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Variation in energy density of Loricariichthys platymetopon (Siluriformes:

Loricariidae) in the upper Parana River basin

Daniela Aparecida Garcia and Evanilde Benedito

The present study described the variations in energy density from skeletal muscles of Loricariichthys platymetopon in
relation to body size, sex, gonadal development stages, sampling site and habitat type (lotic, semi-lotic and lotic). Samplings
were performed between June 2002 and August 2006 in points located in the upper Parana River floodplain, Rosana Reservoir
and Diamante Stream. The energy density from each muscle sample of 212 specimens was determined using an adiabatic
calorimeter. The correlations between the variables ‘muscle energy density’ and ‘specimen standard length’ were not signifi-
cant. Only in the Rosana Reservoir there was a significant difference in energetic means between ‘sex’. Otherwise, due to the
gonadal development stage, a significant difference between energetic means was recorded only for males from the upper Parana
River floodplain and for both sexes in Rosana Reservoir. The density of muscle energy ranged from 4,170 to 5,540 cal/g DW (dry
weight), with the means (+ standard deviation) of 5,140+ 0.06 cal/g DW in the Reservoir, 4,950+0.25 cal/g DW in the stream
and 4,920 +£0.18 cal/g DW in the floodplain. Furthermore, we also detected a significant difference between the energy means
from the different sampled sites, but the same was not registered among the analyzed habitats. In conclusion, the variation
in muscle energy density from L. platymetopon may occur. The occurrence of variation between the sexes depends on the
site, and the density variation among the stages depends on both the site and ‘sex’. In summary, the spatial variation in
muscle energy density from this species strengthens the idea that this factor is not a constant parameter, so it should not
be applied in bioenergetics modeling and in the quantification of energetic balance as an unique value.

O presente estudo objetivou descrever as variagdes na densidade de energia dos musculos estriados esqueléticos de
Loricariichthys platymetopon em relagdo aos fatores tamanho, sexo, estadio de desenvolvimento gonadal, local e tipo de
habitat (l6tico, semi-l6tico e 16tico). As amostragens foram realizadas entre junho de 2002 e agosto de 2006 em pontos
localizados na planicie alagavel do alto rio Parand, no reservatorio de Rosana e no ribeirdo Diamante. A densidade de energia
de cada amostra de musculo de 212 espécimes de L. platymetopon foi determinada utilizando-se bomba calorimétrica. As
correlagdes entre as variaveis ‘densidade de energia muscular’ e ‘comprimento padrdo do espécime’ ndo foram significativas.
Diferenca significativa entre as médias energéticas foi registrada entre ‘sexo’ apenas no reservatorio de Rosana. Diferenga nas médias
energéticas, devido ao estadio de desenvolvimento gonadal, foi significativa somente para machos na planicie alagavel do alto rio
Parana e para ambos os sexos no reservatorio de Rosana. A densidade de energia muscular variou de 4.170 a 5.540 cal/g PS (peso
seco), sendo as médias (= desvio-padrio) igual a 5.1404 0,06 cal/g PS no reservatorio, 4.950+0,25 cal/g PS no ribeirdo ¢ 4.920 +0,18 cal/
g PS na planicie. Foi encontrada diferenca significativa entre as médias de energia dos diferentes locais amostrados, entretanto,
o mesmo ndo foi registrado nos habitats analisados. Conclui-se que pode ocorrer variagdo na densidade de energia muscular
de L. platymetopon. A ocorréncia de variagdo entre os sexos depende do local de coleta, ¢ a variagdo na densidade entre os
estadios depende tanto do local quanto do ‘sexo’. A variacdo espacial na densidade de energia muscular desta espécie reforca
aidéia de que a mesma ndo ¢ um parametro invariavel e que por isso ndo deve ser aplicada na modelagem bioenergética e na
quantificagcdo do balango energético como um valor nico.
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Introduction

Determining the energy density of biological materials, as
well as identifying the factors related to their variability, are
important actions for bioenergetics modeling and to investi-
gate the energy balance of species (Hansen ef al., 1993;
Pedersen & Hislop, 2001; Dourado & Benedito-Cecilio, 2005).

