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ABSTRACT
The fast growth and short life span of Dosidicus gigas make this squid a valuable model to
evaluate how environmental fluctuations affect the genetic diversity of marine populations.
Dosidicus gigas is composed by two genetic units in the Pacific Ocean. The first one, conformed
by individuals from Canada, USA and Mexico and the second one by squids from Peru and
Chile. Each genetic unit was characterized by an absence of population genetic structure and a
star-like haplotype network. Genetic diversity was related to the molecular marker, the
mitochondrial ones showed low diversity compared with microsatellites. Neutrality test, genetic
diversity and demographic analyses were consistent with a past population expansion related to
oceanographic changes associated with the last glacial-interglacial transition.
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INTRODUCTION

The jumbo squid Dosidicus gigas (d’Orbigny 1835) is the most abundant and biggest squid in the
Pacific Ocean (Nigmatullin et al. 2001, Ibáñez et al. 2015). The life span of Dosidicus gigas is
about 3 years, reaching up to 120 cm mantle length and 3 m total length (Keyl et al. 2010). This
squid species undergoes multiple spawnings of 10 to 14 spawning batches with 32 million eggs
or more; it has the highest fecundity of all cephalopods (Nigmatullin & Markaida 2009). Females
spawn a large egg mass (3-4 m diameter) near the surface, embedded in a gelatinous matrix with
0.6 to 2 million eggs (Staaf et al. 2008). Like other cephalopods, D. gigas does not develop a true
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larval phase but hatches after three to 10 days as a paralarva (Yatsu et al. 1999, Staaf et al. 2008),
a life stage very similar to the subsequent adult stage.
Dosidicus gigas exhibits sporadic and short-term pulses in abundance related to
environmental changes and recruitment patterns (e.g., ENSO) (Ichii et al. 2002, Waluda et al.
2006, Keyl et al. 2008, Zúñiga et al. 2008). Recently, after the 1997-98 ENSO event, D. gigas
has experienced a range expansion in both hemispheres linked to an increasing abundance,
related to expansion of the OMZ (Caddy & Rodhouse 1998, Zeidberg & Robinson 2007, Keyl et
al. 2008, Bograd et al. 2008). Moreover, the removal of top predators may have promoted D.
gigas population increase by relaxing competition for their shared prey species and may have
reduced the mortality due to predation of juvenile squids (Zeidberg & Robinson 2007).
Genetic studies on jumbo squid revealed an absence of structuring at small distances (<
5000 km) and isolation at larger distances (> 5000 km) along Pacific Ocean (see review in Ibáñez
et al. 2015). This pattern has been associated to their biological characteristics (e.g., horizontal
migrations, dispersive egg masses and paralarvae) (Ibáñez et al. 2011).
This report is based on an exhaustive review of all literature available in relation to genetics
studies of jumbo squids. This review is divided on: a) molecular markers, b) genetic diversity, c)
population structure and d) demographic history.

Molecular markers
Most genetic studies in jumbo squid used mitochondrial DNA (Table 1). Among the different
genes used, Cytochrome oxidase I (COI) is the more frequent, followed by Cytochrome b (Cyt b)
and NADH dehydrogenase subunit 2 (ND2). Mitochondrial genes are important to coalescent
inference since they have female heredity. For this reason, are useful to infer the Most Common
Recent Ancestor (MCRA), expansion dates and divergence between lineages.
Molecular markers of high resolution like microsatellites and Single Nucleotide
Polymorphisms (SNPs) are useful for recent changes in Effective population size (Ne) and
population structuring. In jumbo squid only a few microsatellites have been used and resulted in
similar evidence for population structure in South Pacific (Sánchez et al. 2016).
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Genetic diversity
Thus far all studies conducted are consistent in the sense that low overall genetic diversity was
found (Table 1), giving evidence to suggest that there has been a demographic expansion between
the last glacial period and the present interglacial (Sandoval-Castellanos et al., 2010; Ibáñez et
al., 2011).

Population structure
Studies at the intra-specific level suggest that there are two genetic units, one in the Northern
Hemisphere (Mexico-USA) and the other in the Southern Hemisphere (Peru-Chile), which are
explained by the isolation by distance model (Sandoval-Castellanos et al., 2007, 2010; Staaf et
al., 2010). Some studies using the Cytochrome b mitochondrial gene (Cyt b) and RAPDs have
found genetic differences between squids caught in Peru versus those caught in Chile (SandovalCastellanos et al., 2007, 2010). Conversely, using sequences of mitochondrial genes (COI, ND2)
and microsatellites, there is evidence of high gene flow between populations in Chile and Peru
(Ibáñez et al., 2011; Ibáñez & Poulin, 2014; Sánchez et al. 2016).

