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Resumen.- Se analizé la informacién disponible sobre el
entorno ambiental, biolégico, ecoldgico y pesquero asociado a
la explotacion de la unidad de stock de pez espada (Xiphias
gladius) del Pacifico suroriental, ademas de una revision
bibliografica de modelos que orientan una aproximacion
ecosistémica en la administracion de pesquerias. De esta forma,
se establecié un modelo conceptual que incorpora procesos
definidos en tres planos, con tres escalas espaciales (Océano
Pacifico, Pacifico suroriental y area de la pesqueria) y tres
escalas temporales (interanual, estacional e intraestacional). La
distribucion geogréafica, su historia de vida y la actividad
migratoria que desarrolla el pez espada, implicaron considerar
en el modelo, los estados de huevos y larvas, juveniles y adultos,
en las zonas de reproduccion, crianzay alimentacion de adultos.
Sin desconocer la investigacion pesquera operativa que se
realiza actualmente, el modelo conceptual propone la dimension
de trabajo para el desarrollo de un manejo pesquero integrador.

Palabras clave: Ambiente, explotacion, modelo conceptual,
hipotesis

Abstract.- The available environmental, biological,
ecological, and fishery data associated with the exploitation of
swordfish (Xiphias gladius) in the eastern South Pacific were
analyzed and the literature on models aiming at an ecosystem
approach to fisheries management was reviewed. The
conceptual model set forth in this work incorporates three planes
with processes defined on three spatial (Pacific Ocean, eastern
South Pacific, fishing area) and three temporal (interannual,
seasonal, intraseasonal) scales. Because of the swordfish’s
geographic distribution, life history, and migratory activity, the
model must consider several developmental states (eggs and
larvae, juveniles, adults) inhabiting different grounds
(spawning, breeding, adult feeding). The conceptual model
presented herein, without detracting from current operational
fisheries research, suggests what must be done to develop
integrated fishery management.

Key words: Environment, exploitation, conceptual model,
hypothesis

Introduction

The eastern South Pacific (ESP) is one of the most
productive marine ecosystems on the planet, mostly
because nutrient-rich waters are transported by large-
scale horizontal advection and persistent coastal
upwelling (Bernal et al. 1983, Daneri et al. 2000, Blanco
et al. 2001). In 2004, for example, of the 86 million tons
of fishery resources caught worldwide, 16 million came
from the ESP (FAO 2007).

Chile is one of the world’s main fishery countries,
with around 5 million tons annually in the last 30 years
(SERNAPESCA 1978-2007). Pelagic species, including
swordfish (Xiphias gladius Linnaeus, 1758), constitute
90% of the annual catches. Swordfish is a high

* Invited author

commercial value species that was historically fished for
artisanally, but that is now also caught industrially (Oliver
1943, Barbieri et al. 1998, Yarfiez et al. 2003a). Although
swordfish are reported in the Atlantic, Indian, and Pacific
oceans (Beckett 1974, Palko et al. 1981, De Metrio et
al. 1989, Barbieri et al. 1990, 1998, Suzuki & Miyabe
1990, Ward et al. 2000, Barria et al. 2005), adequate
knowledge is lacking from an ecosystem perspective that
could lead to more integrated fishery management (Olson
& Watters 2003).

The information available on swordfish in the ESP
must be integrated in order to elaborate and test working
hypotheses on the environment, the resource, its
exploitation, and the dependent and related species. In
Chile, diverse research initiatives have generated
biological, ecological, and fishery data on swordfish since
1987 (Barbieri et al. 1998, Donoso et al. 2003, Yarfiez et



642 Revista de Biologia Marina y Oceanografia

\ol. 43, N°3, 2008

al. 2004, 2006, Barria et al. 2005, 2006). Moreover,
environmental information is available on the ESP
inhabited by this species (Strub et al. 1998). Nonetheless,
no analysis has integrated these different pieces of
information. Therefore, the objective of this study was
to elaborate a conceptual framework for studying the
swordfish fishery in the ESP, identifying spatial and
temporal scales related to the species’ life cycle and the
system’s forcings. As result of this, we hope to help
establish a foundation on which to construct explanatory
models that will lead to an ecosystem approach for
managing this fishery.

