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ABSTRACT. The Patagonian redfish (Sebastes oculatus Valenciennes 1833) is a viviparous spe-
cies inhabiting the mid and outer shelf waters, as well as the rocky reefs along the Patagonian coast 
of Argentina. At present, the energy allocation strategy of this species during reproduction remains 
unknown. Thus, in this study, we analyzed the variations in biochemical and bioenergetic condition 
indices of adult females over a seasonal cycle. A total of 157 specimens were collected by onboard 
observers in commercial vessels between November 2016 and September 2017. The gonadosomatic 
index (GSI), morphophysiological condition (hepatosomatic index HSI and relative condition factor 
Kn), and the proximate composition (lipids, proteins, and moisture) along with energy density in 
muscle, liver, and gonads, were evaluated. Results showed an increase in lipid and protein reserves 
in the muscle and gonads during winter, coinciding with the onset of maturation. It was also observed 
that the energy density (kJ g-1) in the liver and muscle decreases in spring, coinciding with the greatest 
gonadal development (GSI). The highest energy density values in muscle were recorded during winter, 
which coincides with increased feeding activity of the species, suggesting a reproductive strategy 
closer to a ‘capital breeder’, with energy storage prior to the beginning of spawning.
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Condición y asignación de energía durante el ciclo reproductivo de la cabrilla patagónica Se-
bastes oculatus de la plataforma continental argentina

RESUMEN. La cabrilla patagónica (Sebastes oculatus Valenciennes 1833) es una especie vivípara 
que habita las aguas de la plataforma media y exterior, así como los arrecifes rocosos a lo largo de la 
costa patagónica de Argentina. En la actualidad, la estrategia de asignación de energía de esta especie 
durante la reproducción sigue siendo desconocida. Por lo tanto, en este estudio, analizamos las va-
riaciones en los índices de condición bioquímica y bioenergética de hembras adultas a lo largo de un 
ciclo estacional. Un total de 157 especímenes fueron colectados por observadores a bordo de buques 
comerciales entre noviembre de 2016 y septiembre de 2017. Se evaluaron el índice gonadosomático 
(GSI), la condición morfofisiológica (índice hepatosomático HSI y factor de condición relativa Kn) y 
la composición proximal (lípidos, proteínas y humedad), junto con la densidad energética en músculo, 
hígado y gónadas. Los resultados mostraron un aumento en las reservas de lípidos y proteínas en el 
músculo y las gónadas durante el invierno, coincidiendo con el inicio de la maduración. También 
se observó que la densidad energética (kJ g-1) en el hígado y el músculo disminuye en primavera, 
coincidiendo con el mayor desarrollo gonadal (GSI). Los valores más altos de densidad energética 
en el músculo se registraron durante el invierno, lo que coincide con una mayor actividad alimentaria 
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INTRODUCTION

Body condition indexes have been commonly 
used to describe both the general health status of 
an animal and its nutritional or energy reserves 
(Schulte-Hostedde et al. 2005). The ability of an 
organism to acquire and manage energy resources, 
which are subsequently used to meet its energy 
demands, directly influences its overall body condi-
tion and associated indices (Jakob et al. 1996). This 
energy is distributed among three essential func-
tions: maintenance metabolism, somatic growth, 
and reproduction (Calow 1985; Sibly and Calow 
1986). In immature female fish, most of the en-
ergy is allocated for growth and metabolism, but 
part of it is redirected towards egg production and 
reproductive behavior once the gonad maturation 
begins. During the spawning season, these energy 
reserves often fluctuate significantly (Eliassen and 
Vahl 1982; Lucas 1996), and individuals in better 
body condition not only have a higher chance of 
survival as well as future reproductive success. 

