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Abstract

The 6"°N composition of bottom-feeding fish (iliophagous = Apareiodon affinis, Cyphocharax nagelii, Prochilodus
lineatus, Steindachnerina brevipinna and S. insculpta; detritivorous = Loricariichthys platymetopon and Liposarcus
anisitsi; benthophagous = Satanoperca pappaterra and Hoplosternum littorale) and their primary food sources were
investigated in the upper Parand River floodplain during rainy seasons in different environments (lotic and lentic). Two
hypotheses were tested: i) that the trophic position and isotopic values of the investigated organisms (fish and food re-
sources) vary spatially; and ii) that trophic position and isotopic compositions differ among iliophagous, detritivorous
and benthophagous fish. C, macrophytes, periphyton and phytoplankton were isotopically different in sites analyzed.
Significant isotopic differences occurred in the species of each trophic category. Spatial differences were observed in
the isotopic composition of P. lineatus and L. platymetopon, whose values were more enriched in the Parand River and
Pau Véio Lake. Significant spatial differences in trophic position were observed for L. platymetopon and H. littorale,
which presented the highest values in the Parand and Baia rivers, respectively. Trophic positions were significantly dif-
ferent among the species that composed each trophic category. These findings demonstrate that in energy-flow studies
in detrital food chains generalizations concerning the grouping of fish into trophic categories and/or habitats should
only be carried out after careful investigations of the local/specific trophic dynamics of the organisms.

Keywords: bottom-feeding fish, trophic position, nitrogen stable isotope, Upper Parand River floodplain.

Posicao tréfica de peixes exploradores de fundo na
planicie de inundacéo do Alto Rio Parana

Resumo

A composi¢do de 8N de peixes exploradores de fundo (iliéfagos = Apareiodon affinis, Cyphocharax nagelii,
Prochilodus lineatus, Steindachnerina brevipinna e S. insculpta; detritivoros = Loricariichthys platymetopon e
Liposarcus anisitsi; e bentéfagos = Satanoperca pappaterra e Hoplosternum littorale) e suas fontes alimentares foram
investigadas na planicie de inundag@o do alto rio Parand durante a estacio de chuvas em ambientes I6ticos e 1énticos.
Duas hipéteses foram testadas: i) que a posicdo tréfica e os valores isotdpicos dos organismos investigados (peixes e
fontes alimentares) variam espacialmente; e ii) que a posi¢ao tréfica e a composi¢ao isotdpica diferem entre os peixes
iliéfagos, detritivoros e bentéfagos. Macrofitas C,, perifiton e fitoplancton foram isotopicamente diferentes entre os
locais analisados. Diferencas isotpicas ocorreram entre as espécies de cada categoria tréfica. Diferengas espaciais fo-
ram observadas na composic¢do isotopica de P. lineatus e L. platymetopon, as quais tiveram valores mais enriquecidos
no rio Parand e ressaco do Pau Véio. Diferencas espaciais significativas nas posi¢oes tréficas foram verificadas para
L. platymetopon e H. littorale, as quais apresentaram os maiores valores nos rios Parand e Bafa, respectivamente. As
posigdes tréficas foram significativamente diferentes entre as espécies que compuseram cada categoria tréfica. Estes
resultados demonstram que em estudos de fluxo de energia em cadeias alimentares detritais generalizacdes a respeito
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do agrupamento de peixes em categorias tréficas e/ ou habitats devem ser conduzidos somente apds investigagoes
criteriosas da dindmica tréfica local/ especifica dos organismos.

Palavras-chave: peixes exploradores de fundo, posi¢ao trdfica, isétopos estaveis de nitrogénio, planicie de inundacéo

do Alto Rio Parana.

