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ABSTRACT

This study analyzed the muscle energy contentr{calensity) of L. platymetopon captured at diffarsites of the
Upper Parana River floodplain, and potential retatships between the content and various envirorahent
variables (water temperature, oxygen dissolved amtew food availability, relative numeric abundapcand
biological variables (body size and reproductiveley. Quarterly samplings from September 2006 tweJ2007 in
the lakes and rivers resulted in a sample of 73&cEpens, whose muscle caloric density was detedmising a
calorimeter. Differences between the caloric aveagf the males and females and among the diffstages of
gonadal development were not significant. Calognsity varied over time and space, with two sealseoa@ation
trends. The intensity of the correlation betweemn ¢hloric density and each environmental varialle well as the
type of correlation, varied according to the sandp$ite. Body size and reproductive cycle were naketated with
caloric density.

Key words: energy, detritivorous fish, direct calorimetryuscle, floodplain

INTRODUCTION al., 2003; Gaspar da Luz et,&004), was selected
as the object of this study. The presence of this
The ecosystem of the Upper Parana Rivespecies in the Upper Parana River floodplain,
floodplain features high biodiversity and a greatipstream from the city of Guaira, has been related
variety of aquatic habitats, such as riversyith the construction of the Itaipu dam, which
connected and disconnected lakes (Thomaz et agybmerged the Sete Quedas waterfalls, which in
2004). The river's fluctuations in hydrometric turn constituted a natural barrier against dispersi
levels, which result from the seasonality of(Reis and Pereira, 2000As detritivores, L.
rainfall, determine the seasonality of the biotica platymetoponplay an important ecological role,
abiotic factors, as well as maintaining river-plainintegrating the detritus chain, which is the main
connectivity (Thomaz et al., 1997). route for energy flow and matter cycling in
Loricariichthys platymetopon Isbriicker and ecosystems (Bowen, 1983; Fugi et al., 2001).
Nijssen, 1979 (Loricariidae, Siluriformes), one ofThe body energy content of any given fish is a
the most abundant fish species in the plain (Reis good indicator of its physiological condition, &s i
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reflects the total effect of physiological andMATERIAL AND METHODS
environmental factors on that organism. Given that
fish are made up of water, proteins, lipids,Studied area and data collection
carbohydrates, ash and non-protein nitrogeifhe studied area comprised the stretch of the
compounds, their energy content is, thereforeJpper Paranad River floodplain  situated
determined by their chemical composition (Cuidownstrean from the Porto Primavera dam and
and Wootton, 1988). This content represents apstream from the Itaipu reservoir (Thomaz et al.,
parameter for the bioenergetics model and997). In this stretch, quarterly samplings were
quantification of the energy balance for a givenaken between September 2006 and June 2007, at
species (Hansen et al., 1993; Pedersen and Hislafites belonging to three subsystems. In the Baia
2001; Dourado and Benedito-Cecilio, 2005). Duesubsystem, the following were sampled: Fechada
to the scarcity of specific information on thisiop lake (LFEC; disconnected), Guarana lake (LGUA,;
for several species, generic and constant energynnected) and Baia river (RBAI). In the Ivinhema
values are often used (Economidis et al., 198%kystem, the following were sampled: Zé Ventura
Pedersen andHislop, 2001). This is seen as |lake (LVEN; disconnected), Patos lake (LPAT;