Energy density is subject to multifactor influence, and due
to the scarcity of data on this subject for several species, some
studies have assumed uniques values (Economidis et al., 1981,
Hansen et al., 1993; Pedersen & Hislop, 2001; Dourado &
Benedito-Cecilio, 2005). This action is viewed as inadequate
by some authors, as significant differences — both intra- and
interspecific — have been detected at temperate and Neotropi-
cal environments (Bryan et al., 1996; Paul et al., 1998; Pedersen
& Hislop, 2001; Vismara et al., 2004; Santos et al., 2006).

The species considered for this study is Loricariichthys
platymetopon Isbriicker & Nijssen, 1979, known popularly
as acari, cari, rapa-canoa, cascudo-viola or cascudo-chinelo.
It belongs to the Loricariidae family, which features the great-
est number of species among siluriforms in the Neotropical
region (Reis et al., 2003).

Studies on the biology of this species in the Parana River
(Dei Tos et al., 1997) and in the Uruguay River basin (Querol
et al., 2002) indicate that L. platymetopon inhabits mainly
lentic and semi-lotic habitats, and that its reproductive pe-
riod extends from October to March (Spring-Summer) (Vazzoler,
1996; Marcucci et al., 2005). In the upper Parana River flood-
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plain and in the Diamante Stream this species was considered
the most abundant (Gaspar da Luz et al., 2004; Luiz et al.,
2005; Morales et al., 2009b).

Loricariichthys platymetopon is a detritivorous species,
feeding on detritus and benthic organisms (Fugi et al., 2001).
Because of its feeding habits and abundance, this species
plays an important role in nutrient and energy cycling in Neo-
tropical ecosystems.

Therefore, the objective of this study is to describe the
variations in energy density of the skeletal muscles of L.
platymetopon in relation to factors that can influence it,
including body size, sex, gonadal development stages, site
and sampling habitat type, in order to investigate whether it
is possible or not to use energy density for a species as an
invariable parameter in bioenergetic modeling and in the
quantification of energetic balance.

Material and Methods

This study involved the following sampling sites and peri-
ods in the upper Parana River basin: a stretch of the upper Parana
River floodplain (FP), where five points were sampled in
November 2002, March and September 2003; at the lentic point
of the Rosana Reservoir (RR), sampled in June and December
2002; and at three points of the Diamante Stream (DS), sampled
in November 2005, February, May and August 2006 (Fig. 1). The
description of the sampled sites is available in Vazzoler et al.
(1997), Rodrigues et al. (2005), and Morales et al. (2009a).
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Fig. 1. Study area and location of the sampled points in the upper Parana River floodplain (1- Patos Lake; 2- Ivinheima River; 3-
Baia River; 4- Guarana Lake; 5- Gar¢as Lake; Patos Lake; 2- Ivinheima River; 3- Baia River; 4- Guarana Lake; 5- Gargas Lake;
Rosana Reservoir (6) and Diamante Stream (7, 8 € 9). Number of specimens by sampling site: n,=31,n,=19,n,=15,n,=12,n,=
5,n,=56,n,=35,n,=22 and n,=17.
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The sampled point at the Rosana Reservoir was consid-
ered a lentic habitat. In the Diamante Stream, the point near-
est the riverhead was classified as lotic, the intermediate point
was semi-lotic, and the point closest to the Rosana Reservoir
was deemed lentic. In the upper Parana River floodplain, the
Ivinheima River was classified as lotic, the Baia River was
semi-lotic, and the floodplain lakes were considered lentic.

At each sampled point, gillnets of various mesh sizes (from
2.4 to 16 cm between adjacent nodes) were exposed for 24
hours, and inspected every eight hours. Each specimen was
measured (standard length - mm), and its sex and gonadal
development stage were determined. The stages considered
were: immature (IMT), resting (RES), beginning of maturation
(BMA), maturing (MAG), mature (MAT), semi-spent (SSP),
spent (SPE), recovery (REC) (adapted from Vazzoler, 1996).

Muscle samples were extracted from the lateral region near
the dorsal fin. The samples were then washed in distilled
water and enclosed in aluminum foil, labeled and frozen. They
were later dried in a greenhouse using forced ventilation (60°C,
48 h) and macerated using a ball mill. The energy density of
these samples (calories per gram of dry weight) was
determined using an adiabatic calorimeter (Parr 1261).

The voucher specimens were deposited in the Museu
Ictiolégico do Nucleo de Pesquisa em Limnologia, Ictiologia
e Aquicultura (NUPELIA), at the Universidade Estadual de
Maringa (upper Parana River floodplain - NUP 2568 and NUP
445; Rosana Reservoir and Diamante Stream - NUP 2799).