Maternal attributes and condition affect fish 
maturity (Marteinsdottir and Begg 2002; Morgan 
and Lilly 2006; Grift et al. 2007), fecundity, and 
egg production (Kjesbu et al. 1991; Rijnsdorp et 
al. 1991; Lambert and Dutil 2000; Marshall et al. 
2006), as well as offspring viability (Brooks et al. 
1997; Heyer et al. 2001; Berkeley et al. 2004). In 
summary, these factors influence the reproduc-
tive potential of the stock and should therefore 
be incorporated into assessment models (Morgan 
2008). Fish condition can be assessed using a 
variety of criteria, ranging from simple morpho-
metric measures (length-weight ratio or condition 
factor K) to physiological indicators (hepatoso-

matic index) and biochemical measures (proximal 
composition), which consist of measuring tissue 
concentrations of lipids, proteins, and other com-
ponents (Jakob et al. 1996; Domínguez-Petit et 
al. 2010).

The Patagonian redfish (Sebastes oculatus) has 
been described as a species exhibiting internal fer-
tilization, a single parturition, and ovoviviparity 
(Sánchez and Acha 1988). This species is distrib-
uted in waters of South America, from the San 
Matías Gulf (Argentina) in the Atlantic Ocean to 
the coasts of Peru and Chile in the Pacific Ocean 
(Rocha-Olivares et al. 1999; Galván et al. 2009). 
Two morphotypes have been identified in the Ar-
gentine Sea: the ‘dark or shallow’, inhabiting coast-
al waters less than 40-50 m (usually < 30 m), and 
the ‘light or deep’, inhabiting depths between 80 
and 100 m. Venerus et al. (2013) analyzed both 
morphotypes caught in Argentina and found limit-
ed gene flow between them, which could facilitate 
an incipient speciation process.

Rodrigues et al. (2024) determined that the oo-
cyte development pattern of S. oculatus is group-
synchronous, with gonadal development starting in 
late austral winter and continuing into spring, and 
larvae being released in spring and early summer. 
Males mature earlier than females, suggesting that 
copulation may occur in autumn, with females re-
taining sperm in the ovary until oocyte fertilization. 
The evidence provided by these authors suggests 
that viviparity in this species is lecithotrophic, and 
a positive relationship between relative fecundity 
and maternal size was observed, indicating that 
larger and older females have greater reproductive 
potential, producing more eggs per unit of weight 
than younger individuals.

Marine species differ in their energy allocation 
strategies for reproduction, which can be placed 

de la especie, lo que sugiere una estrategia reproductiva más cercana a un capital breeder, con almacenamiento de energía antes del 
inicio del desove.

Palabras clave: Reproducción, viviparidad, condición del cuerpo, densidad energética.
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along a continuum between two extremes: capital 
and income breeding. Capital breeders acquire 
energy previous to the beginning of the spawn-
ing season, and this stored energy constitutes 
the main source for egg production (Pavlov et 
al. 2009; Stephens et al. 2009). This strategy is 
typical of species inhabiting high latitudes and 
cold waters, often exhibiting marked seasonality, 
short spawning period, and synchronous oocyte 
development (Saborido-Rey and Macchi 2021). 
In contrast, income breeders acquire and mobilize 
energy during reproduction, without the need for 
prior storage. This pattern is common in species 
from tropical, subtropical, or highly productive 
temperate regions, which usually show prolonged 
spawning seasons and asynchronous oocyte de-
velopment (Stephens et al. 2009). It remains 
unknown whether the Patagonian redfish stores 
energy prior to the onset of reproductive activity 
or whether it has the capacity to acquire energy 
by active feeding during reproduction. Therefore, 
the objective of the present study was to analyze 
variations in condition, proximate composition, 
energy density, and trophic activity throughout 
an annual cycle in order to examine the energy 
allocation strategy in relation to the sexual devel-
opment of S. oculatus females. 

MATERIALS AND METHODS

Sample collection

Specimens of S. oculatus were collected by on-
board observers in commercial vessels along the 
Argentine continental shelf between 39° S and 
51° S, from 62 to 230 m depth (Figure 1). A total 
of 157 adult females were analyzed from Novem-
ber 2016 to September 2017. The collection and 
handling of fish were conducted in accordance with 
ethical and legal standards established by the rele-
vant authorities in the country.

