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Argentinean  hake,  Merluccius  hubbsi,  is  one  of  the most  important  fishery  resources  of  the  South-western
Atlantic  Ocean,  but  its spawning  biomass  decreased  in  the last fifteen  years,  mainly  due  to  the  increased
fishing  pressure.  It is widely  accepted  that  to understand  recruitment  variability  is  necessary  to  study  the
factors that  determine  survival  of early  stages  of  development.  Nutritional  condition  indexes  have  been
widely  used  to determine  starvation  in  wild  larvae.  In the  present  investigation,  condition  of  M.  hubbsi
larvae  was  estimated  employing  field  collected  material  by  means  of RNA/DNA  index.  This  is the  first
attempt  to use  this  index  in  this  species.  The  change  in  the RNA/DNA  index  showed  a clear  ontogenetic
pattern:  increasing  from  preflexion  to postflexion  stages,  showing  an  apparent  decrease  at  the  end  of
postflexion  stage  and  a conspicuous  increase  once  transformation  stage  was  achieved.  This  pattern  could
utritional condition
NA/DNA ratio

be  indicating  that  the  transition  between  postflexion  and  transformation  stages  might  represent  a critical
phase  along  larval  development.  RNA/DNA  index  also  showed  significant  differences  between  areas  from
the spawning  grounds  characterized  by  different  chlorophyll  a concentration  and  abundance  of  potential
prey.  The  study  of  nutritional  condition  represents  a useful  tool  for identifying  favorable  nursery  areas,
providing  valuable  information  for  a comprehensive  management  of  a population  subject  to overfishing.
. Introduction

Argentinean hake, Merluccius hubbsi,  is one of the most impor-
ant fishery resources of the Argentine Sea, with annual catches
etween 170,000 and 370,000 t since 2000 (Sánchez et al., 2012).

t inhabits the southwestern Atlantic Ocean waters from Cabo Frío
n Brazil (22◦ S) to southern Argentina (55◦ S) at depths ranging
rom 50 to 500 m (Cousseau and Perrota, 1998). There are two
shing stocks, north and south of 41◦ S. Southern or Patagonian
tock, which was  the subject of this study, is the most impor-
ant fishing resource, accounting for 85% of the total estimated
iomass for this species. During the last years of the 90s decade
he spawning biomass of both stocks dramatically decreased, which
as mainly attributed to increased fishing pressure during previous

ears (Aubone et al., 2000). Lately the Patagonian stock also started

o show changes in fish density, sex composition, size structure
nd spawning location. Historically, the reproductive activity of this
roup took place near Isla Escondida (43◦30′ – 44◦ S and 65◦ W),
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mainly between November and April with a peak in December and
January (Ehrlich, 1998; Macchi et al., 2004, 2007). From 1998, stud-
ies showed variations in the reproductive pattern of this species,
suggesting the movement of reproductive adults offshore toward
deeper waters and a decrease in the density of the shoals (Ehrlich
et al., 2000; Macchi et al., 2010).

The hydrography of the Patagonian shelf is characterized by
the formation of a frontal system, produced as a result of the
dynamics of tides (average position of the tidal front indicated
in Fig. 1a). This tidal front separates homogeneous coastal waters
from stratified waters (Glorioso, 1987). This frontal structure is not
permanent and its formation occurs during the austral spring and
summer.

Tidal fronts are characterized by high availability of nitrate
typical from areas of high biological productivity caused by phyto-
plankton blooms and large aggregations of copepods (Ramírez et al.,
1990). This scenario creates a variety of suitable habitats for adult
fish spawning and nursery areas for their eggs and larvae (Sánchez
and Ciechomski, 1995). Bakun and Parrish (1991) characterized

Patagonian tidal frontal area as a successful spawning region. Thus,
hake traditional spawning area would fulfill with Bakun’s “funda-
mental triad” principles (Bakun, 1996): surface layers enrichment
due to the rise of deep rich in nutrients waters, the concentration
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http://www.sciencedirect.com/science/journal/01657836
http://www.elsevier.com/locate/fishres
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fishres.2013.11.009&domain=pdf
mailto:mdiaz@inidep.edu.ar
mailto:marinaveradiaz@yahoo.com.ar
mailto:polivar@icm.csic.es
mailto:gmacchi@inidep.edu.ar
dx.doi.org/10.1016/j.fishres.2013.11.009


M.V. Diaz et al. / Fisheries Research 160 (2014) 60–68 61

Fig. 1. Study area and larvae analyzed. (a) Encircled area indicates the schematic delimitation of the spawning grounds (from Álvarez Colombo et al., 2011). Gray dashed
line  shows the average position of the tidal front (critical Simpson parameter ϕ = 40 J m−3). Points indicate position of sampling stations, crosses indicate sampling stations
without hake larvae, circles indicate larval densities and squares indicate larvae employed for RNA/DNA analysis. (b) Typical horizontal section (solid gray line in Fig. 1a) of
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f planktonic organisms that are potential prey for larvae and the
etention of eggs and larvae in favorable areas. The combination of
hese processes ensures survival of fish early life stages.

The observed changes in hake spawning pattern causes that
atching takes place in sites with different environmental features
o those found close to frontal zones, and probably less favor-
ble for larval growth and survival. The questions arising from the
bove are: What happens to larvae that hatch away from high-
roductivity traditional spawning areas? Will they have the same
urvival chances? Will they be more affected by starvation?

