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ABSTRACT. The term ‘condition’ is used to describe the overall health status of an animal and 
to describe its energy reserves. The storage and use of energy reserves are fundamental components 
of a species’ life strategy, and these processes directly influence the balance between current and 
future reproductive success. Understanding the energy allocation strategy adopted by a species is an 
important aspect in assessing possible variations in reproductive potential. The aim of this work was 
to analyse the seasonal variations of condition indices, biochemical composition, and energy density 
of different tissues in order to determine the strategy of energy allocation during the reproductive cycle 
of females Acanthistius patachonicus. Mature females were collected between April 2016 and March 
2017 from commercial landings. Biochemical components such as lipids, proteins, and water content 
were measured in liver, gonad and muscle. The gonadosomatic index was highest during winter, at 
the beginning of the reproductive period, while the hepatosomatic index and condition factor did not 
differ among seasons. The study of the proximal composition of tissues revealed that the liver was 
the primary source of energy reserves. Highest values of these reserves in the liver were found before 
the onset of gonadal maturation (autumn). As the reproductive period progresses (winter and spring), 
these energy reserves decreased significantly, suggesting they were mobilized to support reproductive 
processes. This suggests that A. patachonicus primarily adopts a capital breeding strategy, but females 
possibly incorporate energy by feeding during the spawning period.
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Estrategia de asignación de energía durante el ciclo reproductivo del mero patagónico (Acan-
thistius patachonicus) del Océano Atlántico Sudoccidental

RESUMEN. El término “condición” se utiliza para describir el estado general de salud de un 
animal y sus reservas energéticas. El almacenamiento y uso de las reservas energéticas son compo-
nentes fundamentales de la estrategia vital de una especie, y estos procesos influyen directamente 
en el equilibrio entre el éxito reproductivo actual y futuro. Comprender la estrategia de asignación 
energética adoptada por una especie es un aspecto importante para evaluar las posibles variaciones 
en el potencial reproductivo. El objetivo de este trabajo fue analizar las variaciones estacionales de 
los índices de condición, la composición bioquímica y la densidad energética de diferentes tejidos 
para determinar la estrategia de utilización energética durante el ciclo reproductivo de las hembras de 
Acanthistius patachonicus. Se recolectaron hembras maduras entre abril de 2016 y marzo de 2017 en 
desembarques comerciales. Se midieron componentes bioquímicos como lípidos, proteínas, y conte-
nido de agua en el hígado, las gónadas y el músculo. El índice gonadosomático alcanzó su máximo 
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INTRODUCTION

Seasonal variations in temperature and produc-
tivity, characteristic of temperate environments 
(Clarke 1983), have a profound effect on the 
availability and quality of food for fish (Wotton 
1990; Beamish and Bouillon 1995). The energy 
incorporated by organisms must be distributed 
between maintenance, somatic growth and repro-
duction (Calow 1985; Sibly and Calow 1986). This 
allocation varies across life stages to optimise egg 
production. Some species require efficient ener-
gy storage well before the spawning season. This 
strategy is crucial when reproduction occurs under 
unfavourable conditions, such as limited availabili-
ty of food and temperature variability, among other 
factors (Pavlov et al. 2009). The stored energy can 
later be mobilised for reproduction, making it the 
main resource for egg production (Stephens et al. 
2009). This strategy also enables a temporal and 
spatial separation between feeding and spawning 
grounds, allowing adults to accumulate energy in 
one location and time for use in another (MacKi-
nnon 1972; Reznick and Braun 1987; Jönsson 
1997). Species that follow this strategy are known 
as capital breeders and are typically found at high 
latitudes and in cold-water environments charac-
terised by marked seasonality and short spawning 
periods (Saborido-Rey et al. 2010). Conversely, 
income breeders reproduce under more favoura-
ble conditions in productive environments, using 
recently acquired energy for egg production and 
reducing the need for energy storage (Stephens 

et al. 2009). This strategy creates a closer spatial 
and temporal coupling between energy intake and 
reproduction (Aristizabal 2007). Income breeders 
are characteristic of low-latitude regions (tropical 
and subtropical zones), often exhibiting extend-
ed spawning seasons. In these species, spawning 
may depend on daily foraging success by adults. 
However, reproductive strategies may not always 
fall strictly into the categories of capital or income 
breeding. Instead, a continuum likely exists, with 
species exhibiting intermediate strategies along 
this spectrum (McBride et al. 2015).

The term ‘condition’ is commonly employed to 
denote the overall health status of an animal, and 
more frequently, to describe the stored nutrient or 
energy reserves (Schulte-Hostedde et al. 2005). 
This parameter has been correlated with changes in 
the energy density of various organs (Jobling 1995; 
Lucas 1996). Maternal characteristics and condi-
tion have an impact on fish maturity (Marteinsdottir 
and Begg 2002; Morgan and Lilly 2006; Grift et al. 
2007) and egg production (Kjesbu et al. 1991; Ri-
jnsdorp et al. 1991; Lambert and Dutil 2000; Mar-
shall et al. 2006). Notably, the condition of parent 
organisms plays a significant role in determining 
the viability of offspring (Brooks et al. 1997; Heyer 
et al. 2001; Berkeley et al. 2004). The evaluation 
of fish condition comprises a spectrum of crite-
ria, ranging from simple morphometric measures 
such as the length-weight ratio (K factor) to mor-
pho-physiological indicators such as hepatosomatic 
and gonadosomatic indices (Schulte-Hostedde et 
al. 2005). Additionally, biochemical measures, in-
cluding proximate composition analysis covering 
lipids, proteins and other tissues constituents pro-