Data

Oceanographic data

The oceanographic processes in the ESP involve diverse
related spatial and temporal scales. Regionally, the winds
associated with the Pacific Anticyclone (PA) force the
surface currents of the subtropical gyre (STG), the west
wind drift (WWD), the surface currents along the South
American coast, and the seasonality of the upwelling along
the coasts of Chile and Peru (Bakun & Nelson 1991, Rojas
& Silva 1996, Strub et al. 1998). The position and intensity
of the subtropical front, which has a regional spatial scale,
can be affected by the seasonal movement and intensity
of the PA (Stramma et al. 1995, Chaigneau & Pizarro
2005). Surface and subsurface currents along the coast
(on scales of thousands of kilometres) are associated with
the northward transport of colder, fresher waters from
the subantarctic zone and the fjord and channel systems,
whereas warm, salty subtropical and equatorial waters
are transported poleward (Silva & Neshyba 1979, Silva
1983). These currents present intraseasonal, seasonal, and
interannual variations and can be modulated by the
upwelling along the coast of Chile and Peru (Shaffer et
al. 1999, Hormazabal et al. 2002). The uprising of
subsurface waters along the coast is led by the interaction
of local and large-scale winds that fluctuate from days to
weeks (upwelling/downwelling) and on spatial scales of
dozens to hundreds of kilometres, that is, mesoscale.
These processes generate upwelling fronts and currents
along the coast. The structures are instable due to the
deformation of the main flow into meander currents that
stretch over thousands of kilometres, tongues, filaments,
and mesoscale eddies (Leth & Shaffer 2001); these
structures may be the main mechanisms for coastal-
oceanic transport. In spite of their spatial scales, they last
from days to months. To date, an integrated approach has
not been taken in the study of eastern boundary systems.

This complex system is associated with low-frequency
disturbances (30-60 days) in the austral summer in the
form of coastal trapped waves of equatorial origins that

appear along the South American coasts. These waves
modify the vertical structure of the water column from
the coast to dozens of kilometres offshore (Hormazébal
et al. 2001). On the interannual scale, ocean processes
such as El Nifio or La Nifia modify the oceanographic
conditions of the ESP, deepening the thermocline;
generating advection of warmer, salty waters to the
southeast; and increasing precipitation and continental
run-off (Bello et al. 2004, Maturana et al. 2004). The
ecological effects of these events on different species and
the trophic layer of the swordfish are not yet clear and
raise new questions.

Physical forcings affect marine ecosystems on different
spatial-temporal scales and through several mechanisms: on
the small-scale are dissipation, turbulent mixing, and
diffusion (Mann & Lazier 1996); on the mesoscale are fronts,
eddies, and upwelling (Bakun 1996, Bakun 2006); and on
the macroscale are the PA, oceanic gyres, El Nifio/La Nifia,
and thermohaline circulation (Strub et al. 1998, Tomczak &
Godfrey 2001). Regional and local manifestations of this
physical forcing can have an instant impact on the biology
and ecology of the species or may affect them after a lapse
of time (Mann & Lazier 1996).

Biological fishery data

The swordfish landings in the ESP were relatively low
from 1945 to 1986 and were mainly made by Peru; 1950
was an exceptional year, with 6,000 tons. The first catches
declared in Japan in 1974, on the other hand, were less
than 3,000 tons. The landings began to increase as of 1986,
reaching 14,000 tons in 2004, with noteworthy landings
by Chile and, more recently, by Spain (Hinton et al. 2005,
Barria et al. 2006).

Off the coasts of Chile, swordfish are found between
18°21°S and 40°S, associated with sea surface
temperatures (SST) of 13°C to 24°C (Yafez et al. 1996,
Donoso et al. 2003). The Chilean longline fleet operates
principally between 22°S and 39°S, and between 120 and
800 nautical miles from the coast; artisanal fishing is more
coastal, although incursions are made into the areas
around the Juan Fernandez Archipelago (Barbieri et al.
1998, Barria et al. 2006).

First studies to define stock units of swordfish show
at least two groups in the Pacific: in the first, genetically
similar individuals are found off Chile, Ecuador, and
Mexico and, in the second, off Hawaii and Australia
(Sakagawa & Bell 1980, Sosa & Shimizu 1991, Reeb et
al. 2000). More recently, Alvarado Bremer et al. (2004)
reviewed the published genetic studies of swordfish
populations in the Pacific Ocean. They noted that in
general, levels of population structuring in the Pacific
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Ocean are extremely low, compared to other basins. It
was concluded that additional analyses with larger
samples sizes and additional genetic markers were needed
to resolve the population structure of swordfish in the
Pacific Ocean. Finally, Alvarado Bremer et al. (2006)
published findings on stock structure indicating that there
are significant genetic differences between stocks of the
north and south eastern Pacific, Hawaii and Australia
(southwest Pacific).

