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ABSTRACT
Dosidiscus gigas and Doryteuthis gahi are the most abundant squids in the Humboldt Current System (HCS). These
species have contrasting life histories. To determine the genetic structure and diversity of these species, we collected
samples from different places in the HCS and amplified a fragment of the mitochondrial cytochrome C oxidase I gene.
The molecular analysis of D. gigas revealed low genetic diversity, absence of population structure and evidence for a
demographic expansion during the transition from the last glacial period to the current interglacial. These results suggest that D. gigas is composed of one large population with high levels of gene flow throughout the HCS. In the case
of D. gahi, the sequences indicated the presence of two population units in the HCS, one in south-central Chile and
one in Peru. The Chilean unit had greater genetic diversity, suggesting that it is an old, relatively stable population. In
the Peruvian unit there was less genetic diversity and evidence of a recent demographic expansion. The changes in
distribution ranges and population sizes of the squid populations may be related to historical variations in productivity
along the HCS. The different dispersion and migration capacities of these species may explain the differences in their
structure; however, the genetic diversity of both species appears to be more related to historical variations in their
distribution ranges and the biogeographic origin of each.
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RESUMEN
Dosidiscus gigas y Doryteuthis gahi corresponden a los calamares más abundantes en el Sistema de la Corriente de
Humboldt (SCH). Estas especies se caracterizan por tener historias de vida contrastantes. Para determinar la estructura y diversidad genética de ambas especies, se recolectaron muestras de diferentes lugares de SCH, y se amplificó un
fragmento del gen mitocondrial citocromo c oxidasa I. Los análisis moleculares de D. gigas mostraron una baja diversidad genética, una ausencia de estructura poblacional y la evidencia de expansión demográfica durante la transición
entre el último periodo glacial y el actual interglacial. Estos resultados sugieren que D. gigas corresponde a una única
población caracterizada por alto flujo genético. En el caso de D. gahi, las secuencias revelaron la presencia de dos
unidades poblacionales correspondientes al centro-sur de Chile y Perú. La unidad chilena mostró niveles más altos
de diversidad, lo que sugiere que corresponde a una población antigua y estable. En la unidad peruana se detectó
una menor diversidad genética y la evidencia de una reciente expansión demográfica. Los cambios de distribución y
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abundancia de los calamares podrían estar relacionados a las variaciones históricas de la productividad. Las capacidades diferenciales de dispersión y migración de las dos especies podrían explicar las diferencias en estructura. Sin
embargo, la diversidad genética de ambas especies parece relacionarse más con las variaciones históricas de sus
rangos de distribución y del origen biogeográfico de cada una de ellas.
Palabras claves: Calamares, diversidad genética, estructura poblacional, historias de vida.

INTRODUCTION
The biological and ecological characteristics of organisms affect
their dispersal ability and the amount of gene flow among their
populations. Thus it is expected that species with little mobility
will form genetically distinct populations, while more mobile species will maintain a genetic homogeneity by means of greater
gene flow (Futuyma, 2009). However, sessile organisms and those
with little vagility have other strategies which allow them to colonize distant sites (e.g., propagules, larvae, spores, seeds;Kinlan &
Gaines, 2003; Cowen & Sponaugle, 2009). In the marine environment, invertebrates have a great diversity of life history strategies compared to terrestrial animals (Strathmann, 1990), which
is a determining factor in geographic connectivity and genetic
diversity. For example, gastropod species with planktonic larvae
show lower levels of genetic structure and have greater diversity than those species with direct development (Kyle & Boulding,
2000; Johnson & Black, 2006; Lee & Boulding, 2009). However, this
relationship between dispersal capacity and gene flow does not
always hold, and oceanographic factors have been described as
limiting for the dispersion of larvae or adults (Poulin et al., 2002;
Barber et al., 2002). The geographic structure of genetic diversity
may reflect historical processes generally associated with geographic breaks, as well as contemporary processes linked to the
dispersal capacity of a species (Avise, 2000; Pecl et al., 2009).
There are few studies of the genetic structure of the marine
organisms of the Humboldt Current System (HCS). For species with
a long-lived planktonic larvae (several weeks) such as the crab
Cancer setosus (Molina, 1782), the gastropod Concholepas concholepas (Bruguière, 1789) and the squat lobster Pleuroncodes
monodon (H. Milne Edwards, 1837), no spatial genetic structure
was detected over at least 2000 km of the coast (Gomez-Uchida et
al., 2003; Cárdenas et al., 2009a; Haye et al., 2010). A similar result
was found for fishes with a wide geographic range and long larval duration (several weeks) such as the Chilean hake Merluccius
gayi (Guichenot, 1848) and the jack mackerel Trachurus murphyi
Nichols, 1920 (Galleguillos et al., 2000; Cárdenas et al., 2009b). By
contrast, the seaweeds Lessonia nigrescens Bory and Mazzaella
laminarioides (Bory de Saint-Vincent) Fredericq and the gastropods Chorus giganteus (Lesson, 1831) and Acanthina monodon
(Pallas, 1774) have a significant geographic structure associated
with their reduced dispersal potential (FST = 0.14-0.99, Faugeron
et al., 2001; Gajardo et al., 2002; Faugeron et al., 2005; Tellier et
al., 2009; Sánchez et al., 2011). These studies have all dealt with