Total length (TL), total weight (TW), gutted 

weight (GW), gonad weight (GoW), liver weight 
(LW), and macroscopic maturity phase of each 
specimen were recorded. For histological analysis, 
the ovaries were fixed in 10% formalin, and small 
samples from each were dehydrated using etha-
nol, cleared in xylene, and embedded in paraffin 
(García del Moral 1993). Sections of approximate-
ly 4 µm thick were cut using a microtome Sakura 
(model RH-12DM), and subsequent staining was 
performed using the hematoxylin-eosin technique. 
The histological classification of maturity phases 
followed the criteria proposed by Gunderson et 
al. (1980) for four species of genus Sebastes. We 
also used a macroscopic maturity key of 5 phas-
es developed for bony fishes (Macchi and Pájaro 
2003; Brown-Peterson et al. 2011): I. Immature; II. 
Developing; III. Spawning capable (in the case of 
females with embryos or larvae); IV. Regressing; 
V. Regenerating.

Figure 1. Locations where specimens of Sebastes oculatus 
were captured by onboard observers between Novem-
ber 2016 and September 2017.
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Proximate composition analysis and feeding 
activity

The proximate composition, determined from 
the proportion of lipids, proteins, and water con-
tent (moisture) was measured in gonads, liver, 
and muscle of S. oculatus. The relative amount 
of biochemical components within each tissue 
were analyzed with the goal of relating them to 
the gonadosomatic index and morphophysiological 
condition factors (hepatosomatic index and condi-
tion factor), as well as correlating the biochemical 
composition of the different tissues analyzed. Ad-
ditionally, the seasonal variation of the proximate 
composition among tissues during an annual cycle 
was evaluated.

The gonadosomatic index (GSI), hepatosomat-
ic index (HSI) and relative condition factor (Kn) 
were estimated. The Kn was expressed as a ratio 
between the observed GW and the GW determined 
by the total TL-GW relationship estimated for the 
analyzed period (Le Cren 1951). These indices 
were defined by the following equations:

Samples of liver, ovaries, and muscle (skinless 
fillet) were extracted from all specimens and stored 
in vacuum-sealed polypropylene bags at -22 °C un-
til laboratory processing. Lipid and protein quan-
tification was performed for all tissue, and when 
the sample size allowed, moisture content was also 
calculated. 

Lipid content was obtained by using tissue sub-
samples of approximately 1.0 g. Lipid extraction 
followed the method of Bligh and Dyer (1959) in 

Undeland et al. (1998), with solvent proportions 
adjusted according to available tissue. Subsequent-
ly, total lipids were quantified using the gravimet-
ric method of Herbes and Hallen (1983), which 
involves transferring 2 ml of lipid extract to a pre-
weighed Eppendorf tube. The tube was then evapo-
rated at 60 °C, and the post-evaporation weight was 
recorded using a precision balance. The difference 
in weight before and after evaporation determined 
the lipid content of the extract. Results were ex-
pressed as g 100 g-1 wet tissue or percentage.

For protein analysis, 1.0 g of each tissue was 
diluted in 50 ml of 0.1 N NaOH. Protein content 
was determined using the colorimetric method 
of Lowry et al. (1951), based on the reaction of 
proteins with the Folin-Ciocalteu reagent, form-
ing a colored complex whose intensity depends 
on protein concentration. Bovine serum albumin 
(BSA) at a concentration of 1 mg ml-1 was used 
as a standard solution to create a calibration curve. 
The concentration of the ‘unknown’ samples was 
determined by interpolating absorbance values on 
the calibration curve.

To determine water content (moisture), subsam-
ples of up to 10 g of each tissue, depending on 
tissue size, were taken and placed in pre-weighed 
Petri dishes. The wet weight of the tissue was re-
corded and samples were then dried in an oven at 
105 °C for 24 h. After cooling to room temperature, 
they were weighed again.

Energy density (kJ g-1) for each tissue (ovary, 
liver, muscle) was estimated by multiplying the 
lipid and protein content (mg g-1 of wet mass) 
by their respective energy equivalents (lipid = 
39.5 kJ g-1, protein = 23.6 kJ g-1 (Kleiber 1975).