The variation (increase or decrease) on muscle energy
density of L. platymetopon related to the increase in body
size from the specimen (standard length) was investigated
using a non-parametric correlation analysis (Kendall tau rank
correlation), separated by site and sex. Computer software
STATISTICA (version 7.1) was used for this analysis, and
correlation values of p<0.05 were considered significant.

In order to verify whether the mean energy density
differed according to sex, gonadal development stages, site
and habitat type, non-parametric unifactorial analyses of
variance (One-way ANOVA test) were conducted (5,000
randomizations, ECOSIM) (Gotelli & Enstminger, 2006). A
significance level of o = 0.05 was adopted using the
Bonferroni correction, with p =0.0083.

In the analysis between the sexes, only specimens whose
gonadal development stages were equivalent to both males
and females and among all three sampled sites were used
(resting and spent). Conversely, in the analysis of the stages
of gonadal development, all sampled specimens were used,
separated by site and sex. The existence of spatial variation
in caloric density was investigated by considering, firstly,
specimens from both sexes belonging to the ‘spent’ and
‘resting’ stages of gonadal development, and later, all
sampled specimens. Differences in energy density, due to
type of habitat (lentic, semi-lotic and lotic), were investigated
in the floodplain and stream; specimens from both sexes
were used in that analysis, with stages of gonadal
development equivalent to the three habitats of the
floodplain (resting) and stream (spent).
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Table 1. Correlation analysis between standard length and
energy density of female (F) and male (M) Loricariichthys
platymetopon in the upper Parana River floodplain (FP), Rosana
Reservoir (RR) and Diamante Stream (DS). Number of specimens
sampled (n), mean + standard deviation (Mean+ SD), range of
standard length, values of the Kendall-tau (t) correlation
coefficient. For all correlations presented p>0.05.

Site/Sex n Mean+SD (mm) Range (mm) T (p>0.05)
FP/F 45 220.6+4.17 140-302 -0.02
FP/M 37 211.1£3.22 165-252 0.17
RR/F 31 202.1£5.56 140-257 0.19
RR/M 25 187.9+3.18 136-228 -0.05
DS/F 36 207.9+3.02 156-244 -0.01
DS/M 38 204.2+1.88 180-230 0.06
Total 212
Results

A total of 212 specimens of L. platymetopon was sampled,
with 82 coming from the upper Parana River floodplain, 56
from the Rosana Reservoir, and 74 from Diamante Stream.
The sampled number, mean standard length, and the range in
the body size of the specimens, according to site and sex, are
shown on Table 1. The correlations between the variables
‘muscle energy density’ and ‘specimen standard length’ were
not significant for any of the sampled sites, for either sex
(Table 1).

Only at Rosana Reservoir there was a significant dif-
ference in the mean energy density between the sexes
(Floodplain: d.f. =1, F = 0.36, p = 0.55, n =16 and

females)

0 e = 19; Rosana Reservoir: d.f.= 1, F=14.68, p=0.0008,
1 ates) =16 and e = 12; Diamante Stream: d.f. =1, F =
1.87,p=0.18,n =19andn =34). In this Reservoir,

(females) (males)

males featured higher mean energy density than females
(meanﬂ:SD(maleS) =5,160+0.015 cal/gDW; mean+SD
5,140+0.015 cal/gDW).

The difference in mean energy, due to the stage of go-
nadal development, was significant only for males in the upper
Parana River floodplain and for both sexes at the Rosana
Reservoir. No significant difference was recorded for the
Diamante Stream (Fig. 2).

Spatial variation was observed for energy density, with
significant difference among the mean values of reservoir,
stream and floodplain samples (Figs. 3a-b). Energy density
varied between 4,170 and 5,540 cal/g DW.

Analyzing the habitats (lentic, semi-lotic and lotic) within
the floodplain and stream locations, no significant differences
were identified in the energy density (Figs. 4a-b).

