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Resumen

Las poblaciones de tiburones han disminuido significativamente a nivel mundial, por
lo tanto, es necesario realizar evaluaciones que permitan un manejo adecuado. Sin
embargo, la falta de perspectiva histérica en el manejo de pesquerias ha provocado
el colapso de algunas de ellas. La falta de datos de captura por especie en el Golfo
de México, dificulta el realizar evaluaciones pesqueras convencionales. El objetivo
de este trabajo es determinar los cambios en vulnerabilidad de las especies
utilizando el Analisis de Productividad y Susceptibilidad (PSA por sus siglas en
inglés), integrando el conocimiento ecolégico local y la ecologia histérica en el
proceso de andlisis. Se realiz6 una caracterizacion historica utilizando articulos
cientificos, literatura gris y conocimiento ecoldgico local para definir los principales
periodos histéricos de la pesqueria. Se encontré que, en el primer periodo,
“Comercializacién local” (1942-1979), las especies presentaron los valores de
vulnerabilidad mas bajos gracias a la baja demanda y la poca tecnologia pesquera
disponible, s6lo Sphyrna mokarran presento valores de vulnerabilidad altos debido
a sus caracteristicas biol6gicas. Durante el periodo de “Industria desarrollada”
(1980-1998) todas las especies aumentaron su vulnerabilidad a causa del
incremento y mejora de las embarcaciones y equipos; nueve especies obtuvieron
por primera vez valores de vulnerabilidad alta, Negaprion brevirostris alcanzando el
mayor. En el periodo de “Industria en declive” (1999-2018), se registrd0 una
disminucién en la vulnerabilidad gracias al aparente abandono de la actividad por
parte de la mayoria de los pescadores debido a la reduccion de las capturas de gran
parte de las especies, sin embargo S. mokarran, N. brevirostris, Carcharhinus
leucas y Ginglymostoma cirratum mantuvieron valores de vulnerabilidad alta en este
periodo. Este analisis permiti6 entender el porqué de los cambios en la

vulnerabilidad a partir de un contexto historico.

Palabras clave: Vulnerabilidad, Andlisis de Productividad y Susceptibilidad,

Pesqueria de Tiburones, Conocimiento Ecologico Local, Ecologia Histérica



Abstract

Shark populations have declined worldwide, however, the lack of data for most
species makes it difficult to use conventional population assessments to estimate
their status. The productivity and susceptibility analysis (PSA) has been
recommended for elasmobranchs as it is a data-poor assessment that uses the best
available information of the species and their fisheries in order to determine their
vulnerability. The shark fishery in Campeche has a long history that has been
recorded in grey literature, scientific papers and through local ecological knowledge.
A historical characterization was performed to define its most important periods and
conduct a modified Productivity and Susceptibility Analysis (PSA) to determine the
vulnerability of the eleven most important commercial species of sharks in each
period. The main periods were defined as: local commercialization (1942-1979),
where all the species had their lowest vulnerability values, and only Sphyrna
mokarran was classified as highly vulnerable for its biological characteristics;
developed industry (1980-1998) in which there was an increased fishing pressure,
the small species changed from low to moderate vulnerability and the large coastal
sharks scored their highest vulnerability values; and finally the declining industry
(1999-2018), where all the species had lower vulnerability values than in the
developed industry period, but Carcharhinus leucas, Negraprion brevirostris, S.
mokarran and Ginglymostoma cirratum were still classified as highly vulnerable and

could be suffering the accumulative effects of decades of fishing pressure.

Keywords: Shark fishery, Productivity and Susceptibility Analysis, Historical Ecology,

Data-poor fishery, Local Ecological Knowledge



Capitulo |
1. Introduccién

1.1 Estado global de las pesquerias de tiburones

A nivel mundial las poblaciones de tiburones han disminuido de manera significativa
(Ferretti et al. 2010; Worm et al. 2013). En el Golfo de México, se estima que esta
disminucién ha sido de un 90% aproximadamente para los tiburones pelagicos y
entre un 67% y 76% para aquellos de habitos costeros (Baum y Myers 2004;
Shepherd y Myers 2005).

A pesar de la disminucién de las poblaciones de tiburones, adn existe una gran
demanda por sus productos, lo cual representa un problema para su sostenibilidad
(Davidson et al. 2016). Esto, en conjunto con la destruccion de su habitat y las
caracteristicas de su historia de vida, tales como maduracion tardia, baja tasa de
fecundidad y gran longevidad (Musick 1999; Walker 2005), ha provocado que una
cuarta parte de los tiburones estén clasificados como amenazados y se encuentren
en un riesgo alto de extincidén, segun la Unién Internacional para la Conservacion
de la Naturaleza (UICN) (Dulvy et al. 2014).

A partir de los anuarios estadisticos de la Organizacion de las Naciones Unidas para
la Alimentacién y la Agricultura (FAO, por sus siglas en inglés), Worm et al. (2013)
demostraron que se estan capturando tiburones a un mayor ritmo y volumen del que
son capaces de recuperarse para mantener las poblaciones estables. Sin embargo,
los autores reconocen que estas estimaciones deben ser tomadas con cautela por
la incertidumbre que reflejan los datos de captura por especie (e.g., grandes
volimenes de captura incidental y no registrada).De ahi que mejorar los datos
pesqueros es un reto global, pues si bien existen esfuerzos para cuantificar la
captura de tiburones y su disminucién poblacional, la falta de datos por especie
limita los esfuerzos para su conservacion (FAO 2014). Por ejemplo, segun
informacion disponible en la UICN, cerca del 38% de las especies de tiburones que
habitan en el oeste del Atlantico central estan clasificadas como con datos

insuficientes.



1.2 Evaluacion de Riesgo Ecolégico

De manera convencional las pesquerias se evaltan utilizando series de tiempo de
captura y esfuerzo por especie, las cuales permiten conocer los efectos de la pesca
sobre la biomasa de las poblaciones (Walker 2005). Estas series de tiempo de
captura y esfuerzo son usadas para determinar la composicién de especies de una
pesqueria, tasas de explotacion, mortalidad por pesca y captura por unidad de
esfuerzo (CPUE), con el fin de conocer el estado de una poblacién (Morgan y
Burgess 2005). Sin embargo, son pocas las pesquerias a nivel mundial que poseen
la informacidon necesaria para realizar este tipo de evaluaciones (Chrysafi y
Kuparinen 2015).

A causa de la gran complejidad de las pesquerias y de la falta de datos necesarios
para realizar evaluaciones cuantitativas convencionales, se desarroll6 la Evaluacion
de Riesgo Ecoldgico por Efecto de la Pesca (ERAEF por sus siglas en inglés), que
permite conocer qué especies Sse encuentran en mayor riesgo de ser

sobreexplotadas (Hobday et al. 2004).

La ERAEF es un modelo jerarquico de tres niveles que tiene como fin determinar la
vulnerabilidad de las especies, es decir, aquellas que se encuentran en mayor
riesgo ante la pesca. En el primer nivel se realiza una evaluacion cualitativa llamada
Analisis de Escala, Intensidad y Consecuencias (SICA por sus siglas en inglés),
basada generalmente en la opinién de expertos. Si la especie resulta con un riesgo
medio o0 alto se pasa al segundo nivel de la ERAEF, que es semicuantitativo y es
conocido como analisis de productividad y susceptibilidad (PSA por sus siglas en

inglés).

El PSA determina la vulnerabilidad de las distintas especies respecto a la pesca con
base en sus caracteristicas bioldgicas (productividad) y los efectos de la pesqueria
sobre las especies (susceptibilidad). El andlisis, al identificar aquellas especies que
son mas vulnerables a la sobrepesca, permite hacer recomendaciones y enfocar
futuros esfuerzos de investigacion para poder abordar el tercer y ultimo nivel de la

evaluacioén, en donde se realizan evaluaciones cuantitativas convencionales, como



los analisis demograficos (Cortés et al. 2010; Patrick et al. 2010; Hobday et al. 2011,
Gallagher et al. 2012).

Ya que el PSA determina la vulnerabilidad, es decir, el riesgo de las especies a ser
sobreexplotadas, y a la falta de datos necesarios para realizar evaluaciones
cuantitativas, la mayoria de las ERAEF llegan Unicamente hasta este nivel. Este
analisis es de gran utilidad ya que nos permite distinguir las diferencias en
vulnerabilidad de las especies a pesar de estar sometidas a la misma presion de
pesca, o la vulnerabilidad de las mismas especies en areas distintas (Tovar-Avila et
al. 2016).

Otra de las ventajas de este segundo nivel de la ERAEF, es que puede ser
modificada para reflejar mejor los impactos de las pesquerias locales (Furlong-
Estrada et al. 2017), plantear escenarios tomando en cuenta las proyecciones
realizadas para el cambio climético (Chin et al. 2010) e incluso complementarlo con
herramientas como los sistemas de informacion geografica (Clarke et al. 2018) y el
conocimiento ecoldgico local (Roux et al. 2019) a fin de realizar evaluaciones con
mayor informacion, por lo que es una herramienta que esta en continua evolucién y

mejora.

1.3 Uso de datos historicos

El ser humano ha interactuado con el medio ambiente desde su aparicion, y los
océanos han sido parte fundamental del desarrollo de las civilizaciones (Erlandson
2001). No obstante, en la actualidad se pueden observar las consecuencias de la
larga historia de la explotacion de los recursos marinos. La ecologia historica surge
de la necesidad por comprender los efectos acumulativos de las actividades
humanas sobre los ecosistemas (Kittinger et al. 2015). Esta disciplina toma
informacion de distintitas fuentes, incluyendo el conocimiento ecoldgico local (CEL),
las colecciones de museos, notas periodisticas e inclusive las no tradicionales como
recetas de cocina y relatos hablados, para entender la condiciones actuales de los
recursos a partir de un contexto historico, con el fin de mejorar las estrategias de

manejo, conservacion y definir metas de restauracion (Thurstan et al. 2015).



En el caso de las pesquerias un problema importante en su manejo es la falta de
retrospectiva historica (Jackson et al. 2001). Pauly (1995) resalta que para la
mayoria de las pesquerias del mundo no existe un registro detallado de su historia,
y aunque se tienen relatos, éstos han sido calificados como meramente
anecdoticos, por lo que no han sido tomados en cuenta en el manejo de las
pesquerias. Esta ausencia o descalificacion de datos historicos ha provocado que
se definan como linea base las condiciones que los cientificos pudieron observar al
principio de su carrera, sin considerar el efecto acumulativo de la explotacion sobre
las pesquerias de afios previos (Sdenz et al. 2005). Este sesgo ha dado como
resultado el colapso de varias pesquerias a nivel mundial a pesar de ser

cuidadosamente estudiadas (Jackson et al. 2001).

Debido a la falta de datos para el estudio y manejo de las pesquerias, se ha
reevaluado la importancia del conocimiento de los pescadores también conocido
como conocimiento ecoldgico local (CEL), el cual ha demostrado ser una importante
y eficiente herramienta para conocer los cambios en la composicién de las capturas,
la distribucién de las especies y disminucién o aumento en la abundancia de éstas
a través del tiempo (Drew 2005; Silvano and Valbo-Jgrgensen 2008; Espinoza-
Tenorio et al. 2010; Ainsworth 2011; Espinoza-Tenorio et al. 2013; Turvey et al.
2013; Beaudreau and Levin 2014; Saenz-Arroyo y Revollo-Fernandez 2016) En lo
gue se refiere a tiburones el CEL ha sido util para establecer lineas base en
pesquerias donde no existe informacion previa (Jabado et al. 2015) y se ha
comenzado a utilizar en conjunto con otros tipos de informacion histérica para

determinar la magnitud de la disminucion de sus poblaciones (Ferretti et al. 2018).

