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ABSTRACT. Lithodes santolla is a key benthic resource in the Patagonian region of South America,
sustaining major fisheries in Chile and Argentina. Assessing population condition is essential, as it
influences recruitment dynamics and informs sustainable management. This study evaluated energy
allocation and physiological condition in adult females during the pre-reproductive period. Samples
were collected during the austral spring of 2024 from the central Patagonian sector (43° 30" S-48°
00" S). Proximate composition (moisture, protein, and lipid contents) and energy density were de-
termined in muscle, hepatopancreas, and ovary across three management zones: northern national
waters (NN), southern national waters (SN) of 46° S, and San Jorge Gulf (GSJ). The ovary exhibited
the highest energy density, followed by the hepatopancreas, while muscle showed lower values. Most
females were in ovarian regression or post-ovigerous stages, indicating entry into a new molt-repro-
duction cycle. Consistent with this condition, the ovary exhibited high protein and lipid contents and
showed no significant spatial variation. In contrast, females from SN sector tended to exhibit higher
hepatopancreatic protein content, whereas females from NN sector showed higher muscle moisture
and lower protein content. These findings provide new insights into tissue-level energy allocation
patterns in female L. santolla and highlight the need for future studies encompassing additional stages
of the reproductive cycle, which could contribute to a better understanding of temporal variation in
energy allocation and reproductive physiology in the central Patagonian sector.

Key words: Lithodid crab, biochemical composition, energy density, hepatopancreas, ovary, muscle.

Reservas energéticas y condicion de hembras adultas de Lithodes santolla antes de la muda y
la reproduccion en el sector patagonico central

RESUMEN. Lithodes santolla es un recurso bentonico clave en la region patagénica Sudamericana,
sustentando importantes pesquerias en Chile y Argentina. Evaluar el estado poblacional es esencial,
ya que influye en la dinamica del reclutamiento y orienta el manejo sostenible. Este estudio analiza
la asignacion de energia y la condicion fisioldgica en hembras adultas previo a la temporada repro-
ductiva. Las muestras se recolectaron en la primavera austral de 2024 en el sector patagdnico central
(43° 30" S-48° 00" S). Se determino la composicion proximal (humedad, proteinas y lipidos) y la
densidad energética (DE) en musculo, hepatopancreas y ovario en tres zonas de manejo: jurisdiccion
nacional al norte (NN), al sur (SN) de 46° S y el Golfo San Jorge (GSJ). El ovario presenté mayor
DE, seguido por el hepatopancreas, mientras que el musculo mostré valores mas bajos. La mayoria
de las hembras se encontraron en regresion ovarica o posovigeras, indicativo de un nuevo ciclo mu-
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da-reproduccion. En concordancia con esta condicion fisioldgica, el ovario presento altos contenidos de proteinas y lipidos y no mostrd
variacion espacial significativa. En contraste, las hembras del sector SN presentaron una tendencia mayor en el contenido proteico en
el hepatopancreas, mientras que las hembras del sector NN mostraron mayor contenido de humedad y menor contenido proteico en el
musculo. Estos hallazgos aportan nuevos conocimientos sobre los patrones de asignacion de energia en hembras de L. santolla y destacan
la importancia de realizar estudios futuros que evaltien hembras del sector patagonico central durante otras etapas del ciclo reproductivo,
lo que podria contribuir a una mejor comprension de las variaciones temporales en la asignacion de energia y la fisiologia reproductiva

de la especie en el sector patagonico central.

Palabras clave: Cangrejos litoideos, composicion bioquimica, densidad de energia, hepatopancreas, ovario, misculo.