inadequate by some ecologists, as significardonnected) and Ivinhema river (RIVI). In the
differences — both intra- and interspecific — havéParana subsystem, the following were sampled:
been detected in temperate and neotropic@arcas lake (LGAR; connected lake) (Fig. 1). The
environments (Bryan et al., 1996; Paul et al., 199&ollections of L. platymetoponwere conducted
Pedersen and Hislop, 2001; Vismara et al., 2004ising gillnets of various mesh sizes (from 2.4 to 8
Santos et al., 2006). cm between adjacent nodes), exposed for 24 h, and
The factors that alter the energy content of figh a inspected every eight hours. Edchplatymetopon
classified as biotic (sex, gonadal developmengpecimen was measured (mm) and weighed
stage, reproductive activity, age, size, competjtio (gram). The sex and gonadal development stage
predation, parasitism) and abiotic (availability ofwere identified according to the criteria proposed
food resources, pH, dissolved oxygen, salinityand adapted by Vazzoler (1996). The stages
temperature and velocity of water flow) (Douradoconsidered were: rest (RES), beginning maturation
and Benedito-Cecilio, 2005), and most can vary iiBMA), maturing (MAG), mature (MAT), semi-
spatial and/or seasonal scale. In the studies ®n tBpent (SSP), spent (SPE) and recovery (REC). The
energy content of fish, in addition to determininggonad weight (gram) of each specimen also was
the energy content of fish, studies must relate thidetermined.
content to biotic and/or abiotic factors, with theMuscle samples from each specimen were
objective of explaining intraspecific variability extracted from the region near the dorsal fin
(Kelso, 1973; Foltz and Norden, 1977; Rogersinsertion. The samples were then washed in
1988; Bryan et al., 1996; Encina and Granadadistilled water and enclosed in aluminum foil,
Lorencio, 1997; Paul et al., 1998; Vismara et allabeled and frozen. They were later dried in a
2004; Dourado et al., 2005; Hondorp et al., 2005greenhouse using forced ventilation (60°C, 48 h)
Pothoven et al., 2006; Tirelli et al., 2006).and macerated using a ball mill, in order to obtain
However, most of these studies refer to temperatg fine and homogenous powder. The caloric
species (Dourado and Benedito-Cecilio, 2005). density of these samples (the energy content
The objective of this work was to compare themeasured in kilocalories per gram of dry weight -
muscle energy content (caloric density) bf kcal/lg DW) was determined using a adiabatic
platymetoporat different sites of the Upper Paranacalorimeter (model Parr 1261), in the Energy
River floodplain, over several months (spatial andEcology laboratory of the Research Nucleus in
seasonal variability). The study also aimed taimnology, Ichthyology and Aquaculture
investigate the potential relationships between thiNUPELIA) at the State University of Maringa.
energy content of this species with environmentalvater temperature (°C) was obtained from each
variables (water temperature, dissolved oxygen igollection site using a thermometer attached to a
water, food availability, relative numeric YSI portable digital oximeter, which was used to
abundance) and biological variables (body sizeneasure the dissolved oxygen in water (mg/L)
and reproductive cycle). (NUPELIA Basic Limnology Laboratory). The
percentage of organic matter (live and dead) of the
sediment (%) was determined through the
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difference in weight of sediment samples, whiclwas adopted using the Bonferroni correction;
were dried at 80°C in a greenhouse, prior to andalues of p< 0.0125 were considered significant
after being calcined in a muffle furnace at 560°GTable 1).