Nutritional condition indexes have been widely used to deter-
ine the importance of starvation in larvae caught in the ocean

Buckley, 1984; Clemmesen, 1994; O’Connell, 1980; Robinson and
are, 1988; Theilacker, 1986). Different criteria have been devel-

ped to assess nutritional condition of fish larvae based on the
ifferences that starvation produces in body form, condition fac-
or, chemical cell constituents and histological integrity. These

ethodologies were extensively reviewed by Ferron and Leggett
1994). They divided condition indices into three main categories
ccording to the main organization levels: organism, tissular and
ellular. These indices operate at different time scales. Typically,
he higher the organization level of the index, the longer it takes to
espond to an environmental change. Morphometric techniques or
ipid content determination allows to assess physiological changes
n a weekly scale, growth rates (RNA/DNA, otolith growth, cell
ycle studies) or indices of starvation (histological indexes such as
ntestinal epithelial cells height) give information about changes on
 scale of days and rates of feeding (e.g. stomach fullness or trypsin
ctivity) on a scale of hours. Many studies suggest that RNA/DNA
ndex is one of the best indicators of the nutritional status of var-
ous marine organisms (e.g. Bailey et al., 1995; Clemmesen, 1994;
ratified zones of the tidal front. Typical vertical section of temperature (◦C) during
itional spawning area, (e) external northern area and (f) external southern area. T:
: external southern area.

Folkvord et al., 1996) and is currently the most widely used bio-
chemical indicator of nutritional condition of fish larvae (Caldarone
et al., 2003; Clemmesen, 1994; Grote et al., 2012; Malzahn et al.,
2007; Meyer et al., 2012; Paulsen et al., 2013). The RNA/DNA index
is an ecophysiological indicator that provides a measure of the
capacity for synthesis of cells and usually correlates with the nutri-
tional status of individuals (Buckley et al., 1999; Ferron and Leggett,
1994). The theoretical principle of using RNA/DNA ratio is based on
the fact that DNA content is virtually constant in somatic cells, so
that tissue concentrations reflect the number of cells and is inde-
pendent of nutritional status, while the amount of cellular RNA,
mainly ribosomal RNA (rRNA) available in the tissues is directly
proportional to the level of protein synthesis (Clemmesen, 1994).
RNA/DNA ratio varies with age, stage of development, size of the
individual and changing environmental conditions (Bulow, 1970).
It has also proved to be susceptible to environmental changes that
affect the physiology of organisms, such as a low concentration of
prey (Chícharo and Chícharo, 1995; McGurk et al., 1992). Thus, the
organisms in good condition usually have higher values of the ratio
RNA/DNA than those which are in a poor condition (e.g. Clemmesen,
1994; Robinson and Ware, 1988).

Due to the overfishing that hake has suffered in recent years,
studies on reproduction and recruitment of this species have been
intensified. There is detailed information on spatial and temporal
distribution of the species, breeding and rearing, egg production
and reproductive parameters (e.g. Macchi et al., 2004, 2006, 2007,
2010; Pájaro et al., 2005; Renzi et al., 2000, 2002). However, up to

now, no research has been conducted on the nutritional condition
of larvae. Thus, this study represents the first approach to this issue
and the first time RNA/DNA determinations are made employing
this species.
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Table  1
General information about samplings and material employed from the different studied areas to determine nutritional condition of Merluccius hubbsi by means of RNA/DNA
index.

Date Plankton net Time Lat. (◦ S) Long. (◦ W) Depth (m) Area N Temp. (◦C)

02 Feb 2011 Bongo/RMT 21:40 44.46 64.95 76 T 28 11.84
07  Feb 2011 Bongo 6:25 43.04 62.56 75 Ex-C 2 09.55
07  Feb 2011 RMT  23:47 44.13 63.81 75 Ex-S 25 10.55
08  Feb 2011 Bongo 6:15 44.11 64.23 55 T 1 13.18
08  Feb 2011 Bongo 11:20 43.82 65.02 73 T 4 11.94
08  Feb 2011 EBS/RMT 12:50 44.00 64.41 70 T 34 11.94
08  Feb 2011 Bongo 16:30 44.15 64.58 67 T 11 11.94
08  Feb 2011 Bongo 19:50 43.84 64.28 46 T 14 15.49
09  Feb 2011 Bongo 0:45 43.55 64.66 56 T 6 14.62
09  Feb 2011 Bongo 2:27 43.33 64.23 69 T 25 11.67
09  Feb 2011 Bongo 5:28 43.47 63.92 69 Ex-C 7 10.08
09  Feb 2011 EBS 11:39 43.75 63.55 84 Ex-C 16 08.97
09  Feb 2011 RMT 21:45 43.99 63.12 68 Ex-C 51 10.36
10  Feb 2011 EBS 12:18 43.54 63.28 76 Ex-N 70 10.82
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, larvae employed for nutritional condition analyses; Temp, mean temperature re
ampler; T, traditional spawning area; Ex-N, external northern area; Ex-C, external

The information obtained from this study will determine
hether all areas of the nursery grounds are equally favorable for

arval survival, and thus, will provide tools to explain the variations
n recruitment and may  be used for the management of this species
nder severe fishing pressure.

. Materials and methods

.1. Sampling and larval source

Larvae were collected during a research survey carried out in
orthern Patagonian coasts during January–February 2011, within
he spawning peak of M. hubbsi southern stock. Samples were
aken employing a 300 �m mesh Bongo net performing oblique
ows from about two meters from bottom to surface. Addition-
lly samples were taken according to the acoustics records with

 500 �m mesh Rectangular Midwater Trawl (RMT) and when
he acoustic signal was close to the bottom a 1000 �m mesh
pibenthic sampler (EBS) was used (Álvarez Colombo et al., 2011).
ceanographic data were obtained using a SBE 19 Seacat CTD
rofiler at each station. Moreover, information about chloro-
hyll a concentration, quantified from surface water samples, and
bundance of the different copepod developmental stages, esti-
ated from plankton samples collected with a 220 �m mesh
inibongo net was analyzed in relation to the spatial variation

f larval condition. Zooplankton samples were collected per-
orming oblique tows from about two meters from bottom to
urface.

