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INTRODUCTION

All the articles published in this issue of Ciencias
Marinas were derived from contributions presented at the
| Iberoamerican Symposium on Reproductive Ecology,
Recruitment and Fisheries (SIBECORPR, Vigo, Spain, 24-28
November 2009. Fisheries play an important role in the econ-
omies of Latin America, Spain, and Portugal, and this sym-
posium was conceived in response to scientists seeking to
foster collaboration between nations on either side of the
Atlantic. Numerous groups are currently undertaking
research in the field of fisheries ecology and addressing the
concept of sustainability, and recognize that the preservation
of reproductive potential and recruitment is at the core of
long-term sustainable exploitation in the case of both indus-
trial and artisanal fleets targeting marine and freshwater fish
stocks that have received little or no attention.

Despite the evident economic and industrial relations
among | beroamerican countries with regard to fisheries, there
is scant collaboration between research institutions. The idea
behind this symposium was to promote and foster collabora-
tion networks involving renowned as well as recently created
research centers. Since its inception, this first SIBECORP
was organized with a broader purpose than the mere
communication of recent research results. On the one hand, it
sought to provide a forum for communication among
Iberoamerican countries in order to identify and define
research lines of common interest and promote projects that
foster cooperation between different countries. On the other,
it aimed to serve as a platform to showcase the high-standard
fisheries research currently undertaken by severa groups
throughout Iberoamerica. As a result of this initiative, in
November 2009 the Iberoamerican Network for Fisheries
Research was created for the sustainable use of fisheries
resources (Invipesca, http://invipesca.blogspot.con).

The 1 Iberoamerican Symposium on Reproductive
Ecology, Recruitment and Fisheries was organized by the
Ingtituto de Investigaciones Marinas (IIM-CSIC, Spain),

INTRODUCCION

Todos los articulos publicados en este nimero
Ciencias Marinas son producto de las presentacio
redlizadas en e | Simposio Iberoamericano de Ecolo
Reproductiva, Reclutamiento y Pesquerias (SIBECOI
Vigo, Espafia, 24—28 de noviembre de 2009). Este simpc
surge en respuesta a la inquietud de investigadores de | be
américa por fomentar la colaboracion entre paises de un
otro lado del Atlantico, en el reconocimiento de que la pe
€S un recurso econdmico vital para Latinoamérica, Espaf
Portugal. Son numerosos los grupos de investigacion
desarrollan su labor en € campo de la ecologia pesquer
gue profundizan en el concepto de sostenibilidad, recol
ciéndose en la conservacion del potencial reproductivo y
reclutamiento el pilar basico de una explotacién sostenibl
largo plazo, tanto paralapescaindustrial como paralasflc
artesanal es marinas o de agua dul ce que explotan poblaciol
poco o nada investigadas hasta el momento.

A pesar de la evidente interrelacion a nivel econdmic
industrial que existe entre los paises de |beroamérica
materia de pesca, la colaboracién entre organismos de inv
tigacion es muy reducida. Es por eso que este Ssimposio n
con lavocacién de fomentar y potenciar la creacién de re
de trabajo en las que participen tanto centros de investigac
de reconocida trayectoria como los de més reciente creaci
Desde sus inicios, este primer SIBECORP fue organize
con una finalidad més amplia que la mera comunicacion
resultados de las Ultimas investigaciones en pesquerias. E
simposio pretendia ser ademés un foro de comunicacion er
los paises iberoamericanos, que permitiese identificar y d
nir lineas de investigacion de interés comun, asi como p
mover la redizacion de proyectos que fomenten
colaboracion entre distintos paises. Ademas, trata de ser |
plataforma que sirva de escaparate internacional para pror
cionar la investigacion pesquera de calidad que vienen re
zando diversos grupos en toda I|beroamérica. Co
consecuencia de esta iniciativa nacio en noviembre de 2(
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Ingtituto Nacional de Investigacion y Desarrollo Pesquero
(INIDEPR, Argentina), AZTI-Tecnalia (Spain), Instituto del
Mar del Perd (IMARPE, Peru), Universidade Federal do
Parana (UFPR, Brazil), Ingtituto Espafiol de Oceanografia
(IEO, Spain), and Centro Tecnoldgico del Mar (CETMAR,
Spain), in collaboration with COST Action FA0601 “Fish
Reproduction and Fisheries” (FRESH, European Coopera
tion in Science and Technology).

Reproductive potential

Knowledge of the relative importance of factors affecting
the annual variation in recruitment isamajor goal in fisheries
management and science (Chambers and Trippel 1997,
Marshall et al. 1998). In this context, the relationship
between parental stock and recruitment is a central problem,
and usualy very difficult to solve in the study of population
dynamics and marine resource assessment (Hilborn and
Walters 1992).

Despite current discussion on the relationship between
the adult stock and recruitment (Myers 1997, Gilbert 1997,
Marshall et al. 2003), management of most exploited fish
populations is currently performed based on adult stock-
recruitment models. Traditional recruitment models assume
that the reproductive potential of a population is proportional
to its adult stock (Trippel et al. 1997), and use parameters
estimated based on adults (fig. 1) to establish biological ref-
erence points. The adult stock-recruitment models devel oped
by Beverton and Holt (1957), Ricker (1954), and Shepherd
(1982) originally used the term fecundity (Rothschild and
Fogarty 1989, Koslow 1992), but this term was later replaced
by spawning stock biomass (SSB) as a proxy for fecundity. In
such cases, it is assumed that a given weight of adult biomass
has the same probability of generating the same level of
recruitment, which means that the survival rates of offspring
are independent of the population age/size structure and con-
dition (Cardinale and Arrhenius 2000, Murua et al. 2003) and
that total relative fecundity and annual egg production by
sizes and between years do not vary (Marshall et al. 2003).