1. Introduction

Bottom-feeding fish have an important role in the
ecology of the ecosystems in which they live, as they
process the pre-mineralization phase of organic mate-
rial present in the mud, making it easier to decompose
for microorganisms (Fugi, 1993), thereby accelerating
the nutrient cycle (Gneri and Angelescu, 1951; Flecker,
1996). Furthermore, these organisms create indispensa-
ble links in the food chain, as they make the resources
contained in the sediment available to pscivorous species.
They have a high biomass in Neotropical rivers (Bowen,
1983; Lowe-McConnell, 1987; Hahn et al., 1997), and
represent an important fishing resource for people who
live by the river.

Based on an analysis of predominant food items in
the contents stomach, Hahn et al. (1998) classified the
bottom-feeding fish of the upper Parand River flood-
plain into iliophagous (Apareiodon affinis, Cyphocharax
nagelii, Prochilodus lineatus, Steindachnerina insculpta
and S. brevipina), detritivorous (Loricariichthys
platymetopon and Liposarcus anisitsi) and benthopha-
gous (Hoplosternum littorale and Satanoperca pappater-
ra) trophic categories. However, conclusions concerning
trophic relations based on stable nitrogen isotopes (3'°N)
show greater reliability than those of the usual techniques
of studying diet (i.e. observation of food selection and/
or analysis of stomach contents) due to the fact that the
tissues of the consumers reliably reflect the isotopic sig-
natures of their consumed and assimilated food sources
(Vander-Zanden and Rasmussen, 1996; Gu et al., 1997,
Yi et al., 20006).

In the upper Parand River floodplain, stomach con-
tent analyses have demonstrated that the ichthyofauna
exploit food resources according to their habitats, com-
monly showing spatial variations (Lolis and Andrian,
1996; Hahn et al., 1997). 8"°N investigations carried out
in the same area, have demonstrated variations in the
trophic positions of P. lineatus, a bottom-feeding species,
that are also interrelated with the various environments
(Lopes et al., 2007). However, this species, which is re-
garded as a consumer, principally of mud (constituted
for the most part by algae) (Fugi et al., 1996; Hahn et al.,
1998; Luz et al., 2001), has reached the third trophic
level in the Parand River, which suggests that in addition
to algae, it has also been exploiting and assimilating food
sources enriched in protein and 8"°N (Lopes, 2007).

The elucidation and understanding of the trophic
position of bottom-feeding fish, based on 8'°N compo-
sition, offer complementary information which help to
explain the course of the detritus in the food chain of

aquatic environments, as well as to trace the trophic rela-
tions involved in the strategy and ecological role of the
species. Such information is fundamental for carrying
out effective management and conservation tasks, which
aim at maintaining fish populations at sustainable exploi-
tation levels in the only dam-free section of the Parand
River in Brazilian territory.

Therefore, the objective of the present study was to
investigate the §"°N composition of bottom-feeding fish
(iliophagous = Apareiodon affinis, Cyphocharax nagelii,
Prochilodus  lineatus,  Steindachnerina  brevipinna
and S. insculpta; detritivorous = Loricariichthys
platymetopon and Liposarcus anisitsi; and benthopha-
gous = Satanoperca pappaterra and Hoplosternum
littorale) and their potential primary food sources in
the upper Parand River floodplain during rainy seasons,
testing the hypotheses that: i) the trophic position of the
fish and the isotopic values of the organisms investigated
(fish and food sources) vary spatially, and ii) trophic po-
sition and isotopic compositions differ among iliopha-
gous, detritivorous and benthophagous fish.

2. Material and Methods

The biological material was collected during rainy
seasons (February to March) from 1999 to 2004 in the
Upper Parand River floodplain (22° 40°-22° 50° S and
53° 10’-53° 40’ W) (Figure 1). The rainy season is the
time when the entry of allochthonous material, originat-
ing from an adjacent marshy area, into the food chain
energy flow in the floodplain is at its highest (Hamilton
and Lewis-Jr., 1992). Within this ecosystem, the Parand,
Baia and Ivinheima rivers and the Pau Véio Lake, Maria
Luiza, Finado Raimundo, Fechada and Ventura lakes
were sampled. The last two lakes do not have a direct
connection with the river and remain isolated throughout
the year.

