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Pleuroncodes monodon, an important fishery resource and key species in the Humboldt Current Large Marine ecosystem,
has a prolonged reproductive period from winter until end of summer, and during this time females incubating their embryos
are exposed to seasonal variation in food availability and in temperature. Additionally, in order to ensure successful repro-
duction and survival of embryos, changes occur in the main internal reserves and/or sources of energy of P. monodon. The
aim of this study was to determine the extent of seasonal variation (winter vs summer) in the lipid content and fatty acid
composition of ovigerous females and their embryos. The results show that a higher percentage of saturated and polyunsat-
urated fatty acids are found in females in winter. Similarly, the composition of fatty acids in embryos found here indicates that
winter embryos have more saturated fatty acids and essential fatty acids (C18:2n6cis, C18:3n6 and C22:6n3) than do summer
embryos. According to PCA analysis of fatty acid profile, samples from summer may be distinguished into two isolated groups
with conspicuous variations in fatty acids profile of embryo and hepatopancreas. While in winter, the opposite pattern occurs
in the fatty acid profile of embryo and hepatopancreas. These variations may be related to relevant physiological processes
(reproduction and growth) and of their ontogeny (development and survival of offspring). Seasonal variation in the lipid
content and composition of fatty acids of P. monodon could directly impact this species’ reproduction and survival and sub-
sequently could have consequences on the food web and fishery exploitation.
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I N T R O D U C T I O N

In marine invertebrates with complex life cycles, such as those
composed of a benthic juvenile-adult phase and a prolonged
pelagic embryonic/ larval phase (Pechenik, 1999; McEdward,
2000), the environmental conditions experienced by adult
individuals can influence reproduction and subsequently the
survival and successful development of offspring (Calado &
Leal, 2015). For example, in Pleocyemata decapod crusta-
ceans, embryos carried beneath the female’s pleon are
brooded and cared for maternally until larval hatching
occurs (Meusy & Payen, 1988; Fernandez et al., 2006;
Hartnoll, 2006). Thus, embryos experience similar environ-
mental conditions to their mothers.

In temperate coastal environments, temporal variation in
environmental conditions (e.g. productivity and/or food avail-
ability, temperature, etc.) is common (Medellin-Mora et al.,
2016). Because of this, decapod crustaceans in temperate
regions must adopt strategies that allow them to invest
energy in reproduction to ensure successful survival of their
broods (Urzúa et al., 2012; Guzmán et al., 2016).
Consequently, decapod crustacean mothers provide recently
laid embryos with all of the energy reserves necessary for suc-
cessful development (Wenner & Kuris, 1990). Additionally,
the subsequent use of these energy reserves during the incuba-
tion period can be influenced by environmental factors (e.g.
temperature: Fischer et al., 2009; Garcı́a-Guerrero, 2010;
oxygen: Taylor & Leelapiyanart, 2001; Alter et al., 2015; salin-
ity: Giménez & Anger, 2001; Taylor & Seneviratna, 2005), and
this, in turn, can affect larval biomass at the time of hatching
(Andrés et al., 2010; Rotllant et al., 2014).

In decapod crustaceans, lipids are known to be the main
source of energy reserves used during starvation (Sánchez-
Paz et al., 2006). Fatty acids, which are one component of
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Á. Urzúa
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lipids, play a fundamental role in the reproductive cycle of
decapods (Glencross, 2009). Fatty acids are important in
many life phases, from reproductive maturation to vitellogen-
esis, both requiring large amounts of polyunsaturated fatty
acids (Middleditch et al., 1980). Additionally, fatty acids are
components of tissues and structures (e.g. cellular mem-
branes, nervous system) of vital importance during ontogeny
(Kayama et al., 1980; Bell & Dick, 1990; Beltz et al., 2007).
Also, during the initial stages of the life cycle, individuals
are often exposed to periods of famine and/or planktonic
food shortages, and lipid reserves accumulated internally are
crucial for survival and successful growth (Kattner et al.,
1994, 2003; Rosa et al., 2007; Urzúa & Anger, 2013).

In crustaceans, the hepatopancreas is the main site of lipid
storage and processing (Chang & O’Connor, 1983). This
organ is responsible for synthesizing enzymes for food diges-
tion, and also hepatopancreas absorbs and stores large quan-
tities of energy, especially fats (Vogt, 1994). During
reproduction and growth, this energy is then transferred to
gonads and muscles, respectively (Yamaguchi, 2004; Ying
et al., 2006; Fátima et al., 2013). The hepatopancreas is also
involved in important physiological processes associated
with reproduction, for example vitellogenesis, and the synthe-
sis of vitellogenin and sex hormones (Li et al., 2006).