1.4 Pesqueria de tiburon en el Golfo de México

Existe una problematica general en el Golfo de México para evaluar las poblaciones
de tiburones; si bien los estudios concuerdan en que ha ocurrido una disminucién
general en las poblaciones de las distintas especies de tiburones, la falta de datos
de capturas por especie y la incertidumbre en la calidad de los que existen, ha
provocado que los resultados de los estudios varien respecto a la magnitud de esta

disminucién (Baum et al. 2003; Burgess et al. 2005; Myers et al. 2007).



En lo que respecta a México, se ha registrado una disminucion del 10% del 2001 al
2013 en los registros oficiales de captura de tiburones y cazones en el Golfo de
México segun la Carta Nacional Pesquera (Diario Oficial de la Federacion 2017).
Esta es una pesqueria de gran importancia, pues representa una de las principales
fuentes de proteina para las poblaciones locales debido al bajo precio de la carne;
ya que aproximadamente el 80 % de las capturas son consumidas de manera local,
lo que la convierte en una actividad econémica y cultural relevante (Castillo-Géniz
et al. 1998).

A pesar de su importancia, es hasta el 2007 que se establece una regulacién
nacional por medio de la NOM-029-PESCA-2006 (Diario Oficial de la Federacion
2007), en la que se incorpora un sistema de bitacoras oficiales donde se solicita a
los permisionarios registrar la captura y composicion por especies por mes para las
embarcaciones menores, y diario para las de mediana altura y de altura, ademas de
informacion referente al equipo de pesca. Sin embargo, a poco mas de diez afos
de la publicacion de esta Norma, las estadisticas oficiales de captura de tiburones
agrupan a los organismos en dos grandes categorias: tiburones cuando tienen un
tamafio mayor a los 1.5 metros y cazones si son menores a esa longitud (SAGARPA
2017). Esta agrupacion no permite evaluar las tendencias poblacionales por especie
(Pérez-Jiménez y Mendez-Loeza 2015) y, a pesar de que se disponen registros
mensuales por especie por estado en el periodo 2006-2014, existe incertidumbre en
la informacion por el uso de mdltiples nombres comunes por especie
(https://www.conapesca.gob.mx/wb/cona/informacion_estadistica_por_especie_y
entidad).

1.4.1 Pesqueria de tiburon en Campeche

Campeche es un estado del Sureste del Golfo de México que se caracteriza por su
tradicion pesquera, al aprovechar recursos como el camaron, los peces de escama
(Arreguin-Sanchez et al. 2017) y la pesqueria de tiburon (Castillo-Géniz et al. 1998).
De las aproximadamente 5,000 toneladas de tibur6n y cazén que se obtienen del
Golfo de México y Caribe, segun la Carta Nacional Pesquera, Campeche ocupa el

tercer lugar en volumen de captura (Diario Oficial de la Federacion 2017).



Desde antes de la llegada de los espafioles, la pesca de tiburén ha sido una
actividad cotidiana para los habitantes de Campeche, asi lo demuestran los
vestigios arqueoldgicos a lo largo del estado (Newman 2016), y desde esa época
hasta antes de los ochentas se utilizaron embarcaciones conocidas como cayucos,
construidas a partir de un solo tronco de madera de 4 a 8 m, utilizando equipos de

pesca simples, como arpones y redes henequén (Barba-Meinecke 2014).

Con el paso del tiempo estos cayucos se fueron modificando para poder utilizar
velas y posteriormente motores. Debido a la falta de tecnologia necesaria para
mantener los productos frescos y a la simplicidad de las embarcaciones, éstas no
se alejaban a mas de 20 millas de la costa y la mayor parte de los tiburones y

cazones se consumian de forma local (Barba-Meinecke 2014).

A partir de los afios setentas, con el impulso a la industria pesquera dado por el
gobierno y a los créditos otorgados por BANPESCA (Espinoza-Tenorio et al. 2011),
se pudo apreciar un aumento notable en el nimero de pescadores y de
embarcaciones, y una mejora en la calidad de las mismas (Uribe-Martinez 1984;

Hernandez y Kempton 2003; Espinoza-Tenorio et al. 2011).

Desde inicios de los ochentas, hubo interaccion entre varios tipos de embarcaciones
en la pesca de tiburdn, desde cayucos, pasando por lanchas, tanto de madera como
de fibra de vidrio, hasta embarcaciones de mediana altura de madera, fibra de vidrio
y metal; en consecuencia, hubo un aumento en las capturas de tiburon como fue

registrado por Uribe-Martinez (1984).

Es también durante este periodo que se construyen plantas procesadoras de
tiburon, donde se aprovechaban las distintas partes de los tiburones, desde el
higado, hasta la piel y las aletas, fomentando la explotacion de estos organismos.
Es desde esta época que los centros de investigacion recomendaban estudiar mas
a fondo la biologia y ecologia de estos organismos, ya que las caracteristicas de su
historia de vida los hacen vulnerables a la pesca (Uribe-Martinez 1984; Uribe-
Martinez 1993). Por lo que proponen establecer estrategias de manejo, asi como

una mejora en la forma de registro de las capturas (Bonfil 1997).



El desarrollo historico de la pesca de tiburébn en Campeche refleja tendencias
similares a otras pesquerias en distintas partes del mundo, iniciando como pesca
de subsistencia y desarrollandose comercialmente hasta notar una disminucién de
las capturas (Ferretti et al. 2008; Ferretti et al. 2018). En el Golfo de México se
registrd una disminucion importante durante la década de los noventas (Baum et al.
2003; Baum y Myers 2004). A partir de 1995, distintos organismos cientificos
probaron que la pesca, en lugar de estar aumentando como se pensaba, estaba
disminuyendo, dando como resultado el colapso de varias pesquerias a nivel
mundial (Pauly 1995; Espinoza-Tenorio et al. 2011).

En la actualidad la pesqueria de tiburébn en Campeche se compone en su mayor
parte por embarcaciones de pequefa escala y se caracteriza por ser una actividad
compleja que involucra la captura de alrededor de 20 especies en pesquerias
dirigidas, incidentales y multiespecificas. Esta heterogeneidad junto con la falta de
registros confiables de captura y esfuerzo hace que su evaluacién y manejo sea

extremadamente dificil (Bonfil 1997; Pérez-Jiménez y Mendez-Loeza 2015).

Debido a la necesidad de realizar evaluaciones que permitan conocer el estado
actual de las especies de tiburon y a la falta de una retrospectiva historica que
permita conocer los impactos de la pesca a través del tiempo en las poblaciones de
tiburones del sureste del Golfo de México, se plantea desarrollar una evaluacion de
riesgo ecoldgico por efectos de la pesca (ERAEF) mediante un andlisis de
productividad y susceptibilidad (PSA) que integre la historia de la pesqueria, se
apoye en la informacion disponible en articulos cientificos y literatura gris, y se

complemente con conocimiento ecoldgico local.

De esta forma, se evaluaran las especies capturadas en la pesqueria de tiburon en
los periodos méas importantes de la pesqueria, es decir, 1) cuando Unicamente
existia un comercio local, 2) cuando se convirti6 en una industria desarrollada con
exportaciones a otros estados del pais, e internacionales, y finalmente 3) el periodo
actual, con una industria en declive; y asi comparar si existe un cambio en la
vulnerabilidad de aquellas especies que fueron y/o que son capturadas en el sureste

del Golfo de México.



2. Estado del Conocimiento

El desarrollo de las evaluaciones de riesgo ecolégico surge de la necesidad por
entender como ciertas actividades o amenazas afectaban las especies o
comunidades de las cuales no necesariamente existia gran cantidad de datos
(Hobday et al. 2004). Se utilizé a la pesqueria de camarén del norte de Australia
como caso de estudio para conocer la susceptibilidad y la capacidad de
recuperacion de los elasmobranquios y de serpientes marinas que eran capturadas
incidentalmente por esta pesqueria (Milton 2001; Stobutzki et al. 2002) sentando las

bases para los andlisis de productividad y susceptibilidad (PSA).

Desde finales de los noventas Punt y Walker (1998) intentaron evaluar la
vulnerabilidad de los tiburones ante la pesca, por lo que Walker (2005) tiene un
acercamiento basado en la propuesta de Stobutzki et al. (2002), pero con los
conceptos clave de “susceptibilidad de captura” (fomada como la interaccion entre
la disponibilidad, la posibilidad de encuentro, la selectividad del equipo de pescay
la mortalidad postcaptura de los organismos) y “productividad biolégica” que serian
cruciales para la evolucion del analisis de productividad y susceptibilidad y de las

evaluaciones de riesgo ecologico.

Hobday et al. (2004) tomaron como base las evaluaciones de riesgo ecologico (ERA
por sus siglas en inglés) que eran utilizadas para determinar las posibles
consecuencias de una actividad sobre el objeto de evaluacion (conocer los efectos
de la contaminacion en un ecosistema), adaptandolas a las pesquerias con el fin de
conocer los impactos de esta actividad, ya sea en un ecosistema completo, en una
especie o0 en conjunto de especies en particular, creando las evaluaciones de riesgo

ecolégico por efecto de la pesca (ERAEF).

Debido a la eficacia de la ERAEF, el gobierno Australiano integré el andlisis al
manejo de las pesquerias desde el enfoque ecosistémico, ya que por medio del
PSA, se puede identificar a las especies mas vulnerables a la sobreexplotacion
(Scandol et al. 2009), por lo que se realizaron varios reportes técnicos donde se
revisé desde la metodologia hasta el efecto de pesquerias especificas (Hobday et
al. 2007; Walker et al. 2007; Wayte et al. 2007).
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Posteriormente Hobday etal. (2011) publicaron de manera detallada esta
metodologia y demuestran la eficacia de la ERAEF al evaluar el efecto de las 31
pesquerias de Australia, donde después de cada nivel de evaluacion disminuyeron
el nUmero especies y habitats en riesgo, pasando de 600 especies en el primer nivel

hasta 25 después del tercer nivel de evaluacion.

El estudio de Cortés et al. (2010) sobre las pesquerias pelagicas de palangre en el
Atlantico ilustra como se puede realizar una ERAEF, llevando la evaluacion hasta el
tercer nivel, al disponer de suficientes datos cuantitativos; ademas de demostrar la
efectividad del analisis al comparar la vulnerabilidad de los tiburones frente a las

distintas pesquerias de palangre.

Patrick et al. (2009) determinaron la vulnerabilidad de seis pesquerias en Estados
Unidos mediante un PSA o el segundo nivel de la ERAEF; basandose en este
reporte posteriormente publicaron la metodologia (Patrick et al. 2010) que se volvié
relevante debido a que evaluaron la calidad de la informacion disponible y
disminuyeron y ponderaron el nimero de atributos de susceptibilidad y de

productividad para evitar que fueran redundantes.

Mediante informacion obtenida por observacion directa o proporcionada por los
pescadores, Furlong-Estrada et al. (2017) fueron capaces de cambiar atributos
tanto de productividad como de susceptibilidad del segundo nivel de la ERAEF, es
decir, el PSA, para incluir aspectos caracteristicos de los tiburones y de la pesqueria
en el oeste de la costa de Baja California y realizar un andlisis méas detallado de la

pesqueria local.