Demographic history
The historical fluctuations in the distribution range and population size of jumbo squid
populations may be related to historical variation in productivity along the Pacific Ocean (Ibáñez
et al., 2011; Ibáñez & Poulin, 2014). The divergence of the northern and southern populations of
D. gigas along the Pacific coast is estimated to have been 39,000 years ago (Staaf et al., 2010).
Demographic coalescent analyses indicated that southern population growth initiated
approximately 25,000 years ago (Ibáñez et al. 2011, Ibáñez & Poulin 2014).

DISCUSSION

Population structure

Most of reviewed studied suggest that Dosidicus gigas consists of two populations corresponding
to northern (Canada, USA and Mexico) and southern (Peru and Chile) hemispheres (SandovalCastellanos et al. 2007, 2010, Staaf et al. 2010). In both hemispheres each population have high

10 Aug 2018

SC6-SQ10

gene flow along their distribution. This absence of genetic structure inside each hemisphere is
consistent with the life history of these species, especially with their high dispersal or migration
capacities (long-lived planktotrophic larvae or migratory behavior). In the case of D. gigas,
extensive seasonal active migrations up to 1,000 kilometers have been related to active feeding,
migration and maturation (Nesis 1970, Nigmatullin et al. 2001, Ibáñez & Cubillos 2007, Keyl et
al. 2008, Ibáñez et al. 2015). These squids can move at a speed of eight to 30 kilometers per day
during their migrations, moving up to 200 km in seven days (Markaida et al. 2005, Gilly et al.
2006b). Furthermore, passive migrations of pelagic egg masses and paralarvae may contribute to
high gene flow and long-distance dispersal along its distribution range.

Demographic history

Theoretically, a very large population size should maintain high levels of genetic variability
because genetic drift is low and the rate of accumulation of mutations is high. Even though D.
gigas has a very large population size, it exhibits low diversity of the mtDNA (SandovalCastellanos et al. 2010, Ibáñez et al. 2011). In addition to low haplotype diversity, D. gigas
shows a star-like network characterized by very short branches as well as a marked L-shaped
distribution of pairwise differences (Sandoval-Castellanos et al. 2010, Ibáñez et al. 2011). These
results, together with the low diversity of nucDNA (RAPDs, microsatellites) support the scenario
of a recent demographic expansion over the selective sweep hypothesis around 25,000 years ago.
The estimated time of population growth coincides roughly with the rise in sea surface
temperature and the reorganization of the OMZ in the last 30,000 years (Beaufort et al. 2001,
Feldberg & Mix 2003, Kaiser et al. 2005, Montecino & Lange 2009) probably associated with the
glacial-interglacial transition and may have been coupled with a latitudinal range expansion when
the environmental conditions became more favorable for this species. The similarity in the
genetic diversity pattern in both hemispheres may reflect a global impact of climatic changes in
both HCS and CCS related to glacial and interglacial episodes (Herbert et al. 2001, Montecino &
Lange 2009). However, such events should have affected both systems separately, generating
regional population increases that could explain the shape of the global network shown by
Sandoval-Castellanos et al. (2010) compared with Ibáñez et al. (2011).

10 Aug 2018

SC6-SQ10

LITERATURE CITED

Anderson CIH, Rodhouse PG (2001) Life cycles, oceanography and variability: ommastrephid
squid in variable oceanographic environments. Fish Res 54:133-143
Beaufort L, de Garidel-Thoron T, Mix AC, Pisias NG (2001) ENSO-like Forcing on Oceanic
Primary Production During the Late Pleistocene. Science 293:2440-2444
Bograd SJ, Castro CG, Di Lorenzo E, Palacios DM, Bailey H, Gilly W, Chavez FP (2008)
Oxygen declines and the shoaling of the hypoxic boundary in the California Current.
Geophy Res Let 35:L12607
Boyle PR, Boletzky SV (1996) Cephalopod populations: definition and dynamics. Phil Trans R
Soc Lon B 351:985-1002
Boyle PR, Rodhouse PG (2005) Cephalopods: ecology and fisheries. Blackwell Science Ltd,
Oxford
Caddy JF, Rodhouse PG (1998) Cephalopod and groundfish landings: evidence for ecological
change in global Fisheries?. Rev Fish Biol Fish 8:431-444
Cannariato K, Kennett J (1999) Climatically related millenial-scale fluctuations in strength of
California margin oxygen-minimum zone during the past 60 ky. Geology 27:975–978
Fauvelot C, Bernardi G, Planes S (2003) Reductions in the mitochondrial DNA diversity of coral
reef fish provide evidence of population bottlenecks resulting from Holocene sea-level
change. Evolution 57:1571–1583
Feldberg MJ, Mix AC (2003) Planktonic foraminifera, sea surface temperatures, and mechanisms
of oceanic change in the Peru and south equatorial currents, 0–150 ka BP.
Paleoceanography 18:1016-1029
Gilly WF, Elliger CA, Salinas CA, Camarillo-Coop S, Bazzino G, Beman M (2006a) Spawning
by jumbo squid Dosidicus gigas in San Pedro Mártir Basin, Gulf of California, Mexico.
Mar Ecol Prog Ser 313:125-133
Gilly WF, Markaida U, Baxter CH, Block BA, Boustany A, Zeidberg L, Reisenbichler K,
Robinson B, Bazzino G, Salinas C (2006b) Vertical and horizontal migrations by the squid
Dosidicus gigas revealed by electronic tagging. Mar Ecol Prog Ser 324:1-17
Hebbeln D, Marchant M, Wefer G (2002) Paleoproductivity in the southern Peru-Chile Current
through the last 33 000 yr. Mar Geol 186:487-504