individual species; there have been no comparative studies of
sympatric taxa with different life history characters that share
the same ecosystem in the HCS. Also, there is no information on
the genetic structure of a number of important groups in the HCS
such as echinderms, polychaetes and cephalopods.
Within the cephalopods, the squids are a fundamental component of the pelagic ecosystems, due both to their abundance
and their trophic role (Boyle & Rodhouse 2005; Thiel et al., 2007).
They are also interesting study models in population genetics and
phylogeny because of their short life cycles, wide geographic
ranges and contrasting life histories (Boyle & Rodhouse, 2005).
The most common and abundant squids in the HCS are Dosidicus gigas (d’Orbigny, 1835) (Ommastrephidae) and Doryteuthis
gahi (d’Orbigny, 1835) (Loliginidae). These species have contrasting body sizes, habitat use, migration patterns and reproductive
strategies. In the case of D. gigas, its great dispersal potential
associated with its large body size (> 2 m total length) and excellent swimming capacity (> 20 km/h) allows it to migrate actively
distances of more than 1,000 km in the HCS, both in latitude and
longitude (Nesis, 1970; Nigmatullin et al., 2001; Ibáñez & Cubillos,
2007). Also, D. gigas spawns a large gelatinous mass of millions of
eggs in the pelagic environment, which may be transported passively by currents to very distant places (Staaf et al., 2008). Like
other ommastrephids, D. gigas haves a short embryonic development (around 6-9 days, Yatsu et al., 1999). In contrast, D. gahi has
a small body size (< 50 cm total length), and due to its reduced
home range (continental shelf) only makes ontogenetic vertical
migrations (Arkhipkin et al., 2004). Additionally, D. gahi spawns on
the bottom near the coast, capsules with hundreds of eggs which
adhere to seaweeds or soft corals (Arkhipkin et al., 2000; Villegas,
2001). Their embryonic development is completed in around 30 –
35 days (Guerra et al. 2001), a contrasting strategy compared to D.
gigas. These differences between D. gahi and D. gigas could have
consequences on their respective dispersal potentials, since only
the paralarvae of the loliginids can contribute to passive dispersal, while both eggs and paralarvae of the ommastrephids may
be transported by marine currents passively over 600 km from the
spawning grounds (Bower, 1996; Boyle & Rodhouse, 2005). This
information on the life history of the two squids allows predictions
to be made about their spatial structure and genetic diversity. We
hypothesize that the squids Dosidicus gigas and Doryteuthis gahi
should have different patterns of spatial genetic structure in the
Humboldt Current System, given their different life history strategies and migration patterns. D. gigas should show an absence of
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population genetic structure as a consequence of its large migrations and pelagic spawning, while D. gahi should have a population genetic structure associated with its lower dispersal capacity and benthic spawning.

MATERIALS AND METHODS
This study is based upon data already published by Ibáñez et al.
(2011, 2012), but here reanalyzed in a comparative context; thus
the methodological details related to standardized laboratory
protocols may be found in these publications. In summary, we
collected between 23 and 33 tissue samples of the squids Dosidicus gigas and Doryteuthis gahi from several localities of Peru
and Chile between 2005 and 2008 (Ibáñez et al., 2011, 2012) (Table
1, Fig. 1) and sequenced the mitochondrial Cytochrome Oxidase I
gene (COI).
To detect population structure in the squid species we estimated the number of clusters (k) and the posterior probability
density (PPD) of belonging to a given cluster by means of Bayesian inference, in the software Geneland (Guillot et al. 2005), implemented in R software. We inferred the number of clusters from the
modal value of k, running a Markov Chain Monte Carlo (MCMC)
with 5x106 iterations, sampling parameters every 1000 iterations.
After these runs we burn-in 500 resultant parameters in order to
obtain posterior probabilities of population membership for each
individual and each spatial domain. Each analysis was run 4 times
to check the congruence. Additionally, to compare the levels of
population structure in the squid species we calculated the FST
index for each pair of localities using Arlequin version 3.11 (Excoffier et al., 2005). Haplotype number and haplotype diversity (Hd)
were calculated using Arlequin for each species and location.
Table 1. Sample size and haplotype diversity of the squids Doryteuthis gahi and Dosidicus gigas.
Species/location