Las evaluaciones de riesgo ecoldgico han demostrado ser una buena opcion para
el estudio de los elasmobranquios, por lo que a nivel mundial hasta el 2012 se
habian realizado 15, los cuales se pueden dividir en dos categorias: aquellos que
analizaban exclusivamente una 0 mas especies de elasmobranquios y aquellos que
hacian un analisis a nivel comunidad o ecosistema que incluia a mas de un taxa
(Gallagher et al. 2012).
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Para México se han realizado distintas evaluaciones, la mayoria de ellas enfocadas
en el Golfo de California, para conocer la diferencia en la vulnerabilidad de las
especies mexicanas que estan en el apéndice Il del CITES, ya sea que se
encuentren en el Pacifico, en el Golfo de México o en el Caribe (Furlong-Estrada et
al. 2014; Tovar-Avila et al. 2016; Furlong-Estrada et al. 2017; Saldafia-Ruiz 2017).
Este tipo de evaluaciones son de gran utilidad en paises como México, donde no se

cuenta con gran cantidad de datos de las pesquerias de tiburones.

Este modelo de evaluacion tiene la capacidad de ser muy flexible, por lo que ha sido
modificado para conocer el riesgo de las especies, no sélo ante la pesca sino
también ante situaciones como el cambio climatico, lo que permite determinar qué
especies son mas vulnerables al aumento de temperatura proyectado para los

préximos cien afios (Chin et al. 2010).

A la fecha se siguen explorando nuevas formas de innovar las evaluaciones de
riesgo ecologico, desde el analisis de los atributos de productividad de los PSA para
conocer como afecta la inclusién u omision de ciertos atributos (Duffy y Griffiths
2017), hasta el uso de dichas evaluaciones en conjunto con nuevas herramientas
como los sistemas de informacion geogréfica (Clarke et al. 2018), e incluso la
integracion de la informacion histoérica (Saldafia-Ruiz 2017), para complementar los
resultados.

En la actualidad se ha tratado de integrar tanto el CEL como la informacién histérica
a las evaluaciones de las pesquerias, ya que ambas fuentes representan puntos de
referencia que permiten conocer como ha cambiado el ambiente, y determinar
posibles metas de conservacion (Mcclenachan et al. 2012; Ferretti et al. 2018, Roux
et al. 2019).

Para tiburones existen pocos trabajos como el de Jabado et al. (2015), quienes
integraron el conocimiento ecoldgico local para la caracterizacion de la pesqueria
de tiburones en el Mar Rojo, y por medio de entrevistas generaron informacién
acerca de la composicion y tamafio de las capturas y de sus cambios en el tiempo,

mientras que para el PSA se ha comenzado a integrar el conocimiento ecoldgico
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local para realizar estudios que reflejen tanto las condiciones sociales como

biolégicas de las pesquerias locales (Roux et al. 2019).

3. Justificacion

Debido a la importancia econémica de la pesqueria de tiburén en Campeche, es
necesario realizar evaluaciones poblacionales por especie. Sin embargo, hay varios
aspectos que dificultan esta tarea, desde la falta de registros oficiales de captura y
esfuerzo por especie, hasta la gran complejidad que caracteriza la pesqueria de

tiburones.

Para afrontar esta problematica se han desarrollado modelos de evaluacion para
situaciones de datos insuficientes, entre ellos el Analisis de Productividad y
Susceptibilidad (PSA), que evalta la vulnerabilidad de las especies ante la
pesqueria en relacidn a sus caracteristicas bioldgicas y al efecto de la pesca sobre

cada especie.

La versatilidad del método PSA permite integrar herramientas sociales como el uso
del conocimiento ecoldgico local para comparar la vulnerabilidad de las especies en
los principales periodos histéricos de la pesqueria y asi conocer la eficacia del
andlisis.

El conocer la historia de la pesqueria y realizar un PSA para sus principales
periodos histdricos: “Comercio local”, “Industria desarrollada”, e “Industria en
declive” nos permite conocer las consecuencias de la explotacion pesquera sobre
las especies de manera semicuantitativa por medio de un valor de vulnerabilidad,
ademas de brindarnos informacion que permite planear estrategias de conservacion

y manejo a futuro.

4. Pregunta de Investigacion
¢,Ha cambiado la vulnerabilidad de las especies de tiburones del sureste del Golfo

de México a través del tiempo en relacion a la pesqueria de la zona?
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5. Hipétesis
La vulnerabilidad de los tiburones en el sureste del Golfo de México ha cambiado a
través del tiempo como consecuencia de los cambios en la industria pesquera y por

las caracteristicas de su historia de vida.

6. Objetivos

6.1 Objetivo General

Determinar la vulnerabilidad de los tiburones por efecto de la pesqueria en el sureste
del Golfo de México, mediante un andlisis de productividad y susceptibilidad, y
comparar la vulnerabilidad de las especies en los principales periodos histéricos de

la pesqueria.

6.2 Objetivos particulares

Describir los principales periodos histoéricos de la pesqueria de tiburon.
Determinar la productividad de los tiburones mediante sus atributos bioldgicos.

Determinar la susceptibilidad de los tiburones ante la pesca en sus principales

periodos histéricos.
Determinar la vulnerabilidad de los tiburones en sus principales periodos histéricos.

Comparar la vulnerabilidad de las especies de tiburones entre los distintos periodos.
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Use of historical data to assess changes in the vulnerability of sharks
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Abstract

Shark populations have declined worldwide, however, the lack of data for most
species makes it difficult to use conventional population assessments to estimate
their status. The productivity and susceptibility analysis (PSA) has been
recommended for elasmobranchs as it is a data-poor assessment that uses the
best available information of the species and their fisheries in order to determine
their vulnerability. A historical characterization was performed to define the most
important periods for the shark fishery in Campeche, southern Gulf of Mexico, and
conduct a modified PSA to determine the vulnerability of the eleven most important
commercial shark species in each period. The periods were defined as: local
commercialization (1940-1979), where all species had their lowest vulnerability
values, and only Sphyrna mokarran was classified as highly vulnerable for its
biological characteristics; developed industry (1980-1998) in which there was an
increased fishing pressure, the small species changed from low to moderate

vulnerability and the large coastal sharks scored their highest vulnerability values;
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and the declining industry (1999-2018), where all species had lower vulnerability
values than in the developed industry period, but Carcharhinus leucas, Negraprion
brevirostris, S. mokarran and Ginglymostoma cirratum were still classified as highly
vulnerable and could be suffering the accumulative effects of decades of fishing
pressure. This multidisciplinary approach serves to identity the most vulnerable
species throughout the history of the fishery and to understand the vulnerability

values within a historical context, avoiding the shifting baseline syndrome.

Keywords: Shark fishery, Productivity and Susceptibility Analysis, Historical

Ecology, Data-poor fishery, Local Ecological Knowledge

Highlights

First time historical data is integrated in PSA avoiding shifting baseline syndrome.

Local ecological knowledge used to fill information gaps of the shark fishery.

Shark fishery periods: local commercialization, developed industry and declining

industry.

Lowest vulnerability of sharks in “local commercialization” and “declining industry”

periods.

Highest vulnerability of sharks in the “developed industry” period.

1. Introduction

With the widespread decline of sharks in all oceans, the conservation and
management of their populations has become increasingly important (Dulvy et al.

2017). Sharks are vulnerable to overexploitation as a result of their life history
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characteristics such as late maturity, low fecundity and high longevity (Musick,
1999; Walker, 2005, 1998). In addition, there is a big market for shark products
worldwide, which has led to a general concern due to population declines (Dulvy et

al., 2014; Worm et al., 2013).

Fisheries undergo a series of changes throughout their history. These changes
revolve around the effort, fishing gear, targeted species and volume of the catches
(Ferretti et al., 2018, 2008; Selgrath et al., 2018; Sguotti et al., 2016). For sharks,
all of these changes can be seen reflected in the vulnerability of their populations,
especially on coastal species that have a long history of exploitation due their
closeness to human communities (Ferretti et al., 2008; Jabado et al., 2015; Lotze
et al., 2006), resulting in a decrease in their captures (Ferretti et al., 2018; Nadon

et al., 2012; Roff et al., 2018).

A general problem to assess shark populations is the lack of information (Cortés et
al., 2015; Dulvy et al., 2017). The productivity and susceptibility analysis (PSA) is a
semi-quantitative method for data-poor fisheries that has been recommended to
study elasmobranchs because it estimates the vulnerability, defined as the risk of
overexploitation of the species, based on their biological characteristics and their
interaction with fisheries (Gallagher et al., 2012; Hobday et al., 2011; Patrick et al.,

2009, 2010).

In developing countries such as Mexico, shark fisheries lack long data series of
catch and effort records by species (Saldafia-Ruiz et al., 2017). Instead the
species are classified only by their size, in “small sharks” (<150 cm) and “large

sharks” (>150 cm) in the national fisheries statistics (Pérez-Jiménez and Mendez-
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Loeza, 2015). This classification has led to the use of data-poor methods like the
PSA, which has been applied to evaluate different shark species in the Gulf of
California and for the species listed in Appendix Il of CITES in Mexican waters

(Furlong-Estrada et al., 2017, 2014; Tovar-Avila et al., 2016).

The PSA has been maodified for different purposes, to assess the species response
to stressors such as climate change (Chin et al., 2010), to highlight which species
are in urgent need of a stock assessment (Osio et al., 2015), to include information
that reflects local conditions of the fisheries (Furlong-Estrada et al., 2017), or to
improve the management of small-scale fisheries integrating local ecological
knowledge (LEK), when scientific data is scarce, incomplete or inexistent (Roux et
al., 2019). However, despite the benefits of PSA in data-poor situations, the
analysis is fishery-specific under present fishing conditions (Osio et al., 2015),
therefore the PSA cannot evaluate if the vulnerability of sharks has changed
through the history of the fishery, making it easy to fall in the “shifting baseline

syndrome” (Pauly, 1995; Saenz-Arroyo et al., 2005).

One of the most challenging issues in ecology and conservation is the
reconstruction of community and population baselines for marine animals (Ferreti
et al. 2018), including endangered and threatened shark populations (Roff et al.
2018). Modern scientific data rarely goes back more than a few decades, like the
case of the shark fisheries in Mexico, resulting in large information gaps necessary
to understand the long-term effects of exploitation on different species, hence the

need to include historical data (Mcclenachan et al., 2012; Thurstan et al., 2015).
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When historical data is used to evaluate shark populations it can determine their
decrease and highlight which species have been affected the most by human
pressures (Ferretti et al., 2010, 2008; Ward-Paige et al., 2010). Historical
information may come from a great variety of sources (Thurstan et al., 2015), like
LEK, that has already been used in fisheries to assess population trends when
there is no quantitative data available (Early-Capistran et al., 2018; Saenz-Arroyo
et al., 2005; Saenz-Arroyo and Revollo-Fernandez, 2016; Turvey et al., 2013), and
to establish baselines through the characterization of fisheries (Jabado et al.,

2015).

The state of Campeche, in the southern Gulf of Mexico, is the third largest shark
producer in the Mexican Atlantic (Diario Oficial de la Federacion 2017). and has a
long shark fishing tradition that dates back to pre-Columbian times (Newman,
2016), which is reflected in the cultural and culinary importance of the fishery, as
sharks are an important protein source for the habitants of the state (Castillo-Géniz

et al., 1998).

