of international agreements, use of VMS, information
exchange and cooperation between RFMOs and countries and port State controls). It does
provide quantitative estimates of IUU fishing in specific areas but sporadically only: for
instance, CCAMLR estimated the extent of IUU toothfish fishing from 1997 to 1999 of the order
of 90,000 tonnes in the area managed by the RFMO, more than twice the level of catches
taken in CCAMLR-regulated fisheries.

Campbell, M.L., Gallagher, C. (2007) Assessing the relative effects of fishing on the New
Zealand marine environment through risk analysis. ICES Journal of Marine Science: Journal du
Conseil 64, 256-270.

No estimates of IUU fishing provided. However, presents an interesting methodology for risk
assessment of ecological impacts of fishing.

Davies, R.W.D., Cripps, S.J., Nickson, A., Porter, G. (2009) Defining and estimating global
marine fisheries bycatch. Marine Policy 33, 661-672.
Information on global estimates of bycatches, not IUU fishing.

Gillett, R., 2011. Bycatch in small-scale tuna fisheries, a global study. FAO Technical Paper 560.
The study focuses on estimating quantitatively the global volume of by-catch in small-scale
tuna fishing, which are ‘non-tuna species’ and ‘non-target species’ or, in some countries,
undersized fish and damaged fish (gear: rods, reels, trolls, longlines, handlines).
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Greenpeace, 2015. Licensed to Loot. A Greenpeace India investigation on the letter of permit
scheme.

The report investigates the impacts of abuses of the Indian letter of permit scheme. Two
estimates of IUU fishing are quoted in the report and coming from other quantitative studies
on IUU fishing: David Agnew et al.’s 2009 global estimate of IUU fishing and the loss of legal
trade of products from IUU fishing in India (MRAG and University of British Columbia, 2008).

Gianni W. and Simpson W. (2004) Flags of convenience, transshipment, re-supply and at-sea
infrastructure in relation to IUU fishing. International Oceans Network for WWF In: OECD
(2004) Fish Piracy: Combating lllegal, Unreported and Unregulated Fishing. Chapter 6 pp. 79 -
104. OECD Publishing.

The paper does not focus on presenting a method to quantify IUU fishing activities but on a)
trends in the number of fishing vessels with flags of convenience in the early 2000s, b) at-sea
and re-supply transshipment and recommendations to manage these activities and c)
recommendations to implement the 2001 UN FAO international plan of action on IUU fishing.

Green, T.J., and McKinlay, J.P. (2009) Compliance program evaluation and optimisation in
commercial and recreational Western Australian fisheries. Fisheries Research and
Development Corporation Final Report, Project 2001/069:, 77 pp.

Not a focus on IUU but rather on the difficulties around measuring noncompliance more
generally.

Henderson. M. and Fabrizio, M. (2013) Detecting Noncompliance in the Summer Flounder
Recreational Fishery Using a Mark Recapture Growth Model, North American Journal of
Fisheries Management, 33:5, 1039-1048.

Used tagged fish and a mark-recapture growth model to estimate non-compliance in % terms
with minimum length regulations, but did not estimate volumes of IUU caught fish.

Hoydal K. (2004) IUU fishing in the NEAFC area: how big is the problem and what have we
done? NEAFC. In: OECD (2004) Fish Piracy: Combating lllegal, Unreported and Unregulated
Fishing. Chapter 10 pp. 159 - 165. OECD Publishing.

The paper only provides a qualitative situation of IUU fishing activities (illegal fishing) and
present cases of vessels having been refused by Port States to land illegal catch of species
harvested in the NEAFC area.

King, D.M., and Sutinen, J.G. (2010) Rational noncompliance and the liquidation of Northeast
groundfish resources. Marine Policy 34, 7-21.

A study of compliance levels and incentives to infringe based on resulting illegal benefits,
sanctions and likelihood of detection. No estimates of IUU per se just some estimates of % of
catch taken illegally.

Kindt-Larsen, L., Kirkegaard, E., and Dalskov, J. (2011) Fully documented fishery: a tool to
support a catch quota management system. ICES J. Mar. Sci. 68(8), 1606-1610.

Study comparing skipper estimates of cod discards with those form video footage. No
estimates of volumes of IUU catch per se, just compliance with the requirement to record all
discards.
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Marteache, N., Viollaz, J., and Petrosian, G.A. (2015). Factors influencing the choice of safe
haven for offloading illegally caught fish: a comparative analysis of developed and developing
countries. In Crime Science (2015) 4:32

Study does not provide a method of estimating IUU catch volumes, only idenfication of factors
influencing where IUU catch are most likely to be landed.

McCluskey, S.M., Lewison, R.L. (2008) Quantifying fishing effort: a synthesis of current
methods and their applications. Fish and Fisheries 9, 188-200.

This is a review paper, providing some useful suggestions (including the use of models that
include distance from port as a parameter within probabilistic encounter models) but is not an
IUU study and therefore not relevant for the review.

Miller, D.D., Sumaila, U.R. (2014) Flag use behavior and IUU activity within the international
fishing fleet: Refining definitions and identifying areas of concern. Marine Policy 44, 204-211.
Report attempts to classify flags into different categories (flag of non-compliance, flag of
integrity, flag of partial legislation, flag of no legislation) based on different criteria. There is
no quantification of the effects of flags on amounts of IUU fishing.

Miller D.G.M. (2004) Patagonian Toothfish —the storm gathers. CCAMLR. In: OECD (2004) Fish
Piracy: Combating lllegal, Unreported and Unregulated Fishing. Chapter 7 pp. 105 - 146. OECD
Publishing.

Contains Some useful information on the method applied by the CCAMLR but a repetition of
‘Sabourenkov et Miller (2004)’ (for which a fiche has been created).

MRAG (2005b) IUU fishing on the high seas: Impacts on Ecosystems and Future Science Needs.
71 p. A report prepared by MRAG for the UK’s Department for International Development
(DFID), with support from the Norwegian Agency for Development Cooperation (NORAD).
A study assessing the impacts of IUU fishing based on findings of MRAG 2005a (see fiche).

MRAG (2008) Study and analysis of the status of IUU fishing in the SADC region and an
estimate of the economic, social and biological impacts. Volume 2-Main Report. Marine
Resource Assessment Group. 74 p.

The study focuses on factors and impacts of IUU fishing in the SADC region and includes a
couple of case studies of IUU fishing in the region only. It provides a few trend analyses on
estimated IUU fishing in the Indian Ocean, from large deep freezer longliners, and in the
CCAMLR region, for Patagonian toothfish. These estimates are based on other articles or
reports.

Mullowney, D.R., and Dawe, E.G. (2009) Development of performance indices for the
Newfoundland and Labrador snow crab (Chionoecetes opilio) fishery using data from a vessel
monitoring system. Fisheries Research 100, 248-254.

Compliance study comparing CPUE based on VMS data and logbooks.

NASCO (2015) Report on Progress in Implementing the Measures contained in the ‘Action

Plan for taking forward the recommendations of the External Performance Review and the
review of the ‘Next Steps’ for NASCO’ 16 p.
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Estimates of recent unreported catch to NASCO are contained in the document CNL(15)13
(http.://www.nasco.int/pdf/2015%20papers/CNL 15 13.pdf). The section 2.1 ‘lUU fishing by
non-NASCO parties’ presents actions undertaken by NASCO and NASCO parties to detect and
fight IUU fishing by collected and exchanged information obtained throughout airborne and
shipborne surveillance programmes carried out by countries and regional fisheries
organisations (e.g. NAFO, NEAFC, ICCAT). The section 2.2. ‘IlUU fishing by NASCO parties’
reports measures to reduce the level of unreported catches.

ORCA-EU (2007) A report on IUU fishing of Baltic Sea. Report published by the Fisheries
Secretariat (FISH)

The study itself does not estimate IUU fishing in the Baltic Sea cod fisheries. It analyses
attempted estimates of unreported catches provided by the International Council for the
Exploration of the Sea (ICES) within its fisheries assessment advice to the European
Commission.

Pascoe, S., Okey, T.A., Griffiths, S. (2008) Economic and ecosystem impacts of illegal,
unregulated and unreported (IUU) fishing in Northern Australia. Australian Journal of
Agricultural and Resource Economics 52, 433-452.

Not an estimate of IUU; it is an attempt to look at what might be the ecosystem impacts, and
lost net economic value to the legal fleet, of the IUU fishing if, as assumed and reported, it has
increased from 10% to 100% of the legal catch and effort has increased 17 fold.

Petrossian, G.A., and Clarke, R. (2013). Explaining and controlling illegal commercial fishing.
British Journal of Criminology. An application of the CRAVED theft model.

Doesn’t estimate volumes of IUU catch, rather takes species identified by other sources e.qg.
consumer guides and other published studies as IUU, and compares their characteristics to
those of legally caught species to determine what are the key characteristics that increase
risks of IUU catch.

Petrossian, G.A., Marteache, N., Viollaz, J. (2015) Where do "Undocumented" Fish Land? An
Empirical Assessment of Port Characteristics for IUU Fishing. European Journal on Criminal
Policy and Research 21, 337-351.

Not a study estimating volumes of IUU just where risks of IUU fish landings are highest.

Petrossian, G.A. (2015) Preventing illegal, unreported and unregulated (IUU) fishing: A
situational approach. Biological Conservation 189, 39-48.
Identifies situations and risks facilitating IUU fishing, not volumes of IUU catch.

Petrossian, G., Weis, J.S., Pires, S.F. (2015) Factors affecting crab and lobster species subject
to IUU fishing. Ocean and Coastal Management 106, 29-34.

Doesn’t estimate volumes of IUU catch, rather takes species identified by UBC as IUU and
compares their characteristics to those of legally caught species to determine what are the
key characteristics that increase risks of IlUU catch.

Sharma, R., 2016. lllegal, Unregulated and Unreported Catches in tuna Regional Fisheries
Management Organizations and quantification of their effects on Assessments.
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Discusses ways in which tuna RFMOs incorporate IUU estimates into stock assessment models.
Not a paper to estimate IUU fishing.

Smartfish (2012) IUU Fishing on Lake Tanganyika Report # SF/2012/15

In 2011, the Lake Tanganyika Authority (LAT) undertook a lake-wide frame survey that
attempted to estimate some of the IUU fishing activities (estimating the use of illegal gears)
on the Lake. Although presenting quantitative data, the report does not provide the detailed
method applied by the Survey to estimate the number of illegal gears, and does not estimate
illegal catches.

Smartfish (2012) Assessment of IUU Activities on Lake Victoria Report # SF/2011/12

The study does not estimate a volume of illegal fishing on Lake Victoria per se but assesses the
state of IUU fishing activities on the Lake focusing on undersized (illegal) Nile Perch fishing
from 2000 to 2008.

Tsamenyi, M., Kuemlangan, B., Camillieri, M. (2015). Defining lllegal, Unreported and
Unregulated (IUU) Fishing. FAO Expert Workshop to estimate the magnitude of lllegal,
Unreported and Unregulated fishing globally, Rome 2-4 February 2015.

This paper analyses the definitions of IUU fishing set out by the FAO-IPOA outlining possible
overlaps and proposing an operational categorization of I, U and U

Thomas, A., Gavin, M., Milfont, T. (2015). Estimating non-compliance among recreational
fishers: insights into factors affecting the usefulness of the Randomised Response and Item
Count Techniques. Biological Conservation (in press).

Paper focuses on compliance rates with marine reserves, size limit, and daily limits.
Compliance not converted in estimates of IUU catch volumes.

WWEF, 2015. lllegal fishing. Which species are at highest risk from illegal and unreported
fishing.

Uses Agnew et al (2009) global study on IUU levels, Pramod et al (2015) and FAO stock
assessment data to determine species and stocks risk of IUU fishing. Not a study itself to
estimate levels of IUU fishing, just to identify species/stocks/areas subject to highest risk.

Ye, Y., Valbo-Jgrgensen, J. (2012) Effects of IUU fishing and stock enhancement on and
restoration strategies for the stellate sturgeon fishery in the Caspian Sea. Fisheries Research
131-133, 21-29.

This paper does not estimate IUU, and only uses earlier estimates which are outside the
timeframe of our study.

Zeller, D., Booth, S., Davis, G., Pauly, D. (2007) Re-estimation of small-scale fishery catches for
U.S. flag-associated island areas in the western Pacific: the last 50 years. Fish. Bull. 105, p.
266-277. http://fishbull.noaa.gov/1052/zeller.pdf

Pre 2009 and so outside scope of this study of IUU studies.
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Appendix 3: Summary fiches for studies listed in Appendix 1

Aanes et al. (2011) 2011 Institute of Marine Research,
Norway

Estimates of total retained catches of certain species.