Larvae for condition analyses were sorted out on board and
rozen in liquid nitrogen. Standard length (SL) was measured to
he nearest 0.01 �m using a Carl Zeiss stereoscope equipped with
xio Vision software. A developmental stage was assigned accord-

ng to Betti et al. (2009). Head and gut (including the adjacent
rgans, liver and pancreas) were separated from the rest of the body
y means of a scalpel in order to prevent the influence of viscera
nd brain tissues on RNA/DNA index among developmental stages
Olivar et al., 2009). This procedure was performed on ice to avoid
ucleic acids degradation. Larvae were freeze dried and stored at
80 ◦C until analyses were carried out (N = 275). See Table 1 for

nformation about samplings. Individual larval trunk was weighed
o the nearest �g employing a Sartorius microbalance. From lar-
al length distribution and length-age relationship obtained by

rown et al. (2004) for hake larvae collected in January, we
ssume that the age range of larvae herein employed was between
wo weeks (4 mm)  and more than two month from hatching
11 mm).
ed under the thermocline (◦C); RMT, Rectangular Midwater Trawl; EBS, epibenthic
l area; Ex-S, external southern area.

2.2. Analytical protocol

Analysis of RNA and DNA contents was  performed by a mod-
ification of the protocol published by Caldarone et al. (2001) and
Caldarone (2005) for fish larvae. The main modification was  related
to the use of 1 ml  of assay sample instead of microplate. The proto-
col involves mechanical and chemical homogenization of each larva
and subsequent fluorescence-photometric measurements using
ethidium bromide (EB) as a specific nucleic acid fluorochrome dye.
Fluorescence was measured on a Perkin Elmer spectrofluorometer
(excitation: 360 nm,  emission: 590 nm). Total nucleic acid concen-
trations were first determined and then samples were incubated
with ribonuclease A (type II-A). The fluorescence due to total RNA,
mainly ribosomal, was  calculated as the difference between total
fluorescence (RNA and DNA) and the fluorescence measured after
ribonuclease A treatment, which is assumed to be due to DNA. Con-
centrations of nucleic acids were determined by running standard
curves of DNA and RNA with EB every day, with known concentra-
tions of calf thymus DNA and yeast RNA, in the appropriate range
of concentrations. The average ratio of the slopes of DNA and RNA
standard curves was 2.50 ± 0.36.

All RNA/DNA values obtained from our analyses were standard-
ized (RDs) according to the procedure described in Caldarone et al.
(2006) using 2.4 as the reference slope-ratio value. RDs values were
used in all the statistical analyses.

Growth rate (G) was estimated employing the best-fit meta-
analysis model RDs – T − G obtained by Buckley et al. (2008),
developed for other Gadiformes (cod and haddock):

G = 0.0254 × RDs + 0.0037 × T × RDs − 0.0873 (1)

where G is the instantaneous growth rate, RDs the standardized
RNA/DNA index, and T the median in situ temperature below the
thermocline since this depth strata is where hake larvae are mainly
found (Álvarez Colombo et al., 2011).

To estimate the RDs threshold level for the growth of hake lar-
vae, the turning point from positive G to negative G was calculated,
followed by back-calculating the related RDs of this turning point.

Growth performance (Gpf), the quotient of the observed growth
rate and the growth rate achieved by larva under optimal feeding
and environmental conditions (Gmax), provides an objective mea-
sure of larval condition (Buckley et al., 2008). Due to the lack of a
Gmax model for M. hubbsi,  larval growth rates were compared to a
reference growth rate (G ). G was calculated according to Houde
ref ref
and Zastrow (1993) who published a multi-species model based on
80 marine and estuarine species:

Gref = 0.0106 × T − 0.0203 (2)
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preflexion, flexion and postflexion larvae from northern area (Fig. 4
and Table 2). The lowest growth rate and growth performance val-
ues were observed for flexion and postflexion larvae from northern
area (Table 2).
ig. 2. Nucleic acids content in relation to Merluccius hubbsi larval standard leng
NA  × mg  DW−1.

.3. Statistical analysis

Differences among four defined areas within the spawning
rounds were determined through ANOVA followed by Tukey’s
onestly Significant Difference test. Due to the rather reduced
umber of samples, data did not meet ANOVA assumptions of
ormal distribution and homogeneous variances, but it is gener-
lly agreed that the ANOVA is robust against violations of these
ssumptions. Nevertheless, complementary, we  performed a non-
arametric Kruskal–Wallis test followed by multiple comparisons
nd results were identical to those obtained employing ANOVA.
he traditional spawning area was defined according to Álvarez
olombo et al. (2011), and three external additional areas were
efined: northern, central and southern (see Fig. 1).

. Results

.1. Hydrography

A clear separation between the coastal area, characterized by
ell-mixed waters (Fig. 1c), and the offshore stratified region was

bserved within traditional spawning area. A sharp thermocline
f varying thickness at 30–40 m depth separated the upper and
ottom waters in most of the sampled stations: offshore stations
f traditional spawning area and external central area (Fig. 1d), as
ell as external northern (Fig. 1e) and southern (Fig. 1f) areas.

.2. Ontogenetic changes in nucleic acid content and RD index

Ontogenetic changes in RNA and DNA contents per larva and
ry weight unit are shown in Fig. 2. A positive relationship was
bserved between larval nucleic acid content and SL (Fig. 2a). On
he other hand, DNA content per dry weight unit (�g × mg  DW−1)
howed a reduction with larval size but RNA per dry weight did not
how a clear pattern with SL (Fig. 2b).