There is grey literature describing the shark fishery in the state of Campeche
during the 1940s (De la Pefia, 1942), technical reports and scientific papers since
1984 (Bonfil, 1997; Castillo-Géniz et al., 1998; Pérez-Jiménez and Mendez-Loeza,
2015; Uribe-Martinez, 1984), and several fishers that experienced the development
of this fishery are still alive, which allows to characterize the fishery thoroughly and
to fill the information gaps for the missing decades of grey literature and scientific

research with LEK. The integration of information from different sources allows to
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describe the historical changes in the fishery and the effects they had in the

vulnerability of sharks over time.

This study integrates historical data and local ecological knowledge in a PSA for
the first time, in order to assess the changes in the vulnerability of sharks in the
southern Gulf of Mexico. This new multidisciplinary approach serves as a good
example to identify vulnerable species in data-poor fisheries and understand the
current vulnerability values and the consequences of the fishery within a historical

context, avoiding the shifting baseline syndrome.

2. Methods

2.1 Study Area

The state of Campeche is located in the southern Gulf of Mexico, and is part of the
Yucatan peninsula. It limits with the Gulf of Mexico in the west shore and the state
of Yucatan to the north and northeast, Quintana Roo to the east, and Tabasco and

the Republic of Guatemala to the south (Posada-Vanegas et al., 2013).

Campeche has a narrow continental shelf on the west with terrigenous sediments
and a broad carbonate platform to the east that extends to the Campeche Bank,
which has an area of approximately 129 500 Km?. This marine area is
characterized for its high primary productivity and coral reefs, which support a
great diversity of marine life and habitats (Soto et al., 2014; Yafnez-Arancibia et al.,
1999); the Terminos Lagoon is south of the Campeche Bank and has an area of
approximately 2 500 Km? with a great variety of estuarine habitats including
seagrasses and mangroves, that a large number of species use as nursery areas

(Yanez-Arancibia et al. 1988).
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Campeche has a small scale shark fishing fleet composed of small outboard motor
boats 7.9- 9 m in length, small inboard motor boats 8-10 m in length, and a
medium size fleet of inboard motor boats 15-18 m (Pérez-Jiménez and Mendez-
Loeza, 2015), the composition of the shark catches consists mainly on species with

coastal habitat preferences (Uribe-Martinez and Murillo 1991).

There are 20 shark species of commercial interest reported for Campeche (Bonfil,
1997), but fishers focus mainly on small size sharks (total length <150 cm), mainly
Rhizoprionodon terraenovae and Sphyrna tiburo, and on few large sharks (total
length >150 cm), mostly Sphyrna lewini, Sphyrna mokarran, Carcharhinus limbatus
and Carcharhinus leucas (Pérez-Jiménez and Mendez-Loeza, 2015; Uribe-

Martinez, 1995).

The study was conducted in the fishing ports with the highest shark catches,
according to the technical reports (Uribe-Martinez, 1984), and where it was
possible to find fishers that had experienced the changes in this fishery (Fig.1).

2.2 Historical characterization and description of the main time periods of the shark

fishery

Information about the shark fishery in Campeche was gathered using scientific
papers, grey literature, and LEK. Fishers, permit holders and fishing traders were
interviewed in the main shark fishing ports of Campeche from February to August
of 2018, using the snowball sampling method (Goodman, 1961) to look for the
most the experienced and well-versed in the shark fishery residents in each

community.
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The time periods were determined based on information collected from scientific
papers (Bonfil, 1997; Castillo-Géniz et al., 1998; Pérez-Jiménez and Mendez-
Loeza, 2015), grey literature (Uribe-Martinez, 1984; Uribe-Martinez and Murillo,
1991) and LEK. Each time period was defined by the development of the fishery
considering the fishing effort, which was based on the type of fishing gears and

vessels used for the shark fishery.

LEK was used to determine the end of the first time period, because there were no
scientific papers or official reports that documented the changes in fishing gear and
vessels. LEK was also used in conjunction with official catch records that recorded
the decline of shark captures (Diario Oficial de la Federacion, 2012) to stablish the

beginning of the last time period.

2.3 Selection of species to assess

The species selection was done using the information from the scientific papers
and official reports that described the species distributed in Campeche since the
eighties, and patrticularly those species that were easily distinguished by fishers in

order to estimate their catch susceptibility through the time periods.

The methodology used by Jabado et al. (2015) was modified to determine which of
the 20 commercial shark species registered for the state of Campeche (Bonfil,
1997) could be easily recognized by the fishers using photographs. For this
purpose, pilot interviews were conducted in four communities showing photographs
without mentioning the name and asking the interviewees if they recognized the

shark species, and what was its common name in Mayan or Spanish.
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Eleven species were selected, grouping blacktip and spinner sharks (C. limbatus
and Carcharhinus brevipinna) in a single category, and the two large
hammerheads (S. mokarran and S. lewini) in another, because only the most
experienced fishers could distinguish between them with only photographs. The
species in each group had similar susceptibility to the fishery, but they were
differentiated by their biological characteristics in the productivity and susceptibility

analysis (PSA).

The semi-structured interviews to fishers, permit holders and fishing traders had
the objective to get detailed information of the shark fishery, including the changes
they had seen over time, in order to measure the catch susceptibly for each
species or groups of species in each time period. The interviews had two main
components a) interviewees’ background information, such as age, origin, shark
fishing experience in the area and why they kept or stopped fishing sharks; b)
specific information about each shark species, including changes in the fishing
areas and gears used, their maximum catch and year, if they considered that the
species abundance had increased, decreased or remained stable over the years,
and the last time they caught a specimen. Each interview could last from 40

minutes up to 2 hours, as fishers were free to give any specific details.

2.4 Productivity and Susceptibility Analysis

In order to assess the vulnerability of 11 shark species in the shark fishery of
Campeche, a PSA by species for each time period was conducted, following the
framework by Patrick et al. (2010). To assess if the PSA could estimate an
expected high vulnerability for species that are classified as critically endangered
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by IUCN and currently extirpated from the study area (Bonfil et al. 2018), Pristis

pristis and Pristis pectinata, were added to the analysis.

Vulnerability is expressed as a function of productivity (P), or the ability of the
population to recover from overexploitation, and susceptibility (S), or the propensity
to be caught by fishing practices and not survive the interaction (Cortes et al.,
2015). The values of P and S of the species analysed were determined scoring a
set of standardized attributes for each factor in a range of 1 to 3 (Patrick et al

2009).

Productivity was scored using ten attributes (Table 1); to better distinguish between
the life history strategies of elasmobranchs (Osio et al. 2015; Furlong-Estrada et
al.2017), two attributes suggested by Patrick et al. (2010) were removed for the
lack of information. These attributes were breeding strategy and recruitment
pattern, which were replaced by the reproductive cycle and size at maturity. The
information for the productivity scores is based on the species biological
characteristics and was taken from scientific literature, so the scores remained the

same for all the time periods.

The susceptibility attributes were modified from the framework proposed by Patrick
et al. (2010) in order to evaluate the impact of the historical fishing regime in the
identified periods (Table 2). The information from LEK, scientific and grey literature,
and authors’ knowledge was integrated into 7 of the 10 susceptibility attributes
(marked with * in Table 2) to make them comparable between the different time
periods. As proposed by Furlong-Estrada (2017), when the information was not

available for the southern Gulf of Mexico, it was obtained from other areas in the
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following order of priority: areas near the South of Gulf of México, studies in the
Western Atlantic, other regions of the Atlantic, studies in other oceans and, finally,

borrowing information from similar taxa.

Two new attributes were added to estimate susceptibility: type of fishing vessel,
that describes the type, material and size of the vessels which could be cayucos
(type of canoe made out of a single tree measuring 4-8 m), small (7.5-10 m) and
medium sized (15-18 m) boats; and fishing technology, that defines the type of
fishing gear used and the presence or absence of motors or sails (Table 2).The
attributes of fishing rate, biomass of spawners, and impact of fisheries on essential
fish habitat were not included due the lack of information, and survival after the
capture and release was not included because all shark species in the fishery are

commercially important (Pérez-Jiménez and Méndez-Loeza, 2015).

Previous applications of the PSA have relied on scientific expert knowledge to
score the susceptibility attributes (Cope et al., 2011; Patrick et al., 2010). In the
present study, the fishery information for susceptibility came from three sources:
grey and scientific literature, LEK, and the authors’ knowledge. Many of the
changes in the fishery were not recorded punctually in the literature, so LEK was
used in conjunction to grey and scientific literature to establish the impacts of the
fishery in the first two periods (local commercialization and developed industry),
while the authors’ knowledge and LEK was used to determine the current impact of
the fishery (declining period). The overall scores of productivity and susceptibility

attributes were divided into three categories: low (1 to 1.67), medium (1.68 to 2.34)
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and high (2.35 to 3), the weighting of the attributes was done based on the authors’

knowledge.

2.5 Data Analysis
The values of P and S were plotted in a X-Y scatter graph and vulnerability was
estimated as the Euclidean distance between the origin and the productivity and

susceptibility coordinates (Patrick et al., 2010) using the formula:

V=(P-3)2+(—-1)

The PSA v1.4 software (NOAA, 2010) was used to estimate vulnerability. The
vulnerability values were categorized as: V = 2, species with high vulnerability; 1.8
<V < 2.0, species with medium vulnerability; and V < 1.8 species with low
vulnerability, in order to compare the vulnerability values with other studies from
Mexico. The data quality of each attribute was scored from 1 (best data) to 5 (no

data available) (Table 3).

3 Results

3.1 Historical characterization and time periods for the shark fishery of Campeche
Shark fishing has been a common activity in Campeche as in the rest of the
Yucatan Peninsula even before pre-Columbian times, but the gear and vessels
used have changed dramatically since its beginnings (Barba-Meinecke, 2014;
Newman, 2016). There are three main time periods the local commercialization
period (1942-1979), developed industry period (1980-1998), and the declining

industry period (1999-2018).
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During the initial stage or local commercialization period (1940-1979): most of the
fishing gear was made with natural materials, such as cotton or henequen, and
harpoons were commonly used. Cayucos were the most popular fishing vessels. At
the beginning , most fishers used sails but they gradually transitioned to motors
(Carranza, 1959; Castro-Aguirre, 1965; De la Pefia, 1942; Hernandez-Carvallo,
1965; Marin, 1964). According to the interviewees there were between 5 to 10
fishers in each community that targeted sharks all year. The limitations of the small
vessels and the lack of powerful motors limited fishing trips to a night and no more
than 20 miles offshore. During these years, sharks were preserved by salting the
meat. Therefore, there was only a local market for shark meat and its products

(Barba-Meinecke, 2014; Rubio-Cisneros et al., 2018).

After the “March towards the sea” policy taken by the Mexican government in the
1950s (Espinoza-Tenorio et al., 2011), the government started to focus on the
fishing industry. However, it was not until the 1970s that the government made a
serious effort to prompt people to move close to the sea and focus on fishing,
giving them boats, motors, nets or money to improve their fishing equipment
(Espinoza-Tenorio et al., 2011; Hernandez and Kempton, 2003; Rubio-Cisneros et
al., 2018), and establishing shark processing plants (Uribe-Martinez, 1984) leading

to the developed industry period. .

