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a  b  s  t  r  a  c  t

Argentine  hake  is the  most  important  economic  demersal  resource  for the  fisheries  of the  South-West
Atlantic  Ocean.  Nevertheless,  not  many  studies  on its bioenergetic  dynamic  have  been  reported.  Proxi-
mate  composition  and  energy  density  were  analyzed  in  muscle,  liver  and  gonads  and  they were  related
to  maternal  morphometrics  (length  and  gutted  weight)  and condition  factor  (K),  gonadosomatic  index
(GSI)  and  hepatosomatic  index  (HSI).  Argentine  hake  females  were  collected  during  the  beginning  of
their  reproductive  season  in the main  spawning  ground  reported  for this  species.  The  results  support
the  idea  that  muscle  represents  the  main  deposit  of proteins  and  the  liver  is the  main  deposit  of  lipids.
Furthermore,  it was  observed  that  females  with  higher  content  of lipid in  their  liver  had  also  greater
roximate composition
nergy density
ish condition

lipid  reserves  in muscle.  All  hake  females  reached  the same  proportion  of  lipid  and  protein  reserves  in
their  gonads  independently  of  lipid  and  protein  stored  in their  liver.  Water  content  reflected  the lipid
content  on  muscle,  liver  and  gonad.  Lipid  content  in  the  three  tissues  was  positively  related  to  maternal
morphometrics.  Being  a  good  indicator  of the physiological  condition  of  hake  female  the  HSI  was  the  only
variable  that  reflected  changes  in  lipid  content  and  energy  density.

©  2014  Elsevier  B.V.  All  rights  reserved.
. Introduction

The term condition has been commonly used to describe the
verall health condition or the energy reserves of an animal (Green,
001; Schulte-Hostedde et al., 2005). In fishes the proximate com-
osition is an important ecological measure of condition that

ntegrates both feeding and habitat quality (Jobling, 1995; Wicker
nd Johnson, 1987). Moreover, the biochemical composition of an
ndividual describes the nutritional condition precisely, making
ossible the subsequent determination of energy available in each
issue. This assessment is important from the ecological, nutri-
ional and food technology point of view (Connell, 1975; Huss,
995; Zaboukas et al., 2006). In general, the biochemical compo-
ition and, especially, the fat content vary among marine species.

t the same time, there are fluctuations of these components
ithin the same species that could be associated to different fac-

ors: age, sex, gonadal development, migration stage, nutritional

∗ Corresponding author. Tel.: +54 223 4862586; fax: +54 223 4861830.
E-mail addresses: eleonard@inidep.edu.ar (E. Leonarduzzi),

rodrigues@inidep.edu.ar (K.A. Rodrigues), gmacchi@inidep.edu.ar (G.J. Macchi).

ttp://dx.doi.org/10.1016/j.fishres.2014.04.017
165-7836/© 2014 Elsevier B.V. All rights reserved.
condition, area and other factors (Exler et al., 1975; Shearer and
Swanson, 2000; Rueda et al., 1997; Akpinar et al., 2009). It has
been observed that biochemical composition changes related to the
individual condition affect the fertility and egg production of many
species (Kjesbu et al., 1991; Kurita et al., 2003; Lambert and Dutil,
2000; Marteinsdottir and Begg, 2002; Korta et al., 2010). Hence, the
knowledge about parental stock condition could help to understand
the recruitment variations observed on the natural populations
(Marteinsdottir and Thorarinsson, 1998; Scott et al., 1999). In many
fish species it has been observed that the size or the age of the
female usually affects the reproductive capacity. For example, the
maternal conditions can affect the start date, the duration and/or
the frequency of the spawning as well as the fertility and the quality
of the eggs produced (Marteinsdottir and Steinarsson, 1998; Vallin
and Nissling, 2000; Marteinsdottir and Begg, 2002; Macchi et al.,
2004; Claramunt et al., 2007; Mehault et al., 2010).