The RDs ratio increased slightly from preflexion to postflexion

tages (4–8 mm SL), maintaining a steady level within postflexion
tage. At the end of the latter developmental stage (15–16 mm
L) the ratio first showed a slight decrease and then a signif-
cant increment until transformation stage (Fig. 3). Mean RDs
), (a) DNA �g × larva−1, (b) RNA �g × larva−1, (c) �g DNA × mg  DW−1 and (d) �g

values resulted significantly different between developmental
stages (F(3,271) = 113.34; P < 0.001), with a mean and standard devia-
tion of 0.86 ± 0.53 for preflexion larvae stage, 1.54 ± 0.66 for flexion
stage, 2.51 ± 1.05 for postflexion and 6.62 ± 2.01 for transforma-
tion stage individuals. Besides, no correlation was found between
RD and temperature for any of the analyzed developmental stages
(Pearson’s correlation coefficients: −0.19, −0.10, 0.13 and −0.98 for
preflexion, flexion, postflexion and transformation stages respec-
tively, P > 0.01 in all the correlations).

3.3. RD index within nursery grounds

Since RDs index showed an ontogenetic pattern, comparisons
between different areas of nursery grounds were made within a
certain developmental stage. No differences were found between
mean RDs obtained for preflexion larvae from different areas. Max-
imum RDs mean values for flexion, postflexion and transformation
individuals were observed within external central area followed by
traditional spawning area. The lowest RDs values were observed for
Fig. 3. Box-plot diagram of standardized RNA/DNA ratio (RDs) obtained for each
size class of Merluccius hubbsi larvae. Developmental stages are indicated.
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Table  2
Mean and standard deviation of standardized RNA/DNA ratio values (RDs), growth rate (G) and growth performance (Gpf) for each developmental stage of Merluccius hubbsi
larvae.

Stage/area Parameter T Ex-N Ex-C Ex-S Differences between areas

Preflexion RDs 0.84 ± 0.57 0.75 ± 0.44 1.20 ± 0.49 1.14 ± 0.37 P > 0.01
G  −0.02 ± 0.04 −0.03 ± 0.03 −0.01 ± 0.03 −0.01 ± 0.02 P > 0.01
Gpf  −0.03 ± 0.04 −0.04 ± 0.03 −0.01 ± 0.03 −0.01 ± 0.02 P > 0.01
N  51 23 6 5

Flexion RDs  1.26 ± 0.37 1.24 ± 0.48 1.96 ± 0.71 1.74 ± 0.49 P < 0.001
G  0.01 ± 0.03 −0.001 ± 0.03 0.04 ± 0.05 0.03 ± 0.03 P < 0.001
Gpf  0.002 ± 0.03 −0.01 ± 0.03 0.03 ± 0.05 0.03 ± 0.03 P < 0.001
N  18 39 37 4

Postflexion RDs  2.68 ± 1.01 1.55 ± 0.40 2.68 ± 1.22 2.14 ± 0.62 P < 0.05
G  0.10 ± 0.07 0.02 ± 0.03 0.08 ± 0.07 0.05 ± 0.04 P < 0.05
Gpf  0.10 ± 0.07 0.01 ± 0.03 0.08 ± 0.08 0.05 ± 0.04 P < 0.05
N  36 6 30 16

Transformation RDs  4.89 ± 0.09 – 8.34 ± 0.38 – P < 0.001
G  0.25 ± 0.004 – 0.42 ± 0.02 – P < 0.001
Gpf  0.25 ± 0.005 – 0.44 ± 0.02 – P < 0.001
N  2 2
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ifferences among areas within a developmental stage, after one way  ANOVA follo

The RDs threshold level for growth was calculated for each larva
mploying Eq. (1) assuming a growth rate equal to zero (G = 0) and
sing the registered temperatures at the station where each larva
as caught. Temperature ranged between 9 and 15 ◦C and the RDs

hreshold from 1.49 and 1.08.
A RDs threshold for growth was calculated for each area

mploying the mean temperature registered. It was 1.198 for the
raditional spawning area, 1.334 in the external northern area,
.421 in the external central area and 1.355 in the external south-
rn area. Individual larva RDs in each area are showed in Fig. 5 and
hreshold for growth is indicated. The external northern area and
raditional spawning area had higher proportion of larvae below
hreshold value, being 58% and 45% respectively. The external cen-
ral and southern area showed only 24% of larvae below threshold
alue. Larvae with RDs indexes below threshold for growth were
ainly preflexion and flexion individuals smaller than 8 mm SL.

hen we compared RDs obtained employing only larvae smaller

han 8 mm SL the external northern area and traditional spawning
rea had higher proportion of larvae below threshold value, being

ig. 4. Mean standardized RNA/DNA ratio (RDs) in relation to Merluccius hubbsi lar-
ae developmental stages from analyzed areas, T: traditional spawning area, Ex-N:
xternal northern area, Ex-C: external central area, Ex-S: external southern area. Dif-
erent capital letters indicate significant differences (P < 0.001) among areas within

 developmental stage, according to a posteriori Tukey’s test.
-S, external southern area.
y a posteriori Tukey’s test are indicated.

66% in both areas. The external central and southern area showed
only 37% and 55% of larvae below threshold value respectively.

4. Discussion

4.1. General considerations

Many studies have shown evidence that the RNA/DNA ratio is
one of the best indicators of the nutritional condition and growth
of several marine organisms (e.g. Bailey et al., 1995; Clemmesen,
1994; Folkvord et al., 1996). To date, it is the most widely used
biochemical index to determine larval condition, especially for
clupeids larvae since they are abundant and easily obtained. Never-
theless, for the many different hake species around the world, there
is only one work available on this issue, i.e. for the southeast Atlantic
Ocean, Merluccius capensis and Merluccius paradoxus,  employing
individuals younger than one month old (Grote et al., 2012). In
the present study we analyzed RDs changes along the entire early
ontogeny of M.  hubbsi (larval stages and transformation) and com-
pared different areas within the species nursery grounds.