During the developed industry period (1980-1998) there was an increase in the
fishing effort. There were technological advances that allowed people to fish
further, and, there were new types of gear. Fishers replaced the natural fiber nets,

and harpoons with multiflament and monofilament nets, and bottom longlines.
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There was an increase in the autonomy of the fishing vessels, which could stay out
fishing for longer time periods (Espinoza-Tenorio et al., 2011; Rubio-Cisneros et
al., 2018). At the beginning of this period there were around eight thousand small
boats potentially used to catch sharks in the state of Campeche (Uribe-Martinez

and Murillo 1991).

In the declining industry period (1999-2018), there was a gradual but continuous
loss of shark catches (Diario Oficial de la Federacion, 2012) which caused the
reduction of the shark fishing fleet (Perez-Jiménez and Mendez-Loeza). Fishers
started fishing further from the shore (Rubio-Cisneros et al., 2018) and spending
more time out in the sea. Only around 200 small boats targeted small sharks

seasonally in 2014 (Pérez-Jiménez and Mendez-Loeza, 2015).

In total 61 interviews were conducted in northern (n=11), central (n=22), and
western Campeche (n=28), in 10 fishing communities. Of the fishers interviewed 50
% started fishing sharks after 1980, when it became a developed industry, and not
a single interviewee started after 1997, 43.4 % stopped fishing sharks from the
beginning of the twenties to the date the interviews were made, when there was a
decline in the captures 43.4 % stopped before 2000, and the remaining 13.2 %

keeps fishing sharks.

3.2 Species evaluated

The shark species were divided in two groups according to their size, small sharks
(<150 cm in total length) and large sharks (>150 cm in total length), and both

sawfish species (Pristis ) in a separate group (Table 5).
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3.3 Productivity and Susceptibility Analysis

3.3.1 Productivity and Susceptibility

The value for the productivity attributes did not change in the different time periods,
as there are no local studies that suggest any changes in the biological parameters
of the species. The small sharks were the most productive species (P>1.9) having

medium values (P = 1.68-2.34), while the large sharks and Pristis species had low

values (P<1.68) (Table 6).

The susceptibility attributes reflected the changes through time as the equipment,
vessels and fishing areas changed in the three fishing periods (Table 6). The
attributes whose values remained constant for the three time periods were

migrations, aggregations and morphology affecting capture.

During the local commercialization period all of the species had their lowest
susceptibility values, with medium scores (S= 1.68-2.34). In the developed industry
period all the shark species increased their susceptibility scores, resulting in high
susceptibility (S>2.34), except Galeocerdo cuvier which had a medium score
(S=1.68-2.34). The susceptibility decreased for all shark species during the
declining industry period; G. cuvier had a low score (S<1.68), the rest of the large
sharks and the small shark C. acronotus had medium scores (S= 1.68-2.34), the
other small sharks R. terraenovae and S. tiburo had high scores (S=2.35). The
Pristis species did not have a susceptibility score for the declining industry period

because they were already extirpated from the area.
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3.3.2 Vulnerability

The vulnerability by species changed in the different time periods of the fishery
(Table 6). Ginglymostoma cirratum, C. leucas and Negaprion brevirostris changed
from moderate vulnerability (V= 1.8-2) in the local commercialization period to high
(V>2) in the remaining periods. Sphyrna mokarran P. pectinata and P. pristis had
high vulnerability (V>2) in the all periods they were present. Carcharhinus.
brevipinna, C. limbatus and S. lewini had low vulnerability (V<1.8) in the local
commercialization period, high vulnerability (V>1.8) during the developed industry
period, and moderate vulnerability (V=1.8-2) in the declining industry period.
Rhizoprionodon. terraenovae, S. tiburo, C. acronotus and G. cuvier had low
vulnerability (V<1.8) in the local commercialization period, changed to moderate
(V=1.8-2) vulnerability in the developed industry period and low vulnerability

(V<1.8) in the declining industry period (Fig 3).

In the local commercialization period 46% of the species had low vulnerability (V <
1.8), 31% had moderate scores 1.8 <V < 2.0, and the remaining 23% of the
species had high vulnerability V > 2. The species with the highest scores were P.
pristis (V = 2.17) and P. pectinata (V = 2.11) and the species with the lowest

scores were C. acronotus (V = 1.39) and R. terraenovae (V = 1.45).

During the developed industry period there was not a single species with low
vulnerability, because 69% of the species were highly vulnerable and only 31%
were moderately vulnerable. Pristis pristis (V = 2.42) and N. brevirostris (V = 2.39)
had the highest vulnerability, and R. terraenovae (V = 1.82) and C. acronotus (V =

1.87) having the lowest vulnerability.
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For the declining industry period, only the 11 shark species were assessed (Pristis
species were not included), 36% of the species had low vulnerability, 27% were
moderately vulnerable, and 36% were considered as highly vulnerable. The
species with the highest vulnerability were S. mokarran (V = 2.19) and N.
brevirostris (V = 2. 19), and the ones with the lowest vulnerability were G. cuvier

(1.61) and R. terraenovae (1.63).

3.4 Data Quiality

The data quality values ranged between 1.81 and 2.22 for the productivity
attributes, with G. cuvier, G. cirratum and S. mokarran having the highest values as
there is a lack of local studies. For the susceptibility data, the values were higher in
the local commercialization period because some of the attributes were scored
only through the use of LEK but the values ranged between 1.59 and 1.89, with the
Sphyrna species having the highest values. In the developed industry and
declining industry periods the values ranged between 1.41 and 1.81 with the small

sharks having the lowest values (Table 6).

4. Discussion

4.1. Historical context

The development of the shark fishery in Campeche seems to resemble the history
of other fisheries in the rest of the world. There was an initial stage where it was a
subsistence fishery, with a small local market and basic equipment, then a
developed stage where technology and commercialization increased as well as the
landings and fishing pressure, and finally a declining stage where there was a
decrease in the abundance of sharks and their catches (Ferretti et al., 2018;
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Selgrath et al., 2018). These stages belong to the three main time periods
identified in the present study as: local commercialization, developed industry and

declining industry.

All of the interviewees, described the great abundance of sharks during the local
commercialization and developed industry periods, and the reduction of catches
during the declining industry period. According to the interviewees the decrease of
catches during the declining industry period forced shark fishers to focus on other
profitable species (finfish, crustacean or mollusk species), leaving only a few of
them focusing on targeting small sharks seasonally, such as R. terraenovae, S.
tiburo, C. acronotus or the large shark C. leucas (Pérez-Jiménez and Mendez-

Loeza, 2015).

4.2. Integrating historical data into the PSA

The PSA is commonly used and modified to evaluate data-poor fisheries (Furlong-
Estrada et al., 2017; Osio et al., 2015) which allows to include historical data.
Some of the limitations to incorporate historical data are, the difficulty in gathering
the information from different sources (old books, reports, photographs,
anecdotes), and then integrating it in order to be used or analyzed (Mcclenachan et
al., 2012). The PSA was modified to add two attributes: type of fishing vessel and

fishing technology.

The two attributes included represent a substitute for effort measurement, because
modern gear is more efficient, and the use of motors, fiber glass boats, and in
some cases GPS equipment, allows fishers to have more and better fishing

grounds. As proposed by Selgrath et al. (2018), trends in fishing gear employed
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can be used to identify tendencies in fishing intensification and infer fishing

impacts, as in the present study.

4.3. Vulnerability and its changes over time

Mexico is the sixth larger producer of sharks and rays worldwide, and it is believed
internationally that the national management measures are insufficient to protect
these species (Dulvy et al., 2017). Of the eleven shark species assessed almost
half are considered near threatened (55%), while the remaining species are
classified as endangered (18%), least concern (18%), and data deficient (9%).Only
S. tiburo shows a stable population trend (Cortes et al., 2016), while for the other

species it is unknown or classified as decreasing by the IUCN.

Meta-analysis suggests that IUCN categories align well with fisheries reference
points, with critically endangered and endangered species being likely to be
unsustainably fished (Dulvy et al., 2017). Of the species assessed only two are
classified as endangered, S. mokarran that had high vulnerability for the three time
periods, and S. lewini that only had high vulnerability values in the developed
industry period, when there was an intense fishing pressure. The rest of the
species that had high vulnerability values in any of the time periods are classified
as nearly threatened (C. brevipinna, C. limbatus, C. leucas, N. brevirostris) or data

deficient (G. cirratum).

Despite sharks being vulnerable (Musick, 1999) not all of the species respond the
same way to fishing pressure, because the most productive species (e.g. small
sharks), can support certain levels of fishing pressure with an appropriate

management plan (Simpfendorfer and Dulvy, 2017; Walker, 1998). In this study,
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the small sharks, R. terraenovae, S. tiburo and C. acronotus had some of the
lowest vulnerability values and continue to be the most commonly caught species
in (Pérez-Jiménez and Mendez-Loeza, 2015), nevertheless most fishers noted that
C. acronotus and S. tiburo have become increasingly rare in some regions. This
may have important implications for the local fisheries, as these three species are
the main target species (Castillo-Géniz et al. 1998; Pérez-Jiménez and Mendez-

Loeza 2015).

The decrease in catches of S. tiburo could be a result of the fishing pressure during
the developed industry period. In this period S. tiburo had the highest susceptibility
values among the three small sharks and a moderate vulnerability. Although S.
tiburo is cataloged by the IUCN as a least concern species with a stable population
trend (Cortes et al. 2016), in the technical reports (Uribe-Martinez, 1995, 1984),
this species was the most commonly caught small shark species in Campeche
during the developed industry period, while in most recent records R. terraenovae
is the most frequently caught species (Pérez-Jiménez and Mendez-Loeza, 2015).
Carcharhinus acronotus also experienced an increase in susceptibility during the
developed industry period. Globally, the population trend of this species is
decreasing (Morgan et al., 2009), probably because of its life history
characteristics; with low number of offspring (3.13 on average) (Sulikowski et al.,

2007), and a biennial cycle estimated in the Atlantic (Driggers et al., 2004).

Carcharhinus limbatus and C. brevipinna are both migratory species (Kohler et al.,
1998) that are classified as near threatened (Burgess, 2009; Burgess and

Branstetter, 2009). Carcharhinus brevipinna has been reported to be seasonally
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present in other areas (Drymon et al., 2010) and C. limbatus has shown philopatry
and has a nursery area north to the coast of Campeche in the Yalahau

Lagoon,Yucatan (Hueter et al., 2007; Keeney et al., 2005).

According to the interviewees and reports (Uribe-Martinez and Murillo, 1991) C.
brevipinna and C. limbatus were commonly caught seasonally and in large
guantities during their migrations. Fishers mentioned they had special nets (called
“jaquetonera”) to catch them. Both species were highly vulnerable during the
developed industry period and fishers report a decrease in their catches probably

as a result of decades of intense fishing pressure.