Finally, given that the stomach content was not 
available, a visceral weight index (VWI) was cal-
culated to obtain an estimator of the trophic activ-
ity of specimens. This index was determined by 
subtracting the eviscerated weight and weights of 
organs (gonads and liver) from the total weight, 
meaning that the remaining weight value would 
correspond mainly to the intestine and stomach 
(visceral weight-VW):
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Statistical analysis

Due to the small number of specimens collected 
in some months, data were grouped by season to 
analyze the mean monthly values of female mor-
phological characteristics (total length, eviscerated 
weight, liver weight, and gonad weight), as well 
as the IGS, IHS, and Kn indices, and biochemical 
components.

To determine potential differences between 
the means of biochemical components analyzed 
in each tissue, energy density, condition indices 
and trophic activity by season, an ANOVA or 
Kruskal-Wallis tests were applied, depending on 
whether the assumptions of normality and ho-
moscedasticity of variances were met. When signif-
icant differences were detected, post-hoc analyses 
were performed using Tukey’s test after ANOVA 
or Dunn’s test after Kruskal-Wallis. All statistical 
analyses were performed using InfoStat version 
2017.1.2 (Di Rienzo et al. 2017).

RESULTS

A total of 157 adult females of S. oculatus were 
analyzed between November 2016 and September 
2017, with sample sizes varying monthly (Table 1). 
The highest number of individuals was recorded 
in November 2016 (N = 39) and August 2017 (N 
= 47). Total length (TL) ranged from 23 to 43 cm, 
and total weight (TW) from 190 to 1888 g, with the 
largest individuals observed in November. Gutted 
weight (GW) showed a similar pattern, ranging 
from 150 to 1,349 g. Liver weight (LW) varied be-
tween 3.8 and 42.2 g, while gonad weight (GoW) 
ranged from 1.0 to 175.4 g.

The distribution of gonadal maturity phases dur-
ing a seasonal cycle showed that developing fe-
males were predominant during autumn and spring, 
and ovaries with larvae were observed in spring 
and summer (Figure 2). The highest proportion of 
regressing females was recorded in spring, while 
the regenerating phase was predominantly ob-
served in summer. Mean values of the GSI (Figure 
2; Table 2) showed significant differences between 

Table 1. Number of adult females (N) analyzed each month. Minimum and maximum values are provided for total length (TL), 
total weight (TW), gutted weight (GW), liver weight (LW), and gonad weight (GoW).

Year	 Month	 N	 TL (cm)	 TW (g)	 GW (g)	 LW (g)	 GoW (g)

2016	 November	 39	 23-43	 190-1,888	 150-1,349	 4.7-42.2	 2.9-175.4
2017	 January	 8	 31-39	 461-972	 425-849	 6.0-12.4	 3.6-45.2
2017	 March	 6	 28-39	 452-1,095	 413-1,015	 5.8-26.8	 2.8-10.2
2017	 April	 4	 27-35	 358-755	 332-706	 5.7-9.8	 2.3-28.3
2017	 May	 4	 30-38	 487-870	 454-828	 6.4-23.3	 4.1-14.6
2017	 June	 12	 26-35	 298-717	 279-653	 4.3-18.7	 1.0-12.6
2017	 July	 6	 27-36	 333-1,014	 312-848	 3.8-26.5	 1.4-24.7
2017	 August	 47	 25-37	 302-954	 280-850	 5.8-20.5	 1.7-121.9
2017	 September	 31	 26-39	 323-1,196	 299-1,040	 4.5-22.6	 2.6-83.2

Total		  157					   
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seasons (p < 0.001, Kruskal-Wallis test), with max-
imum gonadal development in spring and a decline 
at the end of the reproductive period (summer and 
autumn) (p < 0.05; Dunn’s test). Similarly, the sea-
sonal variation of the HSI and Kn was analyzed, 
which showed no significant differences (p > 0.05, 
Kruskal-Wallis test) (Table 2).