Nonetheless, it has been shown that SSB is not always
directly proportional to reproductive potential (Saborido-Rey
and Junguera 1999), a fact that has been corroborated over
the past decade by substantial evidence for several species.
Trippel (1999) introduced a new term as an alternative to
SSB, stock reproductive potential (SRP), which more accu-
rately represents the stock’s ability to produce viable eggs
and larvae that may eventually be recruited to the population
or fishery. Moreover, SRP includes parental factors that
influence the early life stages related to recruitment processes
(quadrants 24, fig. 1). Thus, while SSB only considers the
number of mature individuals and their mean weight, SRP is
affected by diverse factors, both maternal and paternal
(table1). Many of the studies addressing reproductive
potential have focused on individual factors (size, age,
weight, fecundity) that determine the individual reproductive

la Red Iberoamericana de Investigacion Pesguera para el us
sostenible de los recursos pesqueros (Invipesca, http://invi
pesca.blogspot.com/).

El | Simposio Iberoamericano de Ecologia Reproductiva
Reclutamiento y Pesquerias fue organizado por € Instituto d
Investigaciones Marinas (IIM-CSIC, Espafia), €l Institute
Nacional de Investigacion y Desarrollo Pesquero (INIDEF
Argentina), AZTI-Tecnalia (Espafia), €l Instituto del Mar de
Perd (IMARPE, Per(l), la Universidade Federa do Paran:
(UFPR, Brasil), e Ingtituto Espafiol de Oceanografia (IEO
Espaiia), y € Centro Tecnolégico del Mar (CETMAR
Espafia), en colaboracion con la Accion COST “Fid
Reproduction and Fisheries’ (Action FA0601, FRESH
European Cooperation in Science and Technology).

Potencial reproductivo

El conocimiento de laimportancia relativa de los factore
que afectan la variacion anual en el reclutamiento es u
objetivo primordia en la ciencia y gestién pesquer:
(Chambers y Trippel 1997, Marshall et al. 1998). En est
contexto, la relacion entre el “stock” parental y € recluta
miento es un problema central, y generalmente de muy difici
solucion en e estudio de la dinamica de poblaciones y ges
tién de los recursos marinos (Hilborn y Walters 1992).

A pesar de la discusion actua sobre la relacion entre |
poblacién adulta y € reclutamiento (Myers 1997, Gilber
1997, Marshall et al. 2003), la gestion de la mayoria de la
poblaciones explotadas de peces se rediza actualmente e
base amodelos de “ stocks” adultos ver sus reclutamiento. Lo
modelos tradicionales de reclutamiento asumen que e
potencia reproductivo de la poblacién es proporciona a
poblacién adulta (Trippel et al. 1997), usando pardmetro
estimados en adultos (fig. 1) para establecer los punto:
bioldgicos de referencia. Los modelos de poblacion adulta
reclutamiento desarrollados por Beverton y Holt (1957)
Ricker (1954) y Shepherd (1982) usaban originamente €
termino de fecundidad (Rothschild y Fogarty 1989, Koslov
1992), pero més tarde éste se reemplazd por e término d
biomasa de poblacion adulta (spawning stock biomass er
inglés, 6 SSB) como aproximacion de la fecundidad. En eso!
casos, se asume que un determinado peso de poblacién adult:
tiene la misma probabilidad de generar e mismo nivel d
reclutamiento, 1o que supone que |as tasas de supervivenci:
de la progenie son independientes de la estructura de edad
tamafio o condicion de la poblacion (Cardinale y Arrheniu
2000, Murua et al. 2003) y que la fecundidad total relativa
la produccion anual de huevos por tamafios y entre afios N
varian (Marshall et al. 2003).

Sin embargo, se ha demostrado que no siempre existe un:
proporciondlidad directa entre la biomasa desovante y e
potencia reproductivo (Saborido-Rey y Junquera 1999)
hecho que ha sido corroborado durante la dltima década :
partir de numerosas evidencias en diversas especies. Trippe
(1999) introdujo un nuevo término, el potencial reproductive
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Recruits

Quadrant 4

*Recruitment to
the fishery

«Survival of larvae
and juveniles

*Growth

Quadrant 1

«Stock size and structure

*Mortality: predation
and fishing

»Growth and maturation

Larvae

+Viable hatch and
larval activity

*Egg survival

«Fertillization success

Quadrant 3

Broodstock
*Egg production
*»Spawning quality
*Spawning distribution
Quadrant 2

Eggs

Figure 1. Life cycle and the different processes affecting development from one stage to ancther (based on Paulik 1973). The figure
shows that traditional stock assessment advice is normally restricted to quadrant 1, excluding subsequent life characteristics (shaded
areq) involved in recruitment (modified from Ulltang 1996 and K&ster et al. 2003)

