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a  b  s  t  r  a  c  t

Pelagic  squids  of  continental  shelf  ecosystems  mostly  include  oceanic  and  migratory  species  of the family
Ommastrephidae  and  neritic  species  of  the  family  Loliginidae.  These  two  families  have  contrasting  life
history  strategies;  ommastrephids  spawn  in  the  open  ocean  and  are  thought  to  have  a  high dispersal
potential,  while  loliginids  spawn  on the bottom  and  are  likely  to have  a low  dispersal  potential.  Conse-
quently,  these  squid  species  should  display  different  patterns  in  their  population  dynamics,  which  can
be  inferred  through  commercial  catches.  To  study  the  population  dynamics  of  the  Ommastrephidae  and
the Loliginidae  families,  monthly  time  series  catches  of  Dosidicus  gigas  and  Doryteuthis  gahi  were used.
These  artisanal  fishery  catches  were  made  in  northern  Peru  from  1999  to 2010.  They  were  standardized
to  construct  autocorrelation  functions  so  that  the  relationship  between  catch  dynamics  and  short-term
environmental  change  (thermal  anomalies  of  sea surface  temperature  were  used  as  a  proxy)  could  be

studied.  The  results  revealed  that increases  in  catches  of  D. gigas  and  D. gahi  are  not related  to thermal
anomalies,  but  rather  a pattern  of  drastic  fluctuations  in  D. gahi  catch  sizes  are  seen.  In,  both  species,
temporal  relationships  indicate  that  the  annual  growth  rate  and  changes  in abundance  can  modelled  as
a function  of the catch  density  observed  in  previous  years.  We  propose  that  these population  differences
result  from  the  contrasting  life  history  strategies  and  differential  habitat  use  of these  two  squid  species.

© 2015  Elsevier  B.V.  All  rights  reserved.
. Introduction

Extending along the west coast of South America from Southern
hile (ca. 42◦S) to the Galapagos Islands near Ecuador (Thiel et al.,
007), the Humboldt Current System (HCS) is the most productive
arine ecosystem on Earth. Oceanographically this area is char-

cterized by several features that increase primary productivity in
his region. These features include local coastal upwelling and a
redominant northward flow of sub-Antarctic waters (Montecino

t al., 2005; Thiel et al., 2007). Large-scale climate phenomena pro-
uce strong fluctuations in temperature and productivity in oceanic
nd neritic ecosystems that supply the abundant fishery grounds

∗ Corresponding author.
E-mail address: christian.ibanez@unab.cl (C.M. Ibáñez).

ttp://dx.doi.org/10.1016/j.fishres.2015.06.014
165-7836/© 2015 Elsevier B.V. All rights reserved.
off Chile and Peru (Montecino et al., 2005; Thiel et al., 2007). An
example of this is the El Niño Southern Oscillation (ENSO), which
drastically alters coastal upwelling and consequently primary pro-
ductivity. In this scenario, cephalopods, fish, and other invertebrate
populations have experienced dramatic inter-annual fluctuations
in abundance principally due to environmental variation (Keyl
et al., 2008; Rosa et al., 2013). Moreover, the migration pattern,
population size, and geographic distribution of many marine organ-
isms, and particularly cephalopods, are particularly susceptible to
changes in oceanographic conditions (Boyle and Boletzky, 1996;
Anderson and Rodhouse, 2001; Dawe et al., 2007; Semmens et al.,
2007).

Globally, the pelagic squid fauna of most continental shelf

ecosystems is dominated by species of the families Ommastrephi-
dae (Suborder Oegopsina) and Loliginidae (Suborder Myopsina)
(Dawe et al., 2007). These squids are common in many ecosystems;

dx.doi.org/10.1016/j.fishres.2015.06.014
http://www.sciencedirect.com/science/journal/01657836
http://www.elsevier.com/locate/fishres
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fishres.2015.06.014&domain=pdf
mailto:christian.ibanez@unab.cl
dx.doi.org/10.1016/j.fishres.2015.06.014
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Fig. 1. Map  showing the fishing zone where Dosidicus gigas and