Generally, morphometric changes may  occur due to the mobi-
lization or utilization of endogenous energy (proteins and lipids

as energy sources) so, indices that relate the size to the individual
weight or to a particular organ has been used to estimate the animal
condition. K (condition factor) and HSI (hepatosomatic index) are
the indices generally used (Lloret et al., 2002). For example, in the
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24 h at 105 ◦C, and weighed at room temperature. Later, for ash
estimation, the dried samples were placed in a muffle furnace for
8 h at 550 ◦C (AOAC, 1995). After this period the ashes obtained
were weighed at room temperature.

Table 1
Maximum and minimum values of the morphometric variables analyzed.

Morphometric variables Minimum Maximum n

Total length (cm) 36 86 47
4 E. Leonarduzzi et al. / Fishe

ase of the Gadidae family, the hepatosomatic index is considered
n useful indicator of energy storage that describes the condition
f fish in a general way (Lambert and Dutil, 1997; Yaragina and
arshall, 2000).
Argentine hake (Merluccius hubbsi)  is a demersal species dis-

ributed from 22◦ to 55◦ S at depths between 50 and 500 m
Cousseau and Perrotta, 1998). In the Argentine sea, the Patago-
ian stock, located at the south of the 41◦ S, is economically the
ost important one and it is currently being overexploited (Santos

nd Villarino, 2013). A strong decrease of the reproductive biomass
f this species has been recorded since 1997; and changes on the
tructure of the parental stock (Santos and Villarino, 2013) and
n the location of reproductive shoals (Macchi et al., 2005) have
een observed. This species is a batch spawner with indeterminate
nnual fecundity (Macchi et al., 2004) showing a protracted spawn-
ng season during the southern spring and summer time, having its

ain peak from December to January (Macchi et al., 2004; Pájaro
t al., 2005).

During the last few years different aspects of the reproductive
iology of this population have been analyzed; such as the size
omposition and spatial variation of the breeders (Macchi et al.,
004; Pájaro et al., 2005; Macchi et al., 2010), its vertical migra-
ions (Ehrlich et al., 2013), the reproductive potential (Macchi et
l., 2004, 2006), and the variations of proximate composition (in
onad, liver and muscle) for each ovary developmental stage dur-
ng the spawning season (Leonarduzzi et al., 2012). In this regard,
t was observed that the egg production is influenced by age and
ize composition of the population (Macchi et al., 2004); that big-
er females have a longer spawning season (Macchi et al., 2004);
hat the oocytes dry weight increases depending on the female size
Macchi et al., 2006); and that the oil droplets diameter in hydrated
ocytes also increases depending on the females size (Macchi et al.,
013). Nevertheless, the influence of the maternal morphometrics
nd condition indices on the biochemical composition of differ-
nt tissues of the Argentine hake spawning females has not been
tudied yet.

Thus, the goals of this research were to analyze the proximate
omposition and energy content of different tissues (liver, muscle
nd gonads) of hake females in spawning capable phase, and relate
hem to the maternal attributes (total length and gutted weight).
lso, the relationships between the proximal composition of the

issues and the condition indices (HSI, K and GSI) were studied.

. Materials and methods

Samples of Argentine hake females (N = 47) were collected in
he main spawning ground of the Patagonian hake stock during

 demersal trawl survey conducted by the National Institute for
isheries Research and Development (INIDEP) during December
008 in the early reproductive peak (see Macchi et al., 2004 and
acchi et al., 2007 for more details) (Fig. 1). Since M.  hubbsi is an

synchronous batch spawner this sampling period was chosen to
aximize the probability to find females at the beginning of the

pawning season.
Total length (TL) to the nearest cm and total weight (TW), gut-

ed weight (GuW), gonad weight (GW), and liver weight (LW) to the
earest gram, were recorded (Table 1). All female hakes sampled
ere at the spawning capable phase (fish are developmentally and
hysiologically able to spawn in this cycle) according to the macro-
copic maturity key proposed by Brown-Peterson et al. (2011).

varies collected were characterized by the presence of yolked
ocytes but without hydrated oocytes.