Three to five samples of the primary food sources of
the fish were collected at each sampling site, consisting
of the most common riparian vegetation, aquatic mac-
rophytes (C, and C,), periphyton and phytoplankton.
Each sample of riparian vegetation and aquatic macro-
phyte consisted of five leaves from different specimens
of the same species. The species of vascular plants sam-
pled were the most common ones at each sampling site
(Campos and Souza, 1997). Periphyton was obtained
by scraping the petioles of aquatic plants and retain-
ing them in previously (calcinations) fiberglass filters
(GFC-Whatman). Isotopic values for phytoplankton
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Figure 1. Map of the study area with sampling sites indicated.

were determined from filter zooplankton, considering
the fractionation of 2.3%o per trophic level (adapted
from McCutchan-Jr. et al., 2003). Zooplankton samples
(Cladocera and Calanoid copepod filter-feeders) were
collected using a zooplankton net (53 um) and vacuum
brush (through the filtering of water needed to form a
sample). The samples were then rinsed in 1N HClI solu-
tion for the removal of carbonates.

Using either trap nets of different mesh sizes or drag-
nets at each sampling site, four to 15 adult specimens
of the following species were captured: Apareiodon
affinis  (Steindachner 1879), Cyphocharax nagelii
(Steindachner 1881), Prochilodus lineatus (Valenciennes
1836), Steindachnerina brevipinna (Eigenmann and
Eigenmann 1889), S. insculpta (Fernandez-Yépez 1948),
Loricariichthys platymetopon Isbriicker and Nijssen
1979, Liposarcus anisitsi (Eigenmann and Kennedy
1903), Satanoperca pappaterra (Heckel 1840) and
Hoplosternum littorale (Hancock 1828) (Buckup et al.,
2007). These species have shown the greatest abundance
in previous studies carried out at the sampling sites
(FUEM/CIAMB-PADCT, 1993; Jilio-Jr. et al., 2000).
Standard length (cm) was measured and a muscle sample
(approximately 2 cm?) was removed, close to the base of
the first dorsal fin insertion, for each specimen.

All the samples, after being identified, were dried in
ovens at 60 °C for 72 hours. They were then ground until
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a fine and homogeneous powder was obtained. Samples
of approximately 3 mg were sent to the Isotopic Ecology
Laboratory of the Nuclear Energy in Agriculture Center
(Centro de Energia Nuclear na Agricultura — CENA) for
the determination of their isotopic ratio in a mass spec-
trometer, according to the equation:

3N = (R / R i) ~11 % 103 (1)

standard

where: R ="N: N

The values of the isotopic ratios were expressed us-
ing the notation delta (8) and parts per thousand (%o),
relative to atmospheric nitrogen.

The spatial isotopic differences of the organisms in-
vestigated and the trophic positions of the fish, as well as
the variability among the trophic positions and isotopic
compositions of the species of iliophagous, detritivo-
rous and benthophagous fish, were investigated through
Null Model Analyses of Variance, using the software
ECOSIM 7.0 (Gotelli and Entsminger, 2003).

The estimation of trophic position was adapted from
that proposed by Vander-Zanden et al. (1997):
Pt = (6"N fish — 8N __ producer)/A + 1 2)

where:
SN fish = the nitrogen isotopic value of the fish;
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8”N __  producer = mean nitrogen isotopic value of
the primary producers;

A=the fraction of 2.3%0 (adapted from McCutchan-Jr.
et al., 2003); and

1 = one trophic level above the primary producers.

The graphic analyses were carried out using the soft-
ware STATISTICA 6.0.