Barents Sea Large scale trawlers targeting cod and | 2002-2009
haddock

Underreporting of landing data (including transhipments at sea)

Use of data on fully inspected vessels to determine anchor points (average weight of fisheries
products onboard by trip as function of capacity expressed in GRT) and extrapolation to total fleet
using presence data from VMS and AlS.

e Records of inspections (verification of landing data)
e Register of licensed vessels

e VMS data

e AlSdata

Raising factors to be applied to official landing statistics over the period for each of the two species
considered.

Raising factors produced have been used by ICES to rectify official landing statistics in the frame of
stock assessment.

Assumptions on presentations of
catches onboard (whether whole, H&G
or fillets) having a potentially large
impact on estimates

Extensive use of MCS data available
from Norwegian control authorities
e Very limited use of expert judgements
on extent of IUU (factual basis for
estimate produced)

Limited to context of large scale commercial fisheries (i.e. with few or no small-scale fishing activities)
with reasonable levels of inspection activities.
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Study reference Year published Responsible organisation
Agnew (2000); Various CCAMLR

And

Sabourenkov and Miller (2004);

and

CCAMLR (2015)

Study Objective

Estimation of unregulated and illegal catches of toothfish.

Geographical scope Fishing activities included in the scope | Time period
Antarctic Commercial Longlining and gillnetting | 1995-2015

Types of IUU activities considered by the study

Commercial catches, bycatch and incidental mortality by non-parties (unregulated) and by illegal
activities of vessels flagged to non-parties but under ownership of entities residing in parties; thus
mostly FAO definition 3.3.1.

[note: in respect of illegal activity of nationals of Parties, Spain recently concluded operation Sparrow
against such nationals, levying €17.8m in fines; http://www.colto.org/2015/12/17/operation-
sparrow-investigation-complete-e17-84-million-in-fines/ )

Main methodology followed

IUU quantity = estimated number of vessels active x trip length x catch rates by fishing area.
Occasionally triangulation with trade data allows cross checking.

(the CCAMLR Compliance Committee has also previously used catch rate data to identify suspected
illegal fishing by Member vessels).

Data sources used

e n.vessels estimated from reports of landings (named vessels identified), sightings by fishing
vessels and patrol vessels; in some areas estimates of unlicensed vessels are available from
SAR imagery matched with VMS data, but this is not available in high latitudes

e fishing area estimated from sightings areas

e trip length calculated from likely hold size, catch rates and seasonal accessibility of ice-free
fishing areas

e catch rates estimated from observer data from legal vessels, including data from legal
vessels prior to the introduction of mitigation methods

e catch document scheme total legal traded catch compared to legal catch reported by
observers

Types of estimates / conclusions produced (incl. disaggregation levels) and quality of quantitative
estimate

e Estimates of catches of target species, bycatch and incidental mortality by statistical area,
on an annual basis
e Medium quality, dependent upon accuracy of source information

Strengths Weaknesses

e Based on multiple data sources allows e Inthe late 2000s the IUU vessels
triangulation in estimate of number of introduced set gillnets for which
active vessels CCAMLR had no plausible estimates of

e Observer data provides highly accurate catch rates, and the calculations were
data for comparison with suspect vessels stopped
and estimation of likely catch rates on e New methods are being developed
IUU vessels, and also estimates of based on hold capacity and observed
bycatch including birds, mammals
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Additional triangulation occasionally
provided through trade data analysis
Estimates were better when IUU fishing
was high, and are now more uncertain,
which is appropriate given the
seriousness of the problem

Industry and NGOs play major parts in
providing data, increasing acceptance of
estimates

Accuracy of estimates increased in 2014
with identification of specific vessels,
capture of Thunderer, identification of
catch rates from recovered nets (see
CCAMLR, COLTO, 2015)

landings, but these cannot estimate
bycatch, or ghost fishing

Imperfect knowledge of number of
vessels (sightings surveys are partial in
the Antarctic) and areas fishing means
high confidence intervals in the
estimates

Areas that are closed to fishing degrade
the estimates in these areas

Transferability of method to other situations? Ability to contribute to a global estimate?

Versatile methodology based on multiple data sources and estimation methods, allowing

triangulation of outcomes

High cost, requiring observers on legal vessels and significant investigatory work.
High ability to contribute to global estimate of any definition of IUU
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Study reference Year published Responsible organisation
Agnew and Kirkwood (2005); | 2005 Imperial College; Australian
and Antarctic Division

Ball (2005)

Study Objective

Estimating illegal catches of toothfish in South Georgia waters.

Geographical scope Fishing activities included in the scope | Time period

South Atlantic, South Georgia Commercial Longlining 1998-2004

Types of IUU activities considered by the study

Illegal (pirate) fishing, including non-reporting, fishing without licence, fishing without applying
regulations.

Main methodology followed

Uses compliance theory. Estimation of likely IUU vessel activity (days fishing) given known patrol
vessel activity, IUU vessel/gear sightings, and modelled encounter probability, combined with known
legal vessel catches. A modification by Ball (2005) proposed a solution to the zero-observation
problem but could not be parameterised.

Data sources used

e Patrol vessel tracks

Sightings data

e Observer data on legal vessels

e Estimated trip lengths of IUU vessels based on hold capacity and behaviour of legal vessels.

Types of estimates / conclusions produced (incl. disaggregation levels) and quality of quantitative
estimate

e Estimates of catches of target species, bycatch and incidental mortality, with confidence

intervals
e Ability to distinguish different types of IUU
e High quality
Strengths Weaknesses
e Statistically robust, e Model was designed specifically for the case, in which the
utilising existing topography allowed limited avoidance behaviour
accurate patrol vessel e Model less accurate where zero sightings are made, a
data and observer data problem solved by the Ball modification
e The prevention/detection problem affects observations of
IUU vessels (high real detection leads to evasion and
lower detection probability)

Transferability of method to other situations? Ability to contribute to a global estimate?

e Data and modelling intensive. However, modelling approach to estimating IUU activity from
sightings data could be adapted for other situations

e Could contribute to global estimate of any part of IUU definition, but has not been used by
CCAMLR or other organisations since
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Study reference Year published Responsible organisation

Agnew et al. (2009) 2009 Funding: UK  Dept. for
International Development

Study Objective

Global estimate of IUU fishing

Geographical scope Fishing activities included in the scope | Time period

Global Commercial 1980-2003

Types of IUU activities considered by the study

All types, including unreported (legal) catches. Separation was not possible.

Main methodology followed

Anchor points and influence table approach (Pitcher et al 2002). Exhaustive literature searches on
explicit quantitative estimates of IUU plus anecdotal reports in 54 countries to generate fixed points
and indications of trends based on changes to regulatory environment or other factor.

Data sources used

e Literature searches, incorporating many different types of quantitative and qualitative data
on IUU, weighted by data quality.

Types of estimates / conclusions produced (incl. disaggregation levels) and quality of quantitative
estimate

Global estimates by region were produced to avoid double counting as far as possible, and by species
group where possible. Trends over time were produced. Although data were produced by country
these were not in the final publication as they were likely to include double counting.

Strengths Weaknesses

e Global coverage e Use of influence assumptions degrades

e Quality of data acknowledged and accuracy with the Pitcher method
factored into the confidence intervals of e Data very scarce for some countries and
the estimates regions leads to imbalance in data

e Many fixes possible for anchor points accuracy across the world, probably in

e Probably reasonably accurate at a global areas where IUU is highest
scale e Not accurate at fishery level or able to

e All sources comprehensively published easily separate different types of IUU

Transferability of method to other situations? Ability to contribute to a global estimate?

Could be repeated by extending the data set beyond 2013.
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Study reference Year published Responsible organisation
Ainsworth and Pitcher (2005) 2005 UBC, Vancouver, BC, Canada
Study Objective
Estimates of total removals (illegal and unreported catches, discards) of certain species.
Geographical scope Fishing activities included in the scope | Time period
Fishing area off British Columbia | Commercial and recreational fisheries | 1950-2003

targeting groundfish and salmon

Types of IUU activities considered by the study

Illegal catches defined as catches concealed or misreported (including discards) and unreported
catches.

Main methodology followed

IUU influence factors and anchor points used to apply correction factors to official catch data.

Data sources used

e Official catch data

e Regulatory changes (determine incentives for non-compliance)

e Records of infringements (illegal catches)

e Discard data from onboard sampling (discard data)

e Surveys recreational fishermen (unreported recreational catch data)

Types of estimates / conclusions produced (incl. disaggregation levels)

Comparisons against official reported data separating i) groundfish (all species aggregated) and
salmon and ii) source of misreporting (discards, illegal and unreported)

Strengths Weaknesses
e Comprehensive approach taking into e Does not address potential
account recreational fishing (significant underreporting of landings by
for salmon for the case study) commercial vessels
e Metiers differentiation in estimates (i.e. e  Paucity of robust anchor points due to
trawl, seine, hook and line) inadequate records of inspections and
e Take into account incentives for IUU infringements, and low observer
activities to quantify extent of IUU coverage
fishing on the basis of the evolution of e Extensive use of assumption to quantify
the management framework (e.g. extent of IUU fishing
introduction of closed areas, quotas) e No or unclear considerations on total
inputs (number of active fishing units or
total fishing effort)

Transferability of method?

Yes, as a first approach - although underreporting by commercial vessels should be considered in the
scope.
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Study reference Year published Responsible organisation

Al-Abdulrazzak et al. (2015) 2015 UBC, Vancouver, BC, Canada

Study Objective

Estimates of total removals (illegal and unreported catches, discards) of fisheries products.

Geographical scope Fishing activities included in the scope | Time period

Persian Gulf Commercial  (including  discards), | 1950-2010
recreational and subsistence fisheries

Types of IUU activities considered by the study

No definition provided. lllegal catches included as “other unreported” catches from commercial
vessels.

Main methodology followed

Use of anchor points to determine likely extent of catches (incl. discards) obtained by commercial /
recreational and subsistence fisheries.

Data sources used

e Officially reported landings

e Discarding rates available from literature for different types of commercial fishing activities
(i.e. shrimp fisheries, finfish fisheries)

e Assumed numbers of recreational fishermen as a proportion of total population with
estimates of effort and catch per day

e Estimates of consumption of fisheries products by Coastal population (subsistence fisheries)

e Estimates amounts of illegal catches by commercial vessels

Types of estimates / conclusions produced (incl. disaggregation levels)

Total removals of fisheries species by taxa, by type of activity (commercial fishing, subsistence,
recreational) and by country over the 1920-2010 period. No published estimates of illegal catches.

Strengths Weaknesses
e Comprehensive approach e Transparency of estimates
e Attempt to provide e Large recourse to expert judgment for quantifying
estimates of total removal extent of unknown catches
in a data-poor e Paucity of robust anchor points
environment e Assumed stability of uncertainty over time

e No considerations on the reliability of reported
commercial landings which are used to derive some
estimates (amounted discarded, illegal catches)

e No separate quantification of illegal catches

e No references to potentially available data from
inspections / detected infringements

Transferability of method?

Yes, as a first approach
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Study reference Year published Responsible organisation
Belhabib et al. (2014) 2014 UBC, Vancouver, BC, Canada
Study Objective

Estimates of total removals (illegal and unreported catches, discards) of fisheries products within
Senegal EEZ and by Senegal fleets outside National EEZ.

Geographical scope Fishing activities included in the scope | Time period

Fisheries under the competency | Domestic and foreign commercial | 1950-2010
of Senegal fishing (incl. discards), subsistence and
recreational fishing

Types of IUU activities considered by the study

IUU activities considered include unreported catches from licensed and unlicensed vessels (incl.
foreign vessels).

Main methodology followed

Use of anchor points and estimates of the level of uncertainty to determine likely extent of catches
(incl. discards) obtained by commercial / recreational and subsistence fisheries.

Data sources used

e Officially reported landings

e Artisanal catches: ratio of reported effort / surveyed effort from scientific surveys

e National licensed industrial fleets and licensed foreign fleets : estimate of an average CPUE
based on declared catch and effort data

o lllegal catches (foreign origin): observed illegal catches in 2011 (source not cited in the
paper) balanced by data from inspection activities (number of infringements in relation with
inspection levels)

e Discard date: results from scientific observations

e Subsistence: assumptions on catches from specific surveys, and extrapolation

e Recreational: estimates based on touristic frequentation of Senegal and % of those fishing,
with assumption on daily catches

Types of estimates / conclusions produced (incl. disaggregation levels)

Estimates of total catches by origin (National, foreign) and illegal catches in relation with assumed
intrusion of unlicensed foreign vessels in the EEZ.