Moreover, the use of the standardization methods established
by Caldarone et al. (2006) and Buckley et al. (2008) for RD indexes
allows direct comparisons with results from other studies, regard-
less of the nucleic acids quantification protocol employed, fact that
has contributed to make this technique a powerful tool.

4.2. Ontogenetic changes in nucleic acid content and RD index

Nucleic acids contents per larval weight unit showed a reduction
in DNA concentrations (�g × mg  DW−1) related to size increment.
This is due to the fact that DNA content, the primary carrier of
genetic information, is stable within the somatic cells of a species
and when cellular size increases, DNA amount stays stable (hyper-
trophy). On the other hand RNA concentrations (�g × mg  DW−1)
did not show a clear pattern with the increment in size of the
specimens. Since the amount of RNA is directly involved in pro-
tein synthesis, this is related to larval condition, varing with age,
life-stage, organism size, disease state and changing environmen-
tal conditions (Bulow, 1970). The change in the RD index showed a

clear ontogenetic pattern: increasing from preflexion to postflexion
stages, showing an apparent decrease at the end of postflex-
ion stage and a conspicuous increase once transformation stage
was achieved. This pattern could be indicating that the transition
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Fig. 5. Standardized RNA/DNA ratio (RDs) in relation to Merluccius hubbsi larvae standard length (SL) from analyzed areas, (a) traditional spawning area (T), (b) external
n a (Ex-
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orthern area (Ex-N), (c) external central area (Ex-C) and (d) external southern are
elow  thermocline obtained in each area. Percentage of larvae below RDs threshold

etween postflexion and transformation stages might represent a
ritical phase along larval development. This is an issue that needs
o be further validated with a larger number of samples, since only

 small amount of late postflexion larvae and transforming speci-
ens were available in the present study.
The transformation stage is characterized by important changes

n the overall shape and structural features involving loss of lar-
al characters and the acquisition adult ones (Moser, 1996). This
ransition between larvae and juvenile is accompanied by behav-
oral and habitat changes (Maynou et al., 2006). In demersal species
uch as hake, transformation individuals leave the pelagic habi-
at and begin the settlement process. These habitat switch also
nvolve changes in biotic (i.e. available prey, aggregation indices,
resence of new predators) and abiotic aspects (i.e. temperature,

ight, oxygen). Thus, adapting to the new environment (new diet,
ew predators and different physical conditions) implies a huge
nergetic cost, and makes this stage a particularly vulnerable one
Balon, 1985; Watanabe and Saito, 1997). Several authors pointed
ut the importance of the mortality during metamorphosis from
arval to juvenile stages and its possible effect on recruitment vari-
bility (Bradford, 1992; Cushing, 1996; Myers and Cadigan, 1993;
horisson, 1994).

Grote et al. (2012) found a similar pattern in the trend of the
Ds index along larval development, since they obtained also an

ncrement between preflexion and postflexion stages for larvae of
. paradoxus and M.  capensis. However, there is no data available of

ny other species of hake with which to compare over the second
onth of life. On the other hand, RDs indexes herein obtained for M.

ubbsi resulted somewhat lower than those showed by Grote et al.

2012) for pre-flexion larvae, but values obtained for flexion and
ostflexion larvae were within the range observed for M. paradoxus
nd M.  capensis, and even higher if the provenance of the larvae is
istinguished.
S). Dashed line indicates the threshold RDs level for growth at mean temperature
 for growth is indicated in each area.

According to our results, Gwak and Tanaka (2001) observed a
reduction in the RNA/DNA index of Paralichthys olivaceus larvae
after larval settlement. This result was  attributed to the energy
cost required by morpho-physiological changes at this develop-
mental stage and the starvation period suffered during settlement.
This period of high mortality was  characterized as a second critical
period, following yolk absorption, in the ontogeny of larval P. oli-
vaceus (Gwak and Tanaka, 2001; Gwak et al., 2003). Additionally,
Tanaka et al. (2007) observed an important increase in RNA/DNA
index toward the end of metamorphosis of Thunnus orientalis lar-
vae, in coincidence with feeding switch from small prey (mainly
mesozooplankton) to large prey (mainly fish larvae). Thus, the
noticeable RDs increase here observed during the transformation
stage may  be explained by the feeding switch from mesozooplank-
ton to macrozooplankton preys (mainly euphausiids and mysids)
as was reported for M. hubbsi (Moriondo et al., 2001).

4.3. RD index within nursery grounds

Excepting for a few coastal stations within tradition spawning
area, all sampled stations of Patagonian hake stock nursery grounds
resulted similar in terms of hydrographical features. The transition
zone between the homogeneous and stratified sectors of the frontal
system was located in the inner shelf, with the well-mixed region
confined to a narrow band near the coastline. Therefore, most of
the habitat of hake larvae corresponded to the stratified offshore
waters.

Larvae collected in the external northern area showed signif-
icantly lower condition indexes in comparison to those from the

other areas studied. Probably these specimens have been trans-
ported to this area, but had little chance to survive given the low
RDs values recorded and the high proportion of individuals below
growth threshold. In other hake species it has been reported that
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Table  3
Mean and standard deviation of temperature below thermocline (Temp, ◦C), surface chlorophyll a (Chl a, mg × m−3), copepod nauplii density, small copepods (<1 mm CL)
density,  medium copepods (1–2 mm CL) density, big copepods (>2 mm CL) density (individuals × m−3), obtained in each area.