durante el invierno, al inicio del período reproductivo, mientras que el índice hepatosomático y el factor de condición no difirieron entre 
estaciones. El estudio de la composición proximal de los tejidos reveló que el hígado era la principal fuente de reservas energéticas. Los 
valores más altos de estas reservas en el hígado se observaron antes del inicio de la maduración gonadal (otoño). A medida que avanza 
el período reproductivo (invierno y primavera), estas reservas energéticas disminuyen significativamente, lo que sugiere que se movili-
zaron para apoyar los procesos reproductivos. Esto sugiere que A. patachonicus adopta principalmente una estrategia de reproducción 
de capital, pero las hembras posiblemente incorporen energía alimentándose durante el período de desove.

Palabras clave: Factor de condición, composición proximal, biología reproductiva, estrategias energéticas.
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vide valuable insights. It is widely accepted that 
the form, storage and utilisation of energy reserves 
are fundamental components of the life strategy of 
a species. These processes directly influence the 
balance between current and future reproductive 
success (Stearns 1992; Roff 1993). Consequent-
ly, understanding the energy allocation strategy 
adopted by a species or population emerges as a 
critical aspect for interpreting possible variations 
in reproductive potential.

The Patagonian grouper (Acanthistius patachon-
icus) is a demersal rocky-reef fish inhabiting coast-
al waters of the southwest Atlantic (23° S-48° S), 
at depths of up to 100 m. This species is known for 
its longevity and can reach a maximum total length 
of approximately 65 cm. It is considered a multiple 
spawner with indeterminate annual fecundity and 
is characterized by the formation of reproductive 
aggregations between September and December 
(Ciechomski and Cassia 1976; Dell’Arciprete et 
al. 1987; Irigoyen et al. 2020). The number of an-
nual spawning events is likely influenced by en-
vironmental factors such as food availability and 
temperature (Wotton 1990). In northern Patago-
nia, A. patachonicus is a target species supporting 
commercial, recreational, and sporting activities, 
including scuba diving, hook-and-line and spear-
fishing. It is also caught by both coastal and high-
seas fleets, as well as bycatch in fisheries targeting 
Argentine hake (Merluccius hubbsi) and Argentine 
red shrimp (Pleoticus muelleri) (Villanueva Gomi-
la et al. 2015).

At present, it is unknown whether this species 
stores energy in the period prior to the onset of re-
productive activity (‘capital breeding’) or whether 
it has the capacity to acquire energy through active 
feeding during reproduction (‘income breeding’). 
Therefore, the aim of the present study was to ana-
lyse variations in condition, proximal composition, 
and energy density throughout the annual cycle 
of A. patachonicus. This investigation aimed to 
elucidate the strategy of accumulation and energy 
allocation of this species in relation to sexual ma-
turity and spawning.

MATERIALS AND METHODS

A total of 37 female specimens of A. patachoni-
cus were obtained from commercial landings at the 
Necochea port (38° 34' S, 58° 42' W) from April 
2016 to March 2017 (Table 1). To minimise pos-
sible size-dependent variations in the biochemical 
composition of females, only mature specimens 
within a specific length range (35-45 cm TL) were 
used to analyse seasonal patterns.

Total length (TL) was recorded to the nearest 
cm and total weight (TW), gutted weight (GuW), 
gonad weight (GW) and liver weight (LW) were 
recorded to the nearest gram. Maturity phases were 
determined through macroscopic examination fol-
lowing the criteria established by Macchi and Acha 
(1998) for coastal species, and the general descrip-
tion provided by Brown-Peterson et al. (2011) as 
developing, spawning capable, regressing, and re-
generating. To further characterise the specimens, 
three condition indices were estimated across all 
samples: gonadosomatic index (GSI), hepatoso-
matic index (HSI), and relative condition factor 
(Kn), which were calculated using the following 
equations:

GSI = (GW/GuW) × 100

HIS = (LW/GuW) × 100 

Kn = (GuW/(0.0328 × TL2.7861)) × 100

The Kn is expressed as the ratio of the observed 
GuW to the GuW determined by the relationship 
between TL and GuW of the fish sampled (Le Cren 
1951).

To establish the proximal composition of tissues 
of the Patagonian grouper, samples of liver, gonads 
and muscle (skinless fillet) were carefully taken 
from all specimens and immediately feezed in plas-
tic bags. Samples were then first homogenised, and 
biochemical components (water, protein, and lipid) 
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were systematically determined. To measure lipid 
content, 1 g was taken from each tissue. Lipids 
were extracted using the method of Bligh and Dyer 
(1959) modified by Undeland et al. (1998), and 
quantified gravimetrically following the proce-
dure outlined by Herbes and Allen (1983). Protein 
content was determined from frozen tissues (2 g) 
using bovine serum albumin (BSA) concentrated at 
1 mg ml-1 as standard. The protocol established by 
Lowry et al. (1951) was followed for protein quan-
tification. For the determination of water content, 
subsamples of varying sizes were taken depending 
on the tissue: liver (2 g), gonads (2 g), and muscle 
(2 to 5 g). Samples were dried at 105 °C for 24 h 
before being weighed at ambient temperature. All 
determinations were expressed as g 100 g-1 wet 
tissue.