(females) -

Discussion

Factors that influence energy allocation in fish can be
classified as biotic and abiotic. Interaction factors (compe-
tition, predation, parasitism) or factors inherent to the or-
ganism (sex, gonadal maturation stage, reproductive activ-
ity, age, body size) are considered biotic, while those linked
to climate, food resource availability, as well as physical



324

FEMALES

Variation in energy density of Loricariichthys platymetopon

MALES

5.6
5.5
Z 5.4

5.3
5.2 G & @ 12

5.1 S "

5.0 (11) (6)
4.9 {
4.8

2 4.7 I

4.6
45 d£=6F=263p=0.03

4.4

)

FLOODPLAIN

density (kcal/gD

Ener

FLOODPLAIN

4
(14) (f ®)
an 1 I

d. f. =3, F=16.44, p=0.0002

~ RESERVOIR
Z 5.4 ® o
109 (s - - (©

& @» T . =

4.5 d. f. =5, F=483.16, p=0.00000

RESERVOIR

©)

- (13 3)

d. f. =2, F=124.25, p=0.00000

5.5 (2
” STREAM

5.3 17
5.2 (17) an

Energy density (kcal/gDW)
=1

d. f. =2, F=0.59, p=0.54

STREAM
® (33

(1)

d. f. =2, F=0.22, p=0.74

IMT RES BMA MAG MAT SSP
Gonadal development stages

SPE  REC

IMT RES BMA MAG MAT SSP
Gonadal development stages

SPE  REC

Fig. 2. Mean + standard deviation for muscle energy density of Loricariichthys platymetopon, at different gonadal development
stages (immature = IMT; resting = RES; beginning of maturation = BMA; maturing = MAG; mature = MAT; semi-spent = SSP;
spent = SPE; recovery = REC), in the upper Parana River floodplain, Rosana Reservoir and Diamante Stream. Number of
specimens between parentheses. One-way ANOVA are presented for each case.

and chemical aspects of water (flow speed, pH, oxygen, sa-
linity and temperature) are classified as abiotic (Dourado &
Benedito-Cecilio, 2005).

In the present study, the variation (increase or decrease)
in muscle energy density from L. platymetopon related to the
increase in specimen body size was not detected, since the
correlation between these two variables was not significant.
However, we expected to find a direct relationship between
the increase in energy and the specimens body size as
observed by Paul ef al. (1998) studying juveniles and adults
of Clupea pallasi. It is emphasized that the majority of ana-
lyzed L. platymetopon specimens were larger than the esti-
mated size of first gonadal maturation (L, = 144 mm, accord-
ing to Vazzoler, 1996). It is possible that, if a higher number of
(juvenile-immature) smaller specimens had been sampled, a
positive correlation between standard length and muscle
energy density could have been recorded.

Regarding biotic factor ‘sex’, significant difference in en-
ergy density between L. platymetopon males and females
was found only at the Rosana Reservoir, where males dis-
played higher mean energy density than females. No differ-
ence between males and females was observed in other stud-
ies, at the Manso Reservoir and adjacent area (State of Mato
Grosso, Central Brazil), for tropical fish species Serrassalmus
marginatus, S. maculatus, Brycon hilarii (Characidae) e
Hypophthalmus edentatus (Hypophthalmidae) (Santos et al.,
2006; Monteiro et al.,2007).

The results of the present study and those of Santos et
al. (2006) and Monteiro et al. (2007) allow hypothesizing
that “in tropical fish species, differences in muscle energy
density between male and female specimens cannot be
detected when using all gonadal development stages in the
statistical analysis”. The significant difference and higher
mean energy for males of L. platymetopon recorded in the
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Fig. 3. Mean =+ standard deviation for muscle energy density
of Loricariichthys platymetopon of both the sexes and same
gonadal development stages (spent and resting) (a) and for
both sexes and all stages sampled in the Rosana Reservoir
(RR), Diamante Stream (DS) and upper Parana River floodplain
(FP) (b). Number of specimens between parentheses. One-
way ANOVA results are presented.

reservoir are probably consequence from the stages of
gonadal development selected for the analysis (resting and
spent) In this species, spent males may present greater
energy in the muscles than spent females because their
energetic investment in production of gametes is lower
during the reproductive process (gonad maturation and
maintenance). These males, after spawning, may allocate
the energy stored in the muscles to sexual dimorphism and
parental care (elongation of labium to carry and protect eggs
and larvae) (Isbriicker & Nijssen, 1979; Dei Tos et al., 1997;
Nakatani et al., 2001; Marcucci et al., 2005). Probably, the
males sampled in Rosana Reservoir had not yet mobilized
the energy from their muscles for such activities, whereas in
the floodplain and in the stream, this mobilization could have
already been started, which resulted in the absence of
energetic difference between the sexes, even using only
these two developmental stages.