10 Aug 2018

SC6-SQ10

Herbert TD, Schuffert JD, Andreasen D, Heusser L, Lyle M, Mix A, Ravelo AC, Stott LD,
Herguera JC (2001) Collapse of the California Current during glacial maxima linked to
climate change on land. Science 293:71-76
Hewitt GM (2004) Genetic consequences of climatic oscillations in the Quaternary. Phil Trans R
Soc B 359:183–195
Ibáñez CM, Cubillos LA (2007) Seasonal variation in the length structure and reproductive
condition of the jumbo squid Dosidicus gigas (d’Orbigny, 1835) off central-south Chile.
Sci Mar 71:123-128
Ibáñez, C. M., & Poulin, E. (2016). Genetic structure and diversity of squids with contrasting life
histories in the Humboldt Current System. Hidrobiologica, 24(1), 1-10.
Ibáñez, C. M., Cubillos, L. A., Tafur, R., Argüelles, J., Yamashiro, C., & Poulin, E. (2011).
Genetic diversity and

demographic history of Dosidicus gigas (Cephalopoda:

Ommastrephidae) in the Humboldt Current System. Marine Ecology Progress Series, 431,
163-171.
Ibáñez, C. M., Sepúlveda, R. D., Ulloa, P., Keyl, F., & Pardo-Gandarillas, M. C. (2015). The
biology and ecology of the jumbo squid Dosidicus gigas (Cephalopoda) in Chilean waters:
a review.
Kaiser J, Lamy F, Hebbeln D (2005) A 70-kyr sea surface temperature record off southern Chile
(Ocean Drilling Program Site 1233). Paleoceanography 20: PA4009
Keyl F, Argüelles J, Mariátegui L, Tafur R, Wolff M, Yamashiro C (2008) A hypothesis on range
expansion and spatio-temporal shifts in size-at-maturity of jumbo squid (Dosidicus gigas)
in the eastern Pacific Ocean. CalCOFI Rep 49:119-128
Keyl F, Argüelles J, Tafur R (2010) Interannual variability in size structure, age, and growth of
jumbo squid (Dosidicus gigas) assessed by modal progression analysis. ICES J Mar Sci
doi:10.1093/icesjms/fsq167
Markaida U, Rosenthal JJC, Gilly WF (2005) Tagging studies on the jumbo squid (Dosidicus
gigas) in the Gulf of California, Mexico. Fish Bull 103:219-226
Molina-Cruz A, Herguera JC (2002) Paleoceanographic evolution of backwater in the Nazca
region, southeastern Pacific, during late Pleistocene. Rev Mex Cienc Geol 19:252-259
Montecino V, Lange CB (2009) The Humboldt Current System: ecosystem components and
processes, fisheries, and sediment studies. Prog Ocean 83:65-79

