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ABSTRACT. Diets  of  two  species  of  Bryconamericus  Eigenmann,  1907  called
Bryconamericus  sp. 1  and  Bryconamericus  sp. 2,  were compared.  Collections  were made
monthly, from March 1997 to February 1998,  on the Iguaçu River, State of Paraná.  Both
species are insectivores, but  Bryconamericus  sp. 1 feed predominantly on larvae of aquatic
insects and  Bryconamericus   sp. 2 feed on terrestrial insects. In  Bryconamericus  sp. 1, the
mouth is sub-inferior with slightly thick upper lip, while in Bryconamericus sp. 2 the mouth
is  anterior  with  reduced lip;  teeth  are different  in  both  species,  confirming differences in
feeding tactics. The length of the intestine is significantly longer in  Bryconamericus sp. 1.
This particularity and the low overlap values (<0.60) suggest that interspecific differences in
feeding habits play an important role, allowing species coexistence.
Key words: resource partitioning, diet, trophic morphology, Bryconamericus, Neotropical.

RESUMO. Partição  de  recursos  alimentares  entre  duas  espécies  de
Bryconamericus Eingenmann, 1970 da bacia do rio Iguaçu, Brasil. As
dietas de duas espécies de Bryconamericus  Eigenmann, 1907 denominadas Bryconamericus
sp. 1 e Bryconamericus sp. 2 foram comparadas. As coletas foram realizadas mensalmente, no
período de março/97 a fevereiro/98, no rio Iguaçu, Paraná. Ambas são insetívoras, porém a
primeira se alimenta predominantemente de larvas de insetos aquáticos e a segunda de insetos
terrestres. Em Bryconamericus sp. 1 a boca é sub-terminal e o lábio superior é levemente mais
espesso, enquanto em Bryconamericus sp. 2 a boca é terminal e os lábios são delgados. Além
disso,  a  disposição  dos  dentes  é  desigual  nas  duas  espécies,  confirmando  as  diferenças
encontradas em suas táticas alimentares.  O comprimento  do  intestino  é significativamente
maior  em  Bryconamericus sp.  1.  Estas  particularidades,  associadas  aos  baixos valores  na
sobreposição  alimentar  (<0.60),  sugerem  que  diferenças  interespecíficas  na  dieta
desempenham um papel importante, permitindo a coexistência das duas espécies.
Palavras-chave: partição de recursos, dieta, morfologia trófica, Bryconamericus, neotropical.

Introduction

Diet investigations can indicate feeding habit of a
fish, but other studies such as trophic morphology are
necessary  to  understand  fish  distribution  and
behavior. Information about position, size and shape
of  mouth,  teeth,  gill  rakers,  and  intestine  allow
inferences about diet and feeding strategies of species
(Wootton,  1990).  In  addition,  food  overlap  among
species is a valuable measure aiding to understand the
structure  of  fish  assemblages.  The  most  commonly
used resources  are  food  and space or  microhabitats
(Krebs,  1989).  Therefore,  studies dealing with food
partitioning  are  among  the  best  elucidating  species
relationships at a particular moment (Ross, 1986).

The  genus  Bryconamericus Eigenmann  (family
Characidae)  consists  of  small  fishes  generally  less
than  10cm,  which  live  in  a  diversity  of  habitats
(Severi  and  Cordeiro,  1994).  On  the  Iguaçu  River

basin,  endemic  species  of  Bryconamericus are
abundant (Garavello  et al., 1997). The effects of the
dams on the Iguaçu River (dammed in October 1998)
could  result  in  species  extinction  before  we can  at
least  describe  them, given the high fragility of  fish
assemblages.  These  species  are  supposedly new for
science, thus there are not formal scientific names for
them. Generally these small sized fishes form shoals
and feed on small invertebrates and particles that float
on  the  water.  As  these  food  items  are  apparently
abundant, probably these species developed different
feeding  strategies  and  tactics.  According  to
Labropoulou  and  Eleftheriou  (1997)  morphological
differences  that  influence  mechanisms  used  in  the
capture of food permit sympatric species to coexist by
reducing interspecific competition.

Based  on stomach contents  analysis and trophic
morphology, we presented here comparative data on
Bryconamericus  sp  .1 and  Bryconamericus  sp.  2, to
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know how these species behave in relation to partition
of food resources in the studied environment.

Material and methods

Study area
The  section  of  the  Iguaçu  River  under  study,

located in the Southwest region of the State of Paraná,
Brazil  (25o32’35”S/53o29’43”W),  was  dammed  in
October  1998,  resulting  in  the  filling  of  the  Salto
Caxias Reservoir. Samplings were done at three fixed
sites, prior reservoir construction (Figure 1).

P a r a g u a y

U r u g u a y

A r g e n t i n a

I g u a ç u  R i v e r

Figure 1. Partial map of Brazil and bordering countries showing
the sampled region (star) and the Iguaçu Falls (rectangle).

Sampling and species description
Individuals  of  two  species  of  Bryconamericus,

called Bryconamericus sp. 1 and Bryconamericus sp.
2,  were  sampled  monthly  from  March  1997  to
February  1998,  with  20m  (0.5cm  mesh)  seine  in
littoral  areas,  and  gill  nets  (2.4cm  mesh)  in  open
waters.  The identification of the former is  based on
Sampaio (1988)  and Garavello  et al.  (1997) (called
Bryconamericus sp.  A),  but  the  last  species  is  not
mentioned by these authors. Thus, we measured some
morphological characters from both species to make
sure they are different entities. Ten specimens of each
species were taken for morphometric characterization.
The measurements and counts are described in Fink
and Weitzman (1974). Measurements are presented as
percentages of standard length (SL) and head length
(HL) (Tables 1 and 2).

Table  1. Morphomeristic  data  from  ten  specimens  of
Bryconamericus sp. 1. SD= standard deviation.

Range
Character Minimum Maximum Mean SD
Standard length (mm) 40.8 58.0 51.40 4.97
Percentages of standard length
Head length 22.8 24.6 23.8 0.65
Body depth 31.9 37.8 35.2 1.77
Caudal peduncle length 12.0 16.4 14.5 1.47
Caudal peduncle depth 11.4 12.4 11.9 0.38
Percentages of head length
Snout length 26.8 30.5 28.1 1.06
Eye diameter 35.2 41.9 39.3 1.87
Interorbital width 31.0 36.1 33.9 1.46
Upper jaw length 36.0 39.8 37.6 0.98

Counts
Lateral line perforated scales 35 37 35.9 0.78
Rows of scales from dorsal fin origin to
lateral line

5 6 5.6 0.53

Rows of scales from lateral line to anal
fin origin

4 5 4.2 0.42

Epibranchial gill rakers 7 8 7.7 0.48
Ceratobranchial gill rakers 7 10 8.8 1.03
Total dorsal fin rays 9 -- -- --
Total pectoral fin rays 12 13 12.4 0.52
Total pelvic fin rays 8 9 8.1 0.32
Total anal fin rays 20 22 20.5 0.71

Table  2. Morphomeristic  data  from  ten  specimens  of
Bryconamericus sp. 2. SD= standard deviation.

Range
Character Minimum Maximum Mean SD
Standard length (mm) 48.0 64.6 54.9 6.00
Percentages of standard length
Head length 21.1 22.1 21.6 0.34
Body depth 28.4 33.6 30.8 1.75
Caudal peduncle length 12.0 15.2