owever, ommastrephids are typically oceanic and more migratory
han the neritic loliginids (Boyle and Rodhouse, 2005; Dawe et al.,
007). In the HCS, these two groups are represented by Dosidicus
igas (d’Orbigny, 1835) and Doryteuthis gahi (d’Orbigny, 1835). D.
igas is a species that inhabits both oceanic and neritic waters from
he surface to 1200 m in the Pacific Ocean (Nigmatullin et al., 2001;
eyl et al., 2008) while D. gahi is a neritic species that inhabits sur-

ace waters down to 600 m (Jereb and Roper, 2010). According to
sheries data both in Chile and Peru (Cardoso, 1991; Rocha and
ega, 2003), these are the most abundant squids in the HCS. In addi-

ion to their differing habitats, the life history strategies of these
wo squids are also in contrast. While D. gigas has been shown to
ave multiple spawning events near the surface (Rocha et al., 2001;
igmatullin et al., 2001; Staaf et al., 2008), D. gahi is a terminal

pawner that lays its eggs attached to the sea bottom (Cardoso et al.,
998, 2005). The benthic spawning of loliginids is a key difference
etween them and ommastrephids and it is this benthic spawning
hat can lead to lower a dispersal ability of loliginids (O’Dor and

ebber, 1991). These differences in reproductive strategies have
eaningful implications for genetic diversity and spatial structure

f these squid species (Ibáñez and Poulin, 2014).
In the last 15 years, fisheries statistics of these species both in

hile and Peru have shown some consistent patterns in squid land-
ngs. This has been explained by the increase of squid population
iomass in response to varying environmental conditions occur-
ing at different time scales in the HCS. Despite poor abundance
ata of squid populations, some authors have postulated that envi-
onmental conditions, especially relatively short-term events such
s El Niño and La Niña, play an important role in determining the
bundance of D. gigas and D. gahi (Villegas, 2001; Anderson and
odhouse, 2001; Rocha and Vega, 2003; Waluda and Rodhouse,
006). Specifically, an increase in sea surface temperature (i.e., El
iño) was postulated to have a negative effect on squid catches
hile a decrease in sea surface temperature (i.e., La Niña) has been
ound to have a positive effect (Villegas, 2001; Rodhouse, 2001;
nderson and Rodhouse, 2001; Taipe et al., 2001; Rocha and Vega,
003; Waluda et al., 2006; Waluda and Rodhouse, 2006). However,
he results and conclusions of these studies could be questioned
teuthis gahi were captured by artisanal fleets in northern Peru.

since the authors did not address the theory of population dynam-
ics properly. As such, these studies should be reviewed in order
to address possible reasons and mechanisms for the observations
presented. Nevertheless, their hypotheses are consistent with the
observed landing time series of the 1990s; the high volume of
landings of D. gigas in Peru and Chile observed in 1992 declined
and disappeared during the 1997–98 El Niño event (Rocha and
Vega, 2003). The last decade showed a sharp increase of landings
after 2000 such that in 2005, 296, 953 t were recorded; this coin-
cided with a longer-lasting cooling of the Eastern Pacific. However,
the landings also show seasonal synchronous periodicity (Zúñiga
et al., 2008) in line with seasonal patterns of size structure (Chong
et al., 2005; Ibáñez and Cubillos, 2007). This phenomenon is not
addressed by the studies described above. The pattern of size struc-
ture of D. gahi is different from that of D. gigas as the landing
fluctuations are less drastic and more consistent. Interestingly in
the North Atlantic, asynchronous population fluctuations of an
ommastrephid and a loliginid species were observed in relation to
thermal anomalies caused by the North Atlantic Oscillation (NAO)
(Dawe et al., 2007). It has been suggested that climate-related
events (e.g., ENSO, NAO) could cause changes in population distri-
butions (horizontal and vertical) rather than changes in population
size (Semmens et al., 2007). Changes in the geographical range of
migratory patterns of squids have been described as “invasions” or
“population expansions” in both hemispheres of the Pacific Ocean
(Field et al., 2007; Zeidberg and Robison, 2007; Keyl et al., 2008
Keyl et al., 2008).