Three general condition indices were estimated for all sampled
emales: hepatosomatic index (HSI), gonadosomatic index (GSI)
Fig. 1. Samples location of Merluccius hubbsi (triangles) collected during the early
peak spawning in December 2008 in waters of the north Patagonian area.

and condition factor (K). These indices were defined by the fol-
lowing equations:

HSI =
(

Liver weight
Gutted weight

)
∗ 100

GSI =
(

Gonad weight
Gutted weight

)
∗ 100

K =
(

Gutted weight

Total length3

)
∗ 100

Muscle (fillet without skin), gonads and liver were dissected
from each specimen sampled and preserved frozen at −22 ◦C in
plastic bags vacuum sealed until their analysis in laboratory. These
tissues were analyzed for lipids, protein, water and ash content
(content refers to percentage of wet weight of tissue). To deter-
mine lipid content, sub-samples from frozen samples of different
weight were taken according each tissue: muscle (10–20 g), gonads
(5–10 g) and liver (3–5 g). This component was extracted by Bligh
and Dyer method modified by Undeland et al. (1998), and gravi-
metrically quantified by Herbes and Allen (1983) method. Protein
content was determined from frozen tissue (1 g) using bovine
serum albumin (BSA) concentrated at 1 mg/ml  as standard and
following the protocol of Lowry et al. (1951).

In order to obtain water content (moisture) and inorganic matter
(ash) subsamples up to 10 g were taken, as allowed the size of each
tissue. The water content was  estimated by drying the samples for
Gutted weight (g) 303 3300 47
Liver weight (g) 7 379 47
Gonad weight (g) 14 493 47

n, number of samples.
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Table  2
Range and mean values of proximate composition (% of tissue wet  weight) and energy density (ED, in kJ g−1) for gonad, liver and muscle of Merluccius hubbsi.

Muscle Gonad Liver

n Range Mean SD n Range Mean SD n Range Mean SD

Lipid 39 0.71–4.95 2.38 0.99 45 8.06–13.19 10.92 1.07 43 4.25–50.10 29.71 11.95
Protein 38 8.49–23.25 15.84 3.69 42 16.86–26.03 21.95 1.75 39 9.82–23.97 16.38 3.22
Water  46 74.11–82.10 79.25 1.53 43 64.75–75.11 68.72 2.22 44 35.11–72.88 55.79 10.38
Ash  46 0.84–1.55 1.21 0.12 44 1.31–2.06 1.61 0.14 44 0.76–2.23 1.61 0.32
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ED  32 3.54–6.43 4.72 0.79 42 7.1

, number of samples; SD,  standard deviation.

Finally, energy density in each female (ED, kJ g−1) was  esti-
ated for each tissue (muscle, ovary, liver) by multiplying lipid

nd protein content (mg/g of wet mass) by the appropriate energy
quivalents (lipid = 39.5 kJ g−1, protein = 23.6 kJ g−1; Kleiber, 1975).
ipid and protein energy were then summed within each tissue to
etermine the combined mass-specific energy. The contribution of
ach component (lipid and protein) to the energy density of each
issue was calculated and plotted. The term density refers to KJ per
ram of tissue and avoids female size effects, because larger females
ave, in general, larger organs and body mass. Carbohydrate con-
ent was not measured because that component is generally low in

arine species and its contribution to total energy content is near
ero (Anthony et al., 2000; Eder and Lewis, 2005; Spitz et al., 2010).
ll determinations were performed in triplicate.