N

Haplotype
diversity

Number of
haplotypes

Dosidicus gigas

169

0.370

23

Huarmey

27

0.342

6

Callao

33

0.544

8

Coquimbo

29

0.430

8

Valparaiso

28

0.206

4

Santa Maria

29

0.320

6

Isla Mocha

23

0.324

5

Doryteuthis gahi

116

0.730

15

Paita

26

0.508

5

Chimbote

32

0.343

6

Talcahuano

27

0.809

5

Chiloe

31

0.755

5
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Finally, we inferred the demographic history of both squids
from the HCS using Bayesian skyride (Minin et al., 2008) analyses
implemented in BEAST version 1.7.2 (Drummond et al. 2012). The
Bayesian skyride uses Gaussian Markov random fields to achieve
temporal smoothing of the effective population size (Ne) by means
of a MCMC sampling of sequence data, to estimate a posterior
distribution of Ne through time and its highest posterior density
intervals (95% HPD) (Minin et al., 2008). Bayesian skyride analyses were run using the Hasegawa–Kishino–Yano substitution
model (HKY85), which was identified as the best fitting model by
Bayesian decision criteria implemented in jModelTest (Posada,
2008). The relaxed molecular clock with uncorrelated exponential distribution was the model used. In this set of runs, the mean
mutation rate was set with a prior normal distribution (0.02 × 10−6,
10% SD). We ran 20 × 106 iterations, sampling every 1000 generations, while the first 10% were discarded as burn in. The Bayesian
skyride plots were generated with the program Tracer version 1.5
(Rambaut & Drummond, 2009).

RESULTS
The Bayesian analysis of genetic structure georeferenced
showed a maximum posterior probability of one group or population (K = 1) which is constituted D. gigas along its distribution
range (Fig. 2a). This mean that the spatial configuration of the
posterior probability map is constituted by individuals assigned to
no more of one cluster (Fig. 2b), because this squids do not have
spatial population structure. In the case of D. gahi the mode of
number of clusters showed two genetic units in the HCS (k = 2,
Fig. 3a). These units are located in Peru (PP = 0.9) and Southern
Chile (PP = 0.9) (Fig. 3b). These results confirm the absence of
geographic structure in D. gigas (Fig. 2), while in D. gahi the analysis showed two populations, corresponding to the Peruvian and
Chilean locations (Fig. 3). The FST values of D. gahi (mean = 0.199
± 0.15) were several orders of magnitude greater than in D. gigas
(mean = 0.000261± 0.02).
A total of 15 haplotypes were found in the 683 bp fragment
of COI among the 116 individuals of D. gahi examined, while in D.
gigas there were 23 haplotypes in the 657 pb fragment of COI in
the 169 individuals examined. The number of haplotypes in each
location was similar, ranging between 4 and 8 (Table 1). The haplotype diversity of D. gahi was lower in the northern Humboldt (Hd
= 0.34-0.50) than in the southern Humboldt (Hd = 0.75-0.80). For D.
gigas the genetic diversity was low in all locations (Hd = 0.20-0.54)
(Table 1). In general the haplotype diversity was greater in D. gahi
than in D. gigas (Table 1).
Bayesian skyride analyses indicated that population growth
of D. gigas initiated approximately 37,000 years ago in the HCS,
increasing mean population size from around 10,000 individuals to a mean of 2 million individuals (Fig. 4). The mean Time to
the Most Recent Common Ancestor (TMRCA) was estimated
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Figure 1. Map showing sampling locations of Dosidicus gigas and Doryteuthis gahi in the Humboldt Current System.

at 37,136 years ago (95% HPD 29,843 to 44,734 years). Bayesian
skyride analyses of the Peruvian population of D. gahi indicated
that population growth initiated approximately 35,000 years ago in
the northern HCS and the mean time of TMRCA was estimated at
38,620 years (HPD 95% 30,762–45,995 years). The effective population size increased from 10,000 to 1,000,000 individuals in the last
35,000 years (Fig. 5a). The Chilean population showed a low increase of population size through time in the southern HCS from a
mean population size of 10, 000 to 100,000 individuals (Figure 5b).
In this population the TMRCA was estimated at 96,956 years (HPD
95% 77,021–116,400 years).

DISCUSSION
This study found contrasting patterns of genetic structure in the
two species. The neritic squid D. gahi had high values of genetic
differentiation between populations collected in south-central

Chile and Peru (> 2,500 km), while D. gigas showed low values of
structure in these same zones. However, both species showed
an absence of genetic differentiation within the geographic zones
(<1,000 3m).
These results corroborate previous studies in these two squid
families. The majority of the species of ommastrephids show an
absence of genetic structure at scales of thousands of kilometers
in the same biogeographic zone (e.g., Adcock et al., 1999; Sandoval-Castellanos et al., 2007, 2010; Ibáñez et al., 2011). For these
species, only major biogeographical breaks on the order of 10,000
km appear to be able to generate a spatial structure in their genetic diversity (e.g. Brierley et al., 1993; Aoki et al., 2008; Katugin,
2002; Sandoval-Castellanos et al., 2007, 2010). In contrast, loliginid
squids generally show genetic structure at a smaller geographic
scale and appear to be influenced by local barriers such as the
mouths of large rivers or abrupt changes in the sea floor (Brierley
Hidrobiológica
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Figure 2a-b. Dosidicus gigas. a) Posterior probability density histogram, b) Spatial posterior probability of belonging to a
cluster.