Thus, the contrasting life history strategies of D. gigas and D. gahi
populations in the HCS should influence the population dynamics of
these squids. Here, we test the hypothesis that the observed intra-
annual variation in biomass of D. gigas and D. gahi in the HCS is
the result of population dynamics influenced by density-dependent
factors and climate effects.
2. Materials and methods

Statistical data of monthly Catch Per Unit Effort (CPUE)
from the IMARPE database were compiled for the study period
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Table  1
Results of Generalized Additive Models (GAM) applied to catch fluctuations of D.
gigas and D. gahi as function of year and season in northern Peru.

Estimate S.E. t-Value P

Dosidicus gigas Intercept −3058.38 5089.60 −0.601 0.549
Year 1.530 2.538 0.603 0.548
Season −0.195 0.653 −0.299 0.756
Intercept −715.13 2495.86 −0.287 0.775

(
c
D
m
(
s
k
(
(

t
i
a

F

Doryteuthis gahi
Year 0.357 1.245 0.287 0.774
Season 0.032 0.321 0.098 0.922

January 1999 to December 2010). The catch data used were
ollected by an artisanal fleet focused on fishing D. gigas and
. gahi squids in northern Peru (5–6◦S). The CPUE were esti-
ated as tonnes/trip from two locations in Northern Peru

Talara and Piura) (Fig. 1). We  used thermal anomalies of sea
urface temperature (hereafter SSTA) from the maritime region
nown as El NIÑO1 + 2 as a proxy for environmental variation
http://www.esrl.noaa.gov/psd/data/climateindices/list/for info)
Fig. 1).
To assess the relationship of the CPUE data to the time series and
hermal anomaly data (SSTA from El NIÑO1 + 2), we  used a General-
zed Additive Model (GAM) imploying a Quasi-Poisson distribution
nd a link log function which is robust against zero values and cor-
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ig. 2. Squid catches by the artisanal fleet in northern Peru as a function of time in years (A
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rects the asymmetry of the distribution. Specifically the model is
as follows: CPUE = � + s(time) + s(SSTA El Niño1 + 2) + Year + Season,
∼Quasi-Poisson, where CPUE corresponds to the catch data, � is the
model intercept, s is a smoothing tensor, time represents the time
series from January 1999 to December 2010 (1–144 months) and
SSTA corresponds to the sea surface anomalies at El Niño 1 + 2. This
analysis was  done for both squid species.

We performed a time series diagnosis using an autocorrelation
function (ACF) with log-CPUE. The CPUE data were standardized
by a log transformation. This transformation was used because
the population size through time depends linearly on time (Lima,
2006). The ACF allowed us to determine if the time series was sta-
tionary. Then, we  used a partial autocorrelation function (PACF) to
calculate the order of the time series; this allowed us to determine
whether endogenous or exogenous factors rule the dynamics of the
population (Berryman, 1999).

Finally, we estimated the realized per capita population growth
rate. This metric represents the processes of individual survival
and reproduction that drives population dynamics. The R-function
(Berryman, 1999) is defined as follow: Rt = log(Xt) – log(Xt−1),

where Xt is the CPUE annual data. We  compared first order (Nt−1)
and second order (Nt-2) dynamics using Ordinary Least Squares
(OLS) comparing the coefficient of determination (r2), F- and
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 and B) and seasons (C and D) for Dosidicus gigas and Doryteuthis gahi, respectively.
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Table 2
Results of Generalized Additive Models (GAM) applied to catch fluctuations of D.
gigas and D. gahi as a function of time and thermal variation in northern Peru.

Coefficient (edf) F-Value P

Dosidicus
gigas

s (Time) 8.23 8.581 <0.001
s  (SSTA NIÑO1 + 2) 1.00 0.061 0.805
Explained deviance (%) 71.0
r2Adjusted 0.686
GCV 4.683

Doryteuthis
gahi

s (Time) 8.38 4.765 <0.001
s  (SSTA NIÑO1 + 2) 1.38 1.689 0.671

P
t
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w
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e
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Table 3
Goodness of fit of the instantaneous population growth rates of the standardized
time series of D. gigas and D. gahi squids in northern Peru.