Finally, the energy density (ED, KJ g-1) of the 
analysed tissue was determined as follows:

ED = 
L × L’ + P × P’

100

Energy equivalents for lipids (L) L’: 39.5 KJ g-1, 
and proteins (P) P’: 23.6 KJ g-1 were used (Brett 
and Groves 1979). 

Relationships between condition indices, bi-
ochemical compositions and energy density ob-
tained from each season were examined using an  
analysis of variance (ANOVA). Homogeneity of 
variance and normality were previously assayed us-
ing Levene’s and Shapiro-Wilk’s tests, respectively. 

Despite the limited sample size, both assumptions 
were met. In cases of significant differences, Tuk-
ey’s test was used. All statistical analyses were con-
ducted using the R statistical programme (version 
3.6.1) (R Core Team 2023).

RESULTS

Condition indices and maturity stages

Of the condition indices analysed, only the GSI 
showed significant differences between seasons 
(F = 13.53, p < 0.001) (Figure 1). Notably, when 
maturity stages of A. patachonicus were grouped 
by season (Figure 2), the mean GSI was highest 
in winter (9.12), coinciding with the period prior 
to the onset of reproduction. In contrast, the GSI 
showed a decrease in spring (3.80) due to increased 
spawning activity. Subsequently, GSI values were 
significantly lower during summer and autumn 
(1.18 and 1.33, respectively), coinciding with the 
highest proportions of females in the regenerat-
ing stage (Figure 2). Although the HSI showed no 
significant differences between seasons, highest 
values of this index were observed in spring, during 
spawning activity (Figure 1).

Lipids seasonal variation

No significant differences were observed in the 
lipid content of muscle between seasons, with a 

Table 1. Mean values and standard error of morphometric variables of Acanthistius patachonicus by season. N: Number of spec-
imens. TL: total length. GuE: gutted weight. LW: liver weight. GW: gonad weight.

Season N TL (cm) GuW(g) LW(g) GW(g)

Spring 13 39.7 ± 2.9 896.7 ± 250.9 19.6 ± 10.1 34.91 ± 23.8
Summer 5 37.33 ± 2.08 779.7 ± 86.8 14.93 ± 3.7 9.41 ± 3.5
Autumn 7 39.9 ± 3.18 975.6 ± 249.2 11.35 ± 2.61 12.24 ± 5.89
Winter 12 39.9 ± 3.12 997.08 ± 202.1 17.89 ± 6.79 91.1 ± 50.62
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consistent mean value of 1.45 g 100 g-1. Compared 
to other tissues, muscle always had the lowest val-
ues. Notably, significant differences in lipid con-
tent between seasons were found in gonads and 

liver, showing opposite patterns (Table 2; Figure 
3). Highest values were observed in the gonads 
immediately before and during the reproductive 
season (6.7 g 100 g-1 in winter and 5.2 g 100 g-1 
in spring), while liver lipid content were higher 
during gonadal regeneration (11.35 g 100 g-1 in 
summer and 15.9 g 100 g-1 in autumn).

Proteins seasonal variation 

Protein content in muscle and liver did not differ 
significantly between seasons, with mean values of 
19.06 g 100 g-1 and 16.5 g 100 g-1, respectively (Ta-
ble 2; Figure 4). Protein levels were elevated in the 
gonads before and during the reproductive season 
(winter-spring), but decreased during the resting 
stage (summer-autumn). However, statistical sig-
nificance was only observed for winter, where the 
gonadal protein content was significantly higher 

Figure 2. Seasonal evolution of gonad stage proportions in 
mature females Acanthistius patachonicus.

Figure 1. Boxplot showing the seasonal variation of hepatosomatic index (HIS), gonadosomatic index (GSI) and relative condi-
tion factor (Kn) of Acanthistius patachonicus. Each box shows the range between the first and third quartiles (Q1-Q3). 
Horizontal line inside the box indicates the median. Red circles define the mean values. Black circles represent outliers.
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than that recorded in autumn and summer (Table 
2; Figure 4). 

Water content seasonal variation

The water content of the three tissues analysed 

showed seasonal variation (Table 2; Figure 5). Dur-
ing the predominance of the resting stage (autumn) 
and immediately before the spawning season (win-
ter), significant differences in water content values 
were observed in both muscle and gonad. The go-
nad had the highest water content in autumn, while 

Table 2. ANOVA results of seasonal changes of all biochemical components and energy density in the tissues of Acanthistius 
patachonicus.

 Muscle Gonad Liver

 F p F p F p 

Lipids 0.809 0.498 22.45 < 0.0010 8.099 < 0.001
Proteins 1.246 0.31 6.35 0.0016 2.703 0.061
Water 3.116 0.0402 4.584 0.0086 8.934 < 0.001
Energy density 0.325 0.814 15.87 < 0.0010 8.519 < 0.001

Figure 3. Boxplot showing the seasonal variation of lipids content of muscle, gonad and liver of Acanthistius patachonicus. Each 
box shows the range between the first and third quartiles (Q1-Q3). Horizontal line inside the box indicates the median. 
Red circles define the mean values. Black circles are outliers.
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the muscle had the lowest. Conversely, gonads had 
the lowest water content in winter, while the mus-
cle had the highest. The liver had the highest water 
content in winter and spring (74.1 and 72.3, re-
spectively), and the lowest in autumn and summer 
(66.65 and 64.6, respectively). 