For S. lewini there was an increase in the vulnerability from moderate in the local
commercialization period to high in the developed industry period and then
moderate during the declining industry period. This species is considered important
for the shark fishery in every time period studied (Bonfil, 1997; Pérez-Jiménez and
Mendez-Loeza, 2015; Uribe-Martinez, 1995). The coastal and semipelagic habits
of this species (Compagno, 2002) put it at greater risk of extinction (Dulvy et al.,
2014) Dulvy et al. (2017) consider that C. limbatus and S. lewini are a priority for
conservation as S. lewini is captured both in high-seas and coastal fisheries, and

C. limbatus is captured in poorly regulated multispecies coastal fisheries.

Recent studies showed than coastal species are more exposed to the combined
threats of fishing and habitat degradation than those in pelagic and deep water
ecosystems. Thus, large-bodied species reliant on coastal and shallow waters
have a higher risk of extinction (Dulvy et al. 2014). Three large-bodied (>2.5m total

length) species (G. cirratum, C. leucas, and N. brevirostris) inhabit coastal waters
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(Compagno, 2002). Therefore, these species are more susceptible to fisheries,
which made them moderately vulnerable during the local commercialization period,
and highly vulnerable during the developed and declining industry periods (Bonfil,

1997; Pérez-Jiménez and Mendez-Loeza, 2015; Uribe-Martinez, 1984).

The vulnerability of G. cirratum, classified as data deficient by the IUCN with a
unknown population trend (Rosa et al., 2006), changed from moderate in the local
commercialization period to high in the following periods. According to fishers, and
the first shark fishery description by 1940s De la Pefia (1942), G. cirratum was
considered a common species throughout Campeche, with photographic records
and anecdotes of its large size and abundance. By the 1980s it represented 3% of
the total shark captures (Uribe-Martinez, 1984), whereas in the study of Pérez-
Jiménez and Mendez-Loeza (2015) it represents less than 0.001% of the shark
catches and is considered rare by most fishers. This results and perceptions
makes urgent the implementation of conservation measures at a regional level,
since the declines of population and even local extirpation of this species has been

observed in Brazilian coastal waters (Feitosa et al., 2018).

Carcharhinus leucas has high vulnerability and is classified as neat threatened
(Simpfendorfer and Burgess, 2009) but fishers consider it as the most common
large shark in the area. Pérez-Jiménez and Mendez Loeza (2015) observed target
fisheries for C. leucas and recommended the prohibition of the fishing gears
(multifilament gill-nets) used to target this species in order to reduce the fishing

pressure.
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Negaprion brevirostris is classified as near threatened with an unknown population
trend (Sundstrom, 2015). Females of this species show a strong philopatry to
nursery areas like coastal lagoons (Feldheim et al., 2002), which corresponds with
the seasonal catch records reported by Uribe-Martinez and Murillo (1991) and the
information given by fishers. This species was not frequently captured historically
(Bonfil, 1997; Uribe-Martinez, 1995, 1984), but fishers reported not catching this
shark in certain areas any more or less frequently than when they were younger.
Pérez-Jiménez and Mendez-Loeza (2015) recorded only one specimen in their
sampling of the southern Gulf of Mexico from 2011 to 2014. These results and their
unknown population trend highlights the importance of urgent research to study

this species in the area.

Sphyrna mokarran is classified as endangered by the IUCN (Denham et al. 2007)
and had high vulnerability for the three time periods, however, despite reaching up
to 6 meters of total length, its semi-oceanic distribution (Compagno, 2002) reduce
its interaction with fishing activities and habitat degradation in Campeche. This
species has been reported as of secondary importance in the artisanal fisheries of
the Gulf of Mexico (Bonfil, 1997; Castillo-Géniz et al., 1998). Currently, the shark
fisheries in the southeast Gulf of Mexico report less than 1% of S. mokarran in the
global catch (Pérez-Jiménez and Mendez-Loeza, 2015), and fishers report a
decrease in its catches, therefore, this species needs global conservation actions

due to its population decline (Denham et al., 2007).

Both P. pectinata and P. pristis had the lowest productivity and the highest

susceptibility values among the species studied, which drove both species to their
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apparent extirpation from Campeche (Bonfil et al., 2018). These species were not
able to withstand high fishing pressure in the last decades. Old fishers remember

when large females approached the shore during their pupping season, but young
fishers are unaware of their presence in the area, demonstrating the shifting

baseline syndrome (Pauly 1995).

Galeocerdo cuvier was the only large-bodied shark species that initiated with low
vulnerability values, changed to moderate vulnerability in the developed industry
period and had even lower vulnerability values in the declining industry period than
in the local commercialization period. This species is highly mobile (Kohler and
Turner, 2001) and according to fishers it is the species with the lowest prices
because of the bad quality of its meat and fins. Nowadays, fishers consider this
species a nuisance due to its aggressiveness and its tendency to break the
monofilament nets. However, despite the ecological importance of this species

there is general lack of biological information (Holland et al., 2019).

There was a decrease in shark vulnerability as the fishing fleet became smaller but
this does not mean that there has not been an accumulative effect on the shark
populations in the state of Campeche. It has been shown that even low fishing
pressure from artisanal fleets can have large effects in large coastal sharks, and
fishing juveniles, as historically has occurred, can exacerbate the effects of
decades of fishing (Ferretti et al., 2010; Ward-Paige et al., 2010). Coastal species
tend to be the first affected by fisheries because of their proximity to human
communities, and this can be seen reflected on their vulnerability (Ferretti et al.,
2010, 2008).
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Even if the vulnerability values decreased in the declining industry period it does
not necessarily mean that fishers are not interested in catching sharks, it is just the
result that sharks are less abundant. In the past, the shark fishery was a year
round activity, with a larger number of species caught (Uribe-Martinez, 1984);
nowadays it is a seasonal fishery that focuses on the smaller and more productive
sharks (Pérez-Jiménez and Mendez-Loeza 2015), and fishers mentioned a clear

preference for small sharks and juveniles of large sharks.

A limitation of the present study is that it was necessary to combine the different
fishing gears into a single attribute for the PSA, as there was not enough
information to separate the fishing gears for each time period, which probably
increased the overall vulnerability value. According to the interviewees and
historical description, fishers in the state have mostly used multiflament nets to
catch sharks since the 1980s (Bonfil, 1997; Castillo-Géniz et al., 1998; Uribe-
Martinez, 1984), and before that, they used a combination of harpoon and

henequen nets.

The attributes type of fishing vessel and fishing technology included in the PSA are
important because they show a tendency to improve fishing performance
throughout the periods analyzed; and, these changes can be clearly differentiated
in Mexican fisheries (Hernandez and Kempton 2003). However, in other parts of
the world like the Philippines, they still use traditional canoes and modern fishing
gear (Selgrath et al., 2018), making these attributes useful to evaluate other

fisheries.
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Despite modifications, the PSA proved to be a good tool for data-poor fisheries as
the species that scored the highest vulnerability values for the local
commercialization period, such as P. pectinata and P. pristis, increased their
vulnerability for the developed industry period and appear to be locally extinct at

the present time as a consequence of overfishing (Bonfil et al., 2018).

4.4 Final considerations

Integrating historical information into fisheries assessments can change radically
the perspective of the results (Mcclenachan et al., 2012). Documenting and
integrating local LEK can give important data of the marine resources that can help
us to avoid the shifting baseline syndrome and highlight the most vulnerable
species, such as G. cirratum and N. brevirostris. Both species appear to be in need
of further research to develop a conservation strategy, as young fishers do not
remember a time when G. cirratum was common and N. brevirostris could be
found in shallow areas other than an isolated community to the north of the state,
Isla Arena. Probably, these species are still observed in Isla Arena because of its
remote location, surrounded by two biosphere reserves Los Petenes and Ria
Celestun, which are part of a coastal biological corridor that is recognized for
having the best preserved wetlands on the western side of the Yucatan Peninsula
(CONANP, 2006, 2000), and the bridge that connects the community with the rest

of the state was built in 1999 (Eslava Morales et al., 2008).

This new approach serves as an illustrative example of the usefulness of the PSA
for data-poor fisheries in order to understand the current vulnerability values within
a historical context to interpret the results. Now it is possible to trace back the
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steps of the fishery and focus on management strategies for species like R.
terraenovae, S. tiburo, and C, acronotus, that despite being submitted to intense
fishing pressure in the past and present, remain as the most common sharks and
are an important protein source for coastal communities. It also encourages to
rethink the management strategies for large coastal sharks, because even if most
of them had moderate vulnerability values in the beginning of the fishery, they now
carry with them a history of exploitation that has to be taken into account to avoid

keep repeating the apparent local extinctions.

Most sharks are inherently vulnerable to fisheries for their biological characteristics,
but shark fisheries anywhere in the world can learn from their history, and use
scientific advice to develop management strategies or improve the existing ones,
and focus on species that can keep up with the activity, so the shark fisheries can

continue to exist without further endangering vulnerable species.
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Figure Legends
Figure. 1.Shark fishing communities along the coast of Campeche where the
interviews to shark fishers were conducted. The Campeche Bank is delimited by

the 200 m isobath.

Figure. 2. Year fishers started and stopped fishing sharks in the fishing ports of

Campeche.

Figure 3. Productivity and susceptibility for the sharks of the state of Campeche in
the three different time period. Code correspond to shark species as enlisted in

Table 6
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Tables

Table 1. Weight, definition and rank of the attributes used to estimate the productivity of sharks in southern Gulf of Mexico.

Productivity = Weight  Definition Ranking
Attribute High (3) Moderate Low (1)
2)

r 2 The intrinsic rate of population growth, or maximum population >0.2 0.1-0.2 <0.1
growth that would occur in the absence of fishing

Maximum 3 A direct indicator of the natural mortality rate (M), where low <8 years 8-23 >23

age levels of M are negatively correlated with maximum age in years years years

Maximum 4 Correlated with productivity, with large fish tending to have lower <150 cm 150-250 >250

size productivity. cm cm

Von 3 Measures how rapidly a fish reaches its maximum size, where >0.25 0.05-0.25 <0.05

Bertalanffy long lived, low productivity stocks tend to have values of k

growth

coefficient

(k)
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Natural 2

mortality (M)

(1.6%k)

Fecundity 4
Size at 4
maturity

Age at 3
maturity

w

Trophic level

Reproductive 4

cycle

Proportion of fish whose death is not related to fishing

Mean number of pups produced by a female of a certain age/size

Size in which 50% of the individuals of a population reach
maturity. Lower productivity stocks are larger at maturity than
short-lived stocks.

Tends to be positively correlated with maximum age (tmax); long-
lived, lower productivity stocks are older at maturity than short-
lived stocks.

The position of a stock within the larger fish community can be
used to infer stock productivity; lower trophic level stocks
generally are more productive than higher trophic level stocks.
Can be defined by how often a species breeds; stocks with
shorter reproductive cycles have higher productivity than those

with longer reproductive cycles.

>0.40

>66

pups

<100 cm

years

<3.1

Biannual

0.20-0.40 <0.20

34-66

100-150

cm

5-11

years

3.1-3.8

Annual

<34

>150

cm

>11

years

>3.8

Biennial

+
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Table 2. Weight, definition and rank of the susceptibility attributes used to determine the vulnerability of the sharks in

southern Gulf of Mexico, LEK=local ecological knowledge, GL=grey literature, SP=scientific papers, AK=authors’

knowledge

Susceptibility

Attribute

Definition

Type of Information and

contribution

Moderate (2)

Low (1)

Areal overlap*

Geographic

concentration*

Extent of geographic
overlap between the

known distribution of each

that of the fishery.
The extent to which the
stock is concentrated in a

small area.

LEK: Initial fishing areas

and its changes.

GL: Fishing areas 1980s.

SP: Fishing areas 2010s.

AK=Fishing areas 2018.

LEK: Original stock

distribution in the area and

its changes.
SP: General stock

distribution.