The mean lipid content across the analyzed tis-
sues was 1.70% in muscle, 16.37% in the liver, and 
7.54% in the gonads (Table 3). Significant differ-
ences were observed between seasons in all three 
tissues (p < 0.01, ANOVA test). In muscle, the 
highest values were recorded in winter, with sig-
nificant differences compared to spring and autumn 

(p < 0.05, Tukey-Kramer test). In the liver, lipid 
content was significantly lower in spring compared 
to the other seasons (p < 0.05, Tukey-Kramer test). 
As for the ovary, lipid percentages were statistical-
ly higher in winter (p < 0.05, Tukey-Kramer test), 
starting to deplete in spring, with the lowest values 
observed in summer and autumn (Table 3).

Similar to lipids, protein content showed signif-
icant seasonal differences across all three analyzed 
tissues. In muscle, protein content was significantly 
higher in winter compared to spring and summer 
(p < 0.001, ANOVA test; p < 0.01, Tukey-Kramer 
test) (Table 4). Proteins in the ovaries and liver 
showed almost opposite patterns. Protein levels 

Figure 2. Seasonal distribution of the mean and standard error (bars) of gonadosomatic index (GSI) and percentage of Sebastes 
oculatus females at different maturity phases. II: developing; III: spawning capable (with embryos or larvae); IV: regress-
ing; V: regenerating.

Table 2. Mean and standard deviation (in brackets) of condition indices by season. N: number of specimens. GSI: gonadosomatic 
index. HSI: hepatosomatic index. Kn: relative K. VWI: visceral weight index. Values with different superscript letters 
differ significantly (p < 0.05).

	 N	 GSI	 HSI	 Kn	 VWI

Spring	 39	 6.58 (± 6.83)a	 2.35 (± 0.59)a	 1.03 (± 0.10)a	 3.87 (± 2.47)a

Summer	 14	 1.66 (± 0.95)b	 1.95 (± 0.48)a	 1.04 (± 0.09)a	 4.52 (± 1.41)ab

Autumn	 20	 1.42 (± 1.00)b	 2.04 (± 0.89)a	 1.03 (± 0.08)a	 3.72 (± 2.03)a

Winter	 84	 3.08 (± 2.32)ab	 2.22 (± 0.65)a	 1.06 (± 0.09)a	 5.40 (± 2.21)b



Rodrigues et al.: Condition and energy allocation in Sebastes oculatus reproduction 7

in the liver were significantly lower in spring 
compared to summer and winter, and there were 
also significant differences between summer and 
autumn (p < 0.001, Kruskal-Wallis test; p < 0.05, 
Dunn’s test). In the ovaries, protein values were 
highest at the onset of gonadal development (win-
ter) and remained high during the reproductive 
period (spring), declining in summer and autumn 
(end of the reproductive period and beginning of 
gonad resting) (Table 4) (p < 0.001, ANOVA test; 
p < 0.05, Tukey-Kramer test).

Seasonal variations in muscle water content 
were not significant (p > 0.01, ANOVA), with an 
average of 77.86% (Table 5). The liver exhibited 

its highest water concentration in spring (70.21%), 
which was significantly different from winter, 
when it reached a minimum of 59.60% (p < 0.001, 
Kruskal-Wallis test; p < 0.01, Dunn’s test). Win-
ter moisture content in ovaries, was significantly 
lower (63.27%) than in other seasons (p < 0.001, 
Kruskal-Wallis test; p < 0.001, Dunn’s test) with 
an opposite trend to lipids and proteins.

In muscle, it was observed that energy per 
gram of tissue was significantly higher in winter 
(10.37  kJ  g-1) than in other seasons (p < 0.001, 
ANOVA test; p < 0.01, Tukey-Kramer test) (Table 
6; Figure 3). The energy density in the liver was 
statistically lower in spring (8.16 kJ g-1) compared 

Table 3. Mean lipid percentage (%) in each tissue of adult female Sebastes oculatus across seasons. N: number of specimens. 
Values with different superscript letters differ significantly (p < 0.05; post-hoc test).

	 Muscle		  Liver		  Gonads	 	

	 N	 %	 N	 %	 N	 %

Spring	 35	 1.40a	 39	 12.14a	 29	 5.94a

Summer	 14	 1.58ab	 14	 17.45b	 11	 3.33b

Autumn	 20	 1.24a	 20	 15.55ab	 10	 5.01ab

Winter	 76	 1.90b	 77	 18.53b	 72	 9.18c

Mean		  1.70		  16.37		  7.54

Table 4. Mean protein percentage (%) in each tissue of adult female Sebastes oculatus across seasons. N: number of specimens. 
Values with different superscript letters differ significantly (p < 0.05; post hoc test).