Figura 1. El ciclo vital con sus diferentes procesos que afectan a desarrollo de un estado a otro (basado en Paulik 1973). Se muestra
que laevaluacion y gestion tradicional de las pesquerias se limita normalmente a cuadrante 1, excluyendo las caracteristicas de vida
subsiguientes (&rea sombreada) relacionadas con el reclutamiento (modificado de Ulltang 1996 y Kdster et al. 2003).

capacity and experience, often reflected in the condition and
size of both sexes (Hunter and Leong 1981, Ma et al. 1998,
Green 2008, Kjesbu 2009 and references therein). The whole
set of individual characteristics will determine the reproduc-
tive performance of the stock, so special attention has been
paid to factors such as age structure and diversity of the
population (Marteinsdottir and Begg 2002, Scott et al. 2005,
Mehault et al. 2010), or the proportion of recruit spawners
(Evans et al. 1996, Trippel 1998), which aso influence the
ability of an overfished stock to recover (Rijnsdorp et al.
2010). The relative importance of each of these factors may
vary depending on the reproductive strategy of the species;
for example, in those with indeterminate fecundity, egg pro-
duction per unit of adult population and the survival rate of
eggs, larvae, and juveniles (pre-recruits) can vary substan-
tially between years depending on the environmental
conditions during spawning (Hunter and Leong 1981). Thus,
understanding the energy dynamics of reproduction is
essential for a correct analysis of SRP (Winemiller and Rose
1992, Saborido-Rey et al. 2010), because it determines the
reproductive strategy (Dominguez-Petit and Saborido-Rey
2010) as it affects the mechanism of egg production
(Marshall et al. 1999, Lambert and Dutil 2000, Dominguez-
Petit et al. 2010).

In view of the above, there is a clear need to thoroughly
investigate the reproductive strategies of different marine

del stock (PRS), como alternativa al SSB, que caracter
mas fielmente la capacidad de la poblacién para prodi
huevosy larvas viables que pueden finalmente ser recluta
a la poblacion o a la pesqueria. Ademas, €l término P
incluye los factores parentales que influyen en las fases i
ciales de vida relacionadas con |os procesos de reclutamie
(cuadrantes 24, fig. 1). Asi, mientras la SSB tan solo cor
dera e numero de individuos maduros y su peso medio
potencia reproductivo de una poblacién es afectado |
diversos factores, tanto maternales como paternales (tabla
Gran parte de los estudios sobre el potencia reproductivc
han centrado en factores individuales (talla, edad, pe
fecundidad) que determinan la experiencia y capacic
reproductivaindividual, amenudo reflgjada en la condicié
la talla en ambos sexos (Hunter y Leong 1981, Ma et
1998, Green 2008, Kjesbu 2009 y citas mencionadas ali).
conjunto de caracteristicas individuales determinara
funcionamiento reproductivo de la poblacién, por lo que
ha prestado especial atencion a factores poblaciones te
como la estructura y diversidad de edad de la poblac
(Marteinsdottir y Begg 2002, Scott et al. 2005, Mehault et
2010), o la proporcidn de reproductores primiparos (Evi
et al. 1996, Trippel 1998), los cuales ademas influyen er
capacidad de recuperacion de una poblacion sobreexplot:
(Rijnsdorp et al. 2010). La importancia relativa de cada
de estos factores puede variar dependiendo de la estrate
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Table 1. Maternal and paterna reproductive attributes that must be considered for the estimation of stock reproductive potential. All these
factors combined determine the reproductive experience of an individua and of the population, which is reflected in two main factors: length

and condition factor (modified from Trippel 1999).

Tabla 1. Atributos reproductivos maternales y paternales que deben ser considerados para la estimacién del potencial reproductivo del stock
(PRS). El conjunto de estos factores determina la experiencia reproductiva del individuo y de la poblacién, y se ve reflejado en dos factores
primordiales, latallay e factor de condicion. Modificado de Trippel (1999).

Females

* Body size at age (growth)

Egg production (fecundity at size and age)
Temporal suppression of the reproductive cycle
Sex ratio

Spawning duration

e Proportion of mature individuals at age

« Population structure and diversity

Maternal reproductive experience
« Condition factor
¢ Length

Males

e Sperm production (testicular weight)
e Sperm moatility

e Sperm density

e Sperm competition

e Courtship and mating ability

Paternal reproductive experience
«  Condition factor

* Rateof fertilization * Length
*  Proportion of mature individuals at age
e Temporal suppression of the reproductive cycle
Eggsand larvae
* Eggandlarval size
» Egg viahility (fertilization, spawning success)
» Egg and yolk sac nutrient content
+  Point of no return Factors related to survival®

e Larvad activity
* First feeding success
* Compensatory growth

@ Reproductive potential considers these factors according to their dependence on paternal and, especially, maternal characteristics.