INTRODUCTION

The southern king crab Lithodes santolla is one
of the most valuable benthic crustaceans in the
southern tip of South America and sustains im-
portant commercial fisheries in both Chile and Ar-
gentina. It is rank second in catch volume among
exploited crustaceans in the Argentine Sea, after
shrimp (SAGPYA 2025). Within the Argentine king
crab fishery, four independent stocks have been
identified: (1) Beagle Channel; (2) central Patago-
nian sector (CPS), which includes the San Jorge
Gulf and adjacent waters; (3) southern Patagonian
sector (SPS); and (4) Buenos Aires sector (Alle-
ga et al. 2020). The Beagle Channel supports an
artisanal fishery that has been operating since the
1950s, with historical landings of approximately
250 t per year during the 1970s; however, catches
declined markedly over time (Lovrich et al. 2017).
The Buenos Aires sector currently has no active
fishing operations, while the industrial fishery is
concentrated in the CPS, exploited since 2004, and
the SPS, which has been active since 2016. Togeth-
er, both stocks landed 2,068 t during the 2024-2025
season (910 t in the CPS and 1,158 t in the SPS)
with a value of USD 21,400 per ton (Firpo et al.
2025; Mauna et al. 2025). Historically, the CPS has
represented the main zone of fishing effort concen-
tration and in general the highest catch volumes
(Wyngaard et al. 2016).

The king crab inhabits cold waters between 4 °C
and 12 °C, at depths ranging from the intertidal

zone to 700 m. It has an annual reproductive cycle
closely linked to molting (Firpo et al. 2016). Ju-
venile males and females may molt several times
per year; however, after reaching sexual maturity,
females molt once annually in association with the
reproductive cycle, whereas adult males also molt
annually but during a different season (Firpo 2020).
In the CPS, males molt mainly between May and
July, and females between November and Decem-
ber. These events coincide with the mating period,
during which a larger hard-shell male mate with
a female that has already spawned and is close to
molting. Copulation occurs after the female molts,
and the male protects her during subsequent days. A
new batch of eggs is then oviposited and fertilized,
remaining attached to the pleopodal setae until
hatching approximately 10 months later (Wyngaard
et al. 2016; Firpo 2020).

In the context of reproductive studies of this
species, determining the maternal condition is of
great importance. This term refers to the overall
health status of females, including their nutrition-
al and energetic reserves (Peig and Green 2009;
Schulte-Hostedde et al. 2005). Various approaches
have been used to assess this condition, including
morphometric indices (such as length-weight ra-
tio or the K index), physiological indices (hepa-
tosomatic index, HSI), and biochemical analyses
(measuring lipids, proteins, and other components
in various tissues). Biochemical evaluation is par-
ticularly accurate, as it allows for the estimation of
available energy in each tissue, providing a better
understanding of energy dynamics (Rétz and Lloret
2003; Hidalgo et al. 2008; Kulisz et al. 2025).
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Energy reserves acquired through feeding are
fundamental to physiological processes such as
maintenance, somatic growth, and reproduc-
tion. In several species, population fecundity has
been closely linked to the nutritional condition
of females (Calow 1985; Sibly and Calow 1986;
Schulte-Hostedde et al. 2005). Maternal condi-
tion influences energy allocation to reproduction,
determining the quantity and quality of reserves
transferred to the eggs during ovarian development.
As these reserves constitute the only nutritional
link between female king crabs and their offspring,
they play a fundamental role in embryo quality,
larval viability, and ultimately recruitment success
(Sacristan et al. 2023). In Lithodes santolla, due to
the commercial importance of males, biochemical
indices have been used to evaluate muscle condi-
tion, in both raw and cooked tissue samples (Cocito
et al. 2024), as well as in the hepatopancreas of
captive males subjected to starvation (Comoglio
et al. 2008). For females, egg production and qual-
ity have been assessed in the CPS (Militelli et al.
2019). Additionally, energy dynamics throughout a
reproductive cycle have been analyzed in the ova-
ries of females from the Beagle Channel (Sacristan
et al. 2023). However, the energy allocation of the
organs involved in reproduction and molting pro-
cesses have not yet been comprehensively evaluat-
ed, particularly in females from heavily exploited
populations in the CPS.