Simple linear regressions were used to analyze: (a) ED in each
issue as function of proximate composition (lipid or protein); (b)
roximate composition (lipid, protein, water content and ash) as
unction of morphometric variables and general condition index.

 correlation analysis was performed to study the biochemi-
al composition between tissues. Normality and homocedasticity
ssumptions of residuals were checked graphically (Q–Q plot and
lot of studentized residuals vs predicted values). All of the anal-
ses were performed with R® software package (R Development
ore Team, 2012).

. Results
.1. Proximate composition

In muscle and gonad the lipids average were 2.4% and 11%,
espectively (Table 2), representing on average 19% and 45% of

ig. 2. (a) Energy relative contribution (%) of each component (protein and lipid) to e
elationships between proximate composition (% of wet weight of each component) and
8 9.49 0.71 36 5.82–24.36 15.93 4.68

the energy content, respectively (Fig. 2a). On the other hand,
lipids were the most abundant constituent of liver proximate
composition, between 4.2% and 50.1% of tissue composition
(Table 2), representing on average ca 29% and reaching up to 87%
of the total energy depending of lipid content (Fig. 2a).

Regarding the proteins, these were the main constituent of prox-
imate composition of muscle (8.5–23.2%) and gonad (16.9–26.0%)
(Table 2), representing on average 81% and 55% of the energy
content, respectively (Fig. 2a). The liver protein constitutes on aver-
age 16.4% of liver proximate composition (Table 2), representing
between 13% and 71% of energy content depending of protein con-
tent (Fig. 2a).

Most of the wet  weight of the muscle corresponded to water,
representing ca. 79.2%, which showed the lowest standard devia-
tion among the three tissues. During the spawning capable phase,
the gonad water content represented ca 68.7% of the total wet
weight, showing low variability. The liver was the tissue with the
lowest water content levels (55.8%) as compared to gonad and
muscle, and presented the highest fluctuation of the three tissues
analyzed.

The mean ash content was  lower and similar in the three tissues
analyzed, being on average 1.2%, 1.6% and 1.6% for muscle, gonad
and liver, respectively (Table 2).

ED mean value for muscle, gonad and liver was 4.7 kJ g−1,
9.5 kJ g−1 and 15.9 kJ g−1, respectively (Table 2). The increase of
energy content in muscle was  principally due to protein content
increases, while the lipid remained relatively constant (Fig. 2b). In

contrast, in liver the increase of ED was related to increases in lipid
contents with no changes in protein quantity (Fig. 2b). However,
the relative importance of protein in liver ED increased at low lipid
levels (Fig. 2a). In gonad, the increase in ED was due to an increase in

nergy density (sum of lipid and protein energy) in muscle, gonad and liver. (b)
 energy density for the different tissues analyzed in Merluccius hubbsi.
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Table 3
Results of linear correlation of proximate composition (lipid, protein, water and ash)
among tissues.

Muscle vs liver Muscle vs gonad Liver vs gonad

r p r p r p

Lipid 0.60 *** 0.40 * 0.19 0.22
Protein 0.21 0.24 −0.08 0.62 0.02 0.88
Water 0.35 * 0.29 0.07 0.07 0.65
Ash  −0.49 *** −0.35 * 0.52 ***
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, Pearson Product Moment Correlation; p, p-values.
* p < 0.05.

*** p < 0.001.

oth lipid and protein content (Fig. 2b). In fact, the relative energy
ontribution of lipid and protein was similar (Fig. 2a).

.2. Analysis of biochemical composition between tissues

Significant correlations were observed between some tissue
omponents, but in general the Pearson’s coefficients were low
Table 3). Lipids in muscle were positively correlated to the quan-
ity of lipids in liver and gonad, but no significant relationship was
bserved between lipid content of liver and gonads. Otherwise, the
rotein content was independent among tissues. Water content in
onads did not show a significant relationship with the water con-
ent in muscle and liver. In contrast, the water content in muscle
as positively related to liver water content. There was a signifi-

antly negative relationship between the muscle ash content and
he gonad and liver ash content. On the other hand, a positive rela-
ionship between ash content in liver and gonads was observed.