Energy density seasonal variation

No significant differences between seasons were 
observed in the mean energy density estimated for 
muscle, with values around 4.81 KJ g-1 (Table 2; 
Figure 6). The energy density of gonads decreased 
significantly during the resting period (4.13 KJ g-1 
in autumn and 4.25 KJ g-1 in summer). In contrast, 
the liver showed the highest energy density during 
that period (10.35 KJ g-1 in autumn and 8.6 KJ g-1, 
in summer), while the lowest values were observed 
during the reproductive activity.

DISCUSSION

The reproductive biology of the Patagonian 
grouper has been analysed during the last decades 
in various studies (Ciechomski and Cassia 1976; 
Dell’Arciprete et al. 1987; Militelli et al. 2013; 
López et al. 2015). However, the existing litera-
ture on energetic analysis is relatively scarce and 
outdated (Cabral and Kopatschek 1942; Moreno 
et al. 1982; Nielsen and Escribano 1997). Un-
derstanding the dynamics of endogenous energy 
use is crucial, and such insights can be partially 
understood by monitoring morphological indi-
ces such as the hepatosomatic index (HSI), the 
gonadosomatic index (GSI) and the relative con-
dition factor (Kn) (Collins and Anderson 1995). 
These indices play a key role in assessing the 

Figure 4. Boxplot showing the seasonal variation in protein content of muscle, gonad and liver tissues of Acanthistius patachonicus. 
Each box shows the range between the first and third quartiles (Q1-Q3). Horizontal line inside the box indicates the median. 
Red circles define the mean values. Black circles are outliers. 
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reproductive potential of the stock, complement-
ing the analysis of energy reserves and proximal 
composition of females (Domínguez Petit 2006). 
The temporal analysis carried out on samples 
of Patagonian grouper showed that the GSI was 
the only index that varied significantly between 
seasons, reaching its highest values immediately 
before and during the reproductive period (win-
ter-spring). Although the HSI of this species did 
not show significant seasonal differences, a dis-
cernible temporal pattern with higher values dur-
ing spring and winter was observed, coinciding 
with that of GSI. Changes in Kn are attributed in 
other species to the mobilisation of somatic ener-
gy reserves essential for gonad development and 
spawning activity (Maddock and Burton 1999; 
Rätz and Lloret 2003). However, in this case, Kn 
did not show significant differences throughout 
the year.

Considerable variation in the biochemical com-
position were well documented in different tissues, 
especially in lipid and water content (Haug 1990). 
Lipids stored during high feeding periods accu-
mulate in somatic tissues, liver and around the 
viscera (Hoque et al. 1998; Collins and Anderson 
1995), making them valuable markers of condition. 
In general, the proportion of these lipids showed 
annual variations associated with changes in fish 
condition (Shulman and Love 1999). Throughout 
the annual cycle, the recorded variation in lipid 
content of Patagonian grouper ranged from 0.68 
to 2.57% in muscle, 3.11 to 29.64% in liver, and 
0.75 to 9.83% in gonads. These values are very 
similar to those obtained for the striped weakfish 
(Cynoscion guatucupa) from Buenos Aires waters, 
where the minimum and maximum concentrations 
were 1.50-5.90% in muscle, 3.8-27.50% in liver, 
and 1-8.7% in gonads (Chiodi 1962). They are also 

Figure 5. Boxplot showing the seasonal variation in water content of muscle, gonad and liver tissues of Acanthistius patachonicus. 
Each box shows the range between the first and third quartiles (Q1-Q3). Horizontal line inside the box indicates the median. 
Red circles define the mean values. Black circles are outliers.
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similar to those obtained for the Brazilian flathead, 
Percophis brasiliensis, with a variation of 0.25-
2.05% in muscle, 3.6-24% in liver, and 1.22-10% 
in gonads (Rodrigues et al. 2013). The seasonal 
trend observed in Patagonian grouper showed that 
liver lipids increased during the non-reproductive 
period (summer and autumn) and decreased during 
the reproductive activity. In contrast, gonadal lipids 
increase in winter and spring, during the spawning 
season of the species, indicating a mobilization 
of energy from the liver to the gonads. Seasonal 
variations in muscle lipid content were not sig-
nificant, suggesting that this species accumulates 
lipid reserves for reproduction primarily in the liv-
er. This pattern, characterised by the highest lipid 
concentration in the liver during the non-spawning 
season, is consistent with previous observations in 
A. patachonicus (Moreno et al. 1982) and other spe-
cies, such as Pseudopercis semifasciata (López et 

al. 2018), P. brasiliensis (Rodrigues et al. 2013), M. 
hubbsi (Leonarduzzi et al. 2012) and M. merluccius 
(Lloret et al. 2008).

The protein content obtained for Patagonian 
grouper females showed seasonal variations rang-
ing from 13.14% to 25.85% in muscle, 11.27% to 
19.65% in liver, and 13.10% to 23.35% in gonads. 
Notably, significant differences were observed 
only in the gonadal protein content, with lower 
levels during the non-spawning season and higher 
concentrations during spawning. This is similar to 
what was seen for lipids and is consistent with the 
expected protein mobilisation during oocyte matu-
ration. Although no significant seasonal differences 
were found in the liver, the highest protein concen-
tration was recorded at the end of the reproductive 
period (summer). This temporal pattern is consist-
ent with observations in P. brasiliensis (Rodrigues 
et al. 2013). 