Swordfish larvae are associated with waters over 24°C
(Kume & Joseph 1969). They have found throughout the
geographical areas where adults spawn, and they were
abundant over a broad region in the Pacific bounded by
latitudes 35°N and 25°S (Grall et al. 1983). Japanese
studies of larval distributions from the 1950s-80s
(Nishikawa et al. 1985) provide some indication of likely
spawning locations in the Pacific, although spatial and
temporal coverage in the South Pacific is patchy. The
juveniles, although more abundant in tropical and
subtropical waters, migrate to higher latitudes as they
mature (Matsumoto & Kazama 1974). Swordfish
concentrate in areas with abundant prey, commonly along
frontal zones, where the ocean currents or water masses
intercept, creating turbulence and marked gradients of
SST and salinity (Sakagawa 1989).

Kume & Joseph (1969) found 24°C to be the lower
limit of swordfish spawning, a highly seasonal activity
that occurs during certain periods of the year and at higher
latitudes when the SST exceeds the limit. In the central
part of the eastern Pacific Ocean, spawning occurs in
spring and summer, whereas, in the western South Pacific,
it takes place in summer and throughout the entire year in
equatorial waters. Zarate (1997) studied the reproductive
cycle of swordfish in the ESP, performing a histological
study of the gonads to determine the states of sexual
maturity. The average length at sexual maturity was
estimated to be 152 cm lower jaw-fork length for males
and 165 cm for females. Fertilization is external and
probably involves the mating of one male and one female
(Palko et al. 1981).

Swordfish food items have been studied by, amongst
others, Bigelow & Schroedel (1953), Tibbo et al. (1961),
Scott & Tibbo (1968), Palko et al. (1981), Stillwell &
Kohler (1985), Moreira (1990), Hernandez-Garcia
(1995), and Chancollon et al. (2006). The scant studies
off Chile have largely qualitative results, as in the stomach
content study of Barbieri et al. (1998); low sample sizes
(Ibafiez et al. 2004, Castillo et al. 2007), or are part of
broader studies (Donoso et al. 2003, Yafiez et al. 2004,
2006). Nonetheless, Yafiez et al. (2004) found that, in
Cordillera de Nazca off northern Chile, the trophic

spectrum of swordfish consists of three groups: molluscs,
fishes, and crustaceans. Although cephalopods are the
most important item, they are less so in summer and winter
and, in fact, fish consumption is more important in winter.

Studies of by-catch are scarce for Chile, with only
isolated information available (Acufia et al. 2002).
Weidner & Serrano (1997) indicate that the fauna
associated with the swordfish fishery consist of a low
percentage of tunas and that sharks are the most common
group in the catches. According to Yafiez et al. (2004),
catches made in Cordillera de Nazca include rays
(Myliobatis chilensis), blue shark (Prionace glauca),
albacore (Thunnus alalunga), yellowfin tuna (Thunnus
albacares), and jumbo squid (Dosidicus gigas). Less-
known species are also caught that must play a role in the
swordfish rearing habitat, requiring adequate
identification. A global vision of the by-catch from the
swordfish fishery in the oceanic zone surrounding Easter
Island can be found in Vega et al. (2009).

Conceptual models

The effects of the climate on top predators such as
swordfish are a growing concern given the ‘top-down’
effects that fishing could have on the ecosystem (Maury
& Lehodey 2005). Environmental variability affects the
abundance and distribution of phytoplankton on several
scales, which could have important ‘bottom-up’ effects
on grazing species and, later, on the abundance and
distribution of top predators. The simultaneous study of
‘bottom-up’ and “‘top-down’ effects on open-ocean pelagic
ecosystems requires developing new methodological
approaches and appropriate models. Environmental
variability can influence biological and ecological
processes on different time scales. The model presented
by Yafez et al. (2003a) for the relationships between
catches, fishing effort, and temperature could indicate how
environmental changes would affect the abundance and/
or availability of swordfish exploited by Chilean fleets
(artisanal and industrial).