.3. Analysis of biochemical composition within each tissue

Significant negative relationships between lipid and water con-
ent were observed for the three tissues analyzed, showing the
elationship between liver and water content the best fit (Fig. 3
nd Table 4). In muscle, ash content was also significant and neg-
tively correlated to water content, while lipids were positively
orrelated to ash contents. In gonad, a significant and positive rela-
ionship between lipid and protein content was observed, while

 negative relationship was obtained between protein and water
ontent (Table 4).

.4. Proximate composition vs maternal morphometrics and
ondition indices

Lipids were the biochemical component that showed strongest

orrelation with maternal morphometrics and condition indices
n Argentine hake. In muscle, positive significant relationships
etween lipid content and TL and GuW were observed (Fig. 4
nd Table 5). With regard to condition indices, only HSI reflected

able 4
etermination coefficient (r2) and p-values of linear regression among biochemical
omponents in each tissue.

Muscle Gonad Liver

r2 p r2 p r2 p

Lipid vs protein 0.05 0.18 0.17 ** 0.03 0.30
Lipid vs water 0.62 *** 0.61 *** 0.88 ***

Lipid vs ash 0.25 *** 0.03 0.21 0.01 0.52
Protein vs water 0.10 0.06 0.27 *** <0.01 0.82
Protein vs ash <0.05 0.64 0.03 0.27 <0.01 0.65
Water vs ash 0.24 *** 0.06 0.09 <0.01 0.52

** p < 0.01.
*** p < 0.001.
Fig. 3. Muscle, gonad and liver lipid content (g/100 g) in relation to water content
(g/100 g) in each tissue sampled for Merluccius hubbsi.

positively lipid content in both muscle and liver (Fig. 4 and Table 5).
GSI and K showed no significant relationships with lipid content
for the three tissues analyzed (Table 5).

Protein content was not significantly related to maternal mor-
phometrics (TL and GuW), HSI nor GSI in any of the tissues analyzed
(Table 5). Otherwise, K was  positively correlated to muscle protein,
but the determination coefficient was very low (Table 5).

Muscle water content was significant negatively related with
the female morphometrics (Fig. 5). In the case of liver, the water
quantity showed a significant negative relationship with GuW,
although the variance explained was  low (Fig. 5 and Table 5). In
relation to condition indices, HSI was  negatively related to water
content in muscle and liver, and GSI only was  significant negatively
related with gonad water content (Fig. 5 and Table 5). No significant
relationships were observed between K and water quantity, for all
tissues analyzed (Table 5).

Ash content in muscle was not statistical related neither to
maternal morphometrics nor to condition indices (Table 5). In liver
and gonad the relationships between ash content and maternal
morphometrics (TL, GuW) and HSI were significant, showing a neg-
ative trend, but variability explained were low (Table 5).

In muscle and gonads no significant relationships between ED
and the maternal morphometrics were obtained but there was a

positive relationship between ED in gonads and GSI. In contrast, ED
in liver was positively correlated to TL and GuW, but in all models
the variability explained was  very low (Fig. 6 and Table 5). Liver
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ig. 4. Muscle, liver and gonad lipid content (g/100 g) in relation to female morph
or  Merluccius hubbsi.

D was positively correlated to HSI (Fig. 6 and Table 5) and no sig-
ificant relationship was observed between K and ED for the three
issues analyzed (Table 5).

