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Abstract

Resumo

Paralichthys orbignyanus and Paralichthys
patagonicus are flatfish with different life history
traits, having in common the condition of breeding
in seawater. Paralichthys patagonicus remain
their whole life in open seawater and Paralichthys
orbignyanus are sometimes found in brackish water
bodies. As marine and estuarine food webs have
different fatty acid (FA) compositions, the aim of this
study was to characterize the gonadal maturation of
P. orbignyanus and P. patagonicus females through
the analysis of lipid content and FA profile in order
to understand to what extent life history traits are
reflected in the ovarian composition. During gonadal
maturation lipid content increased and FA profiles
changed in both species, but the lipid increase was
greater in P. orbignyanus. The N-3FA and n-3HUFA
proportions increased in both species but were
higher in P. orbignyanus. The differences between
the lifestyles of these species were reflected in the
ovarian FA profile mainly as a result of differences in
their FA metabolism, causing a greater accumulation
of n-3FA and n-3HUFA in P. orbignyanus than in
P. patagonicus. The higher lipid accumulation in P.
orbignyanus’ ovaries could indicate that this species,
feeding in brackish water bodies, has the possibility
of storing more energy than P. patagonicus.

Paralichthys patagonicus e Paralichthys orbignyanus
apresentam diferentes atributos nas suas histórias
de vida, embora ambas se reproduzam no mar.
Paralichthys patagonicus permanece toda a vida em
águas abertas, enquanto P. orbignyanus é comumente
encontrado em corpos de água salobra. Considerando
que redes alimentares marinhas e estuarinas têm
diferente composição de ácidos graxos (FA), o objetivo
deste estudo foi caracterizar a maturação gonadal de
fêmeas de P. orbignyanus e P. patagonicus analisando
o conteúdo lipídico e perfil FA, a fim de estabelecer
se as diferenças nas histórias de vida são refletidas na
composição do ovário. Durante a maturação gonadal,
em ambas as espécies, houve aumento do teor lipídico
e o perfil FA mudou, mas o incremento foi maior em
P. orbignyanus. As proporções de N-3FA e n-3HUFA
aumentaram em ambas as espécies, mas foram
maiores em P. orbignyanus. As diferenças entre
os estilos de vida destas espécies foram refletidas
no perfil de FA dos ovários, principalmente como
resultado das diferenças no metabolismo de FA,
causando maior acúmulo de n-3FA e n-3HUFA em P.
orbignyanus. O maior acúmulo de lipídios nos ovários
de P. orbignyanus poderia indicar que esta espécie, ao
se alimentar em águas salobras, tem a possibilidade
de armazenar mais energia do que P. patagonicus.

Descriptors: Fatty acid profile, Lipid content, Gonadal
maturation.