The model study organism, red squat lobster Pleuroncodes
monodon from the South-eastern Pacific, reproduces up to
four times per year and has an extended reproductive cycle
(from winter, throughout spring and until summer) (Thiel
et al., 2012; Guzmán et al., 2016). This reproductive cycle is
characterized by production of multiple broods or clutches
(i.e. eggs laid): 3–4 different broods during an annual cycle
with ‘larger but few winter eggs’ vs ‘smaller and numerous
summer eggs’ (Guzmán et al., 2016). Consistently, compared
with larvae originating from summer eggs, those hatching
from winter eggs show reduced nutritional vulnerability and
contain high reserves of energy to face planktonic food limita-
tion (Espinoza et al., 2016). Also, a recent study (Bascur et al.,
2017) indicated that seasonal variation in the biochemical
composition of the females reflects seasonal differences in
reproductive output/investment of this species.

The red squat lobster Pleuroncodes monodon, which in the
Humboldt Current Large Marine Ecosystem (HCLME) is dis-
tributed from Isla Lobos de Afuera in Peru to Ancud in Chile,
is a key species and important fishery resource (Yannicelli
et al., 2012; Kiko et al., 2015). The HCLME is characterized
by spatial-temporal variation in oceanographic phenomena
(i.e. upwelling) that is highly seasonal (Thiel et al., 2007;
Escribano & Morales, 2012). Consequently, there is temporal
variation in temperature and quantity/quality of planktonic
food (i.e. phyto- and zooplankton); higher temperatures and
greater availability of planktonic food have been registered
in spring-summer compared with winter (Daneri et al.,
2000; Escribano & Schneider, 2007; Escribano et al., 2012).
Of course, this, in turn, directly affects quantity and quality
of food consumed by the red squat lobster, as well as the quan-
tity of energy reserves (i.e. fats) that can be stored. In this way,
environment has a direct impact on the reproduction and
growth of this species. Thus, the aim of this study was to deter-
mine the extent of seasonal variation in the primary energy
reserves (i.e. lipids and fatty acids) of P. monodon females
and their embryos. Additionally, the potential implications
of female and embryo survival on the HCLME ecosystem
are discussed.

M A T E R I A L S A N D M E T H O D S

Sampling of squat lobster females from the
field
Pleuroncodes monodon females were captured in summer
(January –March 2015) and winter (July–September 2015)
near Concepción, Chile (35834′S 72852′W). The Altaı́r vessel
of Camanchaca Pesca Sur S.A. was used for sampling lobsters
from a depth of �100 m. In both summer and winter, a total
of N ¼ 60 ovigerous females per season were selected, mea-
sured with a vernier calliper, and transported live to the
Hydrobiological Resources laboratory of the Universidad
Católica de la Santı́sima Concepción. Upon arrival, lobsters
were immediately frozen at 280 8C until later analyses were
performed. Additionally, periodical data of environmental
parameters (temperature, chlorophyll and day length) from
sites (i.e. fishing grounds) near Concepción, Chile were
obtained from the long-term data series of National Marine
Fisheries Services of NOAA (www.st.nmfs.noaa.gov).

Collection and preparation of samples for
analyses
Embryo masses on the pleopods of adominal area of the ovi-
gerous females were observed using a stereo-microscope
(Motic-102 M). Masses were separated according to their
initial development characterized by bright orange colour-
ation, using descriptions of Palma & Arana (1997). Then,
embryo masses were washed with distilled water for 5 s,
dried with filter paper, and transferred to 1.5 ml Eppendorf
tubes. Subsequently, hepatopancreases (the main energy
storage organ used in reproduction; Nagaraju, 2011) of the
same ovigerous females were extracted via dissection using a
scalpel; hepatopancreases were stored in 1.5 ml Eppendorf
tubes. Embryo and hepatopancreas samples were dried
at 280 8C for 48 h in a lyophilizer (Operon, FDU-7012).
Then, dry weight was measured using a precision balance
(Precisa, model 120A) to the nearest 0.01 mg; the standard
method of Anger & Harms (1990) was followed.

Analyses were performed in triplicate (i.e. analytical repli-
cates): three 20 mg of dry weight (DW) hepatopancreas sub-
samples were taken from each of total female hepatopancreas
(total N ¼ 120). These three sub-samples were used for mea-
surements of total lipid and fatty acid. Similarly, three 25 mg
(DW) embryo samples (summer 25 mg of embryos was
equivalent to �1666 embryos; winter 25 mg of embryos was
equivalent to �1315 embryos) were separated from total
embryo masses of each female (total N ¼ 120). These three
sub-samples were used for lipid and fatty acid analyses. For
statistical analyses the mean composition per female of the
lipid content and fatty acid profile of hepatopancreas and
embryo clutch were considered.

Lipid and fatty acid analyses
To obtain the best possible results, 5 ml of a solution of
dichloromethane: methanol (2:1) was added to the pre-
weighed embryo and hepatopancreas samples. Samples were
incubated in this solution in a 3 l ultrasonic bath (MRC,
AC-120H) for 10 min at 6 8C.
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