Strengths Weaknesses
e Comprehensive approach e Transparency of estimates
e Attempt to provide estimates of total e  Paucity of robust anchor points
removals in a data-poor environment e Insufficient characterisation of access by
e Use of information from control unlicensed foreign vessels (assume year
authority (although it is weak) round although stock abundance varies
e Consideration of regulatory changes in on a seasonal basis
estimates, in particular licensing o No attempt to figure out whether illegal
arrangements of foreign vessels catches on regionally shared stocks are
misreported, i.e. declared as being
caught in Mauritania for example, or go
unreported

Transferability of method?

Yes.
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Study reference Year published Responsible organisation

Bremner et al. (2009) 2009 Ministry of Fisheries, New
Zealand

Study Objective

Estimates of unreported bycatches in a NZ hoki fishery.
(context : in NZ, all bycatches of species covered by ITQ have to be reported and landed, by-catches
of non-ITQ species have to be reported).

Geographical scope Fishing activities included in the scope | Time period
New Zealand West Coast hoki | Industrial trawlers targeting hoki 2005
fishery (context : no small-scale fleet involved)

Types of IUU activities considered by the study

Underreporting of by-catch species.

Main methodology followed

Comparison between logbook catch and effort declarations of unobserved vessels and logbook
declaration of observed vessels using information available on a tow by tow basis.

(context : some vessels are fully observed during their fishing trips)

Analysis of data took into account, through stratification, fishing conditions having a potential impact
on bycatch composition and levels: gear characteristics, time of the day of tow, time in season, fishing
area and processing facilities onboard (filleting fish, meal production).

Data sources used

e Register of licensed vessel and records of inspection (vessels and gear characteristics)
e Logbook declarations on a tow by tow basis

e Observer data on a tow by tow basis

e Quota availability and prices (incentives to misreport)

Types of estimates / conclusions produced (incl. disaggregation levels)

Comparison between reported amounts of each bycatch species at fisheries level and estimates of
the same.

Strengths Weaknesses
e Estimates of bycatches take into account e Target species (hoki) excluded from
technical aspects of each tow estimates
e Estimates rely on factual information: no
expert judgement

Transferability of method?

Limited to contexts of large-scale fishing operations with reasonable observer coverage and efficient
enforcement system ensuring inspection of all vessels and registration of key information on vessels
and gears characteristics.
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Cisneros-Montemayor et al. | 2013 UBC, Vancouver, BC, Canada
(2013)

Estimates of total removals (illegal and unreported catches, discards) of certain species.

Mexico EEZ Commercial fishing, both artisanal and | 1950-2010
industrial, subsistence and recreational

|”

“unreported legal” : non-quantified catches by fishers operating legally.
“unreported illegal” : non-quantified catches by domestic fishers operating illegally in any way.

Corrections to apply to official landing statistics as registered by FAO species by species to include
catches that have not been taken into account. Use of anchor points and extrapolation methods.

Official reported landing statistics

Linear extrapolation to correct missing data

Information on fleets (target species, gear used)

Available data on discarding rates of fishing vessels, both artisanal and industrial
Expert opinion for amounts of unreported legal and illegal catches

Total amount of catches by year and by species separating reported catches / unreported legal /
unreported illegal / Unreported discards.

e Comprehensive approach e Large use of expert judgements to inform %
unreported

e No reference to inspection data

e No assessment of incentives for illegal behaviours

e Simplistic confidence intervals (a flat +/- 15% across
the time series)

Yes.
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Study reference Year published Responsible organisation
Clarke et al. (2009) 2009 Imperial College London
Study Objective

Estimating legal and illegal catches of Russian sockeye salmon from trade and market data.
Geographical scope Fishing activities included in the scope | Time period
Eastern Russian waters Sockeye salmon fisheries (driftnets) 2002-2006

Types of IUU activities considered by the study

Unreported catches of sockeye salmon.

Main methodology followed

Utilisation of trade and market data (fisheries independent) using probabilistic models to determine
likely level of catches originating in Eastern Russia.

Data sources used

e Available official data on catches by Russian vessels and on catches by Japanese vessels in
Russian waters

e Imports of sockeye salmon into East Asian countries from Russia (not the Russian export
data)

e Data on amounts of sockeye salmon traded on Japanese wholesale market

e Expert judgements on presentations of products and on yield during processing operations
(market data)

Types of estimates / conclusions produced (incl. disaggregation levels)

Comparison between Russian catches and imports from Russia / Comparison between all catches and
market data (two independent estimates).

Strengths Weaknesses
e Use of fisheries-independent data to e Fairly wide confidence intervals in
build estimates estimates undermining possibility to
e Limited use of expert judgement (for conclude
import model), but sensitivity analysis of e Market model less precise than import
expert judgement conducted model
e Transparent calculation of confidence e Did not include in the models stock
intervals associated with estimates variations from one year to the next or
potential double counting arising from
inter-market transfers. However, bias
discussed and found insignificant

Transferability of method?

Limited to case of species caught in an area and almost all exported to distant markets in countries
with adequate recording of import and market flows.
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Study reference Year published Responsible organisation

Clarke et al. (2006) 2006 Joint Institute for Marine and
Atmospheric Research, Univ. Of
Hawai and National Institute of
Far Seas Fisheries, Japan

Study Objective

Global estimates of shark catches using trade data.

Geographical scope Fishing activities included in the scope | Time period

Global All fishing activities involving trading of | 1996-2000
shark fins

Types of IUU activities considered by the study

Unreported catches of sharks traded as fins.

Main methodology followed

Assessment of conversion factors from fin weight to live weight to estimate total biomasses of sharks
sold through Asian markets based on trade data.
Use of probabilistic models to take into account uncertainty of variables used.

Data sources used

e Scientific literature + specific measurements (conversion factor from fin weight to carcass
weight)
e Custom data on quantities of shark fins traded through major Asian markets

Types of estimates / conclusions produced (incl. disaggregation levels)

Estimates of corresponding shark biomasses by species and comparison between estimated
biomasses caught and MSY

Strengths Weaknesses
e Use of fisheries-independent data to e Do notinclude direct landings of
build estimates of unreported catches National vessels into ports (not included
e Limited use of expert judgement, but in the scope of custom data)
sensitivity analysis of expert judgement e Fairly wide confidence intervals in
conducted estimates undermining possibility to
e Transparent calculation of confidence conclude
intervals associated with estimates

Transferability of method?

Limited to case of species caught in an area and almost all exported to distant markets in countries
with adequate recording of import and market flows.
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Coll et al. (2014) 2014 IRD - France
Estimates of total removals of fisheries products.

operations.

institutions

e Comprehensive approach
e Consideration of incentives to
underreport, although very broad

Yes.

Spanish Mediterranean + Gulf | All activities whether commercial, | 1950-2010
of Cadiz recreational or subsistence

Not specific: IUU includes all unreported catches, incl. discards, obtained through legal or illegal

Corrections to apply to official landing statistics by species to include catches that have not been taken
into account, whether landed or discarded. Use of anchor points and extrapolation methods.

e Official reported landing from various databases (FAO, GFCM, ICCAT, National and regional
e Various literature sources for independent estimates of discards and unreported landings

e Stakeholders interviews for estimating extent of underreporting and of discards, plus
identification of critical fisheries which deserve specific attention in relation with reporting

Large utilisation of expert judgment to
support estimates

Catches obtained illegally assumed not-
reported (for ex. catches with illegal
gears)

No reference to inspection data
Inclusion of discards
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Coalition of Legal Toothfish | 2015 CCAMLR
Operators (2015)

To provide estimates of IUU toothfish in CCAMLR area to Scientific Committee meeting

CCMALR area Toothfish 2014/2015

Not specified individually for I, U and U, but presumed to focus on unregulated vessels

Identification of IUU vessels and then direct observations and estimations for each vessel based on
vessel speed, locations, steaming days, catching days, and catches/day etc, to calculate IUU catch

e Location and surveillance data
e Data from hauling of gillnets and catches onboard

Identifies 1254 to 1500 tonnes of IUU
catch

e Direct observations following arrests

should mean estimates accurate

Transferable for this specific element of IUU behaviour but not practical more generally/widely.
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Study reference Year published Responsible organisation

Free et al. (2015) 2015 Rutgers University, New Jersey;
Institute of Geoecology,
Mongolian Academy of Sciences

Study Objective

Evaluate the extent, character, and motivations of illegal gillnet fishing.

Geographical scope Fishing activities included in the scope | Time period
Lake Hovsgol National Park, | Freshwater lake gillnet fishing 2009-2013
Mongolia

Types of IUU activities considered by the study

Illegal fishing by herders (non-recreational fishing has been banned since 2009).

Main methodology followed

Mixture of indirect and direct methods to determine how much illegal fishing still takes place, where
and when it takes place, and attempt to determine the impact on fish populations

Data sources used

e Survey of lost fishing gear and gear fragments, providing indirect evidence for continued
illegal fishing

e Interviews with herder households and rangers to determine motivations, which detected
continued interest in spring spawning migration fishing,

e Analysis of trends in CPUE and mean length of fish, which failed to show any impact on the
target species (grayling) but did show larger fish (roach, burbot, perch) declines

e Data-poor modelling to estimate M, Fmsy, and from previous acoustic surveys MSY

Types of estimates / conclusions produced (incl. disaggregation levels) and quality of quantitative
estimate

Quantities of abandoned gear were generated, but there is no attempt to relate this to actual fishing
effort.

Strengths Weaknesses

e mixed methods allows understanding of e No actual estimate of IUU
extent and motivation for IUU

e essentially a survey technique in a data
poor situation.

Transferability of method to other situations? Ability to contribute to a global estimate?

No. The method is very limited in its ability to determine actual IUU extractions, and is limited to
reserve elements. The inability to calibrate lost gear (unlike the situation where you have fished areas
outside a closed area; or where as in Agnew and Kirkwood the encounter with lost gear is actually
modelled) is the problem.
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Study reference Year published Responsible organisation
Funge-Smith et al. (2015) 2015 APFIC/FAO
Study Objective

To show how characteristics of IUU vary within the Asia-Pacific region, to estimate scale (value and
volume), to highlight IUU hotspots, to identify opportunities to combat IUU fishing, to provide a
baseline for the past 6 years. Also considers drivers (governance and economic) of lUU, and provides
an IUU risk assessment tool.

Geographical scope Fishing activities included in the scope | Time period

Asia Pacific region. Estimates | Foreign vessels or foreign beneficially- | Information  collection
made for 33 hotspots in the | owned vessels (small-scale and | from 2009 to 2015, to
region medium-scale domestic vessels | estimate current figures
excluded) on basis that national action | for volume and value of
not cooperative action at regional level | IUU catch

would respond to domestic issues

Types of IUU activities considered by the study

Focus on illegal and unregulated.
See comment below on characterisation into categories and sub-criteria.

Main methodology followed

Hotspots of IUU fishing identified based on information from key 9 respondents, documented
information and media reports.

Characterisation approach taken (see table 3, section 2.1.2), with each hotspot considered for the
extent of 6 categories of IUU fishing with sub-criteria of different types of IUU fishing activity under
each category: encroachment; absence of authentic documentation; non-compliance with technical
measures; illegal transhipment of landings; illegal catch of ETP species; degree of pre-meditation of
IUU activity. (shore-based processing of IUU fish excluded).

All catch from a vessel catching some fish illegally is considered illegal.

In cases where |UU is identified as big problem in a fleet, whole fleet is considered as catching illegally.
Values based on ex-vessel values not market prices, and taken from respondents or official sources.
For some species/fleets, where landed prices were not available ex vessel values for different types
of fish/fishing method were just assumed (and stated) and used with estimated volumes. For others
an average break-even cost per trip was estimated for different sizes of vessels (based on assumed
labour and operational costs) and applied to the number of trips (which in some cases were also
estimated).

Data sources used

e Key respondents for hotspots and characterisation, backed up by additional information
from...

e media reports using web-searches of online papers and key words (with technical review of
likely correctness of reports)

e Official government websites and documents for information on hotspot fisheries

e Trade data for some prices

Types of estimates / conclusions produced (incl. disaggregation levels) and quality of quantitative
estimate

Identification of 33 hotspots, presented/analysed by area.

Higher and lower estimates for tonnage and value of IUU provided for the 33 hotspots

For each hotspot indication provided of which of the 6 categories/characteristics of IUU were
prevalent.