Descritores: Perfil de ácidos graxos, Conteúdo
lipídico, Maturação gonadal.
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INTRODUCTION
In the Argentinian-Uruguayan Common Fishery Zone
(ZCP), Paralichthys patagonicus (JORDAN, 1889) and
Paralichthys orbignyanus (VALENCIENNES, 1839)
are the flatfishes of greatest commercial importance
(FABRÉ; DÍAZ DE ASTARLOA, 1996; DÍAZ DE
ASTARLOA; MUNROE, 1998; DIÁZ DE ASTARLOA,
2002; HAIMOVICI; ARAÚJO, 2005; RICO, 2010). P.
orbignyanus can be described as a marine/estuarine euryhaline teleost (SAMPAIO; BIANCHINI, 2002) which
enters estuaries and is usually more abundant in shallow
coastal waters (FABRÉ; DÍAS DE ASTARLOA, 1996;
DÍAZ DE ASTARLOA; MUNROE, 1998), coastal lagoons
(SILVEIRA et al,. 1995; RIVERA et al., 2001; NORBIS;
GALLI, 2004) and in the mouths of rivers and streams
(PLAVAN et al., 2010). This ability to live in estuarine
environments together with its wide tolerance to environmental factors such as salinity and pH (WASIELESKY
et al., 1997; SAMPAIO et al., 2001, 2002) and its high
market price, make P. orbignyanus an interesting candidate for aquaculture (ROBALDO, 2003; BAMBILL et al.,
2006; RADONIC et al., 2007; SAMPAIO et al., 2007;
RADONIC; MACCHI, 2009; LANES et al., 2010).
The main difference between the lifestyles of
P. patagonicus and P. orbignyanus seems to be that
P. patagonicus remains all its life in open water, while
P. orbignyanus usually lives in brackish coastal water
bodies. However, both species depend on the marine
environment for reproduction (SILVEIRA et al., 1995;
ROBALDO, 2003; CERQUEIRA, 2005; SAMPAIO
et al., 2007; CECCON et al., 2010; MILITELLI, 2011).
P. orbignyanus gametes and larvae can only survive
and develop in seawater due to their anatomical and physiological characteristics. Therefore these fishes depend on
seawater to reproduce although they can also live in brackish waters (CERQUEIRA, 2005; SAMPAIO et al., 2007).
Besides sharing the place where they breed, these
species also share the breeding season. The spawning
season of P. orbignyanus extends from October to April
(SILVEIRA et al., 1995; ROBALDO, 2003), with a
peak of reproductive activity between January and April
(LANES et al., 2010), while that of P. patagonicus lasts
from September to February with a peak of maximum
reproductive activity in November (MACHI; DÍAZ DE
ASTARLOA, 1996). During the rest of the year outside
the breeding season it is usual to find P. orbignyanus feeding in brackish waters, coastal lagoons or rivers, whereas
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P. patagonicus spends the resting phase feeding in the
marine environment.
Fish, like all vertebrates studied thus far, require certain long chain polyunsaturated fatty acids (PUFA) for
their normal development and reproduction (SARGENT
et al., 1999a, 2002). Such PUFA are called essential fatty
acids (EFA) and they include members of the n-3 and the
n-6 series. In their biologically active form the EFA are
docosahexaenoic acid (DHA, 22:6 n-3), eicosapentaenoic
acid (EPA, 20:5 n-3) and arachidonic acid (ARA, 20:4
n-6), distinctively called highly unsaturated fatty acids
(HUFA). Usually, terrestrial vertebrates and freshwater
fishes are capable of producing DHA and EPA from linolenic acid (LNA, 18:3n-3) and ARA from linoleic acid
(LA, 18:2n-6). In such species LNA and LA are dietary
EFA. However, marine fishes cannot perform these conversions efficiently, therefore they must obtain DHA, EPA
and ARA directly from the diet (SARGENT et al., 1999a,
1999b, 2002).
Marine and brackish water food webs have different
fatty acid (FA) compositions and it is not clear whether
marine fishes can meet their FA requirements in brackish
water (ALFARO et al., 2006; RICHOUX; FRONEMAN,
2008; ARTS et al., 2009; KOUSSOROPLIS et al., 2011).
Marine ecosystems are rich in PUFA, mainly HUFA of
the n-3 series (n-3HUFA) such as DHA and EPA. These
n-3HUFA are provided by organisms such as diatoms
and flagellates which are at the base of marine food webs
(ARTS et al., 2009). In estuarine ecosystems saturated
FA (SAFA) are predominant over monounsaturated FA
(MUFA) and PUFA (ALFARO et al., 2006; RICHOUX;
FRONEMAN, 2008; KOUSSOROPLIS et al., 2011),
therefore DHA and EPA are less abundant in these ecosystems than in seawater.
As marine and estuarine food webs have different FA
composition, the aim of this study was to characterize the
gonadal maturation of P. orbignyanus and P. patagonicus
females through the analysis of lipid content and FA
profile in order to understand to what extent life history
traits are reflected in the ovarian composition.