In this context, understanding the status of the
population under exploitation pressure is essential
for proper assessment and sustainable management
of the resource. The southern king crab fishery in
the CPS is managed and monitored according to
administrative borders. These boundaries do not
necessarily reflect the biological organization of
the population. Spatial heterogeneity in environ-
mental conditions, benthic community structure,
and trophic availability could generate areas of
greater biological relevance (Firpo 2020; Gaitan et
al. 2022), promoting the aggregation of individuals
with distinct physiological and energetic character-
istics. Assessing whether the observed differences

among management zones reflect underlying bio-
logical processes is essential for achieving a more
robust ecological interpretation of biochemical
indicators and for strengthening spatially explicit
management approaches. Within this framework,
the present study aimed to evaluate the energy al-
location associated with the maternal condition of
adult female king crabs by determining the proxi-
mate composition of the pereopod muscle, hepato-
pancreas, and ovary before the molting and repro-
ductive processes in the CPS.

MATERIALS AND METHODS

Sample collection

Samples were collected during a research survey
conducted under the Benthic Crustacean Fisheries
Program of the Instituto Nacional de Investigacion
y Desarrollo Pesquero (INIDEP). The survey was
carried out aboard the research vessel ‘Victor An-
gelescu’ in Patagonian waters, between 43° 30" S
and 48° 00" S, during the austral spring of 2024
(October and November). Sampling stations were
spatially clustered within each management zone,
reflecting the operational design of the research
survey (Figure 1). Biological samples were ob-
tained from hauls 2, 3, and 5 in national waters
north of 46° S (NN); hauls 23 and 25 in national
waters south of 46° S (SN); and hauls 8, 9, and 16
in the San Jorge Gulf (GSJ). While sampling effort
was more evenly distributed between the northern
and southern national waters, the GSJ was repre-
sented by fewer stations, which should be consid-
ered when interpreting spatial patterns.

Adult female king crabs were collected using
baited traps following the methodology described
by Lértora et al. (2025), in management areas com-
prising the CPS: NN, SN, and the jurisdictional wa-
ters of Chubut and Santa Cruz, all within the GSJ. A
total of 70 adult females were selected from those
captured in the traps during the survey. All individ-
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Figure 1. Map of the central Patagonian sector showing the geographic location of trap sets. Red diamonds indicate sets in which
samples of Lithodes santolla females were collected for studies of condition, with identification numbers, corresponding

to research survey VA2024/11.

uals were morphologically mature and exceeded
the estimated size at first maturity (62.7 mm CL)
reported for female L. santolla in the CPS (Firpo et
al. 2017). In addition, exoskeleton condition (EC),
reproductive condition (RC), and egg mass per-
centage (%E) were recorded following the criteria
established by Mauna et al. (2022).

The EC was assessed based on carapace hardness,
leg flexibility, and coxal wear as indicators of the
time elapsed since the last molt. Individuals were
classified into four categories: (0) recently molted,
(1) flexible, (2) new and (3) intermediate. In adult
females from the CPS, exoskeleton condition does
not exceed category 3 because molting occurs an-
nually and is tightly coupled with the reproductive
cycle. The RC was classified into four categories:
(1) females without eggs; (2) females with hatching
egg masses; (3) females carrying remnants of egg
masses, including few eggs with visible eyes and

setae on the appendages; and (4) females without
eggs but with setae on the abdominal appendages.
The egg mass percentage (%E), equivalent to the
clutch fullness index (CFI), was estimated visually
as the proportion of the brood chamber occupied
by eggs relative to the total cavity formed beneath
the abdomen. Six categories were used: 0%, 25%
(1-25%), 50% (26-50%), 75% (51-75%), 100% (>
75%), and > 100% (cavity full, with eggs extending
beyond the abdominal cavity (Firpo et al. 2023).
Due to the high concentration of endogenous en-
zymes in lithodid crabs, tissues degrade post-mor-
tem rapidly (Cocito et al. 2024). Therefore, in-
dividuals were preserved at -20 °C for 20 min
immediately after capture and subsequently dis-
sected to extract the target tissues. Muscle (without
exoskeleton), ovary, and hepatopancreas were dis-
sected from each specimen sampled and preserved
frozen at -20 °C in aluminum foil envelopes until
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their analysis in the laboratory. The selected tissues
represent functionally distinct compartments: so-
matic muscle involved in locomotion, the hepato-
pancreas as the main metabolic and storage organ,
and the ovary as the reproductive organ where en-
ergy is ultimately allocated (Sanchez et al. 2006)
(Figure 2).