Of the total IUU catches fleets/hotspots, these were grouped into different characteristics of IUU
catch: high volume low value, low volume high value, high volume high value, and low volume low
value.
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IUU catch as a proportion of total catch by area provided.

Quality of estimate strongly impacted by many assumptions (some of which may be conservative but
others of which may over-estimate (e.g. all catch of whole fleet considered as IUU when IUU issues
identified in a hotspot).

IUU catch not disaggregated into elements within hotspot.

Strengths

Weaknesses

Clearly states methodology, assumptions
and limitations of the approach and
methodology, and attempts to be
conservative when factors are not
known.

Requests for information about how
confident responded were in the
information may have weeded out less
knowledgeable respondents.

Innovative methodology

The assumptions and limitations
associated with the methodology (as
stated), which when considering their
number are certain to make the
estimates highly unreliable

Assumes that key respondents,
documented information and media
reports will capture most important
hotspots and types of IUU

Number of respondents limited
Subjective nature of respondent views
Lack of disaggregation

Transferability of method to other situations? Ability to contribute to a global estimate?

Method transferable and able to contribute if ‘hot spot’ approach taken. But approach (lack of
disaggregation) means would be difficult to measure change over time unless hotspots disappeared
or un-selected in follow up assessment as the methodology does not identify IUU catch per se, only
catch of an IlUU segment in an area assuming that all fleet catch is IUU.
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Study reference Year published Responsible organisation

Glazer et al. (2015) 2015 One Earth Future Foundation,
OEF (NGO), Secure fisheries’ is a
US based programme of OEF

Study Objective

The report provides an in-depth background of Somali fisheries and documents the extent and impact
of illegal (mostly poaching or fishing with expired or illegitimate licenses), unreported, and
unregulated fishing on Somalis and their fisheries resources.

Geographical scope Fishing activities included in the scope Time period

Somali waters e Vessels targeting tuna and tuna-like species Early 1980s to
(highly migratory species - HMS): (a) Asian or EU | 2013
- flagged or owned - longliners and purse
seiners, and (b) Small gillnet vessels fishing for
coming from neighbouring countries such as
Yemen and Iran

e Vessels fishing for coastal pelagic or bottom-
dwelling species, including lobsters and squid, a
mix of industrial trawlers and coastal dhows that
may target shrimp, squid, emperors, or
snappers, and they represent diverse geographic
range from Kenya to South Korea

Types of IUU activities considered by the study

Catch reconstruction of foreign fishing including:
e Unreported and underreported fishing of foreign vessels in Somali waters, whether illegal or
not
e Unregulated fishing by foreign vessels at least until Somalia declared its EEZ external limits
and its coordinates in 2014

Main methodology followed

Estimate of foreign fishing in Somali waters by catch reconstruction using data sources below and
following an established method for estimating IUU fishing outlined by Pitcher et al., 2002 (see related
fiche) and based on the model developed by Pauly et al., 2014 for China distant fishing vessels (see
related fiche).

Data sources used

e Estimated catch by IOTC-reporting nations in Somali waters based on the latitude and
longitude reported with catches,

e Catch reconstruction using data found in scientific and media reports,

e Analysis of AIS vessel broadcast data that have date, time, and location stamps,

e Catch allocation estimates published by Sea Around Us (NGO), and

e Use of anchor points (data existence) to extrapolate catches for unknown years and a 95 %
confidence intervals for the estimates

7 http://securefisheries.org/, access: 16 March 2016.
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Types of estimates / conclusions produced (incl. disaggregation levels) and quality of quantitative
estimate

Main relevant estimates and conclusions produced by the authors:

Foreign vessels caught over 132 000 tonnes of ‘marine life’ [terms of the authors] in 2013,
nearly three times the amount caught by Somali artisanal and subsistence fishers (40 000
tonnes)

Foreign fishing (both legal and illegal) must be limited, licensed, recorded, and regulated to
facilitate the sustainable development of Somali fisheries as soon as possible (prior to the new
Somali Fisheries Law in 2014, the legality of foreign fishing was less clear and licenses were
frequently issued by local parties with no legal authority with the ignorance or the complicity of
foreign fishing vessel owners)

Somalis could generate between USD 4 and 17 million in revenues each year from licensing
foreign tuna longliners and purse seiners (estimated as a percentage of the annual gross market
value of three commercially important tropical tuna species harvested in Somali waters)
Licensing revenue would be even greater if vessels from Iran and Yemen were licensed, flagged
vessels have the largest foreign fishing presence in Somali waters

Strengths Weaknesses
e Providing quantitative information on e Assumption that all catch in catch areas
foreign fishing fleet activities in an area straddling the Somali EEZ boundary are

where illegal fishing in large volume has IUu

been known to occur for several
decades although reduced in the late
2000s by a higher level of piracy

Transferability of method to other situations? Ability to contribute to a global estimate?

Transferability of method to other situations? Yes, in terms of catch reconstruction.

Ability to contribute to a global estimate? Its contribution is more difficult to assess than its
transferability potential. The extent of foreign fishing does not distinguish illegal and legal fishing in
the estimated quantity of foreign fishing in Somali waters but focus on catch reconstructions.
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Study reference Year published Responsible organisation
Hentati-Sundberg et al. (2014) 2014 Stockholm Resilience Centre,
Sweden
Study Objective
Estimates of unreported / misreported landings.
Geographical scope Fishing activities included in the scope | Time period
Baltic Sea Commercial fisheries targeting small- | 1996-2009
pelagics by Swedish vessels

Types of IUU activities considered by the study

Underreporting and misreporting (species wise) of landings of herring and sprat by licensed vessels.

Main methodology followed

Reconstruction (GLM) of landing data using detailed logbook information with methodology
incorporating information on gears and spatial distribution of tows.

Based on effort data assumed to be reliable in the absence of incentive to misreport (no effort limits
at that time, availability of effort control means through VMS and AlS).

Data sources used

e Officially submitted logbook data
e Spatial distribution of abundance of target species using results from scientific surveys
e Incentives to misreport based on quota availability, overcapacity and technological creep

Types of estimates / conclusions produced (incl. disaggregation levels)

Estimated actual landings of each species for the whole SWE fleet, compared with official landing
data.

Strengths Weaknesses
e Based on factual information only. No e Estimates based only on modelling of
expert judgments logbook data. No anchor points, i.e. data
e Inclusion in the model of spatial from fully inspected vessels, included to
dimensions of the fisheries (i.e. cpue are calibrate models

not uniformly distributed across the
fishing area)

e Pre-assessment of incentives to
misreport and adjunction of relevant
variables in the models.

Transferability of method?

Limited to case of fisheries involving only licensed vessels subject to logbooks, with no significant
discarding practices (the small pelagic fishery in the scope of the study is industrial with all catches
assumed to be landed).
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Study reference Year published Responsible organisation

Kleiven et al. (2012) 2012 Institute of Marine Research,

Norway

Study Objective

Estimation of total catch of red listed species

Geographical scope Fishing activities included in the scope | Time period
SE Coast of Norway Commercial and recreational pot | 2008
fisheries targeting European lobster

Types of IUU activities considered by the study

Underreported commercial lobster catches (deemed as IUU activities) and recreational lobster
catches

Main methodology followed

Probability-based strip transect surveys used to count buoys in combination with CPUE data obtained
from volunteer catch diaries, phone interviews and questionnaires.

Data sources used

e At-sea weekly surveys to records names of owners of traps (commercial fishermen have to
mark their buoy with the registration number, recreational fishermen must mark their buoy
with their names and address)

e Surveys of commercial and recreational fishermen (panels of volunteers supplying detailed
fishing diaries to science on a confidential basis, i.e. not shared with enforcement
authorities)

Types of estimates / conclusions produced (incl. disaggregation levels)

Total estimated lobster catches from commercial and recreational fishermen compared with official
records.

Strengths Weaknesses
e Based on factual information - no use of e Time consuming, costly and weather
expert judgment dependant method (surveys at sea)

e Fisheries-independent estimate of
fishing effort based on at-sea surveys)
e Representativeness of panels tested

e No attempt to quantify catch of lobster
outside the legal season

Transferability of method?

Limited to localised, both in time and in space, passive gear fisheries with prescriptions on the marking
of buoys. (the Norway lobster season is open two months per year)
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Leitdo et al. (2014) Centro de Ciéncias do Mar,
Portugal
UBC, Vancouver, BC, Canada

Reconstruction of likely total catches in waters of Portugal mainland.

Portugal mainland EEZ Commercial fishing, recreational and | 1938-2009
subsistence fishing

Unreported discarded catch from commercial fisheries, unreported recreational / subsistence catch.
Disaggregation of official reported catch by fleet segment and estimates of total amounts discarded
based on available discard rates.

e Official reported landings

e Grey and scientific literature for estimates of amounts of discards proportional to catch

Total removal by licensed fleets and recreational subsistence fisheries by gear types and species over
the 1938-2009 period

e Do not consider variation over time of incentives to
discards

e Assume discards rates did not change over time

e No specific estimates of extent of illegal fishing

Assume official reported landings as accurate

e Comprehensive approach
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Lescrauwaet et al. (2013) 2013 Flanders Marine Institute VLIZ,
Belgium

Reconstruction of likely total catches of Belgium vessels and of total catches within area under

jurisdiction of Belgium.

Fisheries under competency of | Commercial fisheries, subsistence | 1929-2010
Belgium fisheries

Unreported amounts of discarded fish.
Underreported catches by commercial vessels.
Corrections to apply to official landing statistics by species to include catches that have not been taken
into account, whether landed or discarded.

Official reported landings (ICES database)

Ancient National reports on fisheries (from 1929)

Grey and scientific literature for estimates of amounts of discards proportional to catch
Estimates of catches of commercial and recreational fleets not mandated to report

Total removals identifying separately underreported landings and discarded amounts

e Comprehensive approach Do not consider variation over time of
e Attempt to quantify underreporting in incentives to discards
commercial fisheries Assume discards rates did not change
over time

Yes.
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Study reference Year published Responsible organisation

MRAG (2005a) 2005 MRAG Ltd for the UK'’s
Department for International
Development (DFID), with a
support from the Norwegian
Agency for Development
Cooperation (NORAD)

Study Objective

To better understand and identify IUU fishing primarily in waters under the jurisdiction of developing
countries and on the high seas and analyse their economic, social, environmental, ecological, biological,
health and nutritional impacts on these countries.

Geographical scope Fishing activities included in the scope Time period

EEZ (mostly EEZ of | ¢ ‘Bigissue’ fisheries: Year 2002 mostly
developing a) high seas fishing targeting 1) tuna, tuna-like

countries) and high species (gear: pelagic longline and seines), and small

seas pelagic fish (Chilean Jack mackerel caught with seines

and pelagic trawls), 2) sharks (gear: pelagic longline),
3) groundfish (toothfish caught with demersal
longline, cod caught with bottom trawls, redfish
caught with bottom/semi-pelagic trawl, orange
roughy) and 4) cephalopods (squid caught with jig)
and
b) Fishing activities in EEZ: cod, sturgeon,
holothurians and abalone

e 10 case studies focusing on IUU fishing in Guinea,
Liberia, Sierra Leone, Angola, Namibia, Mozambique,
Kenya, Somalia, Seychelles, Papua New Guinea
waters

Types of IUU activities considered by the study

Illegal (for instance unlicensed fishing in EEZ), unreported and unregulated (for instance on the high
seas) fishing activities.