	 Muscle		  Liver		  Gonads	 	

	 N	 %	 N	 %	 N	 %

Spring	 39	 18.18a	 37	 14.12a	 24	 20.01a

Summer	 14	 18.21a	 13	 17.28b	 6	 16.93a

Autumn	 20	 19.24ab	 19	 15.12ab	 4	 19.24ab

Winter	 84	 20.78b	 75	 16.61b	 61	 26.82b

Mean	 	 19.71		  15.84		  24.47
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to summer and winter (p < 0.001, Kruskal-Wallis 
test; p < 0.01, Dunn’s test). In autumn, it was also 
low, but in this case, differences were not signif-
icant (p > 0.05, Dunn’s test) (Table 6; Figure 3). 
The energy density in the ovaries was significantly 
higher during winter (p < 0.001, ANOVA test; p 
< 0.01, Tukey-Kramer test), prior to the peak of 
reproductive activity (Table 6; Figure 3). 

The VWI, used as an approximation of the troph-
ic activity of females, was significantly higher in 
winter (Table 2) (p < 0.001, ANOVA test; p < 0.05, 
Tukey-Kramer test) and coincided with the previ-
ously mentioned highest energy density values in 
muscle (Figure 4). 

DISCUSSION

This study set out to investigate the seasonal 
variation in energy allocation and body condition 
in adult females of S. oculatus, aiming to assess 
its reproductive strategy within the capital-income 
breeding continuum. Results showed a significant 
increase in lipid and protein content in muscle and 
gonads during winter, coinciding with the onset 
of gonadal development, while liver reserves de-
clined in spring, when gonadal investment peaked. 
Additionally, an increasing feeding activity was 

Table 5. Mean moisture percentage (%) in each tissue of adult female Sebastes oculatus across seasons. N: number of specimens. 
Values with different superscript letters differ significantly (p < 0.05; post-hoc test).

	 Muscle		  Liver		  Gonads	 	

	 N	 %	 N	 %	 N	 %

Spring	 39	 78.22a	 39	 70.21a	 30	 77.83a

Summer	 14	 78.42a	 14	 64.69ab	 11	 81.53a

Autumn	 20	 78.33a	 20	 66.18a	 4	 78.98a

Winter	 82	 77.48a	 84	 59.60b	 70	 63.27b

Mean	 	 77.86		  63.53		  69.36

Table 6. Mean energy density (kJ g-1) in each tissue of adult female Sebastes oculatus across seasons. N: number of specimens. 
Values with different superscript letters differ significantly (p < 0.05; post hoc test).

	 Muscle	 Liver	 Gonads	

	 N	 kJ g-1	 N	 kJ g-1	 N	 kJ g-1

Spring	 35	 4.88a	 39	 8.16a	 19	 6.89a

Summer	 14	 4.92a	 13	 10.97b	 6	 5.29a

Autumn	 20	 5.03a	 19	 9.58ab	 4	 6.65a

Winter	 76	 5.65b	 70	 11.00b	 52	 10.37b

Mean	 	 5.31		  10.05		  8.99
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recorded in winter, just prior to the reproductive 
period. These findings support the hypothesis that 
S. oculatus relies on energy reserves accumulated 
before the spawning season, consistent with a cap-
ital breeding strategy. 