Figure 3a-b. Doryteuthis gahi. a) Posterior probability density histogram, b) Spatial posterior probability of belonging to a
cluster.
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et al., 1995; Shaw et al., 1999; Herke & Foltz, 2002; Semmens et
al., 2007). In the absence of such barriers, these species are genetically homogenous up to a scale of hundreds of kilometers (e.g.
Carvalho & Loney, 1989; Brierley et al., 1995; Reichow & Smith,
2001; Shaw et al., 2004; Buresch et al., 2006; Shaw et al., 2010).
This difference in patterns of genetic structure at the family
level may be the consequence of the different life history strategies which characterize them, in particular those elements related to the dispersal potential of individuals (Shaw et al. 2010). The
ommastrephids, which have little genetic structuring, are characterized by pelagic spawning and long migrations. According to
the classification proposed by Rocha et al. (2001), the squids of
the family Ommastrephidae are essentially monocyclic (animals
reproduce once and then die), and some species such as D. gigas may spawn in batches (repeatedly). By contrast, squids of the
family Loliginidae such as D. gahi have terminal spawning. Loliginid squids are neritic and spawn on the ocean floor, depositing
their eggs in seaweeds or soft corals, while ommastrpehids are
oceanic and spawn masses of pelagic eggs (O’Dor, 1998).
Just as proposed in the literature (Boyle & Rodhouse, 2005;
Shaw et al. 2010), these different life history strategies appear to
have direct consequences on the patterns of gene flow and thus
on the spatial structuring of the genetic diversity of these squids.
In terms of genetic diversity, both species had low numbers
of recovered haplotypes, both in the northern and southern zones
of the HCS. However, there were clear differences in the patterns
of haplotype diversity (Hd) between the species, as well as between geographic zones within each species. Low levels of genetic diversity generally occur in populations that have undergone
drastic fluctuations in population sizes, bottlenecks or founder
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events, while high levels of genetic diversity are indicative of
population stability or metapopulation dynamics (Grant & Bowen,
1998; Carvalho & Nigmatullin, 1998; Hoelzel, 1999; Lecomte et al.,
2004; Freeland, 2005). The spatial variation in Hd observed in this
study may thus be related to past climatic changes in each geographic area and the way each species has responded locally, as
the demographic analysis showed.
In the case of D. gigas, although there was low genetic
diversity both in Peru and in Chile, the locations of the northern
HCS had more diversity compared to the south. This low diversity, decreasing towards the south, may be due to a recent demographic expansion inferred by demographic analysis. Although
the evidence at an ecological time scale shows latitudinal variations of D. gigas, usually attributed to El Niño Southern Oscillation (ENSO) or the Pacific Decadal Oscillation (PDO) (Keyl et al.,
2008), the genetic evidence shows signs of an older demographic
process (37,000 years), probably linked to the drastic variations
in the productivity of the eastern Pacific during the last glacial
cycle (Hebbeln et al., 2002). Based on our results we propose that
D. gigas extended its distribution range towards the south during
the transition between the last glacial maximum and the current
interglacial period when the environmental conditions were more
favorable. A similar phenomenon appears to have occurred in
the California Current, in which its distribution was extended to
more northern latitudes (Key et al., 2008). In fact, 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).
The demographic history of D. gahi appears to have followed
a completely different trajectory. In contrast to D. gigas, the high-

Figure 4. Bayesian skyride plot of Dosidicus gigas in the Humboldt Current System. Population size on the y-axis is given on a
logarithmic scale. The thick solid line represents the mean estimate of population size; the grey area shows the 95% highest
posterior density intervals.
Hidrobiológica
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Figure 5a-b. Bayesian skyride plot of Doryteuthis gahi in the Humboldt Current System. Population size on the y-axis is given on
a logarithmic scale. The thick solid line represents the mean estimate of population size; the grey area shows the 95% highest
posterior density intervals. a) Peruvian population, b) Chilean population.