MATERIAL AND METHODS
Fish sampling and data collection
P. orbignyanus and P. patagonicus adult females were
collected at the beginning and at the end of the breeding
seasons (spring and fall respectively) and during the resting phase (winter). Fishes caught in the full spawning
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season (summer) were not included in this analysis due to
the low number of samples obtained and the extreme variability observed in the ovarian composition.
P. orbignyanus females collected during fall and winter
were obtained in mid-May and mid-July, respectively, from
artisanal fisheries in “Laguna de Rocha”, a brackish water
coastal lagoon semi-connected to the ocean in southeastern
Uruguay. Females collected during spring were captured in
the Rio de la Plata and the adjacent Atlantic coastal areas
from November to December during a coastal survey of
the National Committee for Aquatic Resources (DINARA,
B/I “Aldebarán”). P. patagonicus females collected in
the fall were captured in March-April during a DINARA
coastal survey. Coastal industrial fisheries in Montevideo
port gave us females collected during winter and spring in
mid-August and late October, respectively. All P. patagonicus samples were captured in the Rio de la Plata and the
adjacent Atlantic coastal areas. Flounder species were identified according to COUSSEAU; PERROTA, 2000.
Total length, total weight and gonad weight of each
fish collected were measured. Samples of gonads were
stored at -20º C for biochemical analysis. The bodily condition of individuals was estimated using Fulton´s condition factor (K) (RICKER, 1975), as follows:
K = 100 (TW/TL3)

where K is Fulton’s condition factor, TW is total fish
weight and TL is the total length.

Biochemical analysis
Lipids were extracted with chloroform: methanol (2:1)
following the method described by FOLCH et al. (1957)
and quantified gravimetrically. FA methyl esters were obtained by transesterification with methanol in sulphuric
acid (CHRISTIE, 1982), separated and quantified using
gas chromatography. During lipid and FA analysis, samples were protected from oxidation by keeping them under
nitrogen gas and using butylated hydroxy toluene (100 mg
L-1 of solvent). FA methyl esters were analysed using a gas
chromatograph (Hewlett Packard 5890; Hewlett-Packard
Company, Wilmington, DE, USA) equipped with a flame
ionization detector and a Supelcowax fused silical capillary column (30 m 9 0.32 mm ID, Supelco, Bellefonte,
PA, USA). Nitrogen was used as carrier gas. Samples were
injected in split mode at 250º C. Column temperature was
maintained at 180º C for 12 min, then increased to 212º C

at a rate of 2º C min-1 and maintained at 212º C for 13 min.
FA were identified by comparing retention times of methyl
ester standards (Supelco) using a well characterized fish
oil as a reference.

Statistical analysis
Data were analysed statistically using a one-way analysis of variance (ANOVA) and Student´s t-test for means
comparison (SOKAL; ROHLF, 2009). The significance
level was set at p < 0.05.

RESULTS
Ovarian

composition

and

condition

factor

throughout the reproductive cycle

The evolution of ovarian composition and condition
factor during the reproductive cycle is shown in Table 1.
Total lipids was significantly lower in fall than in winter and spring for both species. Besides, P. orbignyanus
showed a significantly higher amount of lipids in spring
than in the other seasons. Moisture content was constant
in ovaries of both species. The condition factor (K) in
P. patagonicus was significantly higher in spring, whereas
no significant differences between winter and fall were
seen. In P. orbignyanus the K value remained constant
throughout the three seasons (Table 1).

Composition of ovaries and condition
factor in different seasons (comparison
between species)
Total lipid content in the ovaries of P. orbignyanus
was higher than in those of P. patagonicus’in winter and
spring, while no significant differences between species
were found in the fall (Table 1). The moisture content
was significantly different only in winter, resulting in a
higher value in P. orbignyanus. The K value in winter
and fall was significantly higher in P. orbignyanus than in
P. patagonicus, while in spring no significant differences
between species were seen (Table 1).