The distribution of gonadal maturity phases in S. 
oculatus females during a seasonal cycle showed 
that ovary development begins in autumn and ex-
tended into spring, indicating a period of signifi-

cant gonadal growth and maturation. The presence 
of ovaries with larvae was recorded during spring 
and summer and regression-regeneration females 
were mainly observed at the end this period. The 
mean GSI values in S. oculatus increased during 
winter and peaked in spring, consistent with the pe-
riod of active gonadal development and spawning 
capability observed in the maturity phases analy-
sis. The timing of spawning, coinciding with the 

Figure 3. Seasonal variation of the mean and standard error (bars) of energy density (ED) in liver (A), muscle (B) and gonad (C), 
and gonadosomatic index (GSI) of Sebastes oculatus. 
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productive cycle of temperate waters (spring-sum-
mer), is crucial for the development and surviv-
al of offspring, aiming to maximize reproductive 
success (Cushing 1990). Individuals must allocate 
their energy resources to ensure that their offspring 
develop under suitable environmental conditions. 
Spawning events during spring-summer in the 
Southern Hemisphere are also common among oth-
er abundant marine fish species in the Patagonian 
region, such as Merluccius hubbsi (Macchi et al. 
2018) and Engraulis anchoita (Pájaro et al. 2009), 
as well as some rocky reef fish like Pagrus pagrus 
and Pseudopercis semifasciata (López 2022).

In most species with seasonal spawning, the 
gonadosomatic index (GSI) changes significantly 
throughout the reproductive cycle and is a very 
useful tool for delineating the spawning period. A 
marked increase in GSI generally indicates a rapid 
rate of yolk deposition in oocytes (Alonso Fernán-
dez 2011). Conversely, the hepatosomatic index 
(HSI) reflects changes in liver weight primarily due 
to lipid accumulation associated with vitellogenin 
synthesis, and is often used as an indicator of ener-
gy reserves in fish (Marteinsdottir and Begg 2002; 
Leonarduzzi et al. 2014; Rodrigues et al. 2018). 
Similarly, the relative condition factor (Kn or K) 
is used to estimate the somatic energy status of fish. 
In S. oculatus, both the HSI and Kn did not differ 
significantly across seasons, while Kn tended to 
be higher in winter prior to the reproductive peak. 

A similar pattern has been observed in Percophis 
brasiliensis, where HSI showed no seasonal var-
iation and K increased during winter (Rodrigues 
et al. 2013). 

The chemical composition of different tissues, 
which reflects the condition of organisms more 
accurately than the HSI and K indices, can vary 
considerably, particularly in lipid and water content 
(Haug 1990). During periods of high intake, lipids 
may be stored in somatic tissue, liver, and around 
the viscera (Collins and Anderson 1995; Hoque et 
al. 1998;), making lipids useful markers of condi-
tion, as they reflect annual cycles associated with 
changes in physiological state (Shulman and Love 
1999). Seasonal variations in lipid content were 
recorded in S. oculatus, ranging from 0.4% to 4.6% 
in muscle, 5.5% to 31.8% in the liver, and 1.6% to 
13.5% in the gonads. Lipids decreased markedly 
in the liver during the reproductive period (spring), 
but increased in gonads and muscle during winter. 
These patterns suggest the mobilization of liver en-
ergy reserves for reproduction; however, this was 
not reflected in the HSI, possibly due to an increase 
in moisture that increased the weight of the organ. 
Records of the proximal composition of this spe-
cies have not been found, but total lipid determi-
nations have been conducted in Pacific S. flavidus 
(MacFarlane et al. 1993). These authors found lipid 
values between 1% and 4% in muscle, 4% and 40% 
in liver, and 1% and 10% in gonads, suggesting 

Figure 4. Seasonal variation of the mean and standard error (bars) of gonadosomatic index (GSI) and visceral weight index (VWI) 
of Sebastes oculatus.
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that lipids accumulated in the mesentery and liver 
during summer and autumn would be transferred 
to developing ovaries during winter. The Argentine 
hake (M. hubbsi), although is an income breeder 
species, exhibit a comparable energetic pattern, 
with the highest lipid concentrations recorded in 
the liver of regenerating females, indicating the 
onset of energy reserve accumulation during this 
phase of the reproductive cycle (Leonarduzzi et 
al. 2010).

During different seasons of the year, the mean 
protein content of females varied between 18.2% 
and 20.8% in muscle, from 16.9% to 26.8% in go-
nads, and from 14.1% to 17.3% in liver. No signif-
icant differences were recorded in muscle among 
seasons. Protein levels in the liver were signifi-
cantly lower in spring compared to summer and 
winter. Regarding gonads, protein concentration 
peaked in winter when oocytes begin to mature and 
then slightly decreased toward spring (maximum 
gonadal development), reaching its lowest values 
at the end of the reproductive period (summer and 
autumn), similar to the GSI.