Main methodology followed

e Ad-hoc bottom-up approach (the core method applied by the author in the study):

0 adding estimates of IUU catches from more detailed information at a lower scale, that
is from the case studies (case studies estimates) and estimates of IUU catches from
the high seas and EEZ not covered by the case studies (‘big issue’ estimates)

0 Own estimates in values: based on quantities in tonnes whole weight equivalent
converted into first sale values

0 Predicting IUU catch essentially in sub-Saharan Africa and outlying islands by
extrapolating from the case studies and applying a predictive model by vulnerability
analysis

e Top-down approach: based on using global estimates of the proportion of unreported catch

Data sources used

e For the analyses of the big issue fisheries: literature review of press articles, reports, web
pages, RFMO and national data

e Series of case studies by countries — collected information: ad hoc reports on IUU fishing
activities to estimate IUU losses in values

e Vulnerability model extrapolated from the case studies findings
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Types of estimates / conclusions produced (incl. disaggregation levels) and quality of quantitative
estimate

Bottom up approach:

e Total loss to IUU fishing in the case studies was USD 372 million: 19% of the total value of the
catch; or 23% of the declared value of the catch (likely to be an estimate for 2003 but year
unclear). Two groups of issues: 1) shrimp fisheries (Guinea, Sierra Leone, Liberia,
Mozambique) suffered IUU fishing from industrial trawling vessels from distant water fishing
fleets and 2) environmental impacts of tuna fishing for the previously mentioned countries
and Somalia such as longliners targeting sharks

e Annual value of high seas IUU catches in USD in the ‘big issue’ fisheries: 1,244 million (likely to
be an estimate for 2003 but year unclear)

e Annual value of IUU catches in EEZ in USD in the ‘big issue’ fisheries (cod, sturgeon,
holothurians, abalone): 255 million (likely to be an estimate for 2003 but year unclear)

e By applying a predictive modelling, there seems to be a good linear relationship between
governance and the % of IUU activities in EEZ (% IUU = 0.0149 —0.3161 x governance index),
the one-parameter model estimated the value of IUU catch in the Sub-Saharan region (in the
EEZ of the coastal African countries) to be USD 0.9 bn (95% c.i. $0.4 - $2.3bn), which
represented 16 % of the total catch value for these countries or 19 % of the declared catch in
2003

Top-down estimate: extrapolated from the percentage of IUU catch in the sub-Saharan Africa region —
see above, 19% (16 million tonnes, USD 9.5 bn) to 30% (a) of the global marine catch (84 million tonnes,
USD 49.92 billion - FAO estimates) are IUU fishing in 2002, which are more likely overestimates given
the likely skewed distribution of IUU catch as a percentage of legal catch by state according to the
authors [a :the higher percentage, 30%, originates from an estimate of unreported catch as a proportion
of the total global reported catch from Pauly and MacLean, 20038].

Strengths Weaknesses

e Relatively sound overall picture of global e Limited global scope: the report
IUU marine fishing with detailed findings provides a global estimate of IUU fishing
through the case studies based on only selected fisheries and

e A detailed section presenting the applied extrapolation (the authors are however
methods and discussing the limits to build aware of the limit of their method and
overall estimates of IUU catch from a discussed it in the report).
collection of incident reports

Transferability of method to other situations? Ability to contribute to a global estimate?

e Transferable, however the applied method has been improved in more recent studies; and
e Provides a global estimate itself

8 Pauly D. and J. Maclean (2003) In a perfect ocean. Island press.
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Study reference Year published Responsible organisation
MRAG (2015) 2015 FAO / BOBLME secretariat
Study Objective

To estimate volume and value of I, U, and U fishing by country and at regional level for the Bay of
Bengal Large Marine Ecosystem Countries.

Geographical scope Fishing activities included in the | Time period
scope

Bay of Bengal Large Marine Ecosystem. | Marine. All species in theory (but | 1990- 2013
Sub-set of countries in S and SE Asia from | limited by risk assessment data
Pakistan in west to Vietnam and | available).

Philippines in East

Types of IUU activities considered by the study

illegal and unreported fishing in 17 countries.

Main methodology followed

Anchor point and influence methodology used in Agnew et al 2009, Ainsworth and Pitcher (2005) and
Varkey et al(2010). Risk based framework, using qualitative assessment of factors influencing risk and
contributing to IUU, anchor points, and likelihood-impact framework. Steps included:

e Base level data collection on catches

e Data collection on IUU influencing factors

e Breakdown of national catches by fishery/fleet segment

e Risk assessment approach

e Turning qualitative estimate of risk in quantitative estimate

e Development of a regional IUU database

Data sources used

e Official catches by country using FAO FishStat

e Price data (to generate values of IUU catch) e.g. from Infofish, Eurofish

e Bibliographic references and grey lit for IUU influencing factors and events (press, RFMO
IUU records and reports)

e Use of locally based experts to break down national catches in fleets/fisheries

e Expert judgement for assessment of likelihood (based on value, access to resource, multiple
gear access to resource, market access/demand, regional coordination), and use of other
published sources on corruption, prosecution ratios, levels of sanctions.

e Expert judgement for assessment of impact (on gears impacts, resilience of species,
resilience of habitats, high tropic level species)

e Qualitative risk assigned quantitative level based on risk level and expert judgement

Types of estimates / conclusions produced (incl. disaggregation levels) and quality of quantitative
estimate

Separate estimates for unreported and illegal fishing by volume and value by country, and species
group. Upper and lower estimates provided.

Strengths Weaknesses
e C(lear articulation of methodology e Size/range of upper and lower estimates
e Separate estimates for illegal and e Gaps in price data and need to use
unreported. averages
e Good disaggregation by country and e Inherent weaknesses in expert
species judgement approach
e No clear specification of study
weaknesses/limitations

Transferability of method to other situations? Ability to contribute to a global estimate?

Transferable and has ability to contribute to global estimate.
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Study reference

Year published

Responsible organisation

MRAG (2016)

2016 FFA

Study Objective

To quantify the volume, species composition and value of IUU fishing in Pacific tuna fisheries.

Geographical scope

Fishing activities included in the scope

Time period

Pacific region: area below
200N, east of 1300E and
north of the southern
boundary of the WCPFC
Convention area, and east to

Estimates of IUU volume and value were
developed for each of the three main
fishing sectors - purse seine (PS), tropical
longline (TLL) and southern longline (SLL)
— and then aggregated to produce an

Estimates are
levels of annual IUU
fishing  across  each
category for the period
encompassed by the

‘typical’

the eastern boundary of the | overall regional estimate for Pacific | study (2010-2015)

WCPFC Convention | Islands region tuna fisheries
boundary, including EEZs of

both FFA and non-FFA

member states and areas of

high seas. Excludes the

Indonesian and Philippines

EEZs.

Types of IUU activities considered by the study

(i) unlicensed/unauthorised fishing, (ii) catch misreporting, (iii) non-compliance with other license
conditions (e.g. FAD fishing during the purse seine closure period) and (iv) post-harvest risks (e.g.
illegal transhipping).

Main methodology followed

A bottom up approach which aimed to arrive at regional-scale estimates of the volume and value of
IUU fishing by first breaking down the ‘lUU problem’ into discrete quantifiable units, based on
identified risks, and then aggregating these up to produce a regional scale estimate. The approach
took account of all of the available information to generate ‘best estimate’ values of IUU activity for
each risk in each sector, as well as minimum and maximum range values. Approach used in study was
similar in part to the ‘anchor points’ approach described in Ainsworth and Pitcher (2005) (and later
used by Agnew et al, 2009,) in that authors assigned ‘best estimates’ and minimum and maximum
ranges of known IUU activities and then used Monte Carlo simulations to determine the likelihood
that IUU fishing would be within a certain range. However, the approach was amended for this study
based on the nature of the assignment (a ‘snapshot’ estimate of IUU activity, rather than a historical
time series) and the nature of the risks and available information (for example, the availability of data
for some risks allowed for more direct estimation of ‘best estimates’ and ranges). Five main steps:

e |dentifying IUU risks

e Estimating best estimate and min and max range

e Assigning likely probability distribution

e Monte Carlo simulations

e Quantifying ex vessel values, economic rent and value added

Data sources used

e National risk assessments from 10 countries

e Country visits to collect national level data

e WCPFC/SPC catch data

e Fleet economic data collected by PNA

e For unlicensed fishing: VMS, aerial and surface surveillance, observers, media, FFA member
site visits. FFA compliance index data
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For Unregulated fishing: aerial and surface surveillance, observer sightings, previous risk

assessments and anecdotal information

For Mis-reporting: comparisons of observer vs logsheet reporting
For Fishing on FADs: observer data and earlier studies (Hare et al, 2005)
For Fishing inside closed waters: VMS data and anecdotal report

For Shark finning: regional observer data

For Use of wire traces in LL: isolated boarding and inspection reports, dockside monitoring

reports and observer reports
For illegal transhipping: expert judgement

For all of the above estimates were ground-truthed at a regional workshop

Types of estimates / conclusions produced (incl. disaggregation levels) and quality of quantitative
estimate

Volume and value by type of IUU (4 types see above), species, and fleet segment, along with economic
rent and value added.

Strengths

Weaknesses

Clear presentation of all methodology and data
sources

Development of a framework for the quantification
of IUU fishing in Pacific tuna fisheries and the design
of a basic model that can be refined and updated
over time as IUU risks change and better
information becomes available
Recognition/discussion on possible double counting
Use of study outputs to make recommendations on
ways of reducing IUU fishing. Of practical benefit to
WCFPC

Some ranges between upper
and lower limits large (others
less so). Large limits were
linked to greater levels of
uncertainty

Some double counting? (but
risk acknowledged)

Estimate not a
snapshot/single year due to
different dates of data used
but ‘typical’ levels of annual
IUU (this may be a strength
also).

Transferability of method to other situations? Ability to contribute to a global estimate?

Yes, but assuming same level of data availability which may not be the case in non-tuna fisheries.
Could contribute to global estimate (for tuna fisheries in Pacific region).
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Study reference Year published Responsible organisation

NASCO (2007) 2007 North Atlantic Salmon
Conservation Organisation
(NASCO)

Study Objective

Better knowledge of illicit fishing of wild Atlantic salmon to enhance the conservation of the species
in waters under the jurisdiction of NASCO parties (the ad hoc report consists of presentations made
by a selection of NASCO parties at the 2007 Special Session of NASCO on Unreported Catches).

Geographical scope Fishing activities included in the scope | Time period

North Atlantic waters of NASCO | Ireland: commercial and recreational | Different time period
parties focusing on rivers, | fishing (rod fishing) applied for each country,
estuaries and coastal waters | UK: rod catch, net and trap licensed | for instance:

under the jurisdiction of the EU | fishing and unlicensed fishing in rivers | Ireland: 1970 — 2005

(Denmark in respect of the | and some coastal areas USA: 2006

Faroe Islands and Greenland, | Canada: recreational and aboriginal | Russia: long term
Ireland and the UK), Canada, | fisheries in river, estuarine and coastal | analysis with a case
Iceland, Norway, Russia and | areas (gear not specified) study (Umba river)
USA Denmark: recreational fisheries in | focusing on 2006 data

Faroese rivers (gear unspecified)
Iceland: salmon angling and rod fishing
USA: commercial and recreational
(angling) fisheries

Norway: legal and illegal river fishing
mainly by anglers, by-catch of salmon
in gill net and drift net fishing

Russia: illegal catch of salmon in rivers
and legal coastal and river fisheries by
net and rod

Types of IUU activities considered by the study

Unreported fishing of Atlantic salmon when or where catch of Atlantic salmon is authorised.
Illegal fishing of Atlantic salmon when or where catch of Atlantic salmon is not authorised.

Main methodology followed

Unreported catch from legal fishing and illegal fishing estimated by public fisheries officers based on
sources cited below; in Ireland, use of a raising factor to estimate unreported catches from
recreational fisheries using a range; in the UK, use of a catch reminder mechanism in rod angling; in
Russia a mathematical simulation model was used for estimating illegal catch on one of the rivers (the
Umba).

Data sources used

e Surveys, local observations and reports from recreational fishing associations (and
commercial fisheries using logbooks for Ireland)
e Local knowledge and past estimates when lacking information

Types of estimates / conclusions produced (incl. disaggregation levels) and quality of quantitative
estimate
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Estimates of illegal fishing and unreported catch of Atlantic salmon in tonnes or/and in percentage of
total catches in the investigated legal fisheries (for instance, in 2006 in Norway).

Most countries conclude that despite all efforts to develop effective methods for estimating the
unreported catch, estimations have not so far been very accurate, with estimates relying mainly on
the local knowledge of fisheries, data from logbooks and catch statistics. Ireland: estimates of
unreported catch were a relatively good approximation for most years although the actual
fluctuations over time cannot be ascertained; England and Wales: progress in improving catch
reporting and fighting illegal fishing reduced under-reporting.

Strengths Weaknesses
e States methodology, assumptions and e Not a common methodology and time
limitations of the approach and period applied between the countries
methodology, and attempts to be which makes difficult to provide an
conservative when factors are not overall conclusion on the findings
known. e Data are aggregated (low level of detail)

Transferability of method to other situations? Ability to contribute to a global estimate?

Yes, to estimate unreported catches in recreational fisheries in developed countries (for instance, the
Russia simulation model, the raising factor applied by Ireland, the catch reminder mechanism applied
by the UK).
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Pauly et al. (2014) 2014 UBC, Vancouver, BC, Canada
Estimates of Chinese long-distance vessels catches worldwide.