F r2 P AIC

Dosidicus
gigas

Nt−1 11.083 0.552 0.008 16.368
Nt−2 1.098 0.121 0.325 19.257

Doryteuthis Nt−1 8.893 0.497 0.015 16.585

F
c

Explained deviance (%) 30.0
r2Adjusted 0.237
GCV 1.129

-values. Additionally, we computed the Akaike’s Information Cri-
erion (AIC; Akaike, 1974) to select the best model where the lowest
alues of the AIC imply the best fit. The number of parameters
as adjusted when making this computation. The GAM analyses
ere performed using the “mgcv” package, and other analyses were
erformed using the “stats” package. All statistical analyses were

mplemented in R (R Development Core Team, 2011).

. Results

The time series of the squid landings showed a very differ-
nt temporal response for the two squid species. For D. gigas, the
ime series shows sustained growth over time with low periodic-
ty (Fig. 2A). In contrast, the time series of D. gahi shows variable
andings with strong periodicity, decreasing to zero in some peri-

ds and with marked peaks in spring and summer (Fig. 2B). For both
pecies, the CPUE was not significantly different between years and
easons (Table 1, Fig. 2C and D). The GAM of standardized landings
f D. gigas shows some temporal stability and explains 71% of the

ig. 3. Standardized squid catches in northern Peru. Dots correspond to CPUE and the tre
atches versus time (A and B) and SSTA at Niño1 + 2 (C and D) for Dosidicus gigas and Dory
gahi Nt−2 0.437 0.052 0.526 17.760

temporal variation (Table 2, Fig. 3A). In contrast, the standardized
landings of D. gahi show abrupt oscillations that explain 30% of the
temporal variability (Table 2, Fig. 3B). The thermal anomalies of El
Niño1 + 2 did not have a significant effect on the catches of D. gigas
and D. gahi (Table 2, Fig. 3C and D).

For D. gigas the ACF shows a non-stationary pattern. There is
a significant correlation in the first 30 months with a delay of
one month (Fig. 4A). For D. gahi, the ACF has a stationary pattern
with a significant delay of one month and an unclear periodicity
ranging from minimum to maximum catches every 6–15 months
(Fig. 4B). The PACF showed that the species have different endoge-
nous dynamics as the negative correlations occur at different times
(Fig. 5A and B).

From the point of view of the population dynamics, there seems
to be a first order regulation feedback affecting the D. gigas popula-
tion. This can be deduced from the significant inverse relationship
(Table 3) between the per capita population growth rate and the
abundance observed in the previous year (Fig. 6A). In addition, this
relationship indicates that the annual growth rate change in abun-
dance can be modelled as a function of density observed in previous

years; this explains 55% of the variation. For D. gahi, the R-function
was significant (Table 3) (Fig. 6B) and explains 49% of the variation.
From this, it is seen that the D. gahi landings represent a popu-

nd line corresponds to the adjusted model (GAM) ±95% confidence interval. Squid
teuthis gahi, respectively.
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A) Dosidicus gigas and (B) Doryteuthis gahi.

ation with first order dynamics. Second order dynamics have no
ignificant effect in either squid species (Table 3).

. Discussion

The catch data presented indicate different patterns of popula-
ion dynamics for the two squid species studied. The D. gigas catch
ime series shows an increase of catches from 1999 to 2010 and
his increase is not related to SSTA, but rather there are signals
f endogenous factors regulating the population dynamics. On the
ther hand, D. gahi showed a fluctuating pattern of catches related
o endogenous factors, which nevertheless explained only 30% of
ariance. For D. gahi, the population dynamics observed could be
he result of interactive effects of endogenous and exogenous fac-
ors. In the Northern Hemisphere, variable population responses

f two species of ommastrephid and loliginid squids have been
eported for populations subjected to similar oceanographic varia-
ion (e.g., NAO) (Dawe et al., 2007). Recently, it has been suggested
hat climate-related events (e.g., El Niño and La Niña) could alter not
arch 173 (2016) 151–158 155

only the size of a population but they could affect in the distribu-
tion (both horizontal and vertical) of marine populations (Camus,
2008).