According to MacFarlane et al. (1993), the pro-
tein content in ovaries of S. flavidus decreases 
by approximately 21% between fertilization and 
larval release, indicating that the species exhib-
its primarily lecithotrophic viviparity. However, 
it was observed that during gestation, levels of 
phospholipids and calcium in serum (indicators 
of vitellogenin) were significantly elevated com-
pared to those in males, suggesting a matrotroph-
ic contribution. In S. oculatus, the mean ovarian 
protein content decreased by 15.4% from spring 
(20.01%) to summer (16.93%), calculated as a rel-
ative difference using the spring value as the base-
line. This period corresponds to the time of larval 
release. Although serum studies are lacking in our 
case, Rodrigues et al. (2024) found no significant 
differences in the dry weight of ovulated oocytes 
and free larvae in the ovary, suggesting that the 
embryo develops completely at the expense of the 
yolk before expulsion, indicating that the viviparity 
of this species is lecithotrophic. 

The mean water content varied between 77.5% 
and 78.4% in muscle, between 63.3% and 81.5% 
in gonads, and 59.6% and 70.2% in the liver. No 
differences were recorded in muscle across sea-
sons, while the moisture content in the liver and 
gonads exhibited an inverse trend to that of lipids 
and proteins in these tissues. In general, the water 
content in different tissues tends to follow an op-
posite trend to the content of organic components, 
as the proportion of water increases when energy is 
consumed, and is often considered an indicator of 
the individuals’ condition (Lambert and Dutil 2000; 
Dutil et al. 2003; Alonso Fernández and Saborido 
Rey 2011).

All variability in proximal composition can 
be summarized as the variation in the energetic 
content of tissues (Domínguez-Petit 2006). In this 
study, energy density in muscle and gonads in-
creased significantly in winter, coinciding with the 
onset of gonadal growth. Energy density in the liver 
was lower during spring when the greatest gonadal 
growth occurs, suggesting that hepatic reserves are 
utilized for reproduction. In S. oculatus, the liver 
begins to accumulate energy in summer, coinciding 
with the highest combined percentage of females in 
the regression and regeneration phases, similar to 
what has been observed in other species from the 
Argentine Sea, such as P. brasiliensis (Rodrigues et 
al. 2013) and M. hubbsi (Leonarduzzi et al. 2010). 
The energy storage in ovaries of Patagonian redfish 
begins after reproduction and peaks just before the 
next spawning period, in winter. During this season, 
higher values of the VWI were recorded, indicating 
increased trophic activity, which coincided with a 
marked rise in yolk deposition in the ovaries. The 
increase in VWI also coincided with the highest 
energy density values in the muscle, suggesting 
the accumulation of energy reserves prior to the 
spawning period.

In conclusion, it was established that the com-
position of lipids and proteins in the liver of S. oc-
ulatus decreases markedly in spring, during peak 
gonadal development (presence of advanced vitel-
logenic oocytes or larvae in the ovary), indicating 
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a mobilization of these reserves for reproduction. 
Then, during regression and developing phases 
(from summer to winter), these components in-
crease. In muscle, lipids and proteins significantly 
increase as winter approaches (maturation). These 
results together with the increase of the VWI in 
winter, suggests an incorporation of energy from 
food, prior to the onset of reproduction. Thus, the 
Patagonian redfish exhibits an energy accumula-
tion strategy during reproduction closer to that 
of a ‘capital breeder’. Nevertheless, these results 
should be considered preliminary due to the low 
number of specimens analyzed in some months. 
Future studies analyzing the influence of energy 
acquisition based on food quality and quantity will 
be essential to evaluate how dependent this species 
is on energy uptake during the reproductive stage. 
This will help confirm whether the Patagonian red-
fish is a capital breeder or it adopts a mixed breeder 
strategy, utilizing both accumulated body reserves 
and energy obtained through feeding (McBride et 
al. 2015).
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