Zona Temp. (◦C) Chl aa Naupliib Small cop.b Medium cop.b Big cop.b

T 12.83 ± 1.47 2.03 ± 1.31 3797 ± 3254 5029 ± 2741 1513 ± 816 301 ± 123
Ex-N  10.82 ± 0.02 0.32 – – – –
Ex-C  9.74 ± 0.61 1.22 ± 0.34 580 ± 536 10,851 ± 209 6828 ± 1618 522 ± 112
Ex-S  10.55 ± 0.11 1.07 ± 0.43 606 8700 3515 1391
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, traditional spawning area; Ex-N, external northern area; Ex-C, external central ar
a Unpublished data, A.D. Cucchi Colleoni, pers. comm.
b Unpublished data, M.D. Viñas and B. Temperoni, pers. comm.

arvae transported offshore can be trapped in an unfavorable envi-
onment and eventually die (Álvarez et al., 2001; Hollowed and
ailey, 1989). The circulation in the study area is characterized
y a flow in two layers, wherein the upper layer moves toward
he northeast while the lower layer moves much more slowly in
he opposite direction (Palma et al., 2008). Álvarez Colombo et al.
2011) have shown that retention of hake larvae in northern Pata-
onia and the location of the main settlement site can be explained
y the coupling of behavior and circulation patterns. Larvae of
izes below 4 mm SL, (less than seven days after hatching), con-
entrate at thermocline depth, a layer with little movement, which
elps to minimize dispersion (Álvarez Colombo et al., 2011). The
hermocline layer also concentrates eggs and larval stages of cope-
ods (Viñas and Santos, 2000), thus including calanoid copepodites
maller than 2 mm that are hake preferred prey items (Temperoni
nd Viñas, 2013). Hake larvae in advanced developmental stages
ith functional swim bladders are able to perform diurnal vertical
igrations, remaining near the bottom during the day and ascend-

ng to the depth of the thermocline at night (Álvarez Colombo et al.,
011). However, since the retention process is not perfect, some
dvective losses are expected. The presence of larvae in poor con-
ition in northern external zone could be due to the fact that larvae

n deficient nutritional condition are usually in upper layers of the
ater column due to the lack of buoyancy control (Neilson et al.,

986; Sclafani et al., 1993) and have lower swimming ability (Faría
t al., 2011) than healthy larvae, and therefore are less able to per-
orm daily vertical migrations and to remain in the spawning area.
hus, those larvae showing a bad physiological condition are more
ikely to be in the upper layer of water that flows in northeast
irection and shipped away from traditional spawning grounds.

In addition, Macchi et al. (2010) detected an expansion of the M.
ubbsi spawning activity into deeper waters and reported the pres-
nce of a breeding group of hake near the 100 m isobath, which has
ncreased in abundance from 2006. Taking into account the circu-
ation patterns described for northern Patagonia and the fact that
ffshore high levels of recently settled juvenile hake have been
ccasionally detected (Machinandiarena et al., 2006), the pres-
nce of larvae of this species in the external southern area could
e a result of these external spawnings reported in recent years.
ince individuals from this last area showed moderate condition
ndices, it could be considered that they will recruit to the stock in
hese southernmost breeding areas. Thus, according to the condi-
ion indices obtained, the larvae originating from the spawning at
he external southern areas, or which had been transported there,
ould be more likely to survive than those that have been trans-
orted to the northern area.

The combination of enrichment, concentration and retention
rocesses postulated by Bakun’s “fundamental triad” in hake breed-

ng area would ensure the survival of early life stages of this species.
iological production is enhanced by physical and biological pro-

esses coupled in front of tides. In the present study most hake
arvae were found in the stratified offshore waters, that were sep-
rated from the homogeneous coastal strip by a frontal region
indicated in Fig. 1), located in the inner shelf (Sabatini and Martos,
-S, external southern area.

2002). Several studies carried out in this same research area, have
reported high concentrations of chlorophyll a and microzooplank-
ton in relation to the frontal system (Sabatini and Martos, 2002;
Viñas and Ramírez, 1996; Viñas and Santos, 2000). The presence
of a marked thermocline (see Fig. 1b and c) favors organisms’
aggregations ensuring high concentrations of plankton prey for
larvae. Thus, Feeding on highly concentrated prey patches makes
larval feeding efficient since prey searching costs are diminished.
Moreover, the high chlorophyll a values registered at the ther-
mocline level probably favor the occurrence of high densities of
herbivorous calanoid copepods which are the preferred prey for
hake larvae (Temperoni and Viñas, 2013). The traditional spawning
area showed the highest chlorophyll a concentrations and cope-
pod nauplii densities (Table 3). Also small copepods (<1 mm CL)
were abundant there. The external central area showed interme-
diate chlorophyll a concentrations but higher densities of medium
copepods (1–2 mm CL). The external southern area showed lower
chlorophyll a concentrations but the highest density of big cope-
pods (>2 mm  CL). Even though no data about copepod abundance
was available for external northern area, it could be assumed that
this area was less productive than the others since the lowest
chlorophyll a concentration was recorded there. These data sup-
port the idea that the traditional spawning area and the external
central area are more favorable for hake larvae survival and growth.
This could explain the higher RDs observed since the high concen-
trations of prey available allows greater larval feeding efficiency,
since energy costs associated with foraging would be markedly
reduced.

RDs indexes determined in this study showed an important vari-
ability and were not correlated with temperature. Buckley et al.
(2008) studying a multi-specific model based on temperature and
RNA/DNA indexes, found a lack of correlation between these two
variables when reared larvae were in a well-fed situation. The high
concentration of prey that occurs in the thermocline stratum may
also explain the lack of correlation between RDs indexes and tem-
perature in our study. Future combined studies of abundances of
potential prey, RDs indexes and stomach contents will allow estab-
lishing whether the lack of correlation between RDs indexes and
temperatures observed here is consequence to the fact that food
actually was not a limiting factor. Moreover, the lack of correla-
tion with the temperature may  indicate that other factors might be
influencing larval condition such as maternal effects or quality of
the food eaten (Field et al., 2008; Grote et al., 2012; St. John et al.,
2001).