Population fluctuations are complex and may  be caused by
an interaction of direct and indirect processes, which can be
both physical and biological. Traditionally, there are two opposing
hypotheses that attempt to explain population dynamics. The first
suggests that exogenous factors, or so-called density-independent
factors such as climate variability, determine population abun-
dance (Lima, 1995; Lima et al., 2000). The second holds that
the observed variability in many populations is explained by
endogenous factors that represent feedback events generated
by the interaction between individuals within populations or
between populations. These are known as density-dependent
factors and are the accurate regulators of natural populations
(Turchin and Taylor, 1992; Berryman, 1999; Pedraza-García and
Cubillos, 2008). It is accepted that the dynamics of natural popula-
tions are the consequence of the interaction between endogenous
(density-dependent) and exogenous (density-independent) factors
(Royama, 1992; Lima, 1995, 2001; Lima et al., 1999; 2000). To study
such interactions, a detailed knowledge of ecological systems and
climate variability is required. Therefore, the density-dependent
and density-independent factors interacting with climate must be
well understood (Stenseth et al., 2002). Climate phenomena such as
the NAO and ENSO have been shown to have an impact on a vari-
ety of ecological processes in marine and terrestrial systems and
these effects are detectable at various spatial and temporal scales
(Stenseth et al., 2002, 2003). In this study, SSTA variation was  not
the best adjustment for both squid species time series. Instead, it
is thought that a strong first order feedback dominates the popula-
tion dynamics. Previous studies have found a significant association
between catch data and SSTA, but these studies have included
the 1997–98 ENSO event data (Waluda et al., 2006; Waluda and
Rodhouse, 2006). However, these studies do not explore the feed-
back structures of the population dynamics and their results are
only associative. Knowing what factors determine squid popula-
tion fluctuations is also needed to examine others results of the
same species or other phylogenetically-related species. In addition,
studies of other ecosystems and studies using more complex mod-
els (e.g., non-linear, interactive effects) could benefit from a firm
knowledge of the factors that shape populations.

It has been proposed that environmental factors and particu-
larly El Niño and La Niña events alter the abundance of D. gigas
and D. gahi in Peru and Chile (Villegas, 2001; Rodhouse, 2001;
Anderson and Rodhouse, 2001; Taipe et al., 2001). Nevertheless, our
results indicate that these species respond differently to environ-
mental variability. This is potentially associated with the different
life history strategies of ommastrephid and loliginid squids. These
differing life history characteristics include the type of spawning,
the related dispersal potential (O’Dor and Webber, 1991; Boyle and
Rodhouse, 2005), as well as the squid habitat use (see Arkhipkin,
2013). Loliginid squids inhabit coastal areas and their populations
are likely to be affected by local or mesoscale variations of ENSO.
Ommastrephid squids, which are typically oceanic, may  migrate
to more stable environmental conditions. In this study we  did not
consider the 1997–98 ENSO period, because the related thermal
anomaly strongly affected several economically important species
landings. It was  assumed that considering this time period would
produce a statistical artifact resulting in a spurious significant rela-
tionship. The analyzed study period (i.e., 1999–2010) consisted of
environmental conditions that were very different from the con-
ditions present before the 1997–98 ENSO event. This study shows

that fishery time series of squid populations are not completely
influenced by local SSTA, and density-dependent processes may be
more important to the population dynamics than are environmen-
tal fluctuations. Nevertheless, SSTA can be considered to be a proxy
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Fig. 5. Partial autocorrelation function (PACF) of the standardized time series of the squids (A) Dosidicus gigas and (B) Doryteuthis gahi.
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ig. 6. Instantaneous population growth rate of the standardized time series of the
quids (A) Dosidicus gigas and (B) Doryteuthis gahi.

ariable for ecosystem productivity. This has been assumed to be
he explanation for spatial and temporal changes in the distribu-
ion and abundance of D. gigas in the Humboldt Current System. It is
hought that these fluctuations are a consequence of changes in the
rophic system provoked by fisheries and environmental changes
Keyl et al., 2008). The Patagonian squid D. gahi spawns in coastal
ones in spring and summer (Villegas, 2001) when the water tem-
erature increases. Thus, juveniles could be easily caught in this
eak fishing period. Rather than thermal anomaly variation, this
iological characteristic may  better explain the different catch pat-
erns seen of D. gahi.