Ovary fatty acid profile during the
reproductive cycle

The evolution of the ovarian FA profile throughout the
reproductive cycle of P. patagonicus and P. orbignyanus
is shown in Table 2. In all ovarian samples analysed 41 FA
were identified, representing over 95% of all FA detected.
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Table 1. Moisture evolution (%) and total lipids (% dry weight) of ovaries and condition factor (K) of P. orbignyanus and
P. patagonicus throughout the reproductive cycle.
Paralichthys orbignyanus

Paralichthys patagonicus

fall (n = 6)

winter (n = 11)

spring (n = 10)

fall (n = 12)

winter (6)

spring (n = 11)

82.72 ± 2.75

83.95 ± 2.54A

83.27 ± 3.15

82.76 ± 1.67

81.22 ± 0.56B

81.94 ± 1.49

Total lipid

4.45 ± 1.21c

5.55 ± 0.62bA

13.29 ± 4.26aA

3.92 ± 0.34b

4.92 ± 0.35aB

5.05 ± 1.33aB

K

1.13 ± 0.04A

1.10 ± 0.07A

1.04 ± 0.22

1.01 ± 0.06bB

0.98 ± 0.10bB

1.06 ± 0.01a

Moisture

Results are expressed as means ± SD; n = number of samples; within a row, means without a common superscript lowercase letter differed
significantly between seasons for each species and values without a common superscript uppercase letter differed significantly between both species
in the same season (ANOVA, p < 0.05).

PUFA were predominant in both species, followed by
SAFA and finally by MUFA. The SAFA percentage was
significantly higher in the fall for both species, showing
significant differences between winter and spring in
P. orbignyanus. Only in P. orbignyanus was the MUFA
percentage significantly different between seasons, being
higher in spring than in the other seasons. The predominant
SAFA were 16:0 and 18:0, while the predominant MUFA
were 18:1n-9 and 18:1n-7. The PUFA percentage remained
constant in P. orbignyanus, while in P. patagonicus this
value was significantly lower in the fall. In both species
the predominant PUFA were DHA, ARA and EPA. N-3
FA, n-3 HUFA and DHA proportions were significantly
lower in fall than in winter and spring for both species,
while the opposite was observed for n-6 FA, n-6 HUFA
and ARA. The EPA percentage was significantly lower
in fall than in winter and spring in P. patagonicus,
while in P. orbignyanus it remained constant throughout
the reproductive cycle. In P. patagonicus the 18:2n-6
proportion was significantly higher in winter than in fall
and spring, while in P. orbignyanus it remained constant
throughout the reproductive cycle. In contrast, the 18:3n-3
percentage was significantly lower in winter than in fall
and spring for both species. The 18:4n-3 proportion was
higher in spring than in winter for both species, particularly
for P. orbignyanus. The DHA/EPA ratio in P. patagonicus
was lower in the fall than in winter and spring, and in P.
orbignyanus no significant differences were found at any
time during the reproductive cycle. Meanwhile, for both
species DHA/ARA and EPA/ARA ratios were lower in fall
than in winter and spring (Table 2).

Ovarian fatty acid profile in different
seasons (comparison between species)
A comparison of the ovarian FA profile between
the two species is shown in Table 2. In spring, proportions of SAFA, MUFA and PUFA showed no significant
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differences. In fall, the PUFA percentage was significantly higher in P. orbignyanus, while in P. patagonicus
the MUFA percentage was significantly higher in fall and
winter. In winter the SAFA proportion was significantly
higher in P. orbignyanus. Except in winter, when no significant variations were found, the proportions of n-3 FA
and n-3 HUFA were significantly higher in P. orbignyanus
than in P. patagonicus. Differences in n-3 HUFA proportions in spring were mainly determined by variations in
minor n-3 HUFA, such as 22:5n-3 and 20:4n-3, since no
significant differences between species were found in EPA
and DHA proportions in spring. The percentage of 18:3n-3
was significantly higher in P. orbignyanus in winter and in
P. patagonicus in spring, while in fall no significant differences between both species were observed. Meanwhile
proportions of n-6 FA and n-6 HUFA were significantly
higher in P. patagonicus than in P. orbignyanus in the
three seasons studied. However, the ARA percentage
was higher in P. patagonicus in fall and spring, while in
winter no significant differences between the two species were found. The percentage of 18:2n-6 was always
significantly higher in P. orbignyanus. The DHA/EPA ratio only showed significant differences between the two
species in winter, it being higher in P. orbignyanus. The
EPA/ARA and DHA/ARA ratios were significantly higher
in P. orbignyanus in the three seasons studied (Table 2).