Figure 6. Boxplot showing the seasonal variation in energy density content of muscle, gonad and liver tissues of Acanthistius 
patachonicus. Each box shows the range between the first and third quartiles (Q1-Q3). Horizontal line inside the box 
indicates the median. Red circles define the mean values. Black circles are outliers.
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In general, the water content of different tissues 
follows an inverse trend to the content of organic 
matter, increasing as the energy is consumed. This 
phenomenon is often considered as an indicator of 
the condition of individuals (Lambert and Dutil 
2000; Dutil et al. 2003; Alonso- Fernandez and 
Saborido-Rey 2011). In Patagonian grouper, the 
water content of tissues ranged from 69.62% to 
79.79% in muscle, 54.37 to 78.26% in the liver, 
and 61.33 to 83.81% in gonads. These values are 
similar to those reported by Rodrigues et al (2013) 
for P. brasiliensis. Water content showed an inverse 
pattern with respect to lipids, especially in the go-
nad and liver, but, with respect to protein content, 
this trend was only observed in the gonad. These 
observations suggest that water content could be 
useful as a rapid indicator of lipid reserves (for 
gonads and liver), as demonstrated in other species 
such as P. semifasciata (López et al. 2018) and M. 
hubbsi (Leonarduzzi et al. 2012).

The energy density estimated for the muscle of 
Patagonian grouper remained relatively constant 
throughout different seasons. In contrast, liver 
and gonads showed an opposing seasonal pattern. 
The liver accumulates reserves during months of 
gonadal resting, but the energy decreases during 
the reproductive period. In contrast, the gonads 
showed maximum energy concentrations during 
the reproductive period, consistent with observa-
tions reported for other species, such as P. brasil-
iensis (Rodrigues et al. 2013), M. hubbsi (Leo-
narduzzi et al. 2012) and P. semifasciata (López 
et al. 2018). Analysis of stomach contents of Pa-
tagonian grouper revealed feeding activity in all 
seasons (Riestra 2019). Highest proportions of 
stomachs with contents were recorded during au-
tumn, winter, and spring (Goldstein and Cousseau 
1987; Sánchez and Prenski 1996; Riestra 2019). 
However, there are no reports in the literature on 
dietary analysis by sex and gonadal development 
stage. In conclusion, the analysis of tissue com-
position suggests that the primary source of ener-
gy for reproduction in the Patagonian grouper is 
the liver. Maximum energy reserves in this organ 

were recorded during oocyte growing and gonadal 
development (autumn) and decreased during the 
spawning season (spring). After reproduction, a 
recovery of energy levels was observed in sum-
mer, which was probably influenced by late sum-
mer samples. These fluctuations in energy levels 
correspond to the mobilisation of lipids, with a 
smaller contribution from proteins stored in the 
liver. This pattern indicates that A. patachonicus 
predominantly follows a capital breeding strategy, 
relying on stored energy for reproduction. In line 
with this conclusion, López et al (2023) found in 
this species that the relative fecundity, as well as 
the size and dry weight of hydrated oocytes, were 
lower during December. This supports the idea that 
energy reserves may be depleted by the end of the 
reproductive season. However, the possibility of 
concurrent energy intake through feeding during 
the spawning season cannot be ruled out. Accord-
ing to the categories proposed by McBride et al. 
(2015), this species may be classified as a mixed 
capital-income breeder, provided that females pri-
marily rely on stored energy. These findings not 
only increase our understanding of the biology of 
A. patachonicus but also highlight the need to un-
derstand the energetic strategies employed by the 
fish. This information is essential for the effective 
population management and conservation of the 
species within the marine ecosystem. Observed 
seasonal variations in energy reserves in this spe-
cies suggest a strong reliance on stored energy for 
reproduction, which could make the species more 
vulnerable to environmental fluctuations or anthro-
pogenic pressures, such as fishing, particularly dur-
ing the pre-spawning period. Therefore, protecting 
individuals during this time could be crucial to 
maintaining reproductive success and sustaining 
population productivity. Although this study pro-
vides a comprehensive overview, it is important 
to recognise that a thorough understanding of the 
energetic biology will require further detailed re-
search, including temporal and spatial replication 
and larger sample sizes, to better inform conserva-
tion and management strategies.



López et al.: Energy allocation in Patagonian grouper 385

ACKNOWLEDGEMENTS

We gratefully acknowledge to Marta Estrada and 
Hugo Brachetta for the help to process the tissue 
samples, and to Karina Rodrigues and Ezequiel 
Leonarduzzi for the teaching of the techniques 
used. We also thank the staff of the technology lab-
oratory of INIDEP for lending us the facilities. We 
express our gratitude to the anonymous reviewers 
for making suggestions to improve this manuscript. 
This is INIDEP contribution no 2429.

Conflict of interest

The authors declare no conflicts of interest.

Author contributions

Sofía López: conceptualization; methodology; 
formal analysis; investigation; data curation; writ-
ing-original draft; writing-review and editing; vis-
ualization; validation. María I. Militelli: resources; 
writing-review and editing; supervision; validation. 
Cecilia M. Riestra: investigation; writing- eview 
and editing; validation. Gustavo J. Macchi: re-
sources; writing-review and editing, supervision; 
validation.