. Discussion

Biochemical parameters used to evaluate the energy reserves
f fishes are important attributes to investigate because they have

 large influence on growth, reproduction and survival (Shulman
nd Love, 1999). Particularly, the knowledge of the structure and
nergy reserves, especially in the liver of fish species, is impor-
ant to understand metabolic processes and to assess the potential
mpact of physical and chemical environmental stressors in both

ild and cultured stocks (Faahraeus-Van Ree and Spurrell, 2003).

ipid content of Argentine hake studies in this work ranged from
.7% to 4.9% in muscle, from 8.1% to 13.2% in gonad, and from 4.2%
o 50.1% in liver. Although in each analyzed tissue lipid concen-
ration showed a great variability among individuals, the results

able 5
etermination coefficient (r2) and p-values of linear regression between female morphom

TL GuW 

r2 p r2 p 

Lipid Muscle 0.36 *** 0.41 ***

Gonad <0.01 0.56 0.02 0.29 

Liver  0.15 ** 0.17 **

Protein Muscle 0.04 0.19 0.02 0.34 

Gonad 0.01 0.48 0.01 0.39 

Liver  0.01 0.46 0.01 0.46 

Water Muscle 0.22 ** 0.28 ***

Gonad 0.02 0.32 0.03 0.23 

Liver  0.07 0.07 0.11 *

Ash Muscle 0.04 0.16 0.06 0.09 

Gonad 0.10 * 0.09 *

Liver  0.18 ** 0.17 **

Energy
density

Muscle <0.01 0.81 <0.01 0.76 

Gonad <0.01 0.58 0.02 0.34 

Liver  0.12 * 0.16 *

L, total length; GuW, gutted weight; HSI, hepatosomatic index; GSI, gonadosomatic inde
* p < 0.05.

** p < 0.01.
*** p < 0.001.
ics (total weight and gutted weight) and somatic condition indices (HSI) obtained

revealed that in Argentine hake females the lipids are stored mainly
in the liver. As hake is a batch spawner species with a protracted
spawning season, the differences observed in the liver lipids con-
tent in females of similar size could be explained by the different
individual reproductive histories during the spawning season (e.g.
different number of batches already done or different timing within
the spawning season). The lipid values estimated in liver were sim-
ilar to those found in other Gadidae, 2–67% (Lloret et al., 2008)
and 8.5–56% (Domínguez-Petit, 2007) in Merluccius merluccius,
16.2–59.5% in Merluccius bilinearis and 35.7–53.2% in Merluccius
senegalensis (VNIRO, 2000), which confirms the important role of
the liver as an energy reserve in this family (Lambert and Dutil,
1997; Alonso-Fernández and Saborido-Rey, 2012).

This study indicated that the proteins were the main constituent

in both muscle and gonads tissues in female hake at the spawning
capable phase. Also, the energy density in both tissues was  related
to the protein content showing the importance of proteins in these
tissues. Protein content of Argentine hake ranged from 8.5% to 23.2%

etrics and somatic condition indices vs proximate composition.

HSI GSI K

r2 p r2 p r2 p

0.45 *** 0.05 0.22 0.01 0.44
0.05 0.13 0.07 0.07 0.03 0.21
0.41 *** <0.01 0.93 <0.01 0.92

<0.01 0.88 <0.01 0.57 0.11 *

0.03 0.22 0.07 0.08 0.02 0.34
0.05 0.17 <0.01 0.70 <0.01 0.75

0.26 ** <0.01 0.98 <0.01 0.86
0.01 0.51 0.26 *** <0.01 0.91
0.43 *** <0.01 0.99 0.01 0.36

0.04 0.19 0.03 0.24 0.02 0.30
0.16 ** <0.01 0.54 0.06 0.10
0.16 ** <0.01 0.62 0.03 0.21

0.01 0.54 0.04 0.27 0.01 0.48
<0.01 0.90 0.10 * <0.01 0.78

0.35 *** <0.01 0.57 <0.01 0.96

x; K, condition factor.
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ig. 5. Muscle, liver and gonad water content (g/100 g) in relation to female morp
btained for the Merluccius hubbsi.

n muscle, from 16.9% to 26.0% in gonad, and from 9.8% to 24.0% in
iver. These values were similar to that obtained by Leonarduzzi
t al. (2012) for the same species and by Domínguez-Petit (2007)
or European hake in Galician shelf waters.