est diversity values were found in the southern HCS; only the
population of Peru showed signals of a recent population expansion around 35,000 years ago. The greater genetic diversity and
the low population growth estimated by demographic analysis in
the southern HCS suggest that this population of D. gahi did not
undergo major demographic fluctuations during the last glacial
cycle. On the contrary, we suggest that it increased northward
from the south of the South American continent to the northern
zone of the HCS at the end of the last glacial period around 40,000
years ago when environmental conditions were more favorable.
The patterns of genetic diversity and effective population sizes do not appear to be linked to the life history strategies of these
squids, and may reflect past demographic processes associated
Vol. 24 No. 1 • 2014

with climatic changes over long time scales. However, these two
species showed different responses to the changes which characterized the transition from the last glacial period to the current
interglacial period. Changes in the productivity of the HCS over
the last 30,000 years may be associated with the northward movement and intensification of the winds from the west which control
the upwellings and practically all the climate in these latitudes
(Lamy et al., 1999; Hebbeln et al., 2002). These environmental fluctuations may be responsible for the changes in the distribution
and abundance of marine populations in the past, and the current
observed patterns of genetic diversity are the result of processes
of demographic expansion or bottlenecks inferred by means of
the events of coalescence in the genetic lineages.



Ibáñez C. M and Poulin E.

ACKNOWLEDGEMENTS
We thank a number of people who helped with different aspects
of this research. For laboratory techniques we thank Angie Díaz,
Claudio González and Marcela Espinoza of the Universidad de
Chile (UCHILE). For sample collections we thank Carmen Yamashiro, Juan Argüelles, Juan Rubio, María Inés Sanjinés and Ricardo
Tafur of IMARPE, Peru; Luis Adasme and Renato Céspedes of
IFOP, Chile; Karin Lohrmann of UCN, Chile, Luis Cubillos, UDEC,
Chile and Miguel Araya UNAP, Chile. For ideas in the writing and
revising of the manuscript we thank Friedemann Keyl (UNI-BREMEN, Germany) and María Cecilia Pardo (UCHILE). This research
was financed by CONICYT AT24080021, ICM P05-002, PFB-23 and
“Becas de estadías cortas de investigación destinadas a estudiantes tesistas de doctorado y magister de la Universidad de
Chile”.

REFERENCES
Adcock, G. J., P. W. Shaw, P. G. Rodhouse & G. R. Carvalho. 1999. Microsatellite analysis of genetic diversity in the squid Illex argentinus
during a period of intensive fishing. Marine Ecology Progress Series
187: 171-178.
Aoki, M., H. Imai, T. Naruse & Y. Keda. 2008. Low genetic diversity of oval
squid, Sepioteuthis cf. lessoniana (Cephalopoda: Loliginidae), in
Japanese Waters Inferred from a Mitochondrial DNA Non-coding
Region. Pacific Science 62: 403-412.
Arkhipkin, A. I., R. Grzebielec, A. M. Sirota, A. V. Remeslo, I. A. Polishchuk
& A. J. Middleton. 2004. The influence of seasonal environmental
changes on ontogenetic migrations of the squid Loligo gahi on the
Falkland shelf. Fisheries Oceanography 13: 1-9.
Arkhipkin, A. I., V. V. Laptikhovsky & D. A. J. Middleton. 2000. Adaptations
for cold water spawning in loliginid squid: Loligo gahi in Falkland waters. Journal of Molluscan Studies 66: 551-564.
Avise, J. C. 2000. Phylogeography. Massachusetts, Harvard University
Press. 447 p.
Barber, P. H., S. R. Palumbi, M. V. Erdmann & M. K. Moosa. 2002. Sharp
genetic breaks among populations of Haptosquilla pulchella (Stomatopoda) indicate limits to larval transport: patterns, causes, and
consequences. Molecular Ecology 11: 659-674.

Brierley, A. S., J. P. Thorpe, G. J. Pierce, M. R. Clarke & P. R. Boyle. 1995.
Genetic variation in the neritic squid Loligo forbesi (Myopsida: Loliginidae) in the northeast Atlantic Ocean. Marine Biology 122: 79-86.
Buresch, K. C., G. Gerlach & R. T. Hanlon. 2006. Multiple genetic stocks
of longfin squid Loligo pealeii in the NW Atlantic: stocks segregate
inshore in summer, but aggregate offshore in winter. Marine Ecology
Progress Series 310: 263-270.
Cárdenas, L., A. X. Silva, A. Magoulas, J. Cabezas, E. Poulin & F. P. Ojeda.
2009b. Genetic population structure in the Chilean jack mackerel,
Trachurus murphyi (Nichols) across the South-eastern Pacific
Ocean. Fisheries Research 100: 109-115.
Cárdenas, L., J. C. Castilla & F. Viard. 2009a. A phylogeographical analysis across three biogeographical provinces of the south-eastern Pacific: the case of the marine gastropod Concholepas concholepas.
Journal of Biogeography 36: 969-981.
Carvalho, G. R. & Ch. M. Nigmatullin. 1998. Stock structure analysis and
species identifcation. FAO Fisheries Technical Paper 376: 199-232.
Carvalho, G. R. & K. H. Loney. 1989. Biochemical genetic studies on the
Patagonian squid, Loligo gahi d’Orbigny. I. electrophoretic survey
of genetic variability. Journal of Experimental Marine Biology and
Ecology 126: 231-241.
Cowen, R. K. & S. Sponaugle. 2009. Larval dispersal and marine population
connectivity. Annual Review of Marine Science 1: 443-466.
Drummond, A. J., M. A. Suchard, D. Xie & A. Rambaut. 2012. Bayesian phylogenetics with BEAUti and the BEAST 1.7. Molecular Biology and
Evolution 29 (8): 1969–1973.
Excoffier, L., G. Laval & S. Schneider. 2005. Arlequin ver. 3.0: An integrated
software package for population genetics data analysis. Evolutionary Bioinformatics Online 1: 47-50.
Faugeron, S., E. A. Martínez, J. A. Correa & C. Billot. 2005. Long-term copper mine waste disposal in northern Chile associated with gene flow
disruption of the intertidal kelp Lessonia nigrescens. Marine Ecology
Progress Series 288: 129-140.
Faugeron, S., M. Valero, C. Destombe, E. A. Martínez & J. A. Correa. 2001.
Hierarchical spatial structure and discriminant analysis of genetic
diversity in the red alga Mazzaella laminarioides (Gigartinales, Rhodophyta). Journal of Phycology 37: 705-716.