25-50% of

concentrated concentrated

in<25% of its  in 25-50% of

<25% of
stock
presentin
the area
fished.
Stock is
concentrated
in>50% of its
total

range.
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Vertical

overlap*

Seasonal

migrations

Location of the stock
within the water column
(i.e.,

demersal versus pelagic)
in relation to the fishing

gear.

Increase or decrease in
fishery-species interaction
when seasonal migrations
occur (i.e., spawning or

feeding migrations).

AK: Stock distribution 2018.

LEK: Fishing gear used and
depth, since 1940s.

GL: Fishing gear and depth
for 1980s.

SP: Fishing gear 1990s,
2010s.

AK: Fishing gear used and
depth 2018.

LEK: Migrations in the area
without distinguishing
species.

SP: Information of
migrations or lack of for
each species.

AK: Local migrations.

>50% of 25-50% of
stock the stock
present in present at

the depth the

fished. depth fished.

Migrations

increase the not affect the

fishery- fishery
species species
Interaction. interaction.

Migrations do

<25% of
stock
present at
the depth

fished.

Migrations
decrease the
fishery-
species

interaction.
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Schooling or

Aggregations

Morphology
affecting

capture

Seasonality of

fishery*

Aggregations of
organisms for feeding or
reproduction (periods of

two months or more).

The ability of the fishing
gear to capture fish based
on their morphological
characteristics (e.g., body
shape, spiny versus soft
rayed fins, etc.).

Months of the year in
which the fishing fleet

targets a stock.

SP: Information of
schooling/aggregations or
lack of for each species.
AK: Schooling or
aggregations in the area.
SP: Morphological
characteristics.

AK: Effects of morphology

in the local fishery

LEK: Seasonality
throughout time.
GL: Seasonality during

1980s.

SP: Seasonality for 2010s.

AK: Seasonality 2018.

Aggregations
increase the
fishery-
species
interaction.
Species
shows high
susceptibility
to gear

selectivity.

>6

Aggregations
do not affect
the fishery
species
interaction.
Species
shows
moderate
susceptibility
to gear
selectivity.

4t06

Aggregations
decrease the
fishery-
species
interaction.
Species
shows low
susceptibility
to gear

selectivity.

<4
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Desirability*

Type of
fishing

vessel*

4

Highly valued fish stocks
are assumed to be more
susceptible to overfishing
or to becoming overfished
by

recreational or
commercial fishermen
due to increased effort.
Main vessels used for the
shark fishery and

materials

LEK: Most valued species
since 1940.

GL: Prices of small and

large sharks during 1980s.

SP: Price for small and

large sharks 2010s.

LEK: Description of the
changes in fishing vessels
before since 1940s up to
2018.

GL: Description fishing
vessels during 1980s.

SP: Description fishing

vessels 1990s and 2010s.

Target stock
of the

fishery.

Use of
cayucos, but
small and
medium size
boats are the
most used
fishing
vessels.

Wood and

Bycatch with
medium to

high value.

Rare use of
cayucos,
limited use of
medium size
boats, small
size boats
are the most
used fishing

vessels.

Bycatch with
little to no

value.

Cayucos as
main fishing
vessels, rare
use of small
and medium
size boats.
Wood as
most

common
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Fishing

technology*

Materials and types of
fishing gear, also the use
or absence of a sail, or

motor.

AK: Description fishing

vessels 2018.

LEK: Description fishing

technology before 1980s.

GL.: Description fishing

technology during 1980s.

SP: Description fishing
technology 1990s and

2010s.

AK: Fishing technology

2018.

fiber glass
most
common
materials for
boat
construction.
Use of
longlines and
multifilament
nets, use of
stationary
and outboard

motors.

Fiber glass
most
common
material for
boat
construction.
Use of
monofilament
nets, and
stationary
and outboard

motors.

material for
boat

construction.

Use of
natural fibers
nets,
harpoons
and sails,
rare use of
any kind of

motor.
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Table 3 Criteria used to evaluate the data quality in the PSA by species, modified

from Patrick et al. 2010.

Data quality Description

score

1 Best Data. Information based on collected data for the stock of
interest

2 Adequate Data. Information based on limited coverage and
corroboration,

3 Limited data. Estimates with high variation and limited confidence.
Species in other regions of the world

4 Very Limited Data. Information based on expert opinion or on
general literature reviews from a wide range of species (similar
taxa)

5 No data
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Table 4 Main characteristics of each time period.

Time Period

Main characteristics

Information Sources

Local
Commercialization

(1942-1980)

Developed Industry

(1981-1998)

Small number of shark fishers, use of basic equipment
Limiting factors for shark catches were: the size and weight of the

sharks, as there was a risk of the boat capsizing if the sharks

weighted too much, and the lack of storage facilities and technology.

Scientist and government encouraged increasing the fishing effort.

The government invested in infrastructure for the shark fishery.
Modernization of the fishing fleets and equipment, creation of
cooperatives. First time medium size boats equipped to transport up
to 70 tons and could stay in open seas for a maximum of 60 days
were used for the shark fishery.

Scientist recommend for further research before increasing fishing

efforts.

Interviews

Grey literature
(Barba-Meinecke, 2014;
Carranza, 1959; Castro-
Aguirre, 1965; De la Pefia,
1942; Hernandez-Carvallo,
1965; Marin, 1964)
Interviews

Grey literature
(Castillo-geniz et al., 1996;
Hernandez-Silva, 1987;
Pauschardt, 1983; Seca-
Escalante et al., 1987;

Uribe-Martinez, 1995,
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Declining Industry

(1999- 2018)

Important decline in shark catches.

Fishers move greater distances to catch large sharks; uncertainty of
captures and earnings.

The activity is unprofitable for most fishers.

Fishers target mainly small sharks.

Establishment of a closed season, recommendation to have separate

management strategies for small and large sharks.

1993, 1986, 1984; Uribe-
Martinez and Muirillo,
1991)

Scientific papers
(Applegate et al., 1993;
Bonfil, 1997; Castillo-Géniz
et al., 1998)

Interviews

Grey literature
(Pérez-Jiménez et al.,
2012)

Scientific papers
(Pérez-Jiménez and
Mendez-Loeza, 2015)
Official Normativity
(Diario Oficial de la

Federacién, 2007)
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Table 5. Spanish and Mayan names mentioned by the fishers for the species

evaluated, with their classification and population trend according to the [UCN.

Species Spanish name IUCN Population
*Mayan name classification trend
Rhizoprionodon Tutzun* Least concern Unknown
" terraenovae
=
o Sphyrna tiburo Pech* Least concern Stable
()
<=EB Carcharhinus acronotus  Canguay* Near threatened Decreasing
? Ginglymostoma cirratum  Gata, Misha Data deficient Unknown
Carcharhinus brevipinna  Jaqueton Near threatened Unknown
Carcharhinus limbatus Near threatened Unknown
Sphyrna lewini Cornuda Endangered Unknown
Sphyrna mokarran Endangered Decreasing
- Galeocerdo cuvier Tintorera Near threatened Unknown
EE Carcharhinus leucas Xmoa*, Moan Near threatened Unknown
% Negaprion brevirostris Canxok*, Riberin Near threatened Unknown
- Pristis pectinata Chavache, Peje  Critically Decreasing
blanco, Pez endangered
espada, Pez
sierra
Pristis pristis Chavache, Peje  Critically Decreasing
blanco, Pez endangered
espada, Pez
) .
*Q sierra
o
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Table 6. P= Productivity, S= Susceptibility, V= Vulnerability and QS= Data Quality Scores, obtained for 13 elasmobranch

species in three different time periods. The productivity values did not change between time periods.

Local Commercialization Developed Industry Declining Industry

Especie Code P QS S QS \ S QS \% S QS \%

1 R. terraenovae RTER 2.22 1.94 2.22 1.59 1.45 2.65 141 1.82 2.43 141 1.63

2 S. tiburo STIB 2.22 1.81 2.32 1.89 1.54 2.76 1.68 1.92 2.54 1.68 1.73
3 C. acronotus CACR 1.94 1.88 1.89 1.78 1.39 2.54 1.51 1.87 2.32 151 1.7
4 G. cirratum GCIR 1.38 219 211 1.78 1.97 2.65 1.7 231 2.22 1.7 2.03
5 C. brevipinna CBRE 1.53 2.12 181 1.78 1.68 2.46 1.78 2.07 2.3 1.78 1.96
6 C. limbatus CLIM 1.62 1.81 1.81 1.7 1.6 2.46 1.7 2.01 2.3 1.7 1.89
7 S. lewini SLEW 141 2 1.89 1.89 1.83 2.43 1.81 2.14 2.14 1.81 1.96
8 S. mokarran SMOK 1.12 2.22 1.89 1.89 2.08 2.43 1.81 2.36 2.14 1.81 2.19
9 G. cuvier GCUV 15 2.19 1.68 1.78 1.65 2.22 1.78 1.93 1.59 1.78 1.61
10 C. leucas CLEU 1.22 1.91 1.89 1.78 1.99 2.54 1.7 2.36 2.22 1.7 2.16
11 N. brevirostris  NBRE 1.25 2 1.92 1.78 1.98 2.62 1.7 2.39 2.32 1.7 2.19
12 P. pectinata PPEC 1.22 2 2.14 1.78 211 2.57 1.78 2.37

13 P. pristis PPRI  1.16 2 2.14 1.78 2.17 2.57 1.78 2.42
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Capitulo Il

Conclusiones

La vulnerabilidad de las especies de tiburones del sureste del Golfo de México ha
incrementado en las Ultimas décadas. Esto como un reflejo del desarrollo de la
pesqueria, qué integrd nuevas tecnologias de pesca, lo cual permiti6 aumentar su

eficiencia, y expandir las areas de pesca.

Existen tres periodos histéricos para la pesca de tiburdon en el estado de Campeche.
El primero llamado “Comercializacion local”’, esta caracterizado por una demanda
local de los productos, la dificultad de almacenamiento y transporte de los mismos,
y la limitada capacidad de las embarcaciones para recorrer grandes distancias;
seguido por el de “Industria Desarrollada” donde las politicas publicas, los avances
en la tecnologia de pesca y la migracion aumentaron el esfuerzo pesquero, y se
expandieron las areas de pesca; y por ultimo, la “Industria en declive” donde ha
habido una disminucién en las capturas y la pesca de tiburones ya no es una
actividad remunerable para la mayoria de los pescadores.

Durante el periodo “Comercio local’ la vulnerabilidad de los tiburones estuvo
definida por la productividad de las especies, los tiburones con mayor productividad
tuvieron valores de vulnerabilidad bajos, mientras que los tiburones de crecimiento
lento y maduracion tardia obtuvieron valores de vulnerabilidad medios, a excepcion
de S. mokarran que posee la productividad mas baja y present6 una vulnerabilidad

alta.

En el periodo de “Industria desarrollada” ninguna especie alcanzd valores de
vulnerabilidad baja, los tiburones pequefios y G. cuvier tuvieron vulnerabilidades
medias mientras que el resto fueron altas. La susceptibilidad de ser capturadas

incremento por el desarrollo tecnoldgico y el incremento de la flota pesquera.

Para el ultimo periodo “Industria en declive” los tiburones pequefos y G. cuvier
tuvieron vulnerabilidades bajas, las especies migratorias como S. lewini, C.
brevipinna, y C. limbatus una vulnerabilidad media, y el resto de las especies valores

altos. Las especies de tiburones con gran tamafo, baja productividad y habitos
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costeros son las que han tenido una alta susceptibilidad a ser capturados y por lo

tanto una vulnerabilidad alta.