The water content estimated here was on average 79.2% in mus-
le, 68.7% in gonad and 55.8% in liver, and were similar to the one
btained for European hake (Domínguez-Petit, 2007; Lloret et al.,
008). Generally, water tissue content follows the opposite trend
ith organic components since water proportion increases when

nergy is consumed and, thus, it is often considered as an indicator
f individual condition (Lambert and Dutil, 2000; Dutil et al., 2003;
lonso-Fernández and Saborido-Rey, 2011). In this study, it was
bserved that the water content measurement allows a reasonable
orecast of the lipid content present in the three tissues analyzed
muscle, gonads and liver). Thus, a simple condition index based

n the estimation of moisture may  be used as a fast indicator of
ipid reserves present in tissues of Argentine hake as suggested in

. merluccius (Domínguez-Petit, 2007; Lloret et al., 2008) and in
nother species (Hartman and Margraf, 2008).

ig. 6. Muscle, liver and gonad energy density (kJ g−1) in relation to female morphomet
btained for Merluccius hubbsi.
rics (total weight and gutted weight) and somatic condition indices (HSI and GSI)

Proximate composition allows calculation of the energy avail-
able, and understanding of how energy stores are partitioned
among different tissues and chemical constituents (Domínguez-
Petit and Saborido-Rey, 2010). Energy density mean value for
muscle, gonad and liver was  4.7 kJ g−1, 9.5 kJ g−1 and 15.9 kJ g−1,
respectively. The muscle energy content was principally related to
protein content representing on average 81% of its total energy.
Liver was the tissue with the highest energetic level in compari-
son to gonad and muscle. The liver ED was  related to lipid content
reaching up to 87% of its total energy. In gonad, the increase in ED
was due to an increase in both lipid and protein content. Although
proteins are the main component in female gonadal tissue, changes
in ovarian energy density are also closely associated to lipid content
variations, like was  mentioned by Alonso-Fernández and Saborido-
Rey (2012) for Trisopterus luscus.
The low coefficient of determination between the lipids in mus-
cle and gonads and the fact that there was not relationship between
liver and gonad lipids content, does not allow a precise estima-
tion of the relationship between maternal condition and gonadal

rics (total weight and gutted weight) and somatic condition indices (HSI and GSI)
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evelopment. These are unexpected but interesting results,
lthough there were differences in nutritional status (mainly due
o lipids stored in the liver), all hake females reached the same pro-
ortion of lipid and protein reserves in their gonads. This agrees
ith the suggestion that the liver acts as a buffer between the

oma and the ovaries, in order to ensure ovarian maturation even
t low rates of energy intake (Allen and Wootton, 1982). Lipids and
heir constituent fatty acid have a particularly important role in
he reproductive parameters of fish such as egg quality, spawning,
atching rate and survival of larvae (Sargent et al., 2002; Rainuzzo
t al., 1997; Yanes-Roca et al., 2009). In this sense, studies of lipids
lass composition in gonads are needed to obtain a better overview
f the link between the maternal condition and gonad develop-
ent. On the other hand, the lack of a relationship between liver

nd muscle proximate composition and gonads may  be due to the
act that these tissues, or their reserves, contribute to gonad com-
osition for only short periods, and are thus not critical for ovary
aturation (Domínguez-Petit, 2007; Domínguez-Petit et al., 2010).
It was observed that chemical composition, especially fat

ontents, change among individuals of the same species, being a
ommon characteristic of free-living species (Shulman and Love,
999). In many fish species it was also pointed out that the capacity
f storing energy depends on body size and that lipid accumu-
ation is directly related to the diet (Schultz and Conover, 1999,
loret et al., 2008). In liver and muscle of M.  hubbsi larger individ-
als showed a higher amount of energy stored in the form of lipids
han smaller ones. This size effect could be explained as an onto-
enetic variation in the hake diet; previous studies have recorded