DISCUSSION
It is well known that fishes experience different changes in their biochemical composition throughout their lifetime in response to diet variations, environmental factors
and reproductive cycles (HUYNH et al., 2007; PÉREZ
et al., 2007; HUANG et al., 2010; XU et al., 2010).
Important seasonal changes in gonadal biochemical composition were observed in both the sympatric
flatfish species studied in this research. These changes
consisted mainly in the lipid accumulation during the
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Table 2. Fatty acid profile evolution during the reproductive cycle (% of total fatty acids) in the ovaries of P. orbignyanus
and P. patagonicus.
Paralichthys orbignyanus

Paralichthys patagonicus

Fatty acids

fall (n = 6)

winter (n = 11)

spring (n = 10)

fall (n = 12)

winter (6)

spring (n = 11)

14:0

1.25 ± 0.32bB

1.30 ± 0.19b

2.03 ± 0.73aA

1.55 ± 0.25A

1.38 ± 0.35

1.49 ± 0.37B

15:0

0.49 ± 0.07bA

0.55 ± 0.04aA

0.52 ± 0.10ab

0.43 ± 0.04B

0.49 ± 0.07B

0.49 ± 0.13

16:0

20.74 ± 0.75bA

23.00 ± 1.13a

19.77 ± 3.22b

18.74 ± 0.93bB

21.90 ± 1.35a

19.81 ± 3.41ab

16:1*

4.07 ± 0.32b

3.59 ± 0.31cB

7.28 ± 1.62a

4.50 ± 0.95b

5.63 ± 1.25aA

6.19 ± 0.99a

16:2**

1.32 ± 0.14aB

0.89 ± 0.12bB

1.06 ± 0.40ab

1.75 ± 0.34aA

2.05 ± 0.64aA

1.14 ± 0.24b

18:0

7.95 ± 0.34aB

6.97 ± 0.48bA

4.70 ± 1.26cB

9.18 ± 0.65aA

5.87 ± 0.41bB

5.98 ± 0.82bA
14.73 ± 2.09ab

18:1n-9

10.04 ± 0.62bB

12.35 ± 0.97a

13.70 ± 2.59a

15.21 ± 1.15aA

13.06 ± 1.54b

18:1n-7

3.90 ± 0.24aA

3.89 ± 0.23aA

3.15 ± 0.33bB

2.98 ± 0.30bB

3.33 ± 0.11aB

3.55 ± 0.42aA

18:2n-6

0.93 ± 0.12A

1.03 ± 0.14A

1.01 ± 0.22A

0.54 ± 0.07bB

0.65 ± 0.10aB

0.62 ± 0.13abB

18:3n-3

0.81 ± 0.30a

0.27 ± 0.05cA

0.47 ± 0.15bB

0.86 ± 0.21a

0.13 ± 0.03bB

0.98 ± 0.23aA

18:4n-3

0.27 ± 0.05b

0.27 ± 0.10bA

0.99 ± 0.40aA

0.28 ± 0.03a

0.09 ± 0.03bB

0.28 ± 0.05aB

20:1n-9

0.75 ± 0.11

0.81 ± 0.08

1.35 ± 1.21

0.79 ± 0.09

0.83 ± 0.17

0.89 ± 0.19

20:1n-7

0.22 ± 0.05

0.20 ± 0.03B

0.26 ± 0.12

0.21 ± 0.04b

0.28 ± 0.05aA

0.28 ± 0.06a

20:2n-6

0.23 ± 0.06b

0.37 ± 0.04a

0.23 ± 0.08b

0.21 ± 0.03b

0.33 ± 0.05a

0.22 ± 0.04b