Bower, J. R. 1996. Estimated paralarval drift and inferred hatching sites
for Ommastrephes bartrami (Cephalopoda, Ommastrephidae) near
the Hawaiian Archipelago. Fishery Bulletin 94: 398-411.

Freeland, J. R. 2005. Molecular Ecology. John Wiley & Sons, Ltd., West
Sussex. 388 p.

Boyle, P. R. & P. G. Rodhouse. 2005. Cephalopods: ecology and fisheries.
Blackwell Science Ltd, Oxford. 438 p.

Futuyma, D. J. 2009. Evolution. 2nd Ed. Sinauer Associates, Sunderland,
Massachusetts. 603 p.

Brierley, A. S., P. G. Rodhouse, J. P. Thorpe & M. R. Clarke. 1993. Genetic
evidence of population heterogeneity and cryptic speciation in the
ommastrephid squid Martialia hyadesi from the Patagonian Shelf
and the Antarctic Polar Frontal Zone. Marine Biology 116: 593-602.

Gajardo, G., J. M. Cancino & J. M. Navarro. 2002. Genetic variation and
population structure in the marine snail Chorus giganteus (Gastropoda: Muricidae), an overexploited endemic resource from Chile.
Fisheries Research 55: 329-333.
Hidrobiológica

Genetic diversity of squids

Galleguillos, R., L. Troncoso, C. Oyarzún, M. Astorga & M. Peñaloza. 2000.
Genetic differentiation in Chilean hake Merluccius gayi gayi (Pisces:
Merlucciidae). Hydrobiologia 420: 49-54.
Gomez-Uchida, D., D. Weetman, L. Hauser, R. Galleguillos & M. Retamal.
2003. Allozyme and AFLP analyses of genetic population structure in
the hairy edible crab Cancer setosus from the Chilean coast. Journal
of Crustacean Biology 23: 486-494.
Grant, W. S. & B. W. Bowen. 1998. Shallow population histories in deep
evolutionary lineage of marine fishes: insights for sardines and anchovies and lesson for conservation. Journal of Heredity 89: 415426.
Guerra, A., F. Rocha & A. F. González. 2001. Embryonic stages of the patagonian squid oligo gahi (Mollusca: Cephalopoda). The Veliger 44:
109-115.
Guillot, G., F. Mortier & A. Estoup. 2005. Geneland: A program for landscape genetic. Molecular Ecology Notes 5: 712-715.
Haye, P. A., P. Salinas, E. Acuña & E. Poulin. 2010. Heterochronic phenotypic plasticity with lack of genetic differentiation in the southeastern Pacific squat lobster Pleuroncodes monodon. Evolution and
Development 12: 627-633.
Hebbeln, D., M. Marchant & G. Wefer. 2002. Paleoproductivity in the
southern Peru-Chile current through the last 33000 yr. Marine Geology 186: 487-504.
Herke, S. W. & D. W. Foltz. 2002. Phylogeography of two squid (Loligo
pealei and L. plei) in the Gulf of Mexico and northwestern Atlantic
Ocean. Marine Biology 140: 103-115.
Hoelzel, A. R. 1999. Impact of population bottlenecks on genetic variation and the importance of life-history; a case study of the northern
elephant seal. Biological Journal of the Linnean Society 68: 23-39.
Ibáñez, C. M. & L. A. Cubillos. 2007. Seasonal variation in the length
structure and reproductive condition of the jumbo squid Dosidicus
gigas (d’Orbigny, 1835) off central-south Chile. Scientia Marina 71:
123-128.
Ibáñez, C. M., J. Argüelles, C. Yamashiro, L. Adasme, R. Céspedes & E. Poulin. 2012. Spatial genetic structure and demographic inference of
the Patagonian squid Doryteuthis gahi in the Southeastern Pacific
Ocean. Journal of the Marine Biological Association of the United
Kingdom 92: 197-203.
Ibáñez, C. M., L. A. Cubillos, R. Tafur, J. Argüelles, C. Yamashiro & E. Poulin.
2011. Genetic diversity and demographic history of Dosidicus gigas
(Cephalopoda: Ommastrephidae) in the Humboldt Current System.
Marine Ecology Progress Series 431: 163-171.
Johnson, M. S. & R. Black. 2006. Effects of mode of reproduction on genetic divergence over large spatial and temporal scales in intertidal
snails of the genus Bembicium Philippi (Gastropoda: Littorinidae).
Biological Journal of the Linnean Society 89: 689-704.
Vol. 24 No. 1 • 2014