REFERENCES

Alonso-Fernández A, Saborido-Rey F. 2011. 
Maternal influence on the variation of the repro-
ductive cycle of Trisopterus luscus (Gadidae). 
Cienc Mar. 37 (4B): 619- 632.

Aristizabal E. 2007. Energy investment in the 
annual reproduction cycle of female red porgy, 
Pagrus pagrus (L.). Mar Biol. 152: 713-724.

Beamish RJ, Bouillon DR. 1995. Marine fish pro-
duction trends off the Pacific coast of Canada 

and the United States. In: Beamish RJ, editor. 
Climate change and northern fish populations. 
Can Spec Publ Fish Aquat Sci. 121: 585-591.

Berkeley SA, Chapman C, Sogard SM. 2004. 
Maternal age as a determinant of larval growth 
and survival in a marine fish, Sebastes melan-
ops. Ecology. 85 (5): 1258-1264.

Bligh EG, Dyer WJ. 1959. A rapid method of total 
lipid extraction and purification. Can J Biochem 
Physiol. 37: 911-917.

Brett JR, Groves TDD. 1979. Physiological en-
ergetics. In: Hoar WS, Randall DJ, Brett JR, 
editors. Fish physiology. Vol. VIII. Bioenerget-
ics and growth. New York: Academic Press. p. 
279-352

Brooks S, Tyler CR, Sumpter JP. 1997. Egg 
quality in fish: what makes a good egg? Rev 
Fish Biol Fish. 7 (4): 387-416.

Brown-Peterson NJ, Wyanski DM, Sabori-
do-Rey F, Macewicz BJ, Lowerre-Barbieri 
S. 2011. A standardized terminology for de-
scribing reproductive development in fishes. 
Mar Coast Fish. 3: 52-70.

Cabral AG, Kopatschek F. 1942. Determinación 
de los principales componentes químicos de las 
especies de pescados comestibles procedentes 
de aguas argentinas que se encuentran con más 
frecuencia en nuestros mercados. La Plata: 
Facultad de Medicina Veterinaria. Citado por: 
Popovici Z, Angelescu V. 1954. La economía 
del mar y sus relaciones con los alimentos de 
la humanidad. Tomo II. Buenos Aires: Editorial 
Coni.

Calow P. 1985. Adaptive aspects of energy allo-
cation. In: Tytler P, Carlow P, editors. Fish 
energetics: new perspectives. London: Croom 
Helm. p. 13-31.

Chiodi OR. 1962. Composición química de la pes-
cadilla, corvina, anchoíta, langostino y calamar. 
Especies marinas del Atlántico Sud (Sector Bo-
naerense). Buenos Aires: Secretaría de Estado 
de Agricultura y Ganadería de la Nación De-
partamento de Investigaciones Pesquera. 11 p.

Ciechomski JD de, Cassia MC. 1976. Característi-



Marine and Fishery Sciences 38 (3): 375-388 (2025)386

cas de la reproducción del mero (Acanthistius 
brasilianus) en el Mar Argentino (Pisces, Ser-
ranidae). Physis. 35 (90): 27-36. 

Clarke A. 1983. Life in cold water: the physio-
logical ecology of polar marine ectotherms. In: 
Barnes M, editor. Oceanography and marine 
biology. An annual review. Vol. 21. Aberdeen: 
Aberdeen University Press. p. 341-453.

Collins AL, Anderson TA. 1995. The regulation 
of endogenous energy stores during starvation 
and refeeding in the somatic tissues of the gold-
en perch. J Fish Biol. 47: 1004-1015.

Dell’Arciprete P, Christiansen HE, Díaz de As-
tarloa JM. 1987. Observaciones sobre el ciclo 
reproductivo del mero, Acanthistius brasilianus 
(Serranidae, Pisces). Rev Invest Desarr Pesq. 
7: 67-84.

Domínguez Petit R. 2006. Study of the reproduc-
tive potential of the Merluccius merluccius in 
the Galician shelf [PhD thesis]. Vigo: Instituto 
de Investigaciones Marinas, Universidad de 
Vigo. 286 p.

Dutil JO, Lambert Y, Chabot D. 2003. Winter 
and spring changes in condition factor and ener-
gy reserves of wild cod compared with changes 
observed during food deprivation in the labora-
tory. ICES J Mar Sci. 60: 780-786.

Goldstein HE, Cousseau MB. 1987. Estudios 
sobre el régimen alimentario del mero (Acan-
thistius brasilianus) y su relación con las carac-
terísticas morfométricas del sistema digestivo 
(Pisces, Fam. Serranidae). Rev Invest Desarr 
Pesq. 7: 85-113.

Grift RE, Heino M, Rijnsdorp AD, Kraak SBM, 
Dieckmann U. 2007. Three-dimensional matu-
ration reaction norms for North Sea plaice. Mar 
Ecol Progr Ser. 334: 213-224.

Haug T. 1990. Biology of the Atlantic halibut 
Hippoglossus hippoglosus (L., 1758). Adv Mar 
Biol. 26: 1-70.

Herbes S, Allen C. 1983. Lipid quantification of 
freshwater invertebrates: method modification 
for microquantitation. Can J Fish Aquat Sci. 40: 
1315-1317.