for four hours (NUPELIA Zoobenthos With the objective of investigating the potential
Laboratory). The numeric relative abundanceelationships between the caloric density and
(CPUE = capture by unit effort) and environmental and biological variables, non-
gonadosomatic index (GSI) of the sampledarametric correlation analyses were conducted
specimens were calculated using the followindKendall tau rank correlation), between the muscle
formulas: CPUEnum = number of individuals /caloric density ofL. platymetopon(dependent
1000nf gillnet for 24 h and GSI = (gonad weight /variable) and the variables water temperature,
body weight) * 100 (NUPELIA Ichthyology dissolved oxygen, percentage of organic matter of

Laboratory). sediment, numeric relative abundance,
gonadosomatic index (GSI) and standard length of
Data analysis L. platymetopon for each collection site.

In order to verify whether caloric density differed Computer software STATISTICA (version 7.1)
among the collection sites and months, nonwas used for these analyses, in which a
parametric unifactorial analyses of variance wersignificance level otx = 0.05 was adopted, using
conducted (5,000 randomizations-ECOSIM)the Bonferroni correction; correlation values of p
(Gotelli and Enstminger, 2006), as the normality0.008333 were considered significant.

and homoscedasticity requirements were not methe percentage of organic matter of the sediment,
Specimens belonging to both the sexes antthe gonadosomatic index and the standard length
different stages of gonadal development wergvere used as indicators of the availability
grouped for these analyses, as there were rfquantity) of food resources in the environment
significant differences between the sexes anietritus and benthic organisms associated with
gonadal development stages at any of thdetritus and sediment), the reproductive cycle and
collection sites. A significance level of = 0.05 the body size ofL. platymetopon respectively.
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Figure 1 - Studied area and collection sites: (1) Fechale,(2) Guarana lake, (3) Baia river, (4)
Zé Ventura lake, (5) Patos lake, (6) lvinhema rived (7) Garcas lake.
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Table 1 - Result of the unifactor analyses of varianeaiid p values) between sexes and among stagesadao
development, at different sites of the Upper Pafiv@r floodplain.F = number ofLoricariichthys platymetopon
females used in the analysés= number ofLoricariichthysplatymetopommales used in the analys&ES = rest,

BMA = beginning maturationMAG = maturing, MAT = mature,SSP = semi-spent, SPE = spent, aR&C =
recovery. (*) = p< 0.0125.
Site
LFEC LGUA RBAI LVEN LPAT RIVI LGAR
Stage F M F M F M F M F M F M F M
RES 3 1 17 2 21 12 11 2 8 0 5 2 14 1
BMA 9 4 15 13 17 19 12 7 5 2 3 1 20 3
MAG 4 9 5 24 10 29 0] 13 3 12 4 0 7 21
MAT 6 0 3 0] 0 0 0 (0] 1 0 1 5 o (0]
SSP 39 17 49 51 27 28 3 10 4 4 9 0 49 16
SPE 1 0 12 0 17 0 3 (0] 2 0 0 0] 5 0
REC 3 0 1 0 1 0 1 0 0 0 0 0 0 0
Total 65 31 102 90 93 89 30 32 23 18 22 8 95 41
F;p(sex) 0.01;0.90 1.83;0.18 2.60; 0.10 0.08; 0.728.43; 0.07 0.15;0.73 2.34;0.12
F; p (F) 0.61;0.69 1.86; 0.09 1.98; 0.09 0.18; 0.94 0.60; 0.6666; 0.60 1.82, 0
F;p (M) 1.19; 0.27 1.23;0.29 0.07;0.98 3.57;0.03 1.40;0.26 0.66; 0.49 0.74; 0.49
RESULTS however, the same sites recorded the lowest

averages in June 2007 (Fig. 2). The differences
A total of 739 specimens &f platymetoporwere between the caloric averages of the different
sampled in the Upper Parana River floodplainmonths was significant (seasonal variation) at
with amplitude in standard length varying betweeFEC, LGUA, RBAI and LPAT. Two distinct
130 mm (RBAI and RIVI) and 307 mm (LGUA) variation trends were recognized for the caloric
(Table 2). density of L. platymetopon one at LFEC and
Significant difference was recorded among théGUA, in which peak muscle energy occured in
caloric averages of the sites (spatial variation) i December 2006, and another at RBAI and LVEN,
the months of December 2006 and June 200With the peak occurring in March 2007. It was
although no pattern of spatial variation could besupposed that the trend featured at LPAT was the
established. first one, and at RIVI and LGAR the second trend
The highest caloric averages were observed itFig. 3).
December 2006 at LFEC, LGUA and LPAT;

Table 2—- Number of sampled specimenslafricariichthys platymetopofin), average * standard deviation &
SD) and amplitude (amp) in standard length, byeatibn site LFEC = Fechada lake,GUA = Guarana lakeRBAI
= Baia river LVEN = Zé Ventura lake,PAT = Patos lakeRIVI = lvinhema river, andGAR = Garcas lake.