Katugin, O. N. 2002. Patterns of genetic variability and population structure in the North Pacific squids Ommastrephes bartramii, Todarodes
pacificus, and Berryteuthis magister. Bulletin of Marine Science 71:
383-420.
Keyl, F., J. Argüelles, L. Mariátegui, R. Tafur, M. Wolff & C. Yamashiro.
2008. A hypothesis on range expansion and spatio-temporal shifts
in size-at-maturity of jumbo squid (Dosidicus gigas) in the eastern
Pacific Ocean. California Cooperative Oceanic Fisheries Investigations Reports 49: 119-128.
Kinlan, B. P. & S. D. Gaines. 2003. Propagule dispersal in marine and terrestrial environments: a community perspective. Ecology 84: 20072020.
Kyle, C. & E. G. Boulding. 2000. Comparative population genetic structure
of marine gastropods (Littorina spp.) with and without pelagic larval
dispersal. Marine Biology 137: 835-845.
Lamy, F., D. Hebbeln & G. Wefer. 1999. High resolution marine record of
climatic change in mid-latitude Chile during the last 28 ka based on
terrigenous sediment parameters. Quaternary Research 51: 83-93.
Lecomte, F., W. S. Grant, J. J. Dodson, R. Rodríguez-Sánchez & B. W. Bowen.
2004. Living with uncertainty: genetics imprints of climate shifts in
East Pacific anchovy (Engraulis mordax) and sardine (Sardinops
sagax). Molecular Ecology 13: 2169-2182.
Lee, H. J. & E. G. Boulding. 2009. Spatial and temporal population genetic
structure of four northeastern Pacific littorinid gastropods: the effect
of mode of larval development on variation at one mitochondrial and
two nuclear DNA markers. Molecular Ecology 18: 2165-2184.
Minin, V. N., E. W. Bloomquist & M. A. Suchard. 2008. Smooth Skyride
through a Rough Skyline: Bayesian Coalescent-Based Inference
of Population Dynamics. Molecular Biology and Evolution 25: 14591471.
Nesis, K. N. 1970. The biology of the giant squid of Peru and Chile, Dosidicus gigas. Okeanology 10: 140-152.
Nigmatullin, Ch. M., K. N. Nesis & A. I. Arkhipkin. 2001. A review of the
biology of the jumbo squid Dosidicus gigas (Cephalopoda: Ommastrephidae). Fisheries Research 54: 9-19.
O’Dor, R. K. 1998. Squid life-history strategies. FAO Fisheries Technical
Paper 376: 233-254.
Pecl, R. A., R. R. Warner & S. D. Gaines. 2009. Geographical patterns of
genetic structure in marine species with contrasting life histories.
Journal of Biogeography 36: 1881-1890.
Posada, D. 2008. jModelTest: phylogenetic model averaging. Molecular
Biology and Evolution 25: 1253-1256.
Poulin, E., A. T. Palma, G. Leiva, D. Narváez, R. Pacheco, S. A. Navarrete &
J. C. Castilla. 2002. Avoiding offshore transport of competent larvae
during upwelling events: the case of the gastropod Concholepas
concholepas in Central Chile. Limnology and Oceanography 47:
1248-1255.