 change in the diet related to the length of the fish (Angelescu and
renski, 1987; Sánchez, 2009). From 50 cm LT onwards, there is

 transition from a diet based mainly on planktonic crustaceans
o other based mainly on fish such as anchovy and squid. Even
hough there are no data on the proximal composition of planktonic
rustaceans from the study area, in general squid and anchovy are
haracterized by high concentrations of fatty acids (Watanabe et al.,
984; Massa et al., 2007). On the other hand, Macchi et al. (2013)
howed a decrease in frequency of empty stomachs with the size
f the Argentine hake females, evidencing that feeding activity is
igher in larger individuals. In fact, it was observed that Argentine
ake females larger than 55 cm TL showed a change in oocyte dry
ass vs TL relationship (Macchi et al., 2006), which may  be asso-

iated to the variation in diet composition (Macchi et al., 2013).
t was also observed that lipid contents in the liver of European
ake (M.  merluccius)  females during the maturity stage depend on
ize (Lloret et al., 2008). This effect of size on the storage of lipid
eserves was explained through an ontogenetic variation in the diet
f the M.  Merluccius as,  similar to M.  hubbsi,  there was a transition
rom a diet based on crustaceans to another based on fish (Bozzano
t al., 1997; Carpentieri et al., 2005). Our analyses also revealed
hat females having higher lipid reserves in their livers had high

uscle reserves, which suggest that bigger breeding females have
 better energy condition during the reproductive season. Similar
esults were found in the Brazilian flathead (Percophis brasiliensis)
y Rodrigues (2012). The difference in condition of hake females
ssociated to their size could eventually affect the reproductive
otential of this species, affecting variables like the time and exten-
ion of the breeding season, spawning frequency and fecundity.
owever, the results also showed that there was not relationship
etween gonad lipids content and the female size; which suggest,
n the contrary, that there is not difference in reproductive effort
epending on female size (larger females do not have better gonad
ondition).
In fishery science and ecological studies, condition indices
re widely used to express the energy reserves stored within
ndividual fish. For this reason, it is important to validate the link
etween condition indices and the lipids and proteins content.
search 160 (2014) 33–40 39

The present study revealed that the condition factor K is not a
good index for Argentine hake females, since it was  not related to
the lipids or the energy present in the three tissues analyzed. This
index was  only positively correlated to muscle proteins, although
model prediction was very low. Similar results have been found
in T. luscus another Bach spawner member of the family Gadidae
(Alonso-Fernández and Saborido-Rey, 2012). Macchi et al. (2006),
analyzed the influence of size, age and K on oocyte weight of M.
hubbsi,  concluding that this index is not the most appropriate to
describe the female condition. Similar results were also observed
in M.  merluccius (Domínguez-Petit, 2007). On the other hand,
different to what reported for European hake (Domínguez-Petit,
2007), the HSI in M. hubbsi was the index that best reflected
the concentration of lipids within the liver and muscle. Similar
results were found in other species with indeterminate annual
fecundity such as yellowfin tuna, Thunnus albacares (Zudaire, et al.)
and in the gadide T. luscus (Alonso-Fernández and Saborido-Rey,
2012). For this reason, would be important that futures studies
on variations of the reproductive potential in relation to parental
stock composition of M.  hubbsi include HSI estimates, because it
can be considered a better indicator of female condition.

5. Conclusions

Despite the handicap imposed by the asynchrony of the repro-
ductive process of hake, not only at the individual, but also at the
population level; in general, most of the results obtained demon-
strates that (i) lipids are the best biochemical components to show
female Argentine hake condition; (ii) energy reserves are mainly
associated with the lipids stored in liver; (iii) HSI was  the only index
showing changes on lipid and energy content which can be consid-
ered a good estimator of the nutritional condition; and (iv) water
content on different tissues (an easy variable to estimate) can be
considered a good index to show female condition reflecting the
lipid content on muscle, liver and gonad.
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