20:4n-6

7.81 ± 1.50aB

6.17 ± 0.64b

4.23 ± 1.26cB

10.35 ± 0.75aA

6.99 ± 1.32b

6.86 ± 1.64bA

20:4n-3

0.30 ± 0.12abA

0.31 ± 0.06bA

0.44 ± 0.18aA

0.18 ± 0.05B

0.19 ± 0.05B

0.19 ± 0.06B

20:5n-3

4.18 ± 1.07A

4.77 ± 0.64

5.18 ± 0.81

3.08 ± 0.59bB

4.97 ± 0.47a

4.46 ± 1.11a

22:1 +

0.46 ± 0.22abA

0.62 ± 0.08aA

0.33 ± 0.15b

0.27 ± 0.15bB

0.41 ± 0.08aB

0.36 ± 0.14ab

22:5n-3

3.29 ± 0.26bA

3.33 ± 0.36bB

3.93 ± 0.49aA

2.60 ± 0.47bB

4.22 ± 0.38aA

3.27 ± 0.78aB

22:6n-3

19.53 ± 1.41bA

23.46 ± 1.99aA

22.31 ± 2.43a

14.73 ± 1.63bB

20.26 ± 3.11aB

18.86 ± 4.76a

SAFA

34.65 ± 0.92a

33.05 ± 1.52bA

28.29 ± 2.75c

33.84 ± 1.33a

30.65 ± 1.46bB

30.16 ± 4.24b

MUFA

20.89 ± 0.72bB

21.93 ± 1.15bB

26.90 ± 4.11a

26.15 ± 1.96A

24.14 ± 2.82A

27.59 ± 3.71

PUFA

44.45 ± 0.85A

45.02 ± 2.57

44.81 ± 2.59

40.01 ± 2.07bB

45.21 ± 3.71a

42.24 ± 7.38ab

n-9

12.28 ± 0.90bB

13.72 ± 1.04a

15.91 ± 3.58a

17.48 ± 1.25aA

14.31 ± 1.61b

17.12 ± 2.15a

n-3

29.91 ± 2.39bA

32.69 ± 2.40a

33.75 ± 2.53aA

22.69 ± 1.88bB

30.09 ± 3.29a

28.81 ± 6.27aB

n-6

10.71 ± 1.83aB

10.11 ± 0.90a

6.72 ± 1.56bB

12.92 ± 0.84aA

11.45 ± 2.19ab

9.47 ± 2.07bA

n-3/n-6

2.88 ± 0.64bA

3.25 ± 0.37bA

5.27 ± 1.25aA

1.76 ± 0.16bB

2.72 ± 0.62aB

3.12 ± 0.74aB

n-3 HUFA

27.52 ± 2.58bA

32.12 ± 2.38a

32.02 ± 2.33aA

20.73 ± 1.93bB

29.80 ± 3.30a

26.95 ± 6.42aB

n-6 HUFA

9.55 ± 1.72aB

8.71 ± 0.88aB

5.48 ± 1.59bB

12.17 ± 0.85aA

10.47 ± 2.10bA

8.63 ± 2.10bA

DHA/EPA

4.93 ± 1.23

4.98 ± 0.69A

4.41 ± 0.88

4.91 ± 0.80a

4.08 ± 0.59bB

4.25 ± 0.46b

EPA/ARA

0.57 ± 0.22cA

0.78 ± 0.16b

1.33 ± 0.46aA

0.30 ± 0.06bB

0.73 ± 0.16a

0.68 ± 0.22aB

DHA/ARA

2.59 ± 0.59cA

3.83 ± 0.47bA

5.69 ± 1.67aA

1.43 ± 0.18bB

2.98 ± 0.66aB

2.86 ± 0.90aB

Results are expressed as means ± SD; n = number of samples; within a row, means without a common superscript lowercase letter differed
significantly between seasons for each species and means without a common superscript uppercase letter differed significantly between species in
the same season (ANOVA, p < 0.05). * includes n-9, n-7 and n-5 isomers; ** includes n-3 and n-4 isomers; + includes n-11, n-9 and n-7 isomers.