Heyer CJ, Miller TJ, Binkowski FP, Caldarone 
EM, Rice JA. 2001. Maternal effects as a re-
cruitment mechanism in Lake Michigan yellow 
perch (Perca flavescens). Can J Fish Aquat Sci. 
58: 1477-1487.

Hoque MT, Yusoff FM, Law AT, Syed MA.1998. 
Effect of hydrogen sulphide on liver somatic 
index and Fulton’s condition factor in Mystus 
nemurus. J Fish Biol. 52: 23-30.

Irigoyen A, Riestra C, López S, Parma AM. 2020. 
Patagonian grouper Acanthistius patachonicus 
(Jenyns, 1840) forms massive spawning aggre-
gations in the Southwest Atlantic. J Fish Biol. 98: 
267-276. DOI: https://doi.org/10.1111/jfb.14576

Jobling M. 1995. Environmental biology of fishes. 
Fish and Fisheries Series. 16. London: Chap-
man and Hall. p. 455.

Jönsson KI. 1997. Capital and income breeding as 
alternative tactics of resource use in reproduc-
tion. Oikos. 78: 57-66.

Kjesbu OS, Klungsoyr J, Kryvi H, Witthames 
PR, Greer Walker M. 1991. Fecundity, atresia 
and egg size as captive Atlantic cod (Gadus 
morhua) in relation to proximate body com-
position. Can J Fish Aquat Sci. 48: 2333-2343.

Lambert Y, Dutil J.2000. Energetic consequenc-
es of reproduction in Atlantic. Cod (Gadus 
morhua) in relation to spawning level of so-
matic energy reserves. Can J Fish Aquat Sci. 
57 (4): 815-825.

Le Cren CD 1951. The length-weight relationship 
and seasonal cycle in gonad weight and con-
dition in perch, Perca fluviatilis. J Anim Ecol. 
20: 201-219. DOI: https://doi.org/10.2307/1540

Leonarduzzi E, Massa A, Manca E. 2012. Varia-
ción de la composición bioquímica en hembras 
de merluza común (Merluccius hubbsi) durante 
el ciclo reproductivo. Rev Invest Desarr Pesq. 
21: 5-19.

Lloret J, Demestre M, Sanchez-Pardo J. 2008. 
Lipid (energy) reserves of European hake (Mer-
luccius merluccius) in the north-western Medi-
terranean. Vie Milieu. 58 (1): 75- 85.

López S, Militelli MI, Estrada M. 2018. Es-

https://doi.org/10.1111/jfb.14576
https://doi.org/10.2307/1540


López et al.: Energy allocation in Patagonian grouper 387

timación de índices de condición somática y 
análisis de composición bioquímica del hígado 
del salmón de mar (Pseudopercis semifasciata) 
durante el ciclo reproductivo. Inf Invest INIDEP 
Nº 37/2018. 9 p.

López S, Militelli MI, Riestra C. 2015. Acti-
vidad reproductiva del mero (Acanthistius pa-
tachonicus) en aguas costeras de la provincia 
de Buenos Aires. Resultados de muestreos de 
desembarque del puerto de Quequén/Neco-
chea años 2012 y 2013. Inf Invest INIDEP Nº 
19/2015. 13 p. 

López S, Militelli MI, Riestra C, Estrada M, 
Brachetta H, Macchi GJ. 2023. Potencial re-
productivo de peces óseos en arrecifes rocosos 
bonaerenses. Inf Invest INIDEP Nº 71/2023. 27 
p.

Lowry OH, Rosbrough NJ, Farr AL, Randall 
RJ. 1951. Protein measurement with the folin 
phenol reagent. J Biol Chem. 193: 265-275.

Lucas A. 1996. Bioenergetics of aquatic animals. 
London: Taylor and Francis. 169 p.

Macchi GJ, Acha EM. 1998. Aspectos reproduc-
tivos de las principales especies de peces en la 
Zona Común de Pesca Argentino-Uruguaya y 
en El Rincón. In: Lasta CA, editor. Resulta-
dos de una campaña de evaluación de recursos 
demersales costeros de la Provincia de Buenos 
Aires y del litoral Uruguayo. Noviembre, 1994. 
INIDEP Inf Téc. 21: 67-89.

MacKinnon JC. 1972. Summer storage of energy 
and its use for winter metabolism and gonad-
al maturation in American plaice (Hippoglos-
soides platessoides). J Fish Res Board Can. 29: 
1749-1759.

Maddock DM, Burton MPM. 1999. Gross and 
histological observations of ovarian develop-
ment and related condition changes in American 
plaice. J Fish Bio. 53: 928-944.

Marshall CT, Needle CL, Thorsen A, Kjesbu 
OS, Yagarina NA. 2006. Systematic bias in 
estimates of reproductive potential of on At-
lantic cod (Gadus morhua) stock: implications 
for stock- recruit theory and management. Can 

J Fish Aquat Sci. 63: 980-994.
Marteinsdottir G, Begg GA. 2002. Essential re-

lationships incorporating the influence of age, 
size and condition on variables required for es-
timation of reproductive potential in Atlantic 
cod Gadus morhua. Mar Ecol Progr Ser. 235: 
235-256.

McBride RS, Somarakis S, Fitzhugh GR, Al-
bert A, Yaragina NA, Wuenschel MJ, Alon-
so- Fernández A, Basilone G. 2015. Energy 
acquisition and allocation to egg production 
in relation to fish reproductive strategies. Fish 
Fish. 16: 23-57. 