species, the interannual variation in fecundity, egg production
of the adult population, and offspring viability, in order to
understand the mechanisms regulating the annual variability
in egg production, and in turn be able to explain and predict
changes in recruitment. This component (quadrant 2, fig. 1)
represents the production processes that determine the poten-
tial number of zygotes, which is modified by subsequent
mortality processes during early life stages, culminating in
the actual the number of recruits (Ulltang 1996, Marshall
et al. 1998). Moreover, fecundity estimates in combination
with estimates of egg production at sea enable estimation of
SSB, fundamental parameter for assessing stock status and
fisheries management. The method used to estimate egg pro-
duction will depend on whether the species is determinate or
indeterminate; in both cases, fecundity (both potentia and
batch fecundity) and spawning frequency are essential factors
for estimating egg production (Murua and Saborido-Rey
2003). As these parameters can vary during the spawning
season (Kurita et al. 2003; Macchi et al. 2003, 2004; Murua
and Motos 2006; Murua et al. 2006; Mehault et al. 2010), the
moment when these variables are estimated is crucia and

reproductiva de cada especie; por gemplo, en aquellas cor
fecundidad indeterminada, la produccion de huevos po
unidad de poblacion adulta y la tasa de supervivencia d
huevos, larvas y juveniles (prereclutas) puede varia
substancial mente entre afios dependiendo de las condicione
medioambientales durante la puesta (Hunter y Leong 1981)
En este sentido, entender la dinamica energética de la repro
duccioén resulta fundamental para un correcto andlisis de
potencial reproductivo (Winemiller y Rose 1992, Saborido
Rey et al. 2010), pues determina la estrategia reproductivi
(Dominguez-Petit y Saborido-Rey 2010), afectando al meca
nismo de produccion de huevos (Marshall et al. 1999
Lambert y Dutil 2000, Dominguez-Petit et al. 2010).

En vista de lo anterior, existe una clara necesidad d
investigar exhaustivamente las estrategias reproductivas d
las distintas especies marinas, la variacion interanual de |
fecundidad, la produccion de huevos del stock adulto y |
viabilidad de |a descendencia, con el fin de conocer |os meca
nismos que regulan la variabilidad anual en la produccion d
huevos, lo que a su vez permitiria explicar y predecir lo
cambios en el reclutamiento. Este componente (cuadrante 2
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should be considered. In addition, many populations are
heterogeneous in regard to their spatia structure and/or
presence of subpopulations, so egg production should be
estimated taking these spatial characteristics into account
(Morgan and Rideout 2008, Lowerre-Barbieri et al. 2009,
Korta et al. 2010). In fact, the same population can display
temporal variations in reproductive strategy, as observed for
the Peruvian anchovy Engraulis ringens, which showed an
dternation of cycles with one or two peaks in spawning
activity over a period of 22 years (Mori et al. 2011), related
to both population and environmental causes, with important
implications for fisheries management. Of particular rele-
vance to the estimation of egg production, but also of tradi-
tional SSB, is the occurrence of skipped spawning. The
traditional view of iteroparity in fishes is one of an annual
reproductive cycle, but the presence of mature individuals of
species with different life strategies that fail to spawn in a
given year is quite common (see review by Rideout and
Tomkiewicz 2011).

All the aspects mentioned indicate plasticity, but within
the limitations imposed by the ecological niche occupied by
each species (or even population), so these parameters are
often species- and/or population-specific. Consequently,
reproductive potential should be estimated in each case, and
the results should be compared for each population or species
from the same taxonomic group, especialy if they cohabit or
are target species in mixed fisheries, as in the case of the
black hakes Merluccius senegalensis and M. polli in African
Atlantic waters. These two demersal species have overlap-
ping bathymetric distributions and display different repro-
ductive strategies in regard to spawning season and maturity
ogive (Ferndndez-Peralta et al. 2011). Batch fecundity of
common sardine and anchovy off Chile was studied for the
same period (Cubillos et al. 2001), and the results reveaed
that this parameter was interannually stable for anchovy but
varied significantly among years for common sardine. The
causes of temporal variations in reproductive potential are
diverse, but the main one, as shown in several of the sympo-
sium presentations, is the ateration of the parental stock
structure. A well age- and size-structured population has
greater reproductive potential (Nunes et al. 2011), with
higher fecundity (Perea et al. 2011, P§aro et al. 2011) and a
longer spawning season (Alonso-Fernédndez and Saborido-
Rey 2011), favoring the survival of early life stages and sub-
sequent recruitment.

Most studies on reproductive potential have focused on
females due to the limiting factor of egg production and
maternal contribution (either direct or viathe yolk) to embry-
onic and larval development. Nonetheless, increasing atten-
tionisbeing paid to male reproductive success (Trippel 2003,
Nash et al. 2008), with studies addressing paternal factors
that affect sperm production and viability (table 1) and their
impact on egg fertilization rates (Trippel and Neil 2004). The
role of males is particularly important in hermaphroditic
species (Sattar et al. 2008, Lowerre-Barbieri 2011a) and in

fig. 1) representa los procesos de produccion que dan
nimero potencial de zigotos, que se modifica por proce
posteriores de mortalidad durante |a dinamica de estadiosi
cides de vida para llegar en Ultima instancia a nimero
reclutas (Ulltang 1996, Marshall et al. 1998). Ademas,

estimaciones de fecundidad en combinacion con el célculc
la produccién de huevos en la mar nos permiten estimar
biomasa del stock reproductor, parametro fundamental p
evauar e estado del stock y gestionar las pesquerias.
método de estimacion de la produccién de huevos depend
de s la especie es determinada o indeterminada; en aml
casos la fecundidad (ya sea potencial o parcial) y lafrecu
cia de puesta son factores imprescindibles para el calculo
la produccién de huevos (Murua y Saborido-Rey 20C
Estos pardmetros pueden variar a lo largo de la estac
reproductiva (Kurita et al. 2003; Macchi et al. 2003, 20
Murua y Motos 2006; Murua et al. 2006; Mehault et