Global Distant water commercial fisheries 2000-2011

Retained catches (=landings) only
Not specified: the paper documents possible catches of China distant-water fleet whether obtained
legally or not. However, the study raises significant underreporting issues

‘

Retained catches estimated by establishing the presence and numbers of Chinese vessels in EEZ of 3™
countries multiplied by average catches by vessel types (5 types).

e Anecdotal information on activities of distant water vessels flagged to China in different
countries
e Average catches per vessel types as estimated by Lam et al. (2011)

Estimates of catches of the long distance fleet flagged to China compared to official landing data
indicating likely considerable underreporting.

e Global range of Chinese vessels defined as those with officers and crew from
estimates China. No link with flag vessels established

e Possible issues of double counting (same vessels present in
different areas)

e High reliance on expert judgment to estimate numbers of
vessels by type

e Inability of method to distinguish between legal and illegal
activities

Method can possibly be used to estimate catches of long distance fleets.
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Study reference Year published Responsible organisation

Pauly and Zeller (2015) 2015 Sea Around Us (research
initiative at The University of
British Columbia)

Study Objective

Present the authors’ concept, method and data sources applied for Sea Around US recent catch
reconstructions; for instance in Pauly and Zeller (2016).

Geographical scope | Fishing activities included in the scope Time period

Marine waters Catches of marine fishes by fishing countries in their EEZ | 1950- 2010
and inshore fishing areas (coastal area to a maximum of 50
km from the coast or to 200 m depth, whichever comes
first)

Catches that are not associated with tuna and other large
pelagic fishes, but taken by fishing countries outside their
domestic waters

Catches of large pelagic fishes (mainly tunas) — see cell
‘main methodology’ for the segments included

Types of IUU activities considered by the study

Focusing on unreported/under-reported catches including discards.

Main methodology followed

1. lIdentification, sourcing and comparison of baseline reported catch times series, i.e., a) FAO
(or other international reporting entities) reported landings data by FAO statistical areas,
taxon and year; and b) national data series by area, taxon and year

2. Identification of sectors (industrial, artisanal, subsistence, recreational), time periods,
species, gears etc., not covered by (1), i.e., missing data components. This is conducted via
extensive literature searches and consultations with local experts

3. Sourcing of available alternative information sources on missing data identified in (2), via
extensive searches of the literature (peer-reviewed and grey, both online and in hard
copies) and consultations with local experts. Information sources include social science
studies (anthropology, economics, etc.), reports, colonial archives, data sets and expert
knowledge

4. Development of data ‘anchor points’ in time for each missing data component, and
expansion of anchor point data to country-wide catch estimates

5. Interpolation for time periods between data anchor points, either linearly or assumption-
based for commercial fisheries, and generally via per capita (or per-fisher) catch rates for
non-commercial sectors;

6. Estimation of total catch times series, combining reported catches (1) and interpolated,
country-wide expanded missing data series (5)

7. Quantifying the uncertainty associated with each reconstruction [including conservative
estimates of discards for foreign landings from the discarding rates of the domestic fisheries
(ghost fishing, under-water discards and net-mortality not counted). (based on Pauly and
Zeller, 2015)

Data sources used

e FAO and national data
e Grey literature
e [Interviews
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Types of estimates / conclusions produced (incl. disaggregation levels) and quality of quantitative

estimate

Method to estimate illegal fishing of foreign fishing in non-domestic EEZ: distant water fishing fleet
size multiplied by appropriate catch per unit of effort rates leading to an estimate of illegal catch in

these EEZs.

Strengths

Weaknesses

e Reconstruction method in
constant improvement from
the method applied by Pauly
in 1998 (see next cell below)

e From the presented method, it does seem to take
into account only illegal fishing estimate from foreign
industrial fishing fleet

e Although catches in inshore fishing areas are taken
into account, it is unclear in the method how IFA
relates to recorded catches in territorial seas
(reminder: EEZ areas exclude territorial seas —
UNCLOS, article 55)

Transferability of method to other situations? Ability to contribute to a global estimate?

Yes, to both, although the method is based on reconstructing global catches by (1) adding unreported
fishing estimates and (2) illegal fishing estimates of foreign fishing in non-domestic EEZs. Authors are
aware that the approaches used are preliminary and further improvements are needed to improve
the accuracy of the catch reconstructions.
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Study reference Year published Responsible organisation

Payne et al. (2005) 2005 Imperial College

Study Objective

Stock assessment of toothfish around the Falkland islands.

Geographical scope Fishing activities included in the scope | Time period

SW Atlantic Commercial longline fishing for | 1994-1996
toothfish

Types of IUU activities considered by the study

Illegal (unlicensed and unreported) fishing.

Main methodology followed

Age Structured Population Model (ASPM) tuned to CPUE from known commercial vessels, which was
allowed to estimate missing catch for a number of defined years.

Data sources used

e Commercial CPUE
e Commercial known reported catches
e Life history parameters, etc, to create population model

Types of estimates / conclusions produced (incl. disaggregation levels) and quality of quantitative
estimate

The known commercial CPUE shows a marked reduction in the mid 1990s which does not fit the
known commercial data. When allowed to estimate unknown catches the model does very well,
predicting catches consistent with anecdotal reports at the time.

Strengths Weaknesses
e Objective, analytical, e Single species
based on known e This, and other assessment models using multiple data
reported data sources (eg CASAL: NIWA, New Zealand) are capable of
e Cross-validated with estimating unknown quantities, but they require some
anecdotal information fixed points from which to do this, or they end up
from expert sources, explaining all variability between observed and estimated
but not reliant on them quantities in terms if missing catch; this is the reason that
random walk on catchability needs to be constrained
between some parameters.

Transferability of method to other situations? Ability to contribute to a global estimate?

Very transferable, but in specific situations. Similar approaches were taken for cod in the north sea,
which used a fishery-independent index tuned stock assessment model to calculate the difference
between predicted and observed catches during a period in the early 2000s when there were very
significant underreported catches (see Agnew, paper to FAO workshop, February 2015).
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Study reference Year published Responsible organisation
Pham et al. (2013) 2013 Universidade  dos  Acores,
Portugal
Study Objective
Reconstruction of statistics on total removals of fisheries products.
Geographical scope Fishing activities included in the scope | Time period
Waters around Azores | All  commercial fishing activities, | 1950-2010
archipelago including foreign vessels, recreational
and subsistence fishing
All species, including marine mammals

Types of IUU activities considered by the study

Study considers as IUU all unreported catches, incl. discards, whether obtained legally or illegally.

Main methodology followed

Corrections to apply to official landing statistics by species to include catches that have not been taken
into account, whether landed, discarded or used for other purposes (e.g. bait).

Data sources used

e Official landing statistics gathered from various local and international sources
e Records of scientific observations on discarding rates of some fleet segments
e Records of scientific observations on amounts of bait used for tuna fishing

e Existing surveys of recreational fishing and of shore fishing in Azores

Types of estimates / conclusions produced (incl. disaggregation levels) and quality of quantitative
estimate

Total amounts of estimated catches by species, whether landed or discarded (not precise).

Strengths Weaknesses
e Comprehensive approach e High reliance on expert judgments
e Attempted to avoid double-counting by e Unclear method for calculating
assuming that catches obtained by confidence intervals of estimates
foreign fleet are reported elsewhere e Consider as IUU all quantities not
(e.g. ICCAT; Russian statistics) reported in official statistics
e No specific estimates of extent of illegal
fishing
e Assume official reported landings as
accurate

Transferability of method to other situations? Ability to contribute to a global estimate?

Yes.
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Piroddi et al. (2015) 2015 JRC, Ispra, Italy
UBC, Vancouver, BC, Canada

Reconstruction of statistics on total removals of fisheries products and on historical CPUE of the fleet.

Fisheries under the competency | Commercial fisheries (artisanal and | 1950-2010
of Italy industrial), subsistence and
recreational, incl. discards

Study considers as IUU all unreported catches, incl. discards, whether obtained legally or illegally.

Corrections to apply to official landing statistics by species to include catches that have not been taken
into account, whether landed or discarded.

| Datasourcesused |
Official National landing statistics

Evolution of the regulatory framework

Ad-hoc scientific information on discard rates
Existing surveys of recreational fisheries

Records of infringements appearing in press reports

Unreported catches by sector and by species.
Reconstructed cpue based on reconstructed catches and inferred levels of vessels activities.

e Comprehensive approach e High reliance on expert judgments
e Include considerations on evolution of e Assume official reported landings as
regulatory framework for incentives to accurate
IUU fishing
e Attempt to separate catches from illegal
activities (underreporting)

Yes.
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Study reference Year published Responsible organisation
Pitcher et al. (2002) 2002 UBC

Study Objective

Method of anchor points and influence factors.

Geographical scope Fishing activities included in the scope | Time period
Global Any IUU in Iceland and Morocco 1950 - 2000

Types of IUU activities considered by the study

Potentially all; but in the examples given, Iceland — discarding, Morocco discarding and unreported
landings.

Main methodology followed

Identification of some fixed points (studies of discarding, estimates of illegal activities), matching to
assumed influence factors (management regimes, changes).

Data sources used

e Official reported landings
e Estimates of discards and unreported catches
¢ Information to drive interpolation (changes in regimes; anecdotal reports)

Types of estimates / conclusions produced (incl. disaggregation levels) and quality of quantitative
estimate

Disaggregation follows the resolution of the data as does the likely quality of the estimates; in the
case of Morocco, it was for coastal, industrial and foreign fleets. No information on discarding or
unreported catches are available for the foreign fleets but the comment on the (large) interpolated
catch from foreign fleets is “assumed intermediate between coastal (where there is an estimate) and
industrial (where there is an estimate). Although context is different the incentives to cheat and
opportunities to sell fish are as high as with the Moroccan fleet”. Accuracy of sources difficult to check
because references not accessible.

Strengths Weaknesses
e Produces estimates for years e The assumptions for interpolations are transparent,
and fleets for which there is but there is no way of really checking on the quality
no information. of the resultant estimates of IUU or the
e Transparent derivations reasonableness of the estimates.

e References are of highly variable quality, and in
many cases are anecdotal/expert opinions. There
are ways for correcting for this introduced in some
later applications of the methods (systematic
expert opinion) but this appears to be rarely used.

Transferability of method to other situations? Ability to contribute to a global estimate?

Quality and reliability of estimates, particularly historical time series, is generally low with this
method. However, it has very broad application, and has been repeatedly been used by UBC and other
authors. Could contribute to country calculations contributing to a global estimate.
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Study reference Year published Responsible organisation
Plaganyi et al. (2011) 2011 University of Cape Town
Study Objective

Assessment of level of 1U (illegal, unreported) catches of Abalone in South Africa.
Geographical scope Fishing activities included in the scope | Time period
South Africa Commercial fishing 1994-2008

Types of IUU activities considered by the study

lllegal and unreported: essentially all lllegal since all reporting is required.

Main methodology followed

Multi—method approach: modelling abalone population with a spatial and age structured model,
including in the model illegal catches tuned to law enforcement data, cross validation with trade data.

Data sources used

e Enforcement data generating confiscations per unit of policing effort

e Population model data for abalone (biological; known commercial catches and GLM-
standardised CPUE; recreational catches estimated from telephone surveys; diving surveys)
expressed spatially

e Global trade data on abalone

Types of estimates / conclusions produced (incl. disaggregation levels) and quality of quantitative
estimate

Spatial estimates of IU fishing. Quantitative estimate good quality, and IU estimate over a large
number of years, peaking at 1000% of legal catch.

Strengths Weaknesses

e Uses multiple data sources, generating e May need there to be high-profile
realistic IU estimates. This is the major resource such as abalone to have good
strength — it does not rely just on trade estimates of illegal activity from
data or just on one other assumption compliance authorities
such as anecdotal reports o Needs good stock assessment data to

e Very robust analytical model generating generate underlying ASPM, including
confidence intervals at relevant spatial fishery-independent surveys
scales

e Cross-referencing with trade data allows
reality check without relying on trade
data for information

Transferability of method to other situations? Ability to contribute to a global estimate?

Yes, should be applicable in other situations. However, this type of approach has not been very widely
used, because it is data intensive.
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Study reference Year published Responsible organisation
Polacheck (2012) 2012 CCSBT
Study Objective

Exploration of different hypotheses for the source of the under-reported SBT catches during the 15
years 1990 — 2005.

Geographical scope Fishing activities included in the scope | Time period

SBT range (Pacific) Longline catches 1985-2005

Types of IUU activities considered by the study

Illegal (fishing in closed areas and over-quota catches by Japan, a Member of CCSBT); unregulated
(fishing by Indonesia, Korea, while non-Member); unreported (under-reporting of catches by
Indonesia).