The oceanographic processes that affect the swordfish
act on different spatial and temporal scales; these scales
form continuums ranging from a few hours to centuries
and from centimetres to thousands of kilometres (Haury
et al. 1978, Bernal 1990). Perry et al. (2000) propose
that fish catchability in commercial and research fishing
fluctuates on diverse spatial and temporal scales,
reflecting changes in the physical and biological
environments. Hence, we propose a conceptual diagram
incorporating the characteristic temporal (from days to
centuries) and spatial (from 1 to 10,000 km) scales of the
physical, biological, and fishery processes and activities.
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Chavez et al. (2002) study the impacts of the 1997-
1998 EI Nifio off central California and define a
conceptual model of the associated ecosystem changes.
The model describes, on the interannual scale, the
relationships established between resource abundance and
distribution in its different developmental stages and the
temperature, salinity, chlorophyll, sea level, and
zooplankton, amongst other variables. Blanco et al.
(2002) examine the hydrographic conditions off northern
Chile during La Nifia and EIl Nifio in 1996-1998.
Moreover, Chavez et al. (2003) analyze long-term (50
years) changes in anchoveta and sardine associated with
large changes in the environmental conditions of the
Pacific Ocean. The conceptual model refers to the
variability of ecosystem indicators and changes in the
regime on a multidecade scale.

Bertrand et al. (2004) propose an integrated context
of factors that occur on different spatial-temporal scales
(from days to decades and from local to ocean-wide) and
should be considered when interpreting the effect of El
Nifio events on pelagic fish populations. Yafez et al.
(2005, 2007) adapt an integrated conceptual model of
different local and large-scale phenomena that affect the
marine environment and the distribution of the main
pelagic resources off northern Chile.

Perry & Ommer (2003) propose that the changes in
the marine ecosystem are driven by three general
processes: (1) natural environmental forcings (e.g.
climate), (2) human-induced forcings (e.g. fishing, habitat
decline, pollution), and (3) biological processes (e.g.
denso-dependent mechanisms, predator-prey
relationships). Because of the limited understanding of
the scales of impacts on the ecosystems along with the
human capacity to interfere in natural systems through
technology and economic means result in fundamental
difficulties when attempting to understand the reciprocal
interactions between human beings and the marine
ecosystem. These difficulties include the availability of
adequate methodologies and the identification of different
analytical scales. It is essential to determine how to
combine scales of analysis from the natural and social
sciences in order to understand the impact of natural
systems on humans and vice versa. Furthermore, processes
can propagate or cross scales, such that events on one
scale have consequences for the processes on another
scale (larger or smaller).

Material and methods

The study area is located between 10°S and 45°S and
from the South American coast to 120°W (Fig. 1). These
limits consider the distribution of long-line fleets in the
region (Hinton et al. 2005, Vega et al. 2009), and the

available climate, oceanographic, and geomorphological
data (Rojas & Silva 1996, Smith & Sandwell 1997,
Chaigneau & Pizarro 2005, amongst others). The model
of the swordfish system considers several life cycle phases
(egg-larva, juvenile, adult) and distribution areas
(spawning grounds around Easter Island, rearing grounds
in part of the area around Cordillera de Nazca, and feeding
grounds from the coast of Chile to 800 nm and between
24° and 40°S). The ecosystems inhabited by swordfish
over the course of their life cycle are characterized by
abiotic and biotic components. First we studied the data
to determine which elements to include, their scales, and
the level of interaction between these. This analysis
allowed us to structure the model, define its temporal and
spatial scales, and incorporate the system’s forcings. Then
we associated the population and community dynamics
with the fishery and the environment, taking into
consideration the data mentioned above (see Data).

Following the authors mentioned previously (see
Data), the swordfish ecosystem model uses a spatial-
temporal scale diagram that is a useful tool for
conceptualizing, integrating, and exploring the
relationships of the elements involved. It has been used,
for example, to identify the physical processes that could
influence the biological processes of fishery resources
(e.g. feeding, vertical migration) (Perry et al. 2000). These
interscale comparisons present analytical challenges, as
they attempt to understand specific behaviour and identify
the underlying processes (Perry & Ommer 2003).