2010), por lo que e momento en e que estas variables
estimen es crucial, y debe ser considerado. Por otro la
gran parte de las poblaciones son heterogéneas en su estr
tura espacial y/o presencia de subpoblaciones, por 10 que
produccion de huevos debe ser estimada considerando te
bién estas caracteristicas espaciales (Morgan y Rideout 20
Lowerre-Barbieri et al. 2009, Korta et al. 2010). Es mas, 1
misma poblacién puede presentar variaciones temporales
su estrategia reproductiva, como se sugiere parala anchov
peruana, Engraulis ringens, que muestraaternanciade cic
reproductivos con uno o dos picos de desove alo largo de
periodo de 22 afios (Mori et al. 2011) relacionados tanto ¢
causas poblacionales como ambientales, y que tiene imf
tantes implicaciones en las medidas de gestion pesquera.

especial relevancia para la estimacién de la produccién
huevos, pero también parala SSB tradicional, es la presen
de individuos con supresion temporal del ciclo reproduct
(skipped spawning en inglés); esto es, mientras que la vis
tradicional de la iteroparidad implica que los individuos
reproducen cada afio, se ha observado en especies con di
rentes estrategias vitales, la presencia, mas 0 menos com
de individuos maduros que no se reproducen anua mente (
larevision de Rideout y Tomkiewicz 2011).

Todos estos aspectos mencionados presentan una imp
tante plasticidad, pero dentro de las limitaciones impues
por €l nicho ecol 6gico que cada especie (0 incluso poblaci
ocupa, por lo que amenudo estos pardmetros son especifi
de cada especie y/o poblacién. Por esta razdn, la estimac
del potencial reproductivo debe hacerse para cada caso, y
resultados deben ser comparados para cada poblacidn o es
cies del mismo grupo taxonémico, especiamente si &
cohabitan 0 son objeto de una pesqueria mixta, como &
caso de las merluzas negras, Merluccius senegalensis y
polli, dos especies demersales que habitan las aguas
Atléantico africano cuya distribucion batimétrica se sola
pero que presentan estrategias reproductivas diferentes
cuanto a la época de puesta y a la ojiva de madurac
(Fernandez-Peralta et al. 2011). En Chile se ha estudiadc
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species exhibiting differential growth, where the sex ratio can
be atered by selective fishing mortality (Rijnsdorp et al.
2010).

Reproductive potential and recruitment

The link between reproductive potential and recruitment
is established by the selective survival of eggs and larvae
depending on parental characteristics (quadrants 3 and 4,
fig. 1); that is, egg production is not sufficient to assure a
certain recruitment and the parental stock must also ensure
the viability of offspring. The concept of reproductive poten-
tial aso includes egg viability. This is because some factors,
especially maternal factors, play a determining role in the
survival of offspring, especially in their interaction with the
environment (Marteinsdottir and Steinarsson 1998, Lambert
et al. 2003, Saborido-Rey et al. 2003). Thus, egg quality is
influenced by maternal characteristics such as length and
condition factor (Marteinsdottir and Steinarsson 1998,
Saborido-Rey et al. 2003) and, in turn, it determines factors
such as larval size, the rate of development, the point of no
return, and larva activity (Miller et al. 1995, Pepin et al.
1997), and definitely determines the rate of survival and sub-
sequent recruitment. Reproductive experience (i.e., recruit vs
repeat spawnwers) aso plays an important role in defining
reproductive potential and recruitment. In many overfished
stocks, the proportion of recruit spawners has increased,
reducing their reproductive potential and, hence, recruitment
(Saborido-Rey and Junquera 1999, Mehault et al. 2010).
Central to understanding the theory of recruitment are the dif-
ferent critical period and match/mismatch hypotheses (see
review by Anderson 1988). It has been observed that the
parental stock’s structure, demography, and reproductive
potential determine the time and duration of the spawning
season and, therefore, have a profound effect on recruitment
(Wright and Trippel 2009, Lowerre-Barbieri et al. 2011b,
Alonso-Fernandez and Saborido-Rey 2011). Less studied but
equally important is the spawning location, which also varies
depending on the demographic structure of the stock and
affects recruitment (Begg and Marteinsdottir 2002; Macchi et
al. 2005; Lowerre-Barbieri et al. 2009, 2011a).
Alvarez-Colombo et al. (2011) propose a mechanism for the
retention of eggs and larvee of the Argentine hake
Merluccius hubbsi based on behavior and transport during
early life stages, and report a clear retention of early larvaein
the spawning area (i.e., born in summer). Variations in hake
spawning seasons due to population structure (Mehault et al.
2010) would produce different retention mechanisms.