3. Results

3.1. Composition and spatial isotopic
variability of primary sources

The 8N values of the primary producers varied
from 2.0 to 13.6%o (Figure 2). Significant spatial vari-
ability was observed for the C, macrophytes (10 = 6.14;
p < 0.05), periphyton (IO = 3.96; p < 0.05) and phyto-
plankton (IO = 5.05; p < 0.05). The most 8"°N-enriched
mean values for C, macrophytes and phytoplankton were
found in the Pau Véio Lake. Periphyton had the most en-
riched mean values in Fechada Lake. The C, plants did
not show a significant spatial difference in the values.

3.2. Composition and spatial isotopic variability of fish
The isotopic composition of the species of fish
varied from 3.5 to 14.4%0 (10 = 29.06; p < 0.05)
(Figure 3). The greatest and smallest mean values were
found for S. pappaterra (13.4 £ 0.5%0) and H. littorale
(8.1 £ 0.3%0), respectively. Significant spatial vari-

ability was observed in the isotopic composition of
P. lineatus (10 = 9.67; p < 0.05) and L. platymetopon
(I0 =13.38; p < 0.05) (Figure 3a and b). Both spe-
cies had the most &"N-enriched mean values in
the Pau Véio Lake (P. lineatus = 11.9 = 0.7%0 and
L. platymetopon = 11.5 £ 2.3%0) and Parana River
(P. lineatus = 10.7 £ 2.2%0 and L. platymetopon =
12.9 £ 0.9%0).

Significant isotopic differences were found among
the species of fish that composed each trophic category.
Among the iliophagous fish (IO = 37.17; p < 0.05), the
most enriched mean value in all sampling sites was found
for A. affinis (13.2 £0.6%o) and the poorest for P. lineatus
(8.4 £ 2.1%0). For the detritivorous fish, the mean iso-
topic composition of L. platymetopon (8.9 £ 2.2%o) was
higher than that of L. anisitsi (7.2 £ 1.6%o0) in the ma-
jority of locations (I0 = 12.37; p < 0.05) (Figure 3b).
For the benthophagous fish, the highest mean isotopic
composition was found for S. pappaterra (13.4 £ 0.5%0)
(10 =354.70; p < 0.05) (Figure 3c).

3.3. Trophic position of bottom-feeding fish

The mean trophic positions varied from 1.8 for
L. anisitsi to 4.4 for S. pappaterra (Table 1). Significant
spatial differences were recorded for L. platymetopon
(0 = 3.60; p < 0.05) and H. littorale (10 = 15.29;
p < 0.05). The highest trophic positions were found
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Figure 2. 6N mean values and standard deviation of the a) riparian vegetation, b) aquatic macrophytes, c¢) algae, for each
sampling site: Rpar = Parana River, Lpve = Pau Veio Lake, Rbai = Baia River, Lmal = Maria Luiza Lake, Lfec = Fechada
Lake, Rivi = Ivinheima River, Lfra = Finado Raimundo Lake and Lven = Ventura Lake.
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Lfec = Fechada Lake, Rivi = Ivinheima River, Lfra = Finado Raimundo Lake and Lven = Ventura Lake.

Table 1. Mean trophic position of bottom-feeding fish for each sampling site: Rpar = Parand River, Lpve = Pau Véio Lake,
Rbai = Baia River, Lmal = Maria Luiza Lake, Lfec = Fechada Lake, Rivi = Ivinheima River, Lfra = Finado Raimundo Lake

and Lven = Ventura Lake.