Main methodology followed

Comparison of Japanese import statistics and market statistics, supported by analysis of logbook data
and in the case of Indonesia, port sampling.

Data sources used

e Import statistics
e Market (auction) statistics
e Sampling

Types of estimates / conclusions produced (incl. disaggregation levels) and quality of quantitative
estimate

Estimates on an annual basis of total IUU catches (up to 200% more than the reported catch / TAC;
66% of the total catch being IUU), of good quality. Some disaggregation by area, but little
understanding of actual size composition. Some hypothesis that catches misreported as bigeye.

Strengths Weaknesses
e Data are independent of the fishers e Market data very difficult to acquire
undertaking the IlUU e lLags between catches and marketing
e Japan only importing country e Inability to capture any fish retained for

domestic consumption in eg Indonesia
e |nability to easily distinguish between
farmed and IUU

Transferability of method to other situations? Ability to contribute to a global estimate?

As with other trade data analyses, this analysis by CCSBT relied on a limited number of markets and is
not necessarily transferrable to other situations unless there are similarly high value single species
identified in market/trade data.
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Study reference Year published Responsible organisation
Pramod et al. (2014) 2014 WWF sponsored UBC research
Study Objective
Estimation of illegal fish imported to USA
Geographical scope Fishing activities included in the scope | Time period
USA imports All imports to the USA — estimates are | 2011

not made of illegal and unreported

catches in domestic waters

Types of IUU activities considered by the study

Illegal and Unreported (not unregulated) — but not disaggregated in final estimates

Main methodology followed

For the top 10 countries exporting to the USA and the top 3 species categories / products exported
by each, an IU estimate was made on the basis of that fishery, not the exact exported fish. For each
of the 30 fisheries the normal UBC method was used, using 180 sources including 41 interviews (32
confidential).

Data sources used

e Published reports of illegal and unreported fishing, Anecdotal information, confidential
interviews in data poor situations.

e Reported catch statistics

e Trade flow data to identify products imported to USA from different countries

Types of estimates / conclusions produced (incl. disaggregation levels) and quality of quantitative
estimate

IU estimates (combined — not disaggregated by type of IUU)

Strengths Weaknesses
e Because no temporal trends are calculated, the e lack of transparency on some

results of this study suffer less from the normal estimates, low quality/reliability
“anchor/influence” method interpolations, and of some sources (press,
are probably more robust. Furthermore, the anecdotal) and combination of
target is imports into one country, rather than estimates with differing quality.
estimates of IUU fishing in a particular country,
which is a change in methodology.

Transferability of method to other situations? Ability to contribute to a global estimate?

Yes. One of the more rigorous studies of its type to date, though still prone to multiple assumptions
not so susceptible to interpolation issues. Also provides estimates for some of the most widely traded
fish (given imports to a major state such as USA). Similar study for the EU could be combined with this
to provide estimate for more than 50% of the world’s traded fish.
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Study reference Year published Responsible organisation

Restrepo V. R. in OECD (2004) — | 2004 ICCAT Secretariat
section ‘Compiling evidence’ [to
quantify IUU fishing] — chapter 9

Study Objective

Presenting the process applied by ICCAT to estimate unreported catches using a case study.

Geographical scope Fishing activities included in the scope | Time period

ICCAT area Tuna fishing activities (case study: | Case study: 1994 - 2002
Atlantic bluefin tuna, BFT)

Types of IUU activities considered by the study

Unreported catches

Main methodology followed

Comparing catches and trade data

e The ICCAT catch database contains a special code ‘NEI’ (not elsewhere included). For the
purpose of the case study, NEI correspond to unreported catches. It is then up to the ICCAT
Commission to decide whether or not the unreported catch is an evidence of IUU fishing.
NEI codes may be assigned to flag State to distinguish unreported catches and reported
catches by that same flag State

e NEIl calculation: NEI [from a country x] = A-B-C-0.8D (A: catch reported [by a country] to
ICCAT, B: imports to USA, C: imports to Japan from wild fish, D: imports to Japan from
farmed fish), when the NEI is negative, the figure is considered corresponding to unreported
catches from the country x. 0.8 corresponds to the bluefin fattening factor (25 % gain weight
for the initial weight the tuna entering a farm)

e Conversion factors are applied to estimate live weights (to reach the round weight: belly
meat from wild tuna, 10.28; dressed weight — fish gilled, gutted, headed and definned, 1.25;
fillet, 1.67; gilled and gutted weight: 1.16; other products, 2.0)

e Double counting is avoided (see strengths below), by not applying conversion factors for
belly weight for farmed fish

e Application of the above formula not fixed: data are often aggregated among gears and use
of NEI combined catches from several countries to reflect practices of fishing and fish
farming at the studied time period

Data sources used

Case study: data from the BFT statistical document programme (SDP): fresh and frozen BFT and
farmed BFT (from 2003), flags of vessels, vessel characteristics, area of catch, type and amount of
product traded, ICCAT statistical document validated by government officials to pass import customs,
bi-annual ICCAT contracting party summary report on tuna imports.

Types of estimates / conclusions produced (incl. disaggregation levels) and quality of quantitative
estimate

e 50-60 % of BFT catches are traded internationally

e 1to5 % of BFT catches are estimated to be unreported from the method applied above ( 5-
10 % in the early 1990s, rose to over 20 % in in the late 90s and around 5 % in the early 2000

e Although these estimates cannot be fully accurate, a useful tool to identify countries not
properly reporting catches to ICCAT

Strengths Weaknesses
e |ICCAT recognises the uncertainty of the e Alevel of uncertainty (see
estimates due to a) the application of average strengths on the left);
conversion factors that may not be precise, b) e Update required taking into
risks of double counting by applying account the new traceability
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conversing factors for products coming from
the same fish, c) the likelihood that the SDP is
not fully implemented by the importing
countries and d) uses of highly aggregated
data from the biannual reports which does
not allow the validation of detailed data from
the statistical documents

mechanism (catch documentation
schemes)

Transferability of method to other situations? Ability to contribute to a global estimate?

Yes, to estimate and compare with recent unreported catches in bluefin tuna by taking into account

any change in the BFT catch documentation scheme.
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Swartz and Ishimura (2014) 2014 UBC, Hokkaido University

to create a baseline of total fisheries-related biomass removals in the Japanese Exclusive Economic
Zones to supplement the reported commercial fisheries landings.

Commercial fishing in Japanese waters | 1950-2010
only (not distant water fleet), but
including foreign fishing in Japanese

waters, recreation.

Unreported catches, including from the recreational fleet. Discards (not illegal). Illegal activities
(gears; closures; abalone + cucumber by organised crime syndicates).

Catch reconstruction, which methodology has evolved from the anchor/influence approach, relying
more on alternative information sources which may act as proxies of catch data (such as total
consumption, exports, coastal community size) rather than the more difficult management based
influence points approach originally.

e Landing statistics, recreational fisher surveys
e Violations data related to illegal possession and sale of marine fish
e Published estimates of discard rates.

Illegal catches (including unreported), discarding by fleet, gear and fishery, with high quality levels.
Separation of domestic/foreign and Japanese distant water fleets.

e Very detailed examination of sources, e Historical back-extrapolations probably

existing data. less reliable

Yes. As use in global estimate double counting would be avoided by clear separation of different
contributions to the estimates and identification of different types of IUU.
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Tesfamichael and Pitcher (2007) | 2007 UBC, University of Asmara
Estimate of unreported catches of three major Eritrean red sea fisheries.

Eritrea Commercial shrimp, demersal finfish, | 1950 - 2004
pelagics

Unreported catch = misreporting in the small pelagic fishery, discarding in the demersal and shrimp
fisheries. lllegal fishing not monitored (or expected).

Anchor and Influence (old method).

e Catch reporting (improved since 1993 independence)
e Observer monitored discard data
e Historical Studies of discarding

Tabulation of influence factors and estimates of unreported catch. Use of influence factors more
transparent than in some other studies of this type. Disaggregation by fleet allows calculation of
discarding or underreporting.

Detailed tabulation of results

e Major regime changes (independence;
war) provide very sharp contrasts in the
data

e Relatively few anchor points in centre of
the series
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Study reference Year published Responsible organisation
Varkey et al. (2010) 2010 UBC

Study Objective

Estimation of IUU in Raja Ambat, Eastern Indonesia.

Geographical scope Fishing activities included in the scope | Time period

Raja Ambat Archipelago, 45,000 | Small scale fisheries in reef and inshore | Reconstructed catch for
km2, NW of Papua, Eastern | areas (reef fish, tuna, anchovy, shark, | 1960 to 2006 to provide
Indonesia sea cucumber, lobster) estimate of IUU catch in
2006

Types of IUU activities considered by the study

Reef fishery was divided into illegal catch using destructive fishing methods (e.g. blast fishing, cyanide)
and unreported catch using other gears.

Due to difficulty of dividing up catches of other fisheries into elements of IUU, used on combined
‘unreported’ catch category to combine unreported artisanal and commercial fisheries.

Main methodology followed

Catch reconstruction, compilation of influence table, numerical influence total allocated to one of 5
categories of incentives for IUU, and incentive categories converted to actual catch estimates using
anchor points to provide a range of IUU for each incentive category. Monte Carlo to estimate mean
missing catch with error for each year.

IUU catch estimates converted to IUU catch revenues for 2003-2006.

Data sources used

e Catch records from Department of Fisheries

e Wide range of sources for historical events influencing IUU made mainly interviews with
Nature Conservancy and local communities

e Anchor points — estimates of catch from literature and survey information

e Fish prices for survey data for 2006 and 2006 and CPI to convert nominal to real prices

Types of estimates / conclusions produced (incl. disaggregation levels) and quality of quantitative
estimate

Disaggregation by fishery for 6 fisheries for IUU catch and associated revenues

Strengths Weaknesses

e Separation of illegal and e Other fisheries just ‘unreported’
unreported for reef fishery e Now statements at all in paper about any

e Inclusion of small-scale and weaknesses in the analysis
commercial fishery e Prices missing for 2 of the 4 years in th revenue

e Estimation of revenues analysis
associated with land U e Variable and large errors on the estimates of some
estimates of the fisheries covered

e Community views e Detailed influence table and basis for quantifying
incorporated into influence incentives for IUU not provided/transparent
table e Anchor points not available for all incentive

categories

Transferability of method to other situations? Ability to contribute to a global estimate?

Yes, but ability to contribute to global estimate low as for such a small area.
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Study reference Year published Responsible organisation

Wagey et al. (2009) 2009 Research centre for capture fisheries,
Agency for marine and fisheries research,
Ministry of marine affairs and fisheries,
Indonesia

Study Objective

Providing estimates of IUU activities in Indonesian waters to develop management actions to combat
illegal and non-reported fishing practices.

Geographical scope Fishing activities included in the scope | Time period

Arafura Sea (Arafura Sea | Three industrial fisheries: fish trawling, | 1976 -2005
Fisheries Management area | shrimp trawling and bottom long line
including high seas) fishing

Types of IUU activities considered by the study

Unreported catch consisting of (a) catches thrown away (by catch and discards), (b) catches not
reported and misreported catches (reported but not recorded or improperly recorded) and (c) illegal
fishing (definition of the authors).

Main methodology followed

Anchor points and influence table analysis with Monte Carlo estimation of confidence limits by
qualitative and quantitative analysis. Influence factors consist of policy, rules, regulations, decisions
and actions which can influence the rise or fall of IUU fishing activities; An anchor point consists of
data and information regarding catch and fishing effort obtained as a result of research or from rules
and regulations which can be used as a more reliable basis or reference point for estimation (Wagey
et al., 2009)

Data sources used

e Data records from the (Indonesian) National Fisheries Statistics: landings and fishing efforts,

e Interviews: skippers, former skippers and crew, employees in harbours, fisheries public staff,

e Series of workshops to obtain additional data and validate the data obtained and the
estimates, and

e Consultations

Types of estimates / conclusions produced (incl. disaggregation levels) and quality of quantitative
estimate

Type of estimates: base line catch = statistical data + (discards + misreported + illegal) with confidence
limits (range) of the estimations; presented by five yearly percentages for each studied fishery;
Conclusions: decreasing trend of illegal, misreported and discarded catch while Indonesian fisheries
statistics shows an increase in fisheries catch; highest level of misreported catch occurs in the bottom
long line fishery (95 %), highest level of illegal catch occurs in the fish trawl fishery (average 35 %) by
transhipment, level of illegal catch unknown but assumed to be 5 % in the shrimp trawl and the bottom
long line fisheries.