Biochemical composition and energy density

Samples were analyzed to determine moisture,
protein, and lipid contents (expressed as a percent-
age of the tissue wet weight). Moisture content
was determined by drying the samples for 24 h at
105 °C and weighing them at room temperature
(AOAC 1995; moisture content: AOAC 925.10).
Lipid content was determined following the ex-
traction method of Folch et al. (1957) using chlo-
roform: methanol solution (2:1 v/v) and gravimet-

ric quantification. Protein content was determined
from a tissue homogenate by constructing a stand-
ard curve using bovine serum albumin (BSA) at
a concentration of 1 mg ml! and following the
protocol described by Lowry et al. (1951). Energy
density (ED, kJ g!') was estimated for the mus-
cle, ovary, and hepatopancreas of each female as
the sum of energy contributions from lipids and
proteins, calculated by multiplying their contents
(mg g'! wet weight) by their respective energy
equivalents (39.5 kJ g! for lipids and 23.6 kJ g!
for proteins; Kleiber 1975). Carbohydrate content
was not measured as it is generally low in marine
species and contributes negligibly to total energy
content (Anthony et al. 2000; Eder and Lewis 2005;
Spitz et al. 2010). However, this assumption may
not always hold in crustaceans, particularly dur-
ing molting or periods of reduced feeding activity
(Chang 1995).
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Figure 2. Dissected female southern king crab Lithodes santolla showing muscle, hepatopancreas, and ovary.
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Statistical analysis

Linear regression analyses were used to assess
the relationships among biochemical composition
variables within each tissue or organ (muscle, ovary,
and hepatopancreas). Differences in moisture, li-
pids and protein content, and energy density among
zones were then statistically evaluated separately
for each tissue using Kruskal-Wallis tests, followed
by Dunn’s multiple comparison test. Each tissue
was analyzed separately by zone. These nonpar-
ametric methods were selected because the data
did not meet the assumptions of normality or ho-
mogeneity of variance. Additionally, differences in
carapace length (CL) among zones were evaluat-
ed using a one-way ANOVA followed by Tukey’s
multiple comparison test. All statistical analyses
were performed using GraphPad Prism 8, with a
significance level of p = 0.05.

RESULTS

To provide physiological context for the inter-
pretation of biochemical composition and energy
allocation, the external and reproductive condition

of female L. santolla was first assessed. Females
collected from offshore waters of the CPS during
the spring exhibited hard exoskeletons and minimal
wear at the coxae. Largest individuals were record-
ed in the NN sector where carapace length was
significantly higher than in GSJ and SN (Tukey’s
test, p < 0.05) than in the other sectors (Table 1).
In terms of reproductive condition, post-oviger-
ous females (RC4) predominated during this sea-
son in both the NN and GSJ areas (Table 1). Most
females were classified as being in regression or
post-ovigerous reproductive stages, suggesting that
they were approaching the premating molt. This
interpretation was reinforced by the presence of a
second gelatinous carapace in most individuals, a
well-known indicator of an imminent molt during
the reproductive cycle of the species.

The analysis of proximate composition in sam-
ples of king crabs provided descriptive statistics
of moisture, protein, and lipid percentages among
sampling zones (Table 2). Considering all sam-
ples together, muscle tissue was characterized by
a predominance of moisture (83.68%), followed
by protein (17.13%) and lipids (0.89%), the latter
representing the lowest value recorded among the
three tissues and organs evaluated. In the hepato-
pancreas, moisture was also the main component

Table 1. Sample size (N), mean carapace length in millimeters (CL) (different letters indicate significant differences according to
Tukey’s test (p < 0.05)), and percentage of specimens with different exoskeleton condition (EC) and reproductive condition
(RC), by sampling area. Areas include national waters north of 46° S (NN), national waters south of 46° S (SN), and San
Jorge Gulf (GSJ). EC 2: new exoskeleton; EC 3: intermediate exoskeleton with signs of coxal wear. RC 1: without eggs,

3: spawning, 4: post-spawning (Mauna et al. 2022).