Oliveros-Ramos and Pefia (2011) developed a new
model, based on the body size of each new cohort, to estimate
recruitment of Peruvian anchovy (northern-central stock)
during the period 1961-2009. One of the most important
results of this study was the identification of two regime
shifts in the recruitment dynamics (in 1971 and 1991). This
model also revealed two recruitment periods per year for the

v

fecundidad parcial de laanchovetay la sardinacomin parae
mismo periodo (Cubillos et al. 2011), observandose qu
mientras en la anchoveta este pardmetro era interanua ment
estable, en la de sardina variaba significativamente entrt
afos. Las causas que producen variaciones temporales en €
potencia reproductivo son diversas, pero la principal, comc
se ha mostrado en varias presentaciones del sSimposio, es
alteracion de la estructura del “stock” parental. Una pobla
cion bien estructurada por clases de edad/talla tiene un mayo
potencial reproductivo (Nunes et al. 2011), siendo mayor st
fecundidad poblacional (Perea et al. 2011, Pgjaro et al. 2011
y més extensa su temporada de puesta (Alonso-Fernandez
Saborido-Rey 2011), lo que favorece la supervivencia de | o
primeros estadios de viday, de aqui, €l reclutamiento.

El grueso de los estudios realizados sobre €l potencia
reproductivo se ha centrado, con ldgica, en las hembras
debido a factor limitante de la produccién de huevos y a
aporte materno (directo o mediante el vitelo) a desarrollc
embrionario y larvario. No obstante, existe una crecients
atenciéon a papel de los machos en € éxito reproductive
(Trippel 2003, Nash et al. 2008), con trabajos que se centrar
en los factores paternales que afectan la produccion
viabilidad del esperma (tabla 1) y su impacto en la tasa d
fertilizacion del huevo (Trippel y Neil 2004). El papel delo
machos es especialmente importante en especies cor
crecimiento diferencial, donde la proporcion de sexos puedt
alterarse por mortalidad pesquera selectiva (Rijnsdorp et al
2010), y en especia en especies hermafroditas (Sattar et al
2008, Lowerre-Barbieri 2011a).

Potencial reproductivoy reclutamiento

El vinculo entre potencial reproductivo y reclutamiento s
establece mediante la supervivencia selectiva de huevos )
larvas en funcion de las caracteristicas parental es (cuadrante
3y 4); es decir, la produccion de huevos no es un mecani sme
suficiente para asegurar un determinado reclutamiento, y e
stock parental debe asegurar también la viabilidad de I
progenie. El concepto de potencia reproductivo incluye
también la viabilidad de dicha produccién. Esto es asi porqu
se ha demostrado que agunos factores, especiaments
maternos, determinan en gran medida la supervivencia de
prole, en especia en su interaccion con €l medio ambient
(Marteinsdottir y Steinarsson 1998, Lambert et al. 2003
Saborido-Rey et al. 2003). Asi, la calidad del huevo esta e
funcion de caracteristicas maternales como latallay el facto
de condicién (Marteinsdottir y Steinarsson 1998, Saborido
Rey et al. 2003), y a su vez determina factores como €
tamafio de la larva, la tasa de desarrollo, € punto de n
retorno o la actividad larvaria (Miller et al. 1995, Pepin et al
1997), y en definitiva la tasa de supervivencia 'y de aqui e
reclutamiento. También la experiencia en la reproduccion, e
decir hembras multiparas frente a primiparas, ha demostrad
jugar un papel importante en la definicion de potencia
reproductivo y € reclutamiento. En muchas poblacione
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stock, which Perea et al. (2011) showed were highly
correlated with egg production and the two main spawning
periods of Peruvian anchovy. Modeling reproductive poten-
tial in relation to recruit abundance enables a better analysis
of variations in recruitment.

Reproductive potential and fisheries management

The concept of reproductive potential was developed
because of the substantial evidence indicating that important
overexploited and collapsed fisheries (e.g., Newfoundland
cod fishery) had not been able to recover despite the mea
sures implemented (Morgan et al. 1999, Hutchings 2000,
Hutchings and Reynolds 2004), affecting their resilience
(Kjesbu et al. 2010 and references therein). In spite of major
advances in understanding the mechanisms that affect repro-
ductive potential, its causes and consequences, the integra-
tion of this concept in the stock assessment, scientific advice,
and in fisheries management is still pending and needs spe-
cial attention despite the remarkable efforts of recent years
(Murawski et al. 2001, Marshall et al. 2006, Morgan 2008,
Lowerre-Barbieri 2009, Morgan et al. 2009, Murua et al.
2010). It is first necessary to distinguish between SRP and
exploitable biomass, because even though the objective of a
fishery is to harvest a biomass, fisheries management does
not have to use this objective and, therefore, new biological
reference points can and should be defined based on SRP. In
the case of stock-recruitment models, efforts have been made
to refine the estimation of SSB using only the female stock or
more suitable maturity ogives (Morgan et al. 2009, Murua et
al. 2010), but also using reproductive potential indices other
than SSB (Marteinsdottir and Thorarinsson 1998, Scott et al.
1999, Mehault et al. 2010, Morgan et al. 2011). Pérez-
Rodriguez et al. (2011) estimated reproductive potential as
female spawning stock biomass (FSSB) and total egg produc-
tion (TEP) for the Flemish Cap cod Gadus morhua. They
found that the annual variation in TEP relative to FSSB was
significant and concluded that it was necessary to estimate
potential fecundity annually in order to use it as an index in
the evaluation and management of this population.