resting phase (from the end of one breeding season to
the beginning of the new breeding season), together with
important changes in FA profile throughout the reproductive cycle. The accumulation of lipid reserves in gonads
in marine teleosts has been widely studied (TAKAMA
et al., 1985; CHATZIFOTIS et al., 2004; GARRIDO et
al., 2007; HUYNH et al., 2007). The lipid mobilization
to the gonads supplies raw material, energy and EFA

necessary for the genesis and normal egg development
(SARGENT et al., 2002).
FA composition of the ovaries of P. orbignyanus and
P. patagonicus showed a typical marine profile, mainly
characterized by PUFA predominance and high levels of
n-3 FA and n-3 HUFA with significant amounts of DHA
(SARGENT et al., 2002; ARTS et al., 2009). These characteristics prevailed throughout the year regardless of
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the season even in P. orbignyanus females collected in a
brackish coastal lagoon semi-connected to the ocean.
In both species PUFA was composed mostly
of n-3HUFA. It is known that HUFA affect fishes’ reproduction either directly or through their metabolites
(SARGENT et al., 2002). As marine fishes are not able
to synthesize their own HUFA efficiently they must obtain them from their diet (SARGENT et al., 1999a,
1999b, 2002). Lipid and FA composition of broodstock
diet has been identified as one of the most important dietary factors determining reproductive success in fishes
(IZQUIERDO et al., 2001). In some species, it has been
observed that n-3HUFA content in broodstock diets increases fecundity, fertilization, egg quality and larval viability (FERNÁNDEZ-PALACIOS et al., 1995; FURUITA
et al., 2000). Thus, taking into account the high levels of
n-3HUFA observed in the ovaries of P. patagonicus and
P. orbignyanus, high diet requirements of n-3HUFA could
be expected.
Gonads of both species had particularly high levels of
ARA, which exceeded the EPA proportion in almost all
the specimens analyzed, mainly those captured during the
resting phase. In other fish species studied the EPA/ARA
ratio in gonads and eggs is greater than 1 (GARRIDO et al.,
2007; HUYNH et al., 2007; HUANG et al., 2010; XU et al.,
2010), even in other flatfishes such as Solea senegalensis
(NORAMBUENA et al., 2012) and Paralichthys adspersus
(WILSON, 2009). The selective retention of ARA has been
observed in other estuarine fishes and it has been attributed
to the environmental stress conditions to which fishes are
exposed (KOUSSOROPLIS et al., 2011). There is evidence
that ARA is important in generating an appropriate physiological response to environmental stress, such as changes
in salinity (BELL; SARGENT, 2003).
Regarding bodily condition, the K values showed
differences between the two species throughout the year.
Such differences could be caused by their different lifestyles. According to the K values, P. patagonicus females
were in better physical condition at the beginning of the
spawning season than during the resting phase. On the other hand, the physical condition of P. orbignyanus females
remained constant throughout the reproductive cycle. K
values in P. patagonicus were significantly lower than
in P. orbignyanus during the resting phase but they were
similar for both species at the beginning of the spawning
season. On the other hand, although the ovarian lipid content increased significantly in both species during gonadal
maturation, it was significantly higher in P. orbignyanus.