The data on oceanographic, biological, and fishery
variability in the eastern boundary ecosystems of the
Pacific, along with analyses of similar conceptual models,
allow the adaptation of an integrated model for the
different local and large-scale phenomena that affect the
marine environment of the ESP and the dynamics of
swordfish during the different stages of its life cycle (Fig.
2). The model covers three planes: (1) the physical
environment, (2) swordfish biology, and (3) the fishery.
The physical environment includes three forcings
associated with spatial-temporal combinations: the ENSO
cycle (interannual-Pacific Ocean scale), the annual solar
radiation cycle (seasonal-ESP scale), and mesoscale
phenomena (intraseasonal-swordfish fishery off Chile
scale). Likewise, the biology plane includes three groups
of elements that encompass processes susceptible to being
affected by forcings from the physical environment: the
swordfish stock, the migratory circuit, and feeding.
Finally, on the fishery plane, two large groups of elements
are identified whose spatial-temporal limits are more
diffuse but nonetheless present a hierarchical organization;
the interannual-Pacific Ocean and seasonal-ESP scales
consist of the economy, fleet activities (fishing effort),
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Bottom topography of the eastern South Pacific, including Chile’s oceanic islands. The contours indicate, from
the outside in, the depths from 3,500 to 1,000 m at intervals of 200 m. These contours include
the trench along the coast of Chile (Smith & Sandwell 1997)

Batimetria del Pacifico sudeste, incluyendo las Islas Oceanicas de Chile. Los contornos sefialan desde afuera hacia dentro
las profundidades entre 3.500 a 1.000 m con un intervalo de 200 m. Estos contornos incluyen la fosa a lo largo
de la costa de Chile (Smith & Sandwell 1997)

resource administration, and social aspects (e.g.
employment), whereas the intraseasonal-fishery zone
scale consists mainly of fishing effort in terms of fishing
trips and sets. The model allows us to relate processes
within one plane as well as on different spatial-temporal
scales, such as between planes on similar scales.

Results and discussion
Model

In the model, swordfish vulnerability and catchability are
associated with environmental fluctuations (Podesta et
al. 1993, Bigelow et al. 1999, Sedberry & Loefer 2001,

Seki et al. 2002). Therefore, variations in the catch rates
are influenced by physical variability through a biological
response of the species and the pelagic community on
similar spatial-temporal scales. If these dynamics change
in scale, the impact of the forcing could be reflected in
aspects such as the economy, fishery administration, and
employment. As for the physical environmental forcing
on the individual, the local swordfish groups and stock,
on different spatial-temporal scales, affect the biology and
ecology of the resource, with consequences for the fishery
in the form of altered catch rates. In turn, variations in
the fishery (e.g. fishing intensity, national and international
administration, economic cycles, etc.) affect the swordfish
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Spatial-temporal conceptual model (3x3), on human (fishing), biological, and physical marine environmental
planes, and the processes and forcings of the ecosystem inhabited by swordfish

Modelo conceptual espacio-temporal (3x3), con planos en el ambiente marino fisico, biolégico y humano (pesquero),
junto a los procesos y forzantes del ecosistema habitado por el pez espada
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biology, causing responses at the level of the regional
stock.

The biological swordfish processes that are related to
changes in the population size can be grouped as either
increment by recruitment or reduction by mortality. In
this context, some variables can reveal the dynamics of
reproduction, natural mortality, and mortality by fishing.
On the other hand, the population size can also change
due to the immigration and emigration of individuals.
Local and larger-scale (annual) displacements are
important due to their impact on the availability of the
resource for the fishery fleets. The ecological processes
refer to interactions between species, including
competition and predation, as well as more complex
interactions that can result in levels with three or more
interacting species. Competition occurs between species
from similar trophic niches when their resources are
limited; this is associated with the feeding dynamics along
thermal fronts that are spatially and temporally limited
(Podesta et al. 1993, Olson et al. 1994, Bigelow et al.
1999). It should be noted that swordfish are only top
predators as adults; in their earlier developmental stages,
they are prey for other pelagic species, including
swordfish.

On the interannual scale, associations are established
between the swordfish stock, environmental variables, and
human factors that consider fluctuations in catches, fishing
effort, SST, and phenomena such as El Nifio and La Nifia.
On this scale, the model integrates the swordfish stock in
the region, its different developmental stages, the pelagic
community, and the general environmental conditions of
the Pacific Ocean (Fig. 2).