Moreover, recovery plans should focus on recovering
SRP and not SSB as usually occurs; this requires implement-
ing exploitation patterns or protected areas oriented to pre-
serve the individuals with greater reproductive potential.
Perea et al. (2011) analyzed the use of potential egg produc-
tion (PEP) as a tool for fisheries management, as well as a
reproductive index to better predict recruitment. As previ-
ously mentioned, these authors found that larger-sized
females produce a proportionally larger number of eggs and,
thus, contribute proportionally more to PEP. In addition, they
simulated different management scenarios (with or without
closed fishing seasons), and concluded that when fishery
closures were enforced during the main spawning seasons,
57% of PEP was protected, 22% in summer and 35% in
winter-spring, indicating that establishing closed seasons is

VI

sobreexplotadas la proporcion de hembras primiparas
aumentado reduciendo su potencial reproductivo y
consiguiente reclutamiento (Saborido-Rey y Junquera 19
Mehault et al. 2010). Punto central en la teoria
reclutamiento son las diversas hipédtesis de periodo criti
match-mismatch, y similares (ver revision de Ander:
1988), que en general vienen a converger en la hipétesis
que las fases larvarias deben coincidir en tiempo y espa
con una serie de circunstancias ecolégicas Optimas para
supervivencia maxima. Pues bien, se ha demostrado que
estructura del stock parental, su demografia y el poten
reproductivo determinan € momento y duracion de la épe
de puestay, por tanto, tienen un profundo efecto en €l reclt
miento (Wright y Trippel 2009, Lowerre-Barbieri et
2011b, Alonso-Fernandez y Saborido-Rey 2011). Me
estudiada pero no menos relevante es la localizacion
la puesta, que también varia en funcion de la estruct
demogréfica del stock, afectando al reclutamiento (Beg
Marteinsdottir 2002; Macchi et al. 2005; Lowerre-Barbi
et al. 2009, 2011a). Asi, Alvarez-Colombo et al. (2011) p
ponen un mecanismo de retencion de huevos y larvas pare
merluza argentina (Merluccius hubbsi), basandose en
comportamiento y transporte durante las primeras etapas
vida, observando una clara retencion en el area de puesta
larvas tempranas; esto es, nacidas en los meses de vera
Variaciones en la época de puesta de la merluza debidas
estructura poblacional (Mehault et al. 2010) producir
mecanismos de retencidn diferentes.

Oliveros-Ramos y Pefia (2011) desarrollan un nue
modelo, basado en el tamafio corporal de cada nueva coho
para estimar el reclutamiento del stock norte-centro de
anchoveta para el periodo 1961-2009. Entre los resulta
maés significativos de este trabajo se encuentra la identifi
cion de dos cambios de fase 6 régimen en la dinamica
reclutamiento (1971 y 1991). En este modelo ademas
constatan dos periodos de reclutamiento por afio para
poblacién, que Perea et al. (2011) demuestran altame
correlacionados con la produccion de huevos de los
periodos principales de desove de la anchoveta. El modele
del potencial reproductivo en relacion con la abundancia
reclutas permite un mejor andlisis de las fluctuaciones
reclutamiento.

Potencial reproductivo y gestion pesquera

El concepto de potencia reproductivo se ha desarroll
ante las evidencias de que importantes pesquerias sobre
plotadas e incluso colapsadas (como €l bacalao de Terrano
no se han podido recuperar a pesar de las medidas implem
tadas (Morgan et al. 1999, Hutchings 2000, Hutching:
Reynolds 2004), afectando su resiliencia (Kjesbu et al. 2(
y citas mencionadas ali). A pesar de losimportantes avan
en la comprensién de los mecanismos que afectan al pot
cial reproductivo, sus causas y consecuencias, la integrac
de este concepto en los procesos de evaluacion cientifica
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an effective measure to protect the periods of maximum
spawning activity.

The importance of reproductive potential in the context of
fisheries management is clear. Most studies on population
fecundity have focused on gonochoric, promiscuous, ovipa-
rous, and pelagic spawning species, since their reproductive
strategy tends to be the one adopted by the most abundant
and commercially important species. Nonetheless, the con-
cept of reproductive potential is universa and is rapidly
evolving towards species with different life strategies and
subjected to varying degrees of commercia (industrial or
artisanal) or recreational exploitation. Also, if we consider
the definition in the strict sense of SRP as “astock’s ability to
produce viable eggs and larvae’, and incorporate the fact that
these individuals may eventually recruit to the fishery, the
concept acquires a more clear and greater ecological impor-
tance because it implies the ability of a stock to replenish
itself and remain stable in the ecosystem, thereby adding an
evolutionary perspective. Greater attention should thus be
paid to hermaphroditic species, where the population struc-
ture and especially the sex ratio play an important role in the
production of recruits, particularly in the case of sequentially
hermaphroditic species or harem-forming species (hermaph-
roditic or not). In this regard, parental effects acquire great
importance in the case of species showing strong territoriality
that build and defend nests (spatial aspects) and, in general,
those that defend and take care of their young (behavioral
aspects), and in the extreme case of viviparous species, due to
their low fecundity, the effects of maternal care on offspring
are highly relevant. These characteristics regarding reproduc-
tive potential are common of species exploited by the artisa-
nal fleet (which constitute 50% of the world’s catch), species
that are particularly vulnerable (elasmobranchs and deep-
water species), or species inhabiting sensitive ecosystems
(tropical or coral-reef species).