Site n X £SD (mm) amp (mm)
LFEC 96 236+22,24 155-294
LGUA 192 229+24,91 140-307
RBAI 182 210+30,40 130-278
LVEN 62 227+27,94 147-298
LPAT 41 229+23,24 187-281
RIVI 30 209+35,17 130-266
LGAR 136 222+23,15 145-273
Total 739

Based on the result of the Kendall tau ranKwater
correlation analyses, it was observed that at LFE@ercentage of organic matter

temperature,

dissolved oxygen, and
in sediment);

LGUA, RBAI and LPAT, the caloric density of however, the significant correlations found at
the muscles of.. platymetoporwas significantly RBAI were weak. The correlation was positive
correlated, basically, with the same variablebetween the caloric density and water temperature
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at LFEC, LGUA, RBAI and LPAT, and the with caloric density both positively (LFEC and
dissolved oxygen in water was always negatively GUA) and negatively (RBAI and LPAT). The
correlated with the caloric density in the musclesame occurred with the variable relative numeric
of L. platymetoporat these sites. The percentageabundance at LFEC (negative correlation) and
of organic matter in the sediment was correlatelGUA (positive correlation) (Table 3).

Table 3 —Values of the Kendall-taut) correlation coefficient, between caloric densityd environmental and

biological variables, by sampled site in the Uppearrana River floodplainTEMP = water temperatureDO

dissolved oxygen,OM = percentage of organic matte€PUEnum = relative numeric abundancesS|

gonadosomatic index amg = standard length. (*) =$0.008333.

Variable LFEC LGUA RBAI LVEN LPAT RIVI LGAR
TEMP 0.45* 0.57* 0.19 0.19 0.50* -0.12 0.05
DO -0.2¥ -0.57* -0.19 -0.19 -0.56 0.12 0.08
OoM 0.27 0.60* -0.18 -0.20 -0.50* 0.23 -0.11
CPUEnum -0.52* 0.61* 0.09 -0.10 0.22 -0.12 -0.05
GSl 0.17 0.12 0.09 -0.01 0.16 0.28 0.05
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Figure 2 — Caloric averageof
platymetoponby site and month of collection, in the Upperd®ar River floodplain
(number of sampled specimens in parentheses). LEE®chada lake, LGUA =
Guarand lake, RBAI = Baia river, LVEN = Zé Ventdake, LPAT = Patos lake,
RIVI = Ivinhema river, and LGAR = Garcas lake.
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Figure 3 - Caloric averager{() + standard erron) of Loricariichthysplatymetoponby month and
site of collection, in the Upper Parana River flplain (number of sampled specimens
in parentheses).

DISCUSSION fish species from temperate regions indicate that
the sites with greater food availability, higher
The present study observed spatial variation in thenergy content of food resources and lower
caloric density of the muscles bf platymetopon intraspecific competition for those resources, tend
In Manso reservoir this variation was alsoto feature the individuals with better body energy
observed in neotropical specieSerrassalmus conditions, that is, with higher caloric density.
maculatus but not in Leporinus fridericc These are the factors responsible for spatial
Acestrorhynchus pantaneiroSchizodon borelli variation in the energy content of fish species in
and Serrassalmus marginatugSantana et al., those regions (Hondorp et al., 2005; Buchheister et
2005; Santos et al., 2006). Studies conducted witll., 2006; Pothoven et al., 2006). However, it was
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not possible in this study to explain why thean important effect on food intake by fish (Padian
caloric averages df. platymetoponwere highest and Vivekanadan, 1985). The decrease in water
at LFEC, LGUA and LPAT when compared to thetemperature can lead to lower food intake
other sampled sites in December 2006, and lowefitlederson et al., 2000), resulting in lower energy
in June 2007, because, the caloric density was nkgvels in fish muscles, because energy is
always similarly correlated (positively or transferred from the muscles in order to maintain
negatively) with the variables food availabilitydan metabolic activities. This could explain the lower
relative numeric abundance of the studied speciedevels of muscle energy in platymetoporduring
Seasonal variability in caloric density df. the winter (June 2007) at LGUA, LFEC and
platymetoponwas also registered in the presentLPAT.