176

BRAZILIAN JOURNAL OF OCEANOGRAPHY, 63(3):171-180;2015

We believe that during the cold seasons (fall and winter)
there is less food available for flatfishes in the sea, which
could be reflected in a decrease of K values and a reduced
accumulation of lipids in P. patagonicus’ gonads during
the resting phase. P. orbignyanus would not be affected by
the lower availability of food during the cold season because it can live in brackish water courses probably taking
refuge during adverse months in estuarine environments
where more food is available. On the other hand, another
factor to be considered is that osmoregulation is an energy expensive process (TSENG; HWANG, 2008), therefore for a euryhaline fish such as P. orbignyanus it might
be more economical to live in an isosmotic environment.
The isosmotic point estimate for P. orbignyanus is 10.9‰
(SAMPAIO; BIANCHINI, 2002), the salinity likely to be
found in a brackish coastal lagoon such as “Laguna de
Rocha” (CONDE et al., 2000). However, it is also known
that in P. orbignyanus, as in other species, growth hormone levels increase after suffering hyperosmotic stress,
whereby the highest growth rates in P. orbignyanus would
be obtained in seawater (MEIER et al., 2009). Despite
this, SAMPAIO et al., 2001 observed no significant variations in the growth rates of P. orbignyanus cultured at salinities such as 30ppt and 11ppt. Thus, the combined effect
of sparing energy with osmoregulation and getting more
food by remaining in brackish water environments could
allow P. orbignyanus to maintain a stable condition factor throughout the year, unlike P. patagonicus that lives
in seawater all the year round. We need further research
into lipid and FA composition of fish muscle in order to
establish whether P. orbignyanus females were better fed
than P. patagonicus during the recovery phase.
The ability of P. orbignyanus to maintain its condition
factor stable and accumulate lipids in its tissues during
cold seasons based mainly on an estuarine diet, does not
explain the higher amount of n-3HUFA accumulated in
their gonads than in those of P. patagonicus, which feed
solely in seawater. Comparing FA profiles between the two
species, we observed that the proportions of n-3 FA and
n-3HUFA were higher in P. orbignyanus, while n-6 FA and
the n-6HUFA proportions were higher in P. patagonicus,
contrary to what we expected to find considering their
different lifestyles. Assuming that the estuarine diet of
P. orbignyanus is poorer in n-3HUFA than in the marine
diet of P. patagonicus, the proportion of n-3HUFA found
in P. orbignyanus equivalent to or even higher than that
found in P. patagonicus could be explained by a selective
accumulation in the ovaries of P. orbignyanus of specific
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FA which appear in low concentration in their diet. This
ability has been observed in other estuarine fishes of high
trophic level, presenting more FA such as n-3HUFA than
that found in their diet. Such selective retention of HUFA
has been associated with a limited availability of this FA in
the food web and also clearly shows an efficient ability to
retain FA (KOUSSOROPLIS et al., 2011). P. orbignyanus
is a high trophic level predator in coastal lagoons
(RODRÍGUEZ-GRAÑA et al., 2008), so the accumulation
of certain FA which are found in low proportion in their
estuarine diet, such as n-3HUFA, is to be expected.
Additionally we could consider the possibility of a greater
ability of P. orbignyanus to elongate and desaturate LNA
to DHA and EPA. This is in accordance with the higher
proportion of 18:4n-3 and 20:4n-3 (the intermediate
metabolites in the process to elongate and desaturate
LNA to DHA EPA) (SARGENT et al., 2002) found in
P. orbignyanus compared to that in P. patagonicus. This
ability is shared with many vertebrates; it is not, however,
common in marine fishes (SARGENT et al., 1999a, 1999b,
2002) although there is strong evidence suggesting that
turbot (Scophthalmus maximus), another species of flatfish,
has the ability to transform LNA and LA, respectively,
into EPA and ARA (SARGENT et al., 2002). However,
this is a hypothesis and further laboratory experiments are
needed to establish whether P. orbignyanus is capable of
selecting and retaining FA which are in low concentration
in its diet or if they are capable to elongating and
desaturating LNA efficiently. Furthermore, it was observed
that the proportion of LA was greater in P. orbignyanus
throughout its reproductive cycle, probably reflecting the
FA composition of its estuarine diet. This FA is abundant in
terrestrial/continental food webs such as freshwater streams
and may also be abundant in estuaries (ALFARO et al.,
2006; RICHOUX; FRONEMAN, 2008; KOUSSOROPLIS
et al., 2011) being much rarer in the marine environment
(SARGENT et al., 2002. ARTS et al., 2009).
In brief, differences between the lifestyles of these
two species are reflected in the ovarian FA profile mainly
as a result of differences in their FA metabolism, causing
higher accumulation of n-3 FA and n-3 HUFA in P. orbygnyanus than in the more oceanic P. patagonicus flatfishes.
The greater accumulation of lipids in the ovaries of
P. orbignyanus could indicate that this species, feeding in
brackish water bodies, is able to accumulate more energy
than P. patagonicus, but to confirm this hypothesis further
studies of muscle lipid and FA composition are needed.
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