Class NN SN GSJ
N 20 21 29
CL 96.952 84.33b 88.82b
EC 2 0% 29% 57%
3 100% 71% 43%
RC 1 0% 14% 0%
3 15% 38% 0%
4 85% 48% 100%
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Table 2. Minimum, maximum, mean, and standard deviation values of the proximate composition of different tissues (% wet
weight) of adult female southern king crab, by geographic zones (national waters north of 46° S —NN, national waters

south of 46° S —SN, and San Jorge Gulf —GSJ).

Muscle Hepatopancreas Ovary
Zones Moisture  Proteins Lipids Moisture Proteins Lipids Moisture  Proteins Lipids
NN Mean 85.38 14.81 0.83 71.88 17.90 6.86 47.79 34.76 20.16
SD 2.65 3.46 0.52 4.56 2.56 3.21 4.87 2.82 3.21
Max. 89.41 20.99 2.77 84.26 23.38 11.01 53.96 42.52 25.18
Min. 81.10 8.53 0.45 59.21 13.13 3.76 42.53 24.51 13.13
SN Mean 83.28 19.20 0.98 70.54 19.72 7.70 47.59 34.44 20.11
SD 1.25 2.58 0.30 2.53 2.46 2.77 7.21 5.42 4.63
Max. 85.53 22.60 1.99 76.01 23.87 11.67 69.33 40.45 2391
Min. 81.35 15.24 0.59 66.08 14.40 2.87 43.32 20.79 6.73
GSJ Mean 82.80 17.24 0.87 70.78 17.46 7.19 4591 35.65 21.15
SD 1.85 1.93 0.22 3.08 2.64 3.38 3.00 4.36 2.59
Max. 88.36 20.58 1.25 76.03 22.47 16.59 53.67 47.22 24.81
Min. 79.15 13.46 0.40 64.36 12.82 2.66 41.98 26.32 14.16
Mean 83.68 17.13 0.89 71.02 18.26 7.25 46.95 35.03 20.55

(71.02%), followed by protein (18.26%) and li-
pids (7.25%). In contrast, the ovary exhibited the
lowest moisture content (46.95%) and the high-
est proportions of protein and lipids (35.03% and
20.55%, respectively) compared with the other
tissues and organs analyzed allowing comparison
among groups. In addition, proximate composition
analysis revealed a negative relationship between
moisture and lipid content across all tissues, with
the strongest associations observed in the ovary (R?
= 0.61) and hepatopancreas (R?> = 0.48). Similar-
ly, linear regression analysis showed a significant
negative relationship between moisture and protein
content in both muscle (R? = 0.42) and ovary (R? =
0.29) (p < 0.05), whereas no significant association
was detected in the hepatopancreas. Overall, these
results indicated that increases in the concentration
of organic compounds were associated with a re-
duction in tissue water content, particularly in the
ovary and muscle (Figure 3).

Regarding spatial comparisons, the proximate

composition analysis revealed that muscle mois-
ture content in female king crabs was significantly
higher from the NN than in the GSJ and SN sectors,
while no significant differences were detected be-
tween the latter two zones (Dunn’s test, p < 0.05)
(Table 2). Muscle protein and lipid contents also
showed spatial variation among zones (Dunn’s
test, p < 0.05). In both cases, females from the
NN sector exhibited significantly lower values than
those from the SN sector, whereas females from
GSJ showed intermediate values that did not differ
significantly from either zone (Figure 4) These spa-
tial patterns in muscle composition provided a first
indication of variability in tissue-level energetic
traits among zones, which were further examined
in metabolically active organs.