study, at most collection sites. For temperate antlhe negative correlations in muscle caloric density
polar climate fish species, seasonal variations iaf L. platymetoporwith dissolved oxygen in water
body energy contents or parts of them arat LGUA, LFEC, RBAI and LPAT indicated that
common. Temporal variability in food availability the individuals of this species presented better
and intake, in diet, in the energy content of piey, muscle energy quality when subjected to lower
water temperature and in the reproductive cycleoncentrations of dissolved oxygen. However,
are among the factors that explain such seasorfalod intake by fish is affected by the levels of
variability (Kelso, 1973; Encina and Granado-dissolved oxygen in water (Jobling, 1994). This
Lorencio, 1997; Hederson et al., 2000; Tirelli etdecline seemed not to interfere in food intake_by
al., 2006). platymetopon possibly because this species
It was supposed that the seasonal variation trend f@atured a stomach that functioned as an accessory
LPAT was identical to those at LFEC and LGUA.respiratory organ (Silva et al., 1997).

The same trend and closer proximity among theoricariichthys platymetoponfeeds mainly on
caloric average at these three sites were probaldgrge detritus (dead organic matter) particles in
due to a greater environmental similarity amongearly stages of decomposition and certain amounts
them, because the muscle caloric averagd..of of benthic organisms associated with the detritus
platymetoponwas basically correlated with the and sediment (Fugi et al., 2001). The positive
same environmental variables (temperaturegorrelation between the muscle caloric density and
dissolved oxygen and percentage of organifood availability recorded at LFEC and LGUA
matter) at these sites. The trends observed #gidicated that the energy condition of this species
LVEN, RIVI and LGAR were possibly similar to improved in so far as food availability increased a
that recognized at RBAI, because at these sites thigese sites. However, at RBAI and LPAT, this
correlations among caloric  density andcorrelation was negative — as food availability
environment and biological variables were noincreased, muscle caloric density decreased. The
significant, and were weak at RBAI. The spatiahegative correlation mentioned above, could be
heterogeneity that existed in the Upper Parandxplained if the energy quantity of the detritus
River floodplain possibly contributed to the consumed at these two sites (RBAI and LPAT)
observation of these two seasonal variation trendsvere taken into account. The percentage of
At the tropical regions, temperatures are generallgrganic matter in the sediment used in this sty a
more homogenous and higher than in temperatn indicator of food availability in that
areas, and the variations are less pronounceshvironment reflected not only the amount of dead
(Esteves, 1998). However, the muscle caloriorganic matter (detritus), but also live matter
density ofL. platymetoporwas strongly correlated (benthic organisms), meaning that the increase in
with the temperature at LGUA, LFEC and LPAT.food availability forL. platymetoporcould be the

At these sites, during months with higherresult of a higher concentration of these organisms
temperatures, this species presented more enerigy sediment and detritus, which might have
in its muscles. However, the correlation betweemeduced the energy quantity of the detritus
the muscle caloric density and water temperatureonsumed by this species at RBAI and LPAT.

was weak at RBAI and insignificant at LVEN, This result corrobated the conceptual framework
RIVI at LGAR. of throphic dynamic provided for Lindemann
Water temperature influences the behavioral an(l942) and Odum (1988). Hence, the dregree that
physiological processes of fish, acting directly orthe fish are subsidized by benthic resources may
their metabolic rates (Wootton, 1990). It also haprofoundly affect the pelagic communities
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(Vadeboncoeur et al.,, 2002) transferring variabl®bserved that gonadal maturation had an effect on
amount of energy to the next throphic level. the allocation of muscle energy lof platymetopon
The competition occurs when two or morein the Upper Parana River floodplain, as opposed
individuals explore the same range of limitedto what was observed in the present study. This
resources, and the intensity of the competitiorffect had also been observed for the males of
depends on the amount of food and the number &errassalmus marginatusS. maculatus and
individuals that consume it at a given place andryconhilarii at the Manso reservoir and adjacent
time (Brett and Groves, 1979; Joblind994; area (Santos et al., 2006; Monteiro et al., 2007).
(Pianka, 1994). In this study, the muscle calori®When the energy demand associated with the
density of L. platymetopon was negatively reproduction (gonadal growth and maturation,
correlated with the relative numeric abundance ofecondary sexual traits and reproductive behavior)
the species at LFEC; as the number of individualexceeds the energy provided by the available food,
increased at that site, the muscle energy qudlity dish may use reserves present in the carcass and
those individuals decreased. viscera, which accumulates when there is food in
This increase in the abundance could result in abundance (Foltz and Norden, 1977; Eliassen and
decrease in the food intake rate of each individuaVahl, 1982; Jonsson et al., 1997).