The model also shows how fluctuations associated
with El Nifio events are manifested in the ESP and,
therefore, in the area of the swordfish fishery off Chile,
affecting the seasonal cycle and the intraseasonal
dynamics of mesoscale phenomena. On an interannual
scale, the physical environment affects the swordfish stock
in the region, the seasonality of its migratory circuit, and
the feeding of juveniles and adults. The fluctuations of
the physical environment that act on the biological plane
could extend to the fishery plane, generating variations
in the catch rates, which could affect prices and eventually
the economic cycles.

On the interannual scale, changes are known to be
generated by the ENSO cycles in the ESP, which produce
anomalies in the SST and affect the position and intensity
of the PA, STG, subtropical Front (STF), and WWD,
affecting the intensity and duration of upwelling and the
formation of fronts, filaments, and vortexes. In fact, during
El Nifio events, the advection of higher SST waters

increases the temperature anomalies in the eastern Pacific,
which are projected towards the ESP, displacing the STG,
WWD, and STF southward and nearer the coast. Since
swordfish spawning is associated with temperatures over
24°C, a positive effect is expected on the larval
development of the swordfish around Easter Island. On
the other hand, during El Nifio events and with the new
position of the STF, adult swordfish availability and
vulnerability increase due to their nearness to the coast,
thereby increasing the catch rates (Yéafiez et al. 2003b).
The higher catches could affect the regional market,
decreasing prices due to the increased offer. During La
Nifia events, the conditions are inverted: temperatures are
lower and the STG and STF are displaced to the north
and farther offshore. The effects are expected to be the
inverse of those of El Nifio; particularly, the movement
away from the coast should affect the artisanal fishery,
which has less autonomy and lower efficiency. The
decreased catches generate increased sale prices.

The annual cycle of circulation and solar radiation in
the ESP (seasonal scale) affects the duration and spatial
distribution of spawning and the spatial distribution,
availability, and vulnerability of juveniles and adults in
their distribution areas. In the feeding area, associated in
part with an area where cold waters are upwelled,
productivity increases in the intermediate and high trophic
levels that provide prey for top predator fishes such as
swordfish (Barbieri et al. 1998). In their migratory
context, the adult swordfish are associated with the
presence of STF at the beginning of the season (March)
near the southern limit of the area (38°-42°S). The fish
remain in this sector until November, moving to the north
and northwest as the season advances (Espindola & Vega
2009). The abiotic conditions of this zone are
characterized by SSTs of 16 to 18°C and salinities of 34.2
to 34.6, associated with the STG and STF. In the feeding
area, the swordfish distribution is associated with greater
productivity, with specimens located in areas where the
chlorophyll concentrations are greater (0.12-0.2 mg m®)
than those in the oceanic reproduction and rearing areas;
the latter is located around Cordillera de Nazca (Yafiez
et al. 2009). At the end of October and around 24°S, a
westward migration is undertaken in search of subtropical
waters over 24°C that will stimulate the reproductive
process. After spawning, the juveniles travel to rearing
areas that are more appropriate for feeding and survival
(Yafiez et al. 2009).

The model relates the effects of mesoscale structures (e.g.,
oceanic vortexes, upwelling fronts; intraseasonal scale) with
the spatial distribution, availability, and vulnerability of
juvenile and adult specimens in rearing and feeding zones.
\ortexes generate the upwelling of nutrient-rich waters in
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their centres and this, in turn, increases the biological
production, transporting and accumulating biomass, and
sustaining trophic levels far offshore, including the
availability of food items for species such as swordfish. These
conditions increase the availability and vulnerability of adult
swordfish specimens in the feeding areas. Thus, the increase
of mesoscale structures tends to have a positive effect on
fishing trips and sets, resulting in higher yields (Espindola
& Vega 2009).

The general hypothesis of the model indicates that
environmental phenomena on diverse scales (interannual,
seasonal, intraseasonal) in the Pacific Ocean affect the
biological processes of the swordfish in its different
developmental phases and the ecological community in
its different associated zones. Complementary hypotheses
were formulated considering three temporal scales. On
the interannual scale, the ENSO events are manifested
with positive (El Nifio) and negative (La Nifia) SST
anomalies, affecting the: (1) duration and spatial
distribution of spawning around Easter Island; (2) spatial
distribution, availability, and vulnerability of juveniles
in Cordillera de Nazca; (3) spatial distribution,
availability, and vulnerability of adults in feeding areas
(where the fishery is carried out), affecting economic-
social aspects such as employment, price, investment, and
accumulated effort; and (4) composition, abundance, and
distribution of the biotic community of which the
swordfish is part.