From an ecological point of view, squid populations fluctuate in
esponse to environmental changes and feedback structures. From
n evolutionary perspective, the genetic evidence suggests that

hanges in the distribution and abundance of D. gigas and D. gahi
quids could be related to historical variation in productivity and
ea temperature in the last 40,000 years. It has been assumed that
ore favorable environmental conditions following the last glacia-
arch 173 (2016) 151–158 157

tion period have led to an increase in abundance of both species
(Ibáñez et al., 2011, 2012; Ibáñez and Poulin, 2014).
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Zúñiga, M.J., Cubillos, L.A., Ibáñez, C.M., 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.

http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0125
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0125
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0125
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0125
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0125
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0125
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0125
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0125
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0125
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0125
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0125
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0125
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0125
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0125
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0125
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0130
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0130
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0130
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0130
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0130
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0130
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0130
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0130
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0130
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0130
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0130
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0130
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0130
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0130
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0130
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0130
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0130
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0130
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0130
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0135
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0135
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0135
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0135
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0135
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0135
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0135
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0135
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0135
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0135
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0135
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0135
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0135
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0135
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0135
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0135
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0135
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0135
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0135
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0140
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0140
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0140
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0140
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0140
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0140
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0140
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0140
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0140
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0140
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0140
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0140
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0140
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0140
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0140
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0140
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0140
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0140
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0140
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0140
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0140
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0140
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0140
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0140
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0140
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0145
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0145
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0145
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0145
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0145
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0145
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0145
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0145
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0145
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0145
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0145
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0145
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0145
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0145
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0150
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0150
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0150
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0150
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0150
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0150
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0150
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0150
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0150
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0150
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0150
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0150
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0150
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0155
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0155
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0155
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0155
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0155
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0155
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0155
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0155
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0155
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0155
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0155
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0155
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0155
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0160
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0160
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0160
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0160
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0160
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0160
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0160
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0160
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0160
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0160
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0160
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0160
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0160
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0160
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0165
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0170
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0170
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0170
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0170
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0170
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0170
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0170
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0170
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0170
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0170
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0170
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0175
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0175
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0175
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0175
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0175
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0175
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0175
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0175
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0175
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0175
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0175
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0175
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0175
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0175
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0175
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0175
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0180
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0185
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0185
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0185
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0185
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0185
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0185
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0185
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0185
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0185
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0185
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0190
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0195
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0195
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0195
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0195
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0195
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0195
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0195
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0195
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0195
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0195
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0195
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0195
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0195
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0195
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0195
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0195
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0195
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0195
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0195
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0195
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0195
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0195
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0195
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0200
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0200
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0200
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0200
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0200
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0200
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0200
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0200
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0200
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0200
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0200
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0200
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0200
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0200
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0200
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0200
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0200
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0200
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0200
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0200
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0200
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0200
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0200
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0200
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0200
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0200
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0205
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0205
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0205
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0205
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0205
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0205
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0205
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0205
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0205
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0205
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0205
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0210
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0210
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0210
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0210
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0210
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0210
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0210
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0210
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0210
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0210
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0210
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0210
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0210
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0210
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0210
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0210
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0210
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0210
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0210
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0210
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0210
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0215
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0215
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0215
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0215
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0215
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0215
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0215
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0215
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0215
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0215
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0215
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0215
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0215
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0215
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0215
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0215
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0215
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0215
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0215
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0215
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0215
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0215
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0215
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0215
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0220
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0225
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0225
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0225
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0225
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0225
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0225
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0225
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0225
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0225
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0225
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0225
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0225
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0225
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0225
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0225
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0225
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0225
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0225
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0225
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0225
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0225
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0225
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0225
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230
http://refhub.elsevier.com/S0165-7836(15)00194-0/sbref0230

	Population dynamics of the squids Dosidicus gigas (Oegopsida: Ommastrephidae) and Doryteuthis gahi (Myopsida: Loliginidae)...
	1 Introduction
	2 Materials and methods
	3 Results
	4 Discussion
	Acknowledgements
	References