10
Rambaut, A. & A. J. Drummond. 2009. Tracer v1.5. Available at http//tree.
bio.ed.ac.uk/software/tracer
Reichow, D. & M. J. Smith. 2001. Microsatellites reveal high levels of gene
flow among populations of the California squid Loligo opalescens.
Molecular Ecology 10: 1101-1110.
Rocha, F., A. Guerra & A. F. González. 2001. A review of reproductive strategies in cephalopods. Biological Review 76: 291-304.
Sánchez, R., R. D. Sepúlveda, A. Brante & L. Cárdenas. 2011. Spatial pattern
of genetic and morphological diversity in the direct developer Acanthina monodon (Gastropoda: Mollusca) Marine Ecology Progress
Series 434: 121-131.
Sandoval-Castellanos, E., M. Uribe-Alcocer & P. Díaz-Jaimes. 2007. Population genetic structure of jumbo squid (Dosidicus gigas) evaluated
by RAPD analysis. Fisheries Research 83: 113-118.
Sandoval-Castellanos, E., M. Uribe-Alcocer & P. Díaz-Jaimes. 2010. Population genetic structure of Humboldt squid (Dosidicus gigas) inferred
by mitochondrial DNA analysis. Journal of Experimental Marine Biology and Ecology 385: 73-78.
Semmens, J. M., G. T. Pecl, B. M. Gillanders, C. M. Waluda, E. K. Shea, D.
Jouffre, T. Ichii, K. Zumholz, O. N. Katugin, S. C. Leporati & P. W. Shaw.
2007. Approaches to resolving cephalopod movement and migration
patterns. Review in Fish Biology and Fisheries 17: 401-423.
Shaw, P. W., G. J. Adcock, W. J. Burnett, G. R. Carvalho & A. I. Arkhipkin.
2004. Temporally distinct spawning cohorts and geographically distinct spawning aggregations within the Patagonian squid Loligo gahi
do not represent genetically differentiated sub-populations. Marine
Biology 144:961-970
Shaw, P. W., G. J. Pierce & P. R. Boyle. 1999. Subtle population structuring
within a highly vagile marine invertebrate, the Veined Squid Loligo
forbesi, demonstrated with microsatellite DNA markers. Molecular
Ecology 8: 407-417.
Shaw, P. W., L. Hendrickson, L. J. McKeown, T. Stonier, M. J. Naud & W.
H. H. Sauer. 2010. Discrete spawning aggregations of loliginid squid
do not represent genetically distinct populations. Marine Ecology
Progress Series 408: 117-127.
Staaf D. J., R. I. Ruiz-Cooley, C. Elliger, Z. Lebaric, B. Campos, U. Markaida
& W. F. Gilly. 2010. Ommastrephid squids Sthenoteuthis oualaniensis

Ibáñez C. M and Poulin E.
and Dosidicus gigas in the eastern Pacific show convergent biogeographic breaks but contrasting population structures. Marine Ecology Progress Series 418: 165-178.
Staaf, D. J., S. Camarillo-Coop, H. D. Haddock, A. C. Nyack, J. Payne, C. A.
Salinas-Zavala, B. A. Seibel, l. Trueblood, C. Widmer & W. F. Gilly.
2008. Natural egg mass deposition by the Humboldt squid (Dosidicus gigas) in the Gulf of California and characteristics of hatchlings
and paralarvae. Journal of the Marine Biological Association of the
United Kingdom 88: 759-770.
Strathmann, R. R. 1990. Why life histories evolve differently in the sea.
American Zoologist 30: 197-207.
Tellier, F., A. P. Meynard, J. A. Correa, S. Faugeron & M. Valero. 2009.
Phylogeographic analyses of the 30 °S south-east Pacific biogeographic transition zone establish the occurrence of a sharp
genetic discontinuity in the kelp Lessonia nigrescens: Vicariance
or parapatry?. Molecular Phylogenetics and Evolution 53: 679693.
Thiel, M., E. Macaya, E. Acuña, W. Arntz, H. Bastias, K. Brokordt, P. Camus, J. C. Castilla, L. R. Castro, M. Cortés, C. P. Dumont, R. Escribano,
M. Fernández, D. Lancelloti, J. A. Gajardo, C. F. Gaymer, I. Gomez, A.
E. González, H. E. González, P. A. Haye, J. E. Illanes, J. L. Iriarte, G.
Luna-Jorquera, C. Luxoro, P. H. Manríquez, V. Marín, P. Muñoz, S. A.
Navarrete, E. Pérez, E. Poulin, J. Sellanes, A. Sepúlveda, W. Stotz, F.
Tala, A. Thomas, C. A. Vargas, J. A. Vásquez & A. Vega. 2007. The Humboldt Current System of northern and central Chile. Oceanographic
processes, ecological interactions and socioeconomic feedback.
Oceanography and Marine Biology: An Annual Review 45: 195-344.
Villegas, P. 2001. Growth, life cycle and fishery biology of Loligo gahi
(d’Orbigny 1835) off the Peruvian coast. Fisheries Research 54: 123131.
Yatsu, A., R. Tafur & C. Maravi. 1999. Embryos and rhynchoteuthion
paralarvae of the jumbo flying squid Dosidicus gigas (Cephalopoda)
obtained through artificial fertilization from Peruvian waters. Fisheries Science 65: 904-908.
Recibido: 2 de febrero de 2012.
Aceptado: 8 de mayo de 2013.

Hidrobiológica