Los cambios en la vulnerabilidad de las especies del periodo de “Comercializacion
local” a “Industria en declive” se debieron al aumento en el esfuerzo pesquero, y
mejora de los equipos de pesca y embarcaciones, pasaron de utilizar cayucos con
velas, y redes hechas de fibras naturales o arpones, a usar lanchas de fibra de vidrio
con motores fuera de borda, a barcos de mediana altura, y todo tipo de equipo de
pesca desde palangres hasta redes de multifilamento. La disminucién en los valores
de vulnerabilidad para el periodo de “Industria en declive” fue provocada por la
disminucién en las capturas de tiburones grandes, esta pesqueria se volvid poco
redituable, por lo que la mayoria de los pescadores se ha enfocado en la pesca de
cazones que siguen siendo comunes y tienen una baja vulnerabilidad en

comparacion al resto de las especies.
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Anexos

1. Entrevista realizada a los pescadores de Campeche

Fecha:
Localidad:
Nombre: Edad:
1.-Lugar de origen:
2.- ¢Vienes de familia de pescadores? Si No ¢Cudntas generaciones?

3.- éCuanto tiempo lleva pescando en el area?
4.- i A qué pesquerias se dedica?
5.- éSe ha dedicado en algin momento de su vida a la pesca de tiburédn? Si No (si no pasar a imagenes)

6.- ¢Qué tipo de embarcacién utilizaba? Equipo de pesca
7.- éA qué edad comenzé a pescar tiburones? ¢ Cuantos pescadores
habia?

8.- ¢Se dedica actualmente a la pesca de tiburén?
[ Si éCuanto tiempo se ha dedicado a esta actividad?
I No éCuanto tiempo se dedico a esta actividad?
9.- ¢Por qué ya no se dedica a la pesca de tiburéon?
Costo muy alto Pocas capturas Peligro Edad Contaminacion
Otro:

Estamos intentando identificar los cambios que ha habido en la pesqueria de tiburén y cazén en Campeche
por lo que buscamos hacer comparaciones en el tiempo de los equipos, areas, especies y frecuencia con la
que se capturan, me podria decir lo que sepa de las imagenes que le mostraré a continuacion

I. Nombre comun:

la.- (Lo capturd alguna vez?  Si No

22.- iEn qué area lo capturaba? Profundidad:

32.- iQué equipo de pesca utilizaba? (afios en los que lo utlizaba)
Arpon Palangre/Cimbra Red:Jtiburonera [Cazonera Anzuelo

Otro:

42.- iUtilizaba carnada? Si No ¢Cudl?

52.- éCuantos capturaba por viaje? ¢éDias de viaje?

62.- ¢Cudanto llegd a ser su mayor captura? Afo/Edad

2.- Usted considera que esta especie ha: Aumentado Mantenido igual Disminuido
82.-éiDesde hace cuanto?
92.- ¢ Cudndo lo pescé por ultima vez?
102.-¢Cémo lo pesco? (Dirigida incidental) ¢Con que equipo de pesca?
112.-¢En qué drea lo pesco? La misma Diferente ¢Cudl?
Observaciones:
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Il. Nombre comtin:

la.- Lo capturd alguna vez?  Si No

22.- $En qué drea lo capturaba? Profundidad:

32.- iQué equipo de pesca utilizaba? (afios en los que lo utlizaba)
Arpdn Palangre/Cimbra Red:tiburonera [jCazonera Anzuelo

Otro:

42 - iUtilizaba carnada? Si No ¢Cudl?

52.- éCuantos capturaba por viaje? ¢Dias de viaje?

62.- ¢ Cuanto llegd a ser su mayor captura? Afo/Edad

a,- Usted considera que esta especie ha: Aumentado Mantenido igual Disminuido
82.-¢Desde hace cuanto?
92.- ¢Cuando lo pescé por ultima vez?
102.-¢Cémo lo pesco? (Dirigida incidental) ¢Con que equipo de pesca?
112.-¢En qué drea lo pesco? La misma Diferente éCual?
Observaciones:

11l. Nombre comun:

la.- (Lo capturd algunavez? Si No

22.- iEn qué area lo capturaba? Profundidad:

32.- iQué equipo de pesca utilizaba? (afos en los que lo utlizaba)
Arpén Palangre/Cimbra Red:[jtiburonera [Cazonera Anzuelo

Otro:

42 - iUtilizaba carnada? Si No ¢Cudl?

52 .- ¢ Cuantos capturaba por viaje? ¢Dias de viaje?

62.- ¢ Cuanto llegd a ser su mayor captura? Afo/Edad

a,- Usted considera que esta especie ha: Aumentado Mantenido igual Disminuido
82.-¢Desde hace cuanto?
92.- ¢Cuando lo pescé por ultima vez?
102.-¢Cémo lo pesco? (Dirigida incidental) ¢éCon que equipo de pesca?
112.-¢En qué area lo pesco? La misma Diferente éCual?
Observaciones:

IV. Nombre comun:

la.- Lo capturd alguna vez?  Si No

22.- iEn qué area lo capturaba? Profundidad:

32.- iQué equipo de pesca utilizaba? (afios en los que lo utlizaba)
Arpdn Palangre/Cimbra Red:jtiburonera [Cazonera Anzuelo

Otro:

42 .- iUtilizaba carnada? Si No ¢Cudl?

52 .- iCuantos capturaba por viaje? ¢Dias de viaje?

62.- ¢ Cuanto llegd a ser su mayor captura? Afo/Edad
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2,- Usted considera que esta especie ha: Aumentado Mantenido igual Disminuido
82.-éiDesde hace cuanto?
92.- {Cuando lo pescé por ultima vez?
102.-¢Cémo lo pesco? (Dirigida incidental) ¢Con que equipo de pesca?
112.-¢En qué drea lo pesco? La misma Diferente {Cual?
Observaciones:

V. Nombre comun:

la.- (Lo capturd alguna vez?  Si No

22.- iEn qué area lo capturaba? Profundidad:

32.- iQué equipo de pesca utilizaba? (afios en los que lo utlizaba)
Arpon Palangre/Cimbra Red:tiburonera [Cazonera Anzuelo

Otro:

42 .- iUtilizaba carnada? Si No ¢Cudl?

52.- éCuantos capturaba por viaje? ¢éDias de viaje?

62.- ¢Cuanto llegd a ser su mayor captura? Afo/Edad

a,- Usted considera que esta especie ha: Aumentado Mantenido igual Disminuido
82.-éiDesde hace cuanto?
92.- ¢ Cuando lo pescé por ultima vez?
102.-¢Cémo lo pesco? (Dirigida incidental) ¢Con que equipo de pesca?
112.-¢En qué drea lo pesco? La misma Diferente ¢Cudl?
Observaciones:

VI. Nombre comun:

la.- (Lo capturd alguna vez?  Si No

22.- iEn qué area lo capturaba? Profundidad:

32.- iQué equipo de pesca utilizaba? (afios en los que lo utlizaba)
Arpon Palangre/Cimbra Red:—tiburonera [jCazonera Anzuelo

Otro:

42.- iUtilizaba carnada? Si No ¢Cudl?

52.- éCuantos capturaba por viaje? ¢éDias de viaje?

62.- ¢Cudanto llegd a ser su mayor captura? Afio/Edad

2.- Usted considera que esta especie ha: Aumentado Mantenido igual Disminuido
82.-éiDesde hace cuanto?
92.- ¢ Cudndo lo pescé por ultima vez?
102.-¢Cémo lo pesco? (Dirigida incidental) ¢Con que equipo de pesca?
112.-¢En qué drea lo pesco? Lamisma Diferente ¢Cudl?
Observaciones:

VIl. Nombre comun:

la.- (Lo capturd alguna vez?  Si No
22.- iEn qué area lo capturaba? Profundidad:
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32.- iQué equipo de pesca utilizaba? (afios en los que lo utlizaba)

Arpon Palangre/Cimbra Red:tiburonera [7Cazonera Anzuelo
Otro:

42.- iUtilizaba carnada? Si No ¢Cual?

52.- iCudntos capturaba por viaje? ¢éDias de viaje?
62.- ¢Cudnto llegd a ser su mayor captura? Afo/Edad

a,- Usted considera que esta especie ha: Aumentado Mantenido igual Disminuido
82.-¢Desde hace cuanto?
92.- iCuando lo pescé por ultima vez?
102.-¢Cémo lo pesco? (Dirigida incidental) ¢Con que equipo de pesca?

112.-¢En qué area lo pesco? La misma Diferente ¢Cudl?
Observaciones:

VIll. Nombre comun:

la.- (Lo capturd alguna vez?  Si No

22.- iEn qué area lo capturaba? Profundidad:

32.- iQué equipo de pesca utilizaba? (afios en los que lo utlizaba)
Arpdn Palangre/Cimbra Red:tiburonera [jCazonera Anzuelo

Otro:

42 - i Utilizaba carnada? Si No ¢Cudl?

52.- ¢Cudntos capturaba por viaje? éDias de viaje?

62.- ¢Cudnto llegd a ser su mayor captura? Afo/Edad

7 2.- Usted considera que esta especie ha: Aumentado Mantenido igual Disminuido
82.-éDesde hace cuanto?

92.- iCuando lo pescé por ultima vez?
102.-¢Como lo pesco? (Dirigida incidental) ¢Con que equipo de pesca?
112.-¢En qué area lo pesco? La misma Diferente ¢Cual?
Observaciones:

IX. Nombre comun:

la.- Lo capturd alguna vez?  Si No

22.- iEn qué area lo capturaba? Profundidad:

32.- iQué equipo de pesca utilizaba? (afios en los que lo utlizaba)
Arpdn Palangre/Cimbra Red:Jtiburonera [jCazonera Anzuelo

Otro:

42 - i Utilizaba carnada? Si No éCual?

52.- ¢Cudntos capturaba por viaje? éDias de viaje?

62.- ¢Cudnto llegd a ser su mayor captura? Afo/Edad

7 2.- Usted considera que esta especie ha: Aumentado Mantenido igual Disminuido
82.-éDesde hace cuanto?

92.- {Cudndo lo pescé por ultima vez?
102.-¢Cémo lo pesco? (Dirigida incidental) ¢Con que equipo de pesca?
112.-¢En qué area lo pesco? La misma Diferente ¢Cual?

Observaciones:
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X. Nombre Comtin:

la.- (Lo capturd algunavez?  Si No

22.- iEn qué area lo capturaba? Profundidad:

32.- iQué equipo de pesca utilizaba? (afos en los que lo utlizaba)
Arpon Palangre/Cimbra Red:tiburonera [Cazonera Anzuelo

Otro:

42 - i Utilizaba carnada? Si No éCual?

52.- i Cuantos capturaba por viaje? ¢Dias de viaje?

62.- ¢ Cuanto llegd a ser su mayor captura? Afo/Edad

a.- Usted considera que esta especie ha: Aumentado Mantenido igual Disminuido
82.-¢Desde hace cuanto?
92.- ¢iCuando lo pescé por ultima vez?
102.-¢Cémo lo pesco? (Dirigida incidental) ¢Con que equipo de pesca?
112.-¢En qué area lo pesco? La misma Diferente ¢Cual?
Observaciones:
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