Unlike what was observed by Grote et al. (2012) for M.  paradoxus
and M.  capensis larvae, in this study we found that a significant pro-
portion of larvae of M.  hubbsi were below the RDs index threshold
for growth. In particular, when distinguishing between different
areas of the spawning grounds, the external northern area had
a marked proportion of individuals below this threshold, giving

evidence of starvation. Since larvae showing a poor nutritional con-
dition would be more vulnerable to predation, the discrepancies
between these studies could be due to dissimilar degrees of preda-
tion in different ecosystems.
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To estimate the incidence of starvation in the ocean is needed
o set laboratory calibrations and determine the critical RNA/DNA
alue that indicates that larvae are starving. The critical values of
he RNA/DNA index available in the literature are typically between
.0 and 3.0 (Ferron and Leggett, 1994) depending on temperature
nd other factors. Since, there is no information for hake larvae, this
alibration should be determined using larvae reared in aquarium
nd subjected to different feeding treatments in future studies.

The spatial pattern of Argentine hake larval distribution in
onsecutive years showed that the bulk of larvae are mainly
ound round the traditional spawning area, suggesting the exist-
nce of intense retention mechanisms for larvae (Álvarez Colombo
t al., 2011). However, significant inter-annual variability has been
bserved which may  contribute, at least partially, to fluctuations in
he recruitment of this fishing stock. Given the complexity of the
irculation in the spawning grounds and the biophysical coupling
or the distribution of hake early developmental stages demon-
trated by Álvarez Colombo et al. (2011), it is required to study
he spatial variation of annual spawning, larval abundance and
ondition, as well as the abundance of juveniles in the following
ear. This would improve the understanding of the impact of the
bserved changes in the distribution pattern of hake spawning on
he recruitment of Patagonian stock of this species.
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2006. Evaluación de prerreclutas de merluza (Merluccius hubbsi)  en el litoral
norpatagónico. Período 2005. Tech. Rep. INIDEP 85., pp. 1–12.

http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0005
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0005
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0005
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0005
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0005
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0005
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0005
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0005
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0005
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0005
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0005
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0005
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0005
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0005
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0005
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0005
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0005
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0005
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0005
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0005
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0005
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0005
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0005
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0005
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0005
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0005
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0010
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0015
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0020
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0025
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0030
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0035
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0040
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0040
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0040
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0040
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0040
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0040
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0040
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0040
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0040
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0040
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0040
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0040
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0040
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0040
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0040
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0045
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0045
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0045
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0045
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0045
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0045
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0045
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0045
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0045
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0045
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0045
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0045
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0045
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0045
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0045
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0045
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0045
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0045
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0050
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0050
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0050
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0050
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0050
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0050
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0050
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0050
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0050
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0050
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0050
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0050
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0050
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0050
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0050
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0050
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0050
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0050
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0050
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0050
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0050
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0050
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0055
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0055
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0055
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0055
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0055
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0055
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0055
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0055
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0055
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0055
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0055
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0055
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0055
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0055
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0055
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0055
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0055
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0060
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0060
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0060
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0060
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0060
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0060
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0060
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0060
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0060
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0060
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0060
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0060
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0060
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0060
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0060
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0060
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0060
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0060
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0060
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0060
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0060
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0065
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0065
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0065
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0065
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0065
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0065
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0065
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0065
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0065
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0065
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0065
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0065
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0065
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0065
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0065
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0065
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0065
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0065
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0065
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0065
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0065
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0065
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0065
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0065
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0065
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0070
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0070
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0070
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0070
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0070
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0070
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0070
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0070
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0070
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0070
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0070
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0070
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0070
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0070
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0070
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0070
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0070
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0070
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0070
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0070
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0070
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0070
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0075
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0075
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0075
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0075
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0075
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0075
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0075
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0075
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0075
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0075
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0075
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0075
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0075
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0075
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0075
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0075
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0075
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0075
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0075
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0075
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0075
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0075
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0080
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0085
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0085
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0085
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0085
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0085
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0085
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0085
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0085
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0085
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0085
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0085
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0085
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0085
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0085
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0085
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0085
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0085
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0085
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0085
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0085
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0085
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0085
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0085
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0085
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0090
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0090
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0090
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0090
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0090
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0090
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0090
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0090
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0090
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0090
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0090
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0090
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0090
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0090
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0090
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0090
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0090
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0090
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0090
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0090
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0090
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0095
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0095
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0095
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0095
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0095
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0095
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0095
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0095
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0095
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0095
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0095
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0095
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0095
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0095
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0095
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0095
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0095
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0095
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0095
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0095
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0095
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0095
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0095
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0095
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0095
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0100
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0100
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0100
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0100
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0100
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0100
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0100
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0100
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0100
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0100
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0100
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0100
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0100
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0100
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0100
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0100
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0100
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0100
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0100
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0100
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0100
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0100
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0100
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0100
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0100
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0105
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0105
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0105
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0105
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0105
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0105
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0105
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0105
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0105
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0105
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0105
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0105
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0105
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0110
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0110
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0110
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0110
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0110
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0110
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0110
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0110
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0110
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0110
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0110
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0110
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0110
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0110
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0110
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0110
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0110
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0110
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0110
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0115
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0120
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0120
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0120
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0120
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0120
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0120
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0120
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0120
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0120
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0120
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0120
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0120
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0120
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0120
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0120
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0120
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0120
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0120
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0120
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0125
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0125
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0125
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0125
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0125
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0125
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0125
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0125
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0125
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0125
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0125
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0125
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0125
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0125
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0125
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0125
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0125
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0125
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0125
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0125
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0130
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0130
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0130
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0130
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0130
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0130
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0130
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0130
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0130
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0130
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0130
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0130
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0130
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0130
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0130
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0130
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0135
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0140
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0140
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0140
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0140
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0140
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0140
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0140
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0140
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0140
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0140
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0140
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0140
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0140
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0140
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0140
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0140
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0140
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0140
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0140
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0140
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0145
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0145
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0145
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0145
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0145
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0145
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0145
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0145
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0145
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0145
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0145
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0145
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0145
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0145
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0145
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0145
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0150
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0155
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0160
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0160
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0160
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0160
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0160
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0160
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0160
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0160
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0160
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0160
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0160
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0160
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0160
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0160
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0160
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0160
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0160
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0160
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0160
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0160
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0165
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0170
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0170
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0170
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0170
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0170
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0170
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0170
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0170
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0170
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0170
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0170
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0170
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0170
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0170
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0170
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0170
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0170
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0170
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0170
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0175
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0175
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0175
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0175
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0175
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0175
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0175
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0175
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0175
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0175
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0175
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0175
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0175
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0175
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0175
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0175
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0175
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0175
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0175
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0175
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0175
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0180
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0180
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0180
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0180
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0180
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0180
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0180
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0180
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0180
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0180
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0180
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0180
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0180
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0180
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0180
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0180
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0180
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0180
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0180
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0180
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0180
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0180
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0180
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0180
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0180
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0185
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0190
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0190
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0190
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0190
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0190
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0190
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0190
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0190
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0190
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0190
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0190
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0190
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0190
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0190
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0190
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0190
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0190
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0190
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0190
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0190
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0195
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0195
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0195
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0195
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0195
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0195
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0195
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0195
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0195
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0195
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0195
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0195
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0195
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0195
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0195
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0195
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0195
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0195
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0195
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0195
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0195
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0195
http://refhub.elsevier.com/S0165-7836(13)00287-7/sbref0195