The use of equivalent stages to make comparisons be-
tween sexes and in the three locations (resting and spent)
emerged as an alternative to identify some pattern among the
sites, regarding the variation in muscle density between the
sexes. Comparisons using different stages would lead to
wrong conclusions.

The variation in muscle energy density during the repro-
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habit sampled in the upper Parana River floodplain and
Diamante Stream. Number of specimens between parenthe-
ses. One-way ANOVA test.

ductive process may be associated to the energy transfer-
ence from the muscles to the gonads and to spawning, and
the absence of such variation is due to the use of energy
stored as visceral fat (Doria & Andrian, 1997; Encina &
Granado-Lorencio, 1997; Jonsson et al. 1997). Both sexes from
species of tropical fishes are able to accumulate visceral fat
and, depending on the environmental conditions to which
they are submitted, they may accumulate more or less fat, as
well as use them or not.

The variation in muscle energy density of L. platymetopon
related to different gonadal development stages was observed
for males, in the upper Parana River floodplain, and for both
sexes at the Rosana Reservoir, but absent in Diamante Stream.

In the Manso Reservoir and adjacent area, this variation
was recorded only for males of S. marginatus, S. maculatus
and Brycon hilarii (Characidade), while, for H. edentatus,
such variation was not verified in any sex (Santos et al., 2006;
Monteiro et al., 2007). Doria & Andrian (1997) verified the
absence of this variation, in a study accomplished only with
females of Schizodon borelli (Anostomidae) and Pimelodus
maculatus (Pimelodidae) in floodplain above mentioned.

Considering all sites, spatial variation was recorded in the
muscle energy density of L. platymetopon, with the highest
mean energy recorded at the Rosana Reservoir. Santos ef al.
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(2006) also observed differences between specimens of S.
maculatus from a reservoir (Manso Reservoir) and its adja-
cent area (males and females as well), with a higher mean
energetic density in the reservoir and tributaries when com-
pared to local bay habitats. However, this spatial variation
was not detected for S. marginatus, Leporinus friderici,
Acestrorhynchus pantaneiro, and Schizodon borelli in same
study area (Santana et al., 2005).

A possible cause for the higher energetic values found
at the Rosana Reservoir could be its lower water flow when
compared to the other locations. In a lentic habitat, the en-
ergy expenditures of the fish with swimming (maintenance
of position in the water or movement against flow t) are
lower than in lotic habitats (Wootton, 1990; Rosenfeld &
Boss, 2001).

Another factor that possibly influences the variation in
muscle energy density of L. platymetopon, may be the spatial
variation in detritus quality and quantity. According to
Moore et al. (2004), these factors may be distinct among the
systems, and represent primary factors on the distribution
of energy for the various physiological processes of fish. If
quality and quantity of detritus are high, and if the food
intake rate is sufficiently high, the fish are able to grow,
produce gametes or store products (Adams et al., 1982;
Wootton, 1990; Moore et al., 2004), therefore explaining,
partially, the higher energetic mean recorded for Rosana
Reservoir, because the lower current flow can also lead to
greater accumulation of detritus on sediment. This idea is
corroborated by Melo (2006), in rivers (lotic and semi-lotic)
of the upper Parana River floodplain, and by Gimenes ef al.
(2004) in open lagoons, channel and rivers in the same flood-
plain. According to these studies, the percentage of organic
matter on the sediment (detritus) is greater in lentic and
semi-lotic habitats than in lotic habitats.

Thus, it can be concluded that the variation in muscle
energy density of L. platymetopon may occur and be related
to sex, gonadal development stages and site. Meantime, the
variation between the sexes may or may not occur depending
on the site, and the occurrence of variation in density among
the stages seems to be dependent on both the site and the
sex analyzed. The spatial variation in energy density of L.
platymetopon recorded in this study strengthen the idea that
this factor is not an invariable parameter and should not be
applied in bioenergetics modeling and in the quantification
of energetic balance as an unique value.

Research focusing the intraspecific variation in energy
density from tropical fish species need to be intensified and
expanded for a greater number of species, only then it will be
possible to effectively determine patterns as well as identify
and explain them in posterior studies. Nevertheless, in order
to prevent the determination of wrong patterns or the devel-
opment of erroneous hypotheses, future studies must en-
compass the samplings of both sexes and the largest pos-
sible number of gonadal development stages, instead of ran-
domly determining a sample size or analyzing only one go-
nadal stage.
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