Specie/sites Rpar Lpve Rbai Lmal Lfec Rivi Lfra Lven

Iliophagous

A. affinis 4.3 4.2 - - - - - -

C. nagelii - 4.0 - - - - - -

P. lineatus 32 3.8 3.1 2.6 - 24 2.6 3.0

S. brevipinna 4.1 2.7 - - - - - -

S. insculpta 3.1 4.2 - - - - - -
Detritivorous

L. platymetopon 4.2 3.6 3.0 2.6 3.1 3.0 29 32

L. anisitsi 1.9 1.8 2.7 2.9 2.6 24 - 2.6
Benthophagous

H. littorale - - 32 - 2.8 23 2.8 32

S. pappaterra 4.4 - - - - - - -

in the Parand River (4.2 + 0.4%o0) and in the Pau Véio
Lake (3.6 £ 0.9%0) for L. platymetopon, and in the Baia
River (3.2 £ 0.3%0) and Ventura Lake (3.2 £ 0.1%0) for
H. littorale.
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Significant variability in trophic positions was en-
countered among the species of each trophic category.
Apareiodon affinis (4.3 £ 0.2%o), L. platymetopon (3.2 =
0.7%0) and S. pappaterra (4.4 £ 0.2%0) had the highest
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positions among the iliophagous (10 = 24.27; p < 0.05),
detritivorous (IO = 15.90; p < 0.05) and benthophagous
(I0 =39.72; p < 0.05) fish, respectively

4. Discussion

The variability of 15.6 %o in the primary resources
demonstrates that the pools of nitrogen were abundant
and participated in the fractions that promoted high §"°*N
variability in the sampled organisms. The length of the
fractionation that occurred in the cycle of this isotopic el-
ement depends on many factors, including the substrate
(nitrogen source) / product (plant) ratio, temperature and
the specific enzymes or microorganism mediators of the
ammonification, nitrification and denitrification reac-
tions (Mariotti et al., 1981).

Spatial variability in 8N, related to aquatic macro-
phytes (Boon and Bunn, 1994), phytoplankton and peri-
phyton (Lopes et al., 2006), has been little discussed in
previous literature. Significant spatial variability of up
to 10%0 was found for aquatic macrophytes (Ludwigia
peploides and the genus Myriophyllum) in the Murray
River floodplain (Boon and Bunn, 1994). In the present
study, C, macrophytes showed a variability of 8.4%o
among the collection sites.

The ammonium ion (NH,*) is energetically more at-
tractive than the nitrate ion (NO,"), due to its absorption in-
side the cells not requiring enzymatic reduction reactions,
but as it is very scarce in the layers where phytoplankton
are found, the nitrate ends up being the nitrogenous form
most frequently used by vegetation (Esteves, 1998). The
presence of more 6'°N-enriched values in C, macrophytes
and phytoplankton shows that these vegetation use the ni-
trate more effectively in the Pau Véio Lake. The periphyton
also assimilated the nitrate in Fechada Lake, in addition to
being influenced by associated heterotrophic organisms
that raised their isotopic signal (because these organisms
are rich in "N), as vegetation that assimilates the nitrate
shows more 8"*N-enriched values than those that use the
ammonium ion (Pennock et al., 1996). The nitrate has
greater mobility in the ecosystem and therefore suffers
less exposure time to fractionating processes (Shearer
and Kohl, 1988; Robinson, 2001). Furthermore, emergent
macrophytes, such as C, plants, collected in the study area,
showed a greater capacity to store nitrogen (Henry-Silva
and Camargo, 2000), with the sediment being their main
food source (Camargo et al., 2003). Such a fact suggests
that they exploit heavy-isotope and fractionated forms in
such aquatic environments due positive values.

Nitrogen excreted by animals is typically depleted
in 0N in relation to their diet (De Niro and Epstein,
1981; Checkley and Miller, 1989), promoting fractions
that enrich the isotopic value of their tissues. Thus, 6'°N
is consistently fractioned along the food chain and there-
fore permits inferences about the trophic position of or-
ganisms (Cabana and Rasmussen, 1994; Vander-Zanden
et al., 1997). Trophic position based on 8N, according
to Post (2002), is considered to be a highly efficient tool

that indicates the number of times that energy or material
is transferred from the food chain to the organism in-
vestigated. In fish, the "N fraction, per trophic level, is
around 2.3%o (adapted from McCutchan-Jr. et al., 2003),
and those with isotopic values closer to plants are con-
sidered to be their direct consumers.