6 s Rese

M

M

M

M

M

M

M

N

O

O

P

P

P

R

8 M.V. Diaz et al. / Fisherie

alzahn, A.M., Clemmesen, C.M., Wiltshire, K.H., Laakmann, S., Boersma, M.,  2007.
Comparative nutritional condition of larval dab Limanda limanda and lesser
sandeel Ammodytes marinus in a highly variable environment. Mar. Ecol. Prog.
Ser.  334, 205–212.

aynou, F., Olivar, M.P., Emelianov, M.,  2006. Patchiness of eggs, larvae and juve-
niles of European hake Merluccius merluccius from the NW Mediterranean. Fish.
Oceanogr. 15, 390–401.

cGurk, M.D., Warburton, H.D., Galbraith, M.,  Kusser, W.C., 1992. RNA–DNA ratio of
herring and sand lance larvae from Port Moller, Alaska: comparison with prey
concentration and temperature. Fish. Oceanogr. 1, 193–207.

eyer, S., Caldarone, E.M., Chícharo, M.A., Clemmesen, C.M., Faria, A.M., Faulk, C.,
Folkvord, A., Holt, G.J., Høie, H., Kanstinger, P., Malzahn, A.M., Moran, D., Petereit,
C.,  Støttrup, J.G., Peck, M.A., 2012. On the edge of death: rates of decline and lower
thresholds of biochemical condition in food-deprived fish larvae and juveniles.
J.  Marine Syst. 93, 11–24.
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amírez, F.C., Mianzán, H., Santos, B., Viñas, M.D., 1990. Synopsis on the reproductive
biology and early life of Engraulis anchoita, and related environmental conditions
arch 160 (2014) 60–68

in Argentine waters. Phytoplankton. IOC. Workshop Report, 65 (Annex V)., pp.
4–6.

Renzi, M.,  Santos, B., Simonazzi, M.,  2000. Estructura por edad y sexo de la población
de  merluza (Merluccius hubbsi) en el área norte de 41◦ S. Tech. Rep. INIDEP 103.,
pp.  1–12.

Renzi, M.,  Pérez, M.,  Irusta, G., 2002. Evaluación del estado de la merluza (M.  hubbsi)
al  norte de 41◦ S. Año 2001. Tech. Rep. INIDEP 3, 1–21.

Robinson, S.M., Ware, D., 1988. Ontogenetic development of growth, rates in larval
Pacific herring, Clupea harengus pallasi, measured with RNA/DNA ratios in the
Strait of Georgia, British Columbia. Can. J. Fish. Aquat. Sci. 45, 1422–1429.

Sabatini, M.E., Martos, P., 2002. Mesozooplankton features in a frontal area off north-
ern  Patagonia (Argentina) during spring 1995 and 1998. Sci. Mar. 66, 215–232.

Sánchez, R.P., Ciechomski, J.D., 1995. Spawning and nursery grounds of pelagic fish
species in the sea-shelf off Argentina and adjacent areas. Sci. Mar. 59, 455–478.

Sánchez, R.P., Navarro, G., Rozycki, V., 2012. Estadísticas de la Pesca Marina en la
Argentina. Evolución de los desembarques 1898–2010. Ministerio de Agricul-
tura, Ganadería y Pesca de la Nación, Buenos Aires, 528 pp.

Sclafani, M.,  Taggart, C.T., Thompson, K.R., 1993. Condition, buoyancy and the distri-
bution of larval fish: implications for vertical migration and retention. J. Plankton
Res. 15, 413–435.

St. John, M.,  Clemmesen, C., Lund, T., Köster, T., 2001. Diatom production in the
marine environment: implications for larval fish growth and condition. ICES J.
Mar.  Sci. 58, 1106–1113.

Tanaka, Y., Gwak, W.S., Tanaka, M.,  Sawada, Y., Okada, T., Miyashita, S., Kumai, H.,
2007. Ontogenetic changes in RNA, DNA and protein contents of laboratory-
reared Pacific bluefin tuna Thunnus orientalis. Fish. Sci. 73, 378–384.
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