In the hepatopancreas, protein content was gen-
erally higher than lipid (Table 2). Its biochemical
composition showed significant differences among
zones only in protein content (Figure 5). Highest
values of this component were recorded in the SN
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Figure 3. Relationships between moisture (M) content and lipid (L) and protein (P) contents (% wet weight) in muscle, hepato-
pancreas, and ovary of Lithodes santolla females, based on linear regression analyses (R? and p < 0.05).

sector. Multiple comparisons indicated significant
differences between SN and GSJ, whereas NN
exhibited intermediate values and did not differ
significantly from either of the other two zones
(Dunn’s test, p < 0.05). Unlike what was observed
in muscle and hepatopancreas, no significant dif-
ferences were detected in the ovarian proximate
composition among the zones analyzed (Dunn’s
test, p > 0.05) (Figure 6).

Regarding energy density, no significant dif-
ferences were detected in the hepatopancreas and
ovary among sectors (Dunn’s test, p > 0.05). Mean
energy density was 16.40 kJ g'! + 1.95 in the ovary,
and 7.25 kJ g'! + 1.40 in the hepatopancreas (Table
2; Figure 7). In contrast, muscle energy density
averaged 4.40 kJ g! £ 0.78 and showed spatial
variation among sectors. Females from the SN sec-
tor exhibited significantly higher values than those
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from the NN sector (Dunn’s test, p < 0.05), whereas
GSJ showed intermediate values that did not differ
significantly from either sector (Figure 7).

DISCUSSION

Most L. santolla females analyzed between Oc-
tober and November in the CPS were in regression
or post-ovigerous stages, indicating that individu-
als were approaching the next molt event preceding
copulation. This interpretation was supported by
the presence of a second gelatinous carapace in
most specimens, a characteristic associated with an
imminent molt within the reproductive cycle of the
species. This physiological context is particularly
relevant because energy reserves and their alloca-
tion among tissues and organs vary according to
ovarian development and proximity to of molting.
In decapod crustaceans, offspring quality largely
depends on the physiological condition of breed-
ers, which is determined by factors such as mater-
nal size and age, nutritional status, biochemical
composition, reproductive history, and individual
variability (Sacristan et al. 2023). The proximate
composition of muscle, hepatopancreas, and ovary
generally showed high moisture contents, followed
by proteins and lipids. A negative relationship was
also observed between moisture and both protein
and lipid content in all analyzed tissues, indicating
a decrease in water content as organic compounds
increased. This pattern has been widely document-
ed in marine organisms and supports the use of
moisture as a rapid and indirect indicator of tissue
energy reserves (Lambert and Dutil 2000; Dutil
et al. 2003; Alonso-Fernandez and Saborido-Rey
2011). The moisture, protein, and lipid values re-
corded in muscle were approximately 3% higher
than those reported for raw meat from male king
crabs collected in the GSJ during spring (Risso and
Carelli 2012). Likewise, Comoglio et al. (2008) re-
ported moisture, protein, and lipid contents of 76%,
7.33%, and 3.03%, respectively, for non-starved

males from the Beagle Channel. Compared with
those studies, the females analyzed here exhib-
ited higher moisture and protein contents. These
results suggest a greater accumulation of organic
compounds, particularly proteins, in the analyzed
females; however, differences in sex, reproductive
condition, and sampling area should also be consid-
ered when interpreting these patterns. Furthermore,
the low lipid content observed in muscle is char-
acteristic of lean teleost fish and shrimp species,
whose tissues generally contain less than 2% lipids
(Huss 1995; Yeannes and Almandos 2003; Eder
and Lewis 2005; Rodrigues et al. 2013; Leonar-
duzzi et al. 2014; Kulisz et al. 2025). In muscle
tissue, proteins constituted the main contributor to
energy density, consistent with the low lipid con-
tent recorded. Both proteins and lipids exhibited
marked spatial variation, reaching their highest
values in the SN sector, which was also reflected
in a higher energy density of the tissue. This was
the only area where females in reproductive stage
RC1 were recorded, in addition to individuals in
RC3 and RC4. Therefore, the greater energy re-
serves observed may be associated both with the
reproductive structure of the sample and with spa-
tial differences in resource availability. In this re-
gard, Saborido-Rey and Macchi (2021) noted that
individuals in early reproductive stages allocate
proportionally more energy to somatic growth than
to reproductive investment.