The role of the involvement of nitrogen biogeochem-
istry in the isotopic variability of the organisms in food
chains is still not well understood (Pruell et al., 2006).
The 8N variation in fish is often small, when they use
the same source of food (Gu et al., 1997). However, the
type of diet, form of excretion (McCutchan-Jr. et al.,
2003), size of the organisms (Pinnegar and Polunin,
1999) and habitat (France and Steedman, 1996) are im-
portant factors that affect the determination of the length
of the isotopic fractions, and consequently, the isotopic
variability of the animals. High isotopic fractions also oc-
cur due to a lack or low availability of food (Scrimgeour
et al., 1995). In these circumstances, the rate of N excre-
tion is greater than that of assimilation, and its recycling
becomes necessary to maintain the metabolism of the
organism (Gannes et al., 1998). Furthermore, the greater
availability of varied food raised the occurrence of high
isotopic fractions by the animals (McCutchan-Jr. et al.,
2003).

The fish analyzed in the present study showed high
variability, around 11%., reflecting the exploitation of
a wide variety of food items and/or the presence of ac-
centuated fractioning processes, independent of the fact
that they exploit the same aquatic environment: the ben-
thic zones of the areas studied. This variability was also
high for other trophic categories (Fry and Sherr, 1984;
Michener and Schell, 1994; Gu et al., 1996; 1997) and
for detritivorous fish from the Paraguai River floodplain
(Mato Grosso do Sul) (Calheiros, 2003). In the tropics,
fish often show considerable feeding versatility (Abelha
et al., 2001), due to the great variety of food resources
available in the ecosystems (Goulding, 1997), which
often makes the search for delineated trophic patterns
(seasonal, intra and/or inter-local, and producer- and
consumer-species) difficult.

The significant spatial variability in the isotopic
composition of P. lineatus and L. platymetopon was
characterized by the exploitation of more §'°N-enriched
food sources in the Parand River and Pau Véio Lake.
Loricariichthys platymetopon also showed spatial vari-
ability related to trophic position, which was also greater
in these two locations. Fine particulate detritus contains
little refractory material (Bowen, 1984), together with
a high protein content (Kondratieff and Simmons-Jr.,
1984), which may explain the considerable presence
of enriched 8"°N in the composition of fish that exploit
this type of detritus, as is the case, according to Hahn
et al. (1998), for iliophagous fish. However, the ma-
jority of fish belonging to other trophic categories and
vegetation analyzed had enriched heavy-isotope values
in the Parand River and Pau Véio Lake. Thus, in these
environments, other fish also assimilated, in an accentu-
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ated manner, protein-rich fine particulate detritus, such
as that of animal origin, and/or selectively ingested zoo-
benthonic invertebrates and organisms participating in
the microbial loop. These conditions could justify the
higher trophic positions of H. litforale in the Baia River
and Ventura Lake. Considering the fact that the changes
in the trophic structure of these fish are highly depend-
ent on interactions with the biotic and abiotic conditions
of the environment, it can be seen that it is necessary to
consider possible variability related to habitat in studies
of energy flow in food chains.

Apareiodon  affinis, L.  platymetopon  and
S. pappaterra had the highest mean isotopic compo-
sitions and the highest trophic positions, and showed
evidence of the consumption of more heavy-isotope
and/or protein-enriched sources compared to the
other species that composed these trophic categories.
Prochilodus lineatus, despite occupying up to the third
trophic level, was characterized by having the lowest
compositions and trophic positions among the iliopha-
gous fish, probably due to the ingestion of isotopically
light food items with a lower participation of nitrogen
from animal origin and high from plants.