On the seasonal scale, the annual cycle of solar
radiation is manifested through changes in the distribution
of the SST isotherms; the displacement of the PA, oceanic
circulation (OC), and STF; and the intensity of upwelling,
affecting the: (1) duration and spatial distribution of
swordfish spawning; (2) spatial distribution, availability,
and vulnerability of juveniles; and (3) of adults, which
affect aspects such as employment, price, investment, and
accumulated effort; and (4) the composition, abundance,
and distribution of the fauna community. The fishing effort
by foreign fleets affects the local abundance of juveniles
in Cordillera de Nazca, whereas the Chilean fleet affects
the abundance of adults in the feeding area. Finally, the
geomorphology of the Pacific basin off Chile influences
the migratory circuit of the swordfish and, therefore, its
spatial distribution, availability, and vulnerability.

On the intra-seasonal scale, upwelling fronts and
mesoscale structures (e.g., vortexes, filaments), affect the:
(1) spatial distribution, availability, and vulnerability of
juveniles; (2) spatial distribution, availability, and
vulnerability of adults; (3) composition, abundance, and
distribution of the community of species; and (4) fleet
distribution, affecting the costs and prices.

Comments

The administration of global fishery activity has moved from
a partial, developmentalist vision to an integrated view in
which sustainable development is the central objective. This
requires switching from monospecies approaches centred
on the interaction with the fishing effort to approaches that
incorporate biological, interspecies, environmental, and
fishery interactions. Although the objectives of ecosystem
management are difficult to define, awareness exists that
modelling is an important tool for exploring the ecological
consequences of fishing and improving understanding of the
ecosystem functioning (Olson & Watters 2003). Thus, our
integrated conceptual model explicitly incorporates the
effects of exploitation.

Swordfish landings in the ESP show a general tendency
to increase, as, following the example of Chile and other
South American countries, other countries (e.g. China, Spain,
Japan, Korea, France) have become involved in the fishery;
this should be monitored closely. This fishery activity is
carried out on an existing stock unit in the ESP that has
moderately well-defined spawning, growth, recruitment, and
feeding areas, based on observations from reproductive
activity (Zarate 1997, Donoso et al. 2003, Vega et al. 2009)
and fishery characteristics, including fleet distribution and
seasonal patterns in catch, CPUE and size composition
(Donoso et al. 2003, Barria et al. 2006, Espindola & Vega
2009, Vega et al. 2009, Yafez et al. 2004, 2006, 2009).
This information allows to hypothesize an annual migratory
circuit off Chile, where swordfish changes its habitat
according to its stage of development and nutritional needs.

Because of the wide geographic distribution of
swordfish, its life history, and its migratory activity, it is
necessary to include egg-larva, juvenile, and adult stages
in the conceptual model; these stages are distributed
geographically in reproduction, rearing, and adult feeding
zones. The model conjointly incorporates environmental,
biological, ecological, and fishery processes, as defined
on planes of three spatial (Pacific Ocean, ESP, fishery
area) and three temporal (interannual, seasonal,
intraseasonal) scales.

The spatial distribution of the swordfish fishery in the
ESP suggests that the submarine mountains influence the
distribution and migration of the resource in the region.
The underwater range uniting Easter Island the Nazca
Ridge is populated mainly by juveniles (Yanez et al. 2004,
2006), whereas adults dominate the range connecting
central Chile and Easter Island; these specimens are
caught by Chile’s industrial longline fleet (Barria et al.
2005, 2006, Espindola & Vega 2009). Nonetheless, little
in situ data is available that shows the consistency of these
ecological associations in the South Pacific.
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The integrated vision provided by this conceptual
model, without detracting from current operational fishery
research, proposes the working dimensions necessary for
allowing the development of integrated fishery research
and management, considering the ecosystem approach
proposed by the FAO (2003).

Finally, it should be noted that the available
information and data bases, as well as the proposed
conceptual model and hypotheses, allow moving on to
the next step in swordfish research in the ESP: establishing
and defining methodologies to validate cause-effect
relationships.
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