The hepatopancreas exhibited protein levels
comparable to those observed in muscle, but sub-
stantially higher lipid contents. This organ consti-
tutes the main center for digestion, absorption, and
storage of energy reserves in decapod crustaceans,
particularly lipids (Lopez Greco et al. 2011; Serra-
no et al. 2016). The observed spatial variation was
mainly associated with protein content, which was
significantly higher in SN than in the GSJ, whereas
the NN sector showed intermediate values. In con-
trast, moisture and lipid contents did not differ sig-
nificantly among zones. The higher protein levels
recorded in SN may be associated with differences
in food availability or quality, suggesting some de-
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gree of spatial heterogeneity in trophic conditions.
Spatial patterns in prey availability have also been
reported for the Argentine red shrimp by Souto et
al. (2024), another commercially important deca-
pod crustacean. Although benthic communities in
the SN sector have not yet been characterized in
detail, differences in prey composition and abun-
dance could contribute to the variability observed
in hepatopancreatic protein reserves.

Studies conducted on male L. santolla demon-
strated that starvation induces changes in the bio-
chemical composition of the hepatopancreas, main-
ly affecting protein reserves, whereas lipid content
remains relatively stable (Comoglio et al. 2008).
Consistent with these findings, only protein con-
tent exhibited significant spatial differences in the
present study. This suggests that hepatopancreatic
proteins may be more sensitive to recent variations
in food availability or nutritional condition than
lipid reserves. The absence of spatial differences in
lipid content indicates that, despite differences in
protein reserves, individuals maintained compara-
ble energy levels during the sampling period. Feed-
ing strategy directly influences both the quantity
and quality of reserves accumulated by decapods,
thereby affecting the success and duration of repro-
ductive processes (Marciano 2022). Consequently,
the differences observed in protein reserves could
have implications for the energy available to sup-
port subsequent reproductive events.

The main energetic costs of reproduction are
associated with vitellogenesis and embryo care
(Fernandez et al. 2000; Taylor and Leelapiyanart
2001; Silva et al. 2007; Oliveira et al. 2011; Simp-
son et al. 2015; Bert et al. 2016). In this context,
the hepatopancreas plays a fundamental role as the
primary source of lipids and glycogen used to meet
these energetic demands (Marciano 2022). Since
most females were in reproductive stages preced-
ing molting (RC3 and RC4), a high accumulation
of energy reserves in this organ was expected, as
these reserves will subsequently be mobilized to
the reproductive system during ovarian matura-
tion (Sacristan et al. 2023). The ovary, in turn, ex-

hibited high protein and lipid contents, reflecting
the energetic investment allocated to reproduction.
Unlike the patterns observed in muscle and hepato-
pancreas, no significant differences among zones
were detected. This pattern is consistent with the
physiological condition of females during post-ovi-
gerous and previtellogenic phases, when the ovary
reorganizes its reserves and accumulates the organ-
ic compounds required for subsequent reproductive
events. Similar results were reported by Sacristan
et al. (2023) for female L. santolla from the Beagle
Channel during the same season, relating elevated
protein and lipid levels to post-spawning ovarian
reorganization and preparation for vitellogenesis.
The absence of spatial differences suggests that re-
productive organ was in a comparable physiologi-
cal condition throughout the study area.

Overall, these results provide new information
on energy allocation patterns in female L. santolla
and highlight the importance of considering spatial
variability when evaluating the physiological con-
dition of populations subjected to fishing exploita-
tion. The incorporation of biochemical indicators
of energetic status improves our understanding of
the reproductive dynamics of the species and may
contribute to the development of ecosystem-based
management strategies. Furthermore, the inclu-
sion of different stages of the reproductive cycle
in future studies will allow a more precise under-
standing of temporal variations in energy allocation
among tissues and their relationship with the repro-
ductive physiology of this commercially valuable
species.
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