Jumbo squid in the eastern Pacific Ocean: a quarter century of challenges and change
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1. Introduction 
The jumbo, or Humboldt, squid Dosidicus gigas currently accounts for about one third of total world squid landings (Arkhipkin et al., 2015).  It is the largest and most abundant ommastrephid squid in the eastern Pacific, where it is endemic.  It is an important predator throughout its geographical range (Markaida 2006; Field et al. 2013; Alegre et al. 2014) and is prey for large marine mammals, particularly sperm whales in the southeastern Pacific, for which it is the single most important food species (Clarke, 1988; Nigmatullin et al., 2001).

The large-scale fishery for D. gigas began in the 1980s in the Mexican northeast Pacific (Ehrhardt, et al., 1983) and this was followed in the 1990s in Peruvians waters of the southeast Pacific (Yamashiro et al., 1998).  Annual catches increased from 19,000 t in the 1980s to 847,000 t in 2013 (ftp://ftp.fao.org/FI/STAT/summary/inicio.htm).  It became one of the largest marine invertebrate fisheries in the world, and the first Peruvian fishery to be fully monitored by observers at sea in the Peruvian EEZ and at ports where landings are made (Guevara et al., in press). 
During this period D. gigas has shown significant changes in abundance, distribution and population structure in both the northeast and southeast Pacific.  These have been associated with (1) direct effects of environmental variability, (2) changes in the availability of prey, especially during the early ontogenetic stages, (3) changes in predation, disease and parasitism, and (4) possible reduction of natural mortality through the exploitation of their predators as suggested by Rodhouse (2008). The development of an artisanal fishery in Peruvian waters (2350 artisanal boats with an average capacity of 9.8 tons) and in Chilean waters, as well as an industrial fishery outside the Peruvian and Chilean EEZs (Chen et al., 2008) have taken place against the background of these changes.

2. Variability of  squid stocks and the importance of ENSO 
D. gigas inhabits nerito-oceanic waters in the eastern Pacific, one of the most productive and variable marine environments in the world, with four upwelling areas off  Peru, Costa Rica, Baja California and California subject to temporary events (ENSO) with major biotic and abiotic effects.  Populations of D. gigas have shown changes in abundance and structure during and after these events which have differed north and south of the equator.  Various processes drive biological variability in oceanographic regimes, but coastal upwelling seems to be the key factor that determines abundance of D. gigas (Waluda et al. 2006).

3. Current research and future directions
Because cephalopods play an important role as key species in various ecosystems, and they are also important fishery resources (Xavier et al., 2015), it is imperative to better understand how the environment influences the population biology of D. gigas in the highly variable eastern Pacific.  There have been recent advances such as information on the relationship between the oxygen minimum zone and D. gigas (Stewart et al., 2013) and the observation that environmental factors, particularly temperature, encountered during early ontogenesis determine whether an individual will have a 1-year life cycle and mature at small size, or a 1.5- to 2-year life cycle with delayed maturation at large size.   This provides an explanation for the existence of two size groups of D. gigas (Arkhipkin et al., 2014). Nevertheless more information is needed in subject areas such as stock structure, the planktonic phase of the life cycle and environmental effects on development, spawning and migration.

Research on the effects of environmental variability on recruitment is needed for fishery forecasting and sustainable management of stocks in the face of increasing international fishing effort on D. gigas. There is a clear need for a fully integrated and adaptative system of observation, modelling and management of stocks in the eastern Pacific to derive optimum commercial and social benefit from these stocks. 

4. A brief history of the symposia and workshops on Pacific Squid
In response to the growing squid fishery in the southeast Pacific in the 1990s, with high levels of production in Peru, a scientific consultancy on the biology and fishery for D. gigas was undertaken  in 1997 and 1998 by PGKR at Instituto del Mar del Perú, Callao.  This was funded by the European Union under the VECEP (Venezuela, Colombia, Ecuador and Peru) technical cooperation programme.  A framework for research on fishery biology of D. gigas was developed and it was recommended that regular international scientific meetings should take place between researchers from relevant South and Central American countries to disseminate, share and discuss new information and to link squid researchers.  The main focus of these meetings was to be on the biology, ecology and management of Pacific squid fisheries, with special emphasis on environmental and fisheries driven spatial and temporal changes in squid stocks and the impact of these changes on other marine populations.

Since the recommendation was made in 1998 six international scientific symposia have been held between 1999 and 2014 in Peru, Mexico and Chile.  These have focused on D. gigas because of the increasing importance of the fishery in the eastern Pacific and its growing importance in international markets.  Leading scientists from research institutions in Russia, Japan, the UK, Spain, Mexico, the USA, Chile, Ecuador and Peru have participated in these symposia which all received the support of the Cephalopod International Advisory Council (CIAC). The results of the past symposia have been published in Fisheries Research (Rodhouse et al., 2001; Rodhouse et al., 2006).
At the latest symposium, held in November 2014 in Lima, there were 80 participants including scientists, students, businessmen and fishers (Figure 1).  Five keynote lectures, 39 oral presentations and 26 posters were presented, focusing mainly on D. gigas but other ommastrephids and loliginids of commerial interest or potential interest were included.  For the first time the potential for octopus fisheries in the eastern Pacific was considered.  Of the presentations made, 9 papers are published in this special issue of Fisheries Research.  

Five workshops associated with the symposia have also been held on growth and trophic ecology, tracking the industrial squid fishing fleet using satellite images, the role of squid in marine ecosystems and their impact on other commercial species, variations in life history under environmental variability, in vitro embryonic development and comparison between the operation of D. gigas fisheries on the western seaboard of the Americas.  In the latest workshop, which took place following the symposium at Lima in 2014, the focus was on the effects of environmental variability on populations and methodologies for research on ommastrephid paralarvae.

The 7th International Symposium on Pacific Squid will be held in 2017 in Manta, Ecuador, and will be hosted by Eloy Alfaro University.
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Figure 1. Participants in the 6th International Symposium on Pacific Squids held in Lima, Perú, 10-12 November 2014
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