CONCLUSIONS

The | |beroamerican Symposium on Reproductive Ecol-
ogy, Recruitment and Fisheries sought to address four main
aspects and was divided into the following thematic sessions:

Reproductive strategies of aguatic organisms.
Reproductive potential and causes of its variation.
Recruitment processes.

Implications for fisheries management and assessment.

AW

A total of 47 oral and 67 poster presentations dealt with
different subjects, from modern methods of estimating fecun-
dity and reproductive potentia to the incorporation of repro-
ductive variables and recruitment data in stock assessments
and fisheries management. The extended abstracts of all the
contributions can be found in Saborido-Rey et al. (2011).
More specifically, in the first session the presentations
focused on the estimation of several reproductive parameters
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estado de los stocks, en el asesoramiento y en la gestior
pesquera, es todavia una causa pendiente y que necesita d
especial atencion apesar de los notables esfuerzos de los Ulti
mos afios (Murawski et al. 2001, Marshal et al. 2006
Morgan 2008, Lowerre-Barbieri 2009, Morgan et al. 2009
Muruaet al. 2010). En primer lugar, es preciso discernir entr
PRS y biomasa explotable, porque si bien es cierto que I
pesqueria tiene como objetivo una biomasa, la gestior
pesquera no tiene por qué usar este objetivo y por tanto s
pueden y deben definir nuevos puntos de referenci
bioldgicos basados en el PRS. En el caso de los modelo
stock-reclutamiento se han hecho intentos pararefinar la esti
macion de la SSB usando sdlo la poblacién de hembras o cor
ojivas mas adecuadas (Morgan et al. 2009, Murua et al
2010), pero también usando indices de potencia reproduc
tivo dternativos a la SSB (Marteinsdottir y Thorarinssor
1998, Scott et al. 1999, Mehault et al. 2010, Morgan et al
2011). Asi, Pérez-Rodriguez et al. (2011) estimaron €l poten
cia reproductivo como la biomasa en puesta de hembra
(FSSB, por sus siglas en inglés) y la produccion total de hue
vos de la pablacion (TEP) para el bacalao, Gadus morhua, d
Flemish Cap, constatando que la variacion anual del TEP cor
relacion ala FSSB era significativay, por lo tanto, concluye
ron sobre la necesidad de estimar la fecundidad potencia
anualmente a efectos de usarla como indice en la evaluacioi
Yy gestion de esta poblacién.

Ademas, los planes de recuperacion deben dirigirse
recuperar el PRS y no la SSB como habitualmente se hace
paralo cual se deben implementar patrones de explotacion ¢
areas protegidas que preserven los individuos con mayo
potencia reproductivo. En este sentido, Perea et al. (2011
investigaron € uso de la produccién potencial de huevo!
(PPH) como herramienta para la gestion pesquera, asi comc
un indice reproductivo para una mejor prediccion del recluta
miento. Como hemos mencionado anteriormente, estos auto
res en su investigacion encontraron que hembras de mayo
talla producen proporcionalmente mayor nimero de huevo
y, por lo tanto, contribuyen proporcionalmente en mayo
medida a la PPH. Asimismo, su trabajo simul6 varias herra
mientas de gestion con distintos escenarios (con o sin “veda
reproductivas’), concluyendo que en los periodos de “ved:
reproductiva’ se protegia un 57% de la PPH, 22% en veranc
y 35% en invierno-primavera, lo que constituia una efica
medida de manejo para la proteccion de los periodos d
maxima actividad reproductiva.

Asi pues la importancia del potencia reproductivo en €
contexto de la gestion pesquera es clara. Por ello gran parts
de los estudios sobre fecundidad poblacional se han centradc
en especies gonocoricas, promiscuas, oviparas y de puest:
peldgica, ya que su estrategia reproductiva suele ser la adop
tada por las especies mas abundantes y de mayor vao
comercial. No obstante, el concepto de potencia reproduc
tivo es universal y esta evolucionando rapidamente haci:
especies con estrategias vitales diferentes y sometidas a dis
tinto grado de explotacion comercia (industrial o artesanal)
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such as size at first maturity, fecundity, distribution of the
spawners and interannual variability, and the description of
the different reproductive strategies observed in awide range
of species that inhabit cold, temperate, and tropical waters
of the Atlantic and Pacific oceans, Mediterranean and
Caribbean seas, and major |beroamerican freshwater basins.
In the second session, the contributions presented models to
estimate the reproductive potential of fish, placing specia
emphasis on the importance of the population structure and
maternal effects on the productivity of species. The conclu-
sion was that larger females contribute more to reproductive
potential than younger spawners. In the third session, the pre-
sentations analyzed variations in recruitment in relation to
estimates of reproductive potential, including novel methods
to estimate recruitment and its temporal variation. Finaly, the
presentations in the fourth session (and some of the others)
highlighted the importance of including reproductive poten-
tial in fisheries assessment and management models, both in
regard to establishing fishing moratoriums in spawning sea-
sons and areas, and in regard to using management strategy
evaluation tools to examine their robustness by including
different reproductive parameters. The wide range of topics,
species, regions, and habitats addressed in this symposium
opens the door to future collaboration and establishing link-
ages as part of the Iberoamerican Network for Fisheries
Research. The ten papers published in this issue summarize
the most important questions and points discussed during the
four intense days of the symposium.
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