For the Upper Parand River floodplain, Hahn et al.
(1998) reported a predominance of detritus and sediment
and the presence of insects and other invertebrates in the
stomachs of L. platymetopon, and classified it as detri-
tivorous. A similar feeding tendency was recorded for
S. pappaterra, although as well as invertebrates, this spe-
cies had fish present in its diet, and it was considered to
be benthophagous. When investigating the trophic struc-
ture of three lakes (Pousada, Figueira and Genipapo) on
the Parand River floodplain, Luz et al. (2001) described
S. pappaterra as a detritivore consuming non-particulate
detritus associated to organic vegetal material and the
remains and excrement of invertebrates. In the Rosana
Reservoir, located on the Paranapanema River, Casatti
et al. (2003) characterized S. pappaterra as an algivo-
rous species, which predominantly feeds on diatoma-
ceous and chlorophyte algae and macrophyte periderm,
together with sediment. An analysis of feeding and
trophic ecomorphology carried out by Hahn and Cunha
(2005) in the Manso Reservoir, Mato Grosso, resulted
in the classification of S. pappaterra as a detritivore/in-
vertivore. In the first three years of the study, during the
formation of the reservoir, the species mainly exploited
a large quantity of detritus (a mixture of the remains of
plants and sand) and, later, proceeded to select benthonic
organisms.

The presence of organic animal material in stom-
ach-content analysis studies on L. platymetopon and
S. pappaterra coincides with the high isotopic signatures
of these species in the present study. Thus, the animal-
origin nitrogen may be contributing to the isotopic en-
richment of the fish.

For A. affinis, Hahn et al. (1998) reported an iliopha-
gous feeding habit in the Itaipu Reservoir with a pre-
dominance of sediment and detritus composed of algae,
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showing the exploitation of basal food chain resources.
Casatti et al. (2003) reported an algivorous feeding habit
for this species in the Rosana Reservoir, Paranapanema
River (Sdo Paulo). However, the isotopic analyses of
fish in the Upper Parand River floodplain disagree with
these findings, as this fish has occupied the fourth trophic
level, indicating the assimilation of enriched sources of
nitrogen, more typically related to the contribution of
consumers.

Various researchers have suggested considering the
participation of the microbial loop in the transfer of ener-
gy in order to understand the trophic relations in aquatic
food chains (Lopes and Benedito-Cecilio, 2002; Manetta
et al., 2003; Calheiros, 2003). Bacteria and other micro-
organisms that are exploited by the consumers can pro-
mote the incorporation of food sources that belong to di-
verse trophic levels. The participation of methanotrophic
bacteria, which are extremely impoverished in nitrogen,
along the detritivorous food chain can promote very low
values in the consumers (Calheiros, 2003), countering the
high isotopic enrichments with increases in trophic level.
On the other hand, the incorporation of 8'°N-enriched
sources, through other microorganisms, is important for
understanding the occupation of trophic positions above
those of primary producers, characteristic of species that
primarily exploit algae, as was the case especially for
A. affinis, P. lineatus and other iliophagous species sam-
pled in the Parand River and Pau Véio Lake.

The significant differences both in isotopic composi-
tion and in trophic position among the species that made
up each trophic category were contradictory to the clas-
sifications of Hahn et al. (1998). These isotopic differ-
ences may be seen by observing, for example, that the
largest and the smallest mean isotopic compositions oc-
curred among fish of the same category: the benthopha-
gous group.

The information obtained in the present study regard-
ing the trophic position structure of the bottom-feeding
fish contributes to the realization that generalizations
related to the grouping of fish into trophic and/or habi-
tat categories in studies of energy flow in detrital food
chains should be made only after detailed studies on the
local/organism-specific trophic dynamics, using stable
isotope analysis.

Considering that autotrophic organisms manufacture
food from simple inorganic substances and make nutri-
ents available for the consumers of food chains (Lopes
and Benedito-Cecilio, 2002), and that the energy of the
primary producers is assimilated directly or indirectly
by bottom-feeding fish, it is clear that the management
and conservation of the environmental health and, con-
sequently, of these food sources is indispensable to the
survival and maintenance of high biomass of these fish in
tropical aquatic ecosystems.
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