if followed by a decrease or maintenance in foodhe correlations between the muscle caloric
quantity in the environment. Therefore, at LFEC itdensity ofL. platymetoporand body size were not
was assumed that the food amount levels wemggnificant. Some authors observed a positive
correlated with the relative numeric abundance oforrelation between these variables — larger fish
L. platymetopon negatively as well, thus featured higher caloric density than smaller fish
intensifying the intraspecific competition for the (Paul et al., 1998; Tirelli et al., 2006). If ader
food, which resulted in individuals with lessnumber of individuals of L. platymetopon
energy in their muscles during certain periods. Abelonging to the smaller classes of standard length
LGUA, the opposite had probably occurred: eéhad been sampled, the above-mentioned
positive correlation between the abundance ancbrrelation would have been significant. In the
food amounts, which led to less intraspecificmaturation/juvenile stage, most of the assimilated
competition, resulting in a positive correlationenergy is destined to the metabolism and somatic
between the muscle caloric density and relativeroduction (linear growth and development of
numeric abundance of the species in question. somatic structures), leading to lower body energy
In the present study, there was no significantlensity when compared with the adult fish. In the
correlation between the muscle caloric density cdult stage, more energy is directed to the
L. platymetoponand the gonadosomatic index,reproductive and metabolic processes (storage of
which allowed to infer that the energy quality ofreserves and development of reproductive
the muscle of this species was not affected by the&ructures), with a reduction in the allocation of
reproductive cycle at any of the collection sitesenergy for somatic growth (Calow, 1985;
different from what happened with some fishVazzoler, 1996). Thus, the present study was able
species, both temperate (Foltz and Norden, 197% verify the occurrence of spatial and seasonal
Eliassen and Vahl, 1982; Encina and Granadosariation in the muscle caloric density of
Lorencio, 1997; Hederson et al., 2000) andeotropical speciesoricariichthys platymetopon
tropical (Santos et al., 2006; Monteiro et al.jin the Upper Parana River floodplain, invalidating
2007). the use of constant values for this species. The
The non-significant difference between the muscléntensity of the correlation between the caloric
caloric averages of different stages of gonadalensity and environmental variables (water
development (in the males and females) confirmetémperature, dissolved oxygen in water, organic
that the muscles df. platymetopordid not act as matter percentage and relative numeric abundance)
an accessory energy source for the growth angaried according to collection site, as well as the
maturation of gonads, during the study period. Théorm of correlation (organic matter percentage and
same was observed for the femalesSohizodon relative numeric abundance). This was probably
borellii and Pimelodus maculatugDoria and due to the greater complexity in the structure and
Andrian, 1997), females oBrycon hilarii and functioning of tropical ecosystems compared to
both sexes oHypophthalmus edentat&onteiro the temperate and polar environments. However,
et al.,, 2007). However, Vismara et al. (2004xhe body size and reproductive cycle of sampled
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individuals were not correlated with the muscleBryan, S. D. et al. (1996), Caloric densities ofeth

energy density of those individuals. predatory fishes and their prey in Lake Oahe, South
Dakota.J. Freshw. Ecol.11, 153-161.
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