Militelli MI, Ignacio S, Juguera Canteloup JH. 
2013. Áreas de desove, fecundidad y calidad 
ovocitaria del mero (Acanthistius patachoni-
cus) en la zona de El Rincón. Resultados de la 
Campaña de Investigación Costera OB03/12. 
Inf Invest INIDEP Nº 78/2013.

Moreno VJ, Moreno JEA De, González VM. 
1982. Composición bioquímica de peces coste-
ros de interés comercial: besugo -mero- corvi-
na. Informe Proyecto Proceso Pesquero de los 
Recursos Costeros. Mar del Plata: Biblioteca 
INIDEP. MS.

Morgan MJ, Lilly GR. 2006. The impact of con-
dition on reproduction in Flemish Cap cod. J 
Northw Atl Fish Sci. 37: 81-86.

Nielsen JJ, Escribano EM. 1997. Valores alimen-
ticios entre especies marinas análogas. CC&I 
Red de Cooperación Latinoamericana de Con-
trol de Calidad e Inspección de Productos Pes-
queros. 7: 11-18. 

Pavlov D, Emel’yanova NG, Novikov GG. 2009. 
Reproductive dynamics. In: Jakobsen T, Fog-
arty MJ, Megrey BA, Moksness E, editors. 
Fish reproductive biology: implications for 
assessment and management. Oxford: Wi-
ley-Blackwell. p. 48-90.

R Core Team 2023. R: A language and envi-
ronment for statistical computing. Vienna: R 
Foundation for Statistical Computing. https://
www.r-project.org/.

Rätz HJ, Lloret J. 2003. Variation in fish con-

https://www.r-project.org/
https://www.r-project.org/


Marine and Fishery Sciences 38 (3): 375-388 (2025)388

dition between Atlantic cod (Gadus morhua) 
stocks, the effect on their productivity and man-
agement implications. Fish Res. 60: 369-380.

Reznick DN, Braun B. 1987. Fat cycling in the 
mosquitofish (Gambusia affinis): fat storage as 
a reproductive adaptation. Oecologia. 73: 401-
413.

Riestra CM. 2019. Análisis de la dieta del mero 
(Acanthistius patachonicus) en aguas costeras 
de la provincia de Buenos Aires, Argentina. 
XVIII Congreso Latinoamericano de Ciencias 
del Mar. Mar del Plata, 4 al 8 de noviembre de 
2019.

Rijnsdorp AD, Daan N, Von Beek FA, Heesen 
HJL. 1991. Reproductive variability in North 
Sea plaice, sole and cod. ICES J Mar Sci. 47: 
352-375.

Rodrigues KA, Macchi GJ, Massa A, Militelli 
MI. 2013. Seasonal analysis of condition, bio-
chemical and bioenergetics indices of females 
of Brazilian flathead, Percophis brasiliensis. 
Neotrop Ichthyol. 11 (1): 153-162.

Roff DA. 1993. The evolution of life histories: 
theory and analysis. New York: Chapman and 
Hall. 535 p.

Saborido-Rey F, Murua H, Tomkiewicz J, Low-
erre-Barbieri S. 2010. Female reproductive 
strategies: an energetic balance between matu-
ration, growth and egg production. In: Wyanski 
DM, Brown-Peterson NJ, editors. Proceed-
ings of the 4th Workshop on Gonadal Histology 
of Fishes. El Puerto de Santa María: FRESH, 
AFS/MFS. p. 15-17. Sánchez F, Prenski LB. 
1996. Ecología trófica de especies demersales 

en el golfo San Jorge. Rev Invest Desarr Pesq. 
10: 57-71.

Schulte-Hostedde AI, Zinner B, Millar JS, 
Hickling GJ. 2005. Restitution of mass-size 
residuals: validating body condition indices. 
Ecology. 86: 155-163.

Shulman GE, Love RM. 1999. The biochemical 
ecology of marine fishes. Advances in marine 
biology. Vol. 36. San Diego: Academic Press. 
351 p.

Sibly RM, Calow P. 1986. Physiological ecology 
of animals: an evolutionary approach. Oxford: 
Backwell Scientific. 179 p.

Stearns SC. 1992. The evolution of life histories. 
New York: Oxford University Press. 249 p.

Stephens PA, Boyd IL, McNamara JM, Houston 
AI. 2009. Capital breeding and income breed-
ing: their meaning, measurement, and worth. 
Ecology. 90 (8): 2057-2067. DOI: https://doi.
org/10.1890/08-1369.1

Undeland I, Harrod M, Lingnert H. 1998. 
Comparison between methods using low-tox-
icity solvents for the extraction of lipids from 
herring (Clupea harengus). Food Chemistry. 61: 
355-365.

Villanueva Gomila L, Ehrlich MD, Venerus 
LA. 2015. Early life history of the Argentine 
sea bass (Acanthistius patachonicus) (Pisces: 
Serranidae). Fish Bull. 113: 456-467.

Wotton RJ. 1990. Tactics and strategies in fish 
reproduction. In: Potts GW, Wotton RJ, ed-
itors. Fish reproduction: strategies and tactics. 
London: Academic Press. p. 1-12.

https://doi.org/10.1890/08-1369.1
https://doi.org/10.1890/08-1369.1