Strengths Weaknesses

e Use of a statistical model to estimate a e The geographical coordinates of the
range of unreported and illegal fishing in Arafura sea area taken into account to
the covered area estimate unreported and illegal fishing

e managing the fisheries resources in the are not provided (a map with the
Arafura Sea can succeed if these three covered area would have been very
industrial scale fisheries can be useful)
controlled: small-scale artisanal catches e Use of Indonesian fisheries statistics only
in the area are thought to be relatively for the studied area (weakness if the

covered area includes waters beyond
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low on account of the small coastal
population, (Nurhakim et al., 2009)

Indonesian waters — see bullet point
above)

Focus on illegal fishing and unreported
fishing (absence of mention of
unregulated fishing) —authors explained
their will to focus only on those two
types of IUU fishing activities

Transferability of method to other situations? Ability to contribute to a global estimate?

Transferability: yes, for estimating unreported catch.

Ability to contribute: yes, but only in the covered time period and studied area (and after having a

better understanding of the covered area)
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Williamson et al. (2014) Australian Research Council
Centre of Excellence for Coral
Reef Studies

Determine levels of illegal fishing in no-take Marine Reserves (NTMRs) on the Great barrier reef.

Great Barrier Reef, Queensland | Commercial and recreational fishing on | 2009
coral reefs

Illegal fishing in no-take zones by commercial and recreational fishers.
Underwater surveys of discarded fishing line.

e Surveys lost gear inside and outside of NTMR
e Estimates of accumulation rate

Different accumulation rates inside and outside NTMRs allowed determination of different levels of
fishing effort.

e Experimental, analytical e Intensive diving survey required
e Does not rely on surveillance activity — survey e Only applicable where there are
based method extensive known areas of
e Indirect monitoring of IUU, dependent on reserves
accumulation rates of lost gear e Indirect estimate of lUU
e (Can generate an estimate of IUU activity in
NTMRs
e Can clearly identify one element of IUU, i.e.
Illegal

May be useful where there are controlled areas such as MPAs; otherwise of limited contribution to
global estimates. On the other hand, this is very clearly an lllegal activity.
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Study reference Year published Responsible organisation
Willock in OECD (2004) — section | 2004 TRAFFIC International
‘Compiling evidence’ [to (international NGO monitoring
quantify IUU fishing] — chapter 5 wildlife trade)

Study Objective

Presenting methods applied by TRAFFIC to identify and in some circumstance estimate IUU fishing by
analysing trade data.

Geographical scope Fishing activities included in the scope | Time period

Presenting  methods  with | Example 1: Patagonian toothfish; Example 1: 2002
examples from different regions | Example 2: orange roughy; Example 2: 1977 — 2001
of the world, for instance: 1 | Example 3: sea cucumber Isostichopus | Example 3: 1998 — 2002
CCAMLR area and high seas not | fuscus; and Example 4: in the late

under the mandate of an RFMO; | Example 4: endemic abalone species | 90’s
2. Global 3. Waters surrounding | Haliotis midae
Ecuador’s Galapagos Islands 4.
South African waters

Types of IUU activities considered by the study

IUU fishing especially illegal fishing and under-reported fishing.

Main methodology followed

e Comparing trade and catch data of a fish species (using live weight equivalence);
e I|dentifying discrepancies of export and import figures from the exporting country and the
importing country.

Data sources used

e Literature review;

e Trade data compared against RFMO catch data and FAO catch data;

e Market surveys (for a snapshot of trade and more detailed market surveys over a period of
time to obtain a trend in assessing IUU fishing); and

e Field research including consulting the industry

Types of estimates / conclusions produced (incl. disaggregation levels) and quality of quantitative
estimate

Example 2: trade analysis confirming the likelihood of FAO underestimation of global catch of orange
roughy (underestimation recognised by the FAO itself). The underestimate may be as high as 30 % in
some years; Example 3: confirming illegal harvesting when the fishery was closed to commercial
harvesting; Example 4: exports of abalone to China, the major importer of the south African endemic
abalone, from countries not trading abalone from South Africa confirmed smuggling of abalone across
borders.

Other conclusions: RFMOs use trade information to identify countries engaged in trade of a certain
commodities of a species where IUU fishing is an issue; example 1: lack of transparency of some of
the world’s largest importers (in this case in 2002, China); promoting transparency and use of the
harmonised commodity system of trading (HS) to improve monitoring signs of illegal fishing through
trade data.
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Strengths

Weaknesses

(presented by the author in the paper)

e A complementary tool to quantify IUU
fishing (strength presented by the
author)

e TRAFFIC aims to give conservative
figures when estimating overall trade,
then assessing IUU activities, as always
inconsistencies occur in export, import
and re-export data (discussed by the
author in the paper)

(presented by the author in the paper)

e Often difficult to access reliable
information on domestic trade and
consumption

e Trade and market information cannot
provide absolute results in terms of
quantities of IUU fishing

Transferability of method to other situations? Ability to contribute to a global estimate?

Answer to both questions: yes as a tool to quantify IUU fishing.
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Study reference Year published Responsible organisation

Worm et al. (2013) 2013 Dalhousie University and other
Universities in the USA

Study Objective

Assessment of current status of shark populations including estimates of global catches, exploitation
rates (catch divided by biomass) and potential extinction risks at current levels of exploitation. And
from that discussion on management solutions.

Geographical scope Fishing activities included in the scope | Time period

Global Global shark fisheries 2000 and 2010

Types of IUU activities considered by the study

Unreported using other literature.

Main methodology followed

Generation of global catch and mortality estimates for sharks as a group based on reported catches
and IUU catches, and discards based on observed discards and shark catch estimated from published
sources by ocean basin and scaled up using longline effort.

Data sources used

e Average shark weights used to convert numbers to weights and vice versa

e Reported catches from FAO Fishstat (cross checked against UBC Seas Around Us Project
database, and also for fins from trade data in Fishstat (compared for regional comparison
with Hong Kong government trade data)

e |UU catch estimated using Agnew et al 2009 and global catches

e Published observer data for discards

Types of estimates / conclusions produced (incl. disaggregation levels) and quality of quantitative
estimate

Global figure of IUU shark catches (not disaggregated by I, U and U, area, shark species, or fishing
metier).

Strengths Weaknesses
e Conservative estimate of IlUU as e Bigrange in total possible values of
assumed that sharks represent same shark mortality (63-273 million/year)
proportion in reported catch as in e Many assumptions in the various steps
unreported catch (unlikely to be the e |UU part of global shark catch based on
case) application of Agnew et al (2009)
e Rationale for various assumptions clearly estimate of IUU catch in total global
stated catch, to recorded shark catches
e Failure to consider what proportion of
‘finned’ mortality is also illegal based on
finning regulations

Transferability of method to other situations? Ability to contribute to a global estimate?

Not really an assessment of IUU accept to the extent that global rates of IUU (as reported in Agnew
et al, 2009) are applied to total catch based on assumption that sharks represent same proportion in
reported catch as in unreported catch. Focus of paper is on estimating global catch and mortality.
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Study reference Year published Responsible organisation
Zeller et al. (2011) 2011 Seas Around Us Project / UBC
Study Objective

To estimate total removals (landings plus unreported landings, plus discards plus recreational
removals) in 9 Baltic Sea countries.

Geographical scope Fishing activities included in the scope | Time period
9 Baltic Sea countries Cod, herring, sprat, flatfish, salmon, | 1950 to 2007, and 2000
397,000 km2 others, in Baltic to 2007

Types of IUU activities considered by the study

Unreported commercial landings (illegal), discards (unreported) and recreational removals
(unregulated).

Main methodology followed

Bottom up approach to reconstruct catch time series to provide total removals.

Unreported landings for cod and salmon converted to %s of Baltic-wide reported landings to form
anchor points.

Discards differentiated into types and % estimated from literature.

Methodology for recreation removals not clearly explained.

Data sources used

e National data, published and grey lit, media sources, communication with fisheries expert
from the region

e |CES catch statistics database (reported landings by country, species, area, and year)

e |CES stock assessment results database (data used by working groups in stock assessments
on selected species)

e |CES stock assessment working group reports

Types of estimates / conclusions produced (incl. disaggregation levels) and quality of quantitative
estimate

Total removals 30-35% higher than reported landings (unreported landings 14%, discards 9%,
recreational fisheries 3%, data source adjustments 3%). Difference between removals and reported
landings also provided by species and country and type of additional removals.

Strengths Weaknesses
e Differentiation of types of discards e Poor explanation of some aspects of
(underwater due to gear selectivity, building up removal estimates (e.g. for
ghost fishing, high-grading, and seal- recreational fisheries)
damaged discards) e Unreported catches not available from
e Covers recreational fishing, and some working group reports for many species
elements of all I, U, and U

Transferability of method to other situations? Ability to contribute to a global estimate?

Yes potentially, but would rely on there being similar data sources would be available to build up total
removal estimates (e.g. stock assessment working group estimates of unreported catches, good data
on different types of discards, and surveys of recreational fishing).

84




	RÉSUMÉ ExÉcutiF
	RESUMEN EJECUTIVO
	Executive Summary
	1 context, objectives, and methodology of this study
	1.1 Background to this Study of Studies
	1.2 Objectives of this report
	1.3 Methodology used during this study
	1.4 the definitions of IUU fishing

	2 Findings from the review of studies estimating IUU fishing
	2.1 The inclusion of I, U, and U in the studies
	2.2 The geographical area, scale and scope of the studies
	2.3 the main objectives of the different studies
	2.4 the different methodologies used by the studies

	3 Conclusions and recommendations
	3.1 Conclusions
	3.2 Recommendations



<<

  /ASCII85EncodePages false

  /AllowPSXObjects true

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages true

  /AutoFilterGrayImages true

  /AutoPositionEPSFiles true

  /AutoRotatePages /All

  /Binding /Left

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /ColorConversionStrategy /sRGB

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth -1

  /ColorImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /ColorImageDownsampleThreshold 1.50000

  /ColorImageDownsampleType /Bicubic

  /ColorImageFilter /DCTEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 150

  /ColorSettingsFile ()

  /CompatibilityLevel 1.5

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<

    /ENU ([Based on 'StandardForHtmPage'] Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)

  >>

  /DetectBlends true

  /DetectCurves 0.10000

  /DoThumbnails false

  /DownsampleColorImages true

  /DownsampleGrayImages true

  /DownsampleMonoImages true

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /GrayACSImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth -1

  /GrayImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /GrayImageDownsampleThreshold 1.50000

  /GrayImageDownsampleType /Bicubic

  /GrayImageFilter /DCTEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 150

  /ImageMemory 1048576

  /JPEG2000ColorACSImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams false

  /MaxSubsetPct 100

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1.50000

  /MonoImageDownsampleType /Bicubic

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 1200

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

    /Arial-Black

    /Arial-BlackItalic

    /Arial-BoldItalicMT

    /Arial-BoldMT

    /Arial-ItalicMT

    /ArialMT

    /ArialNarrow

    /ArialNarrow-Bold

    /ArialNarrow-BoldItalic

    /ArialNarrow-Italic

    /CenturyGothic

    /CenturyGothic-Bold

    /CenturyGothic-BoldItalic

    /CenturyGothic-Italic

    /CourierNewPS-BoldItalicMT

    /CourierNewPS-BoldMT

    /CourierNewPS-ItalicMT

    /CourierNewPSMT

    /Georgia

    /Georgia-Bold

    /Georgia-BoldItalic

    /Georgia-Italic

    /Impact

    /LucidaConsole

    /Tahoma

    /Tahoma-Bold

    /TimesNewRomanMT-ExtraBold

    /TimesNewRomanPS-BoldItalicMT

    /TimesNewRomanPS-BoldMT

    /TimesNewRomanPS-ItalicMT

    /TimesNewRomanPSMT

    /Trebuchet-BoldItalic

    /TrebuchetMS

    /TrebuchetMS-Bold

    /TrebuchetMS-Italic

    /Verdana

    /Verdana-Bold

    /Verdana-BoldItalic

    /Verdana-Italic

  ]

  /OPM 1

  /Optimize true

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /ConvertToRGB

      /DestinationProfileName (sRGB IEC61966-2.1)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements true

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks true

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.25000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /UseDocumentProfile

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputIntentProfile ()

  /PDFXRegistryName ()

  /PDFXSetBleedBoxToMediaBox true

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo false

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.276 841.890]

>> setpagedevice