10 Aug 2018

SC6-SQ10

Montecino V, Strub PT, Chavez FP, Thomas AC, Tarazona J, Baumgartner T (2005) Chapter 10
Bio-physical interactions off western South America (6,E). In: Robinson AR, Brink KH
(eds) The Sea. Cambridge: Harvard University Press
Nesis KN (1970) The biology of the giant squid of Peru and Chile, Dosidicus gigas. Okeanology
10:140-152
Nigmatullin ChM, Nesis KN, Arkhipkin AI (2001) A review of the biology of the jumbo squid
Dosidicus gigas (Cepahlopoda: Ommastrephidae). Fish Res 54:9-19
Nigmatullin ChM, Markaida U (2009) Oocyte development, fecundity and spawning strategy of
large sized jumbo squid Dosidicus gigas (Oegopsida:Ommastrephinae). J Mar Biol Ass UK
89:789–801
Roper CFE, Sweeney MJ, Nauen CE (1984) Cephalopods of the world. An annotated and
illustrated catalogue of species of interest to fisheries. FAO Fish Syn 125(3) 277 pp
Sanchez, G., Tomano, S., Yamashiro, C., Fujita, R., Wakabayashi, T., Sakai, M., & Umino, T.
(2016). Population genetics of the jumbo squid Dosidicus gigas (Cephalopoda:
Ommastrephidae) in the northern Humboldt Current system based on mitochondrial and
microsatellite DNA markers. Fisheries research, 175, 1-9.
Sandoval-Castellanos E, Uribe-Alcocer M, Díaz-Jaimes P (2007) Population genetic structure of
jumbo squid (Dosidicus gigas) evaluated by RAPD analysis. Fish Res 83:113–118
Sandoval-Castellanos E, Uribe-Alcocer M, Díaz-Jaimes P (2010) Population genetic structure of
the Humboldt squid (Dosidicus gigas d’Orbigny, 1835) inferred by mitochondrial DNA
analysis. J Exp Mar Biol Ecol 385:73–78
Semmens JM, Pecl GT, Gillanders BM, Waluda CM, Shea EK, Jouffre D, Ichii T, Zumholz K,
Katugin ON, Leporati SC, Shaw PW (2007) Approaches to resolving cephalopod
movement and migration patterns. Rev Fish Biol Fish 17:401–423
Staaf DJ, Camarillo-Coop S, Haddock HD, Nyack AC, Payne J, Salinas-Zavala CA, Seibel BA,
Trueblood Ll, Widmer Ch, Gilly WF (2008) Natural egg mass deposition by the Humboldt
squid (Dosidicus gigas) in the Gulf of California and characteristics of hatchlings and
paralarvae. J Mar Biol Ass UK 88:759-770
Stenseth NC, Mysterud A, Ottersen G, Hurrell JW, Chan K-S, Lima M (2002) Ecological effects
of climate fluctuations. Science 297:1292–1296

10 Aug 2018

SC6-SQ10

Tafur R, Keyl F, Argüelles J (2010) Reproductive biology of jumbo squid Dosidicus gigas in
relation to environmental variability of the northern Humboldt Current System. Mar Ecol
Prog Ser 400:127–141
Tajima F (1989) Statistical methods to test for nucleotide mutation hypothesis by DNA
polymorphism. Genetics 123:585-595
Waluda CM, Yamashiro C, Rodhouse PG (2006) Influence of the ENSO cycle on the lightfishery for Dosidicus gigas in the Peru Current: An analysis of remotely sensed data. Fish
Res 79:56–63
Yatsu A, Tafur R, Maravi C (1999) Embryos and rhynchoteuthion paralarvae of the jumbo flying
squid Dosidicus gigas (Cephalopoda) obtained through artificial fertilization from Peruvian
waters. Fish Sci 65:904–908
Zeidberg LD, Robison BH (2007) Invasive range expansion by the Humboldt squid, Dosidicus
gigas, in the eastern North Pacific. Proc Nat Acad Sci 104:12948-12950
Zúñiga MJ, Cubillos LA, Ibáñez CM (2008) Synchronous pattern of periodicity in the monthly
catch of Jumbo squid (Dosidicus gigas) along the Chilean coast (2002-2005). Cienc Mar
34:91–99

Table 1. Genetic studies on jumbo squid from Pacific Ocean.

Location

Markers

Diversity

Structure

References

Pacific Ocean (Costa Rica, Peru)

mtDNA (16S rRNA)

Low

2 units

Wada et al. 2005

Pacific Ocean (Mexico, Peru, Chile)

RAPDs

Low

2 units

Sandoval-Castellanos et

Pacific Ocean (Mexico, Peru)

mtDNA (Cytb) & RAPDs

Low

NA

Pacific Ocean (Mexico, Peru, Chile)

mtDNA (Cytb)

Low

2 units

Pacific Ocean (Canada, USA, Mexico, Costa Rica,

mtDNA (COI, ND2)

High

2 units

Staff et al. 2010

South Pacific (Peru, Chile)

mtDNA (COI)

Low

1 unit

Ibáñez et al. 2011

South Pacific (Peru, Chile)

mtDNA (COI)

Low

1 unit

Ibáñez & Poulin 2014

South Pacific

Microsatellites

NA

NA

Liu et al. 2014

South Pacific (Peru, Chile)

mtDNA (ND2) &

Low

1 unit

Sánchez et al. 2016

al. 2007
Sandoval-Castellanos et
al. 2009
Sandoval-Castellanos et
al. 2010

Peru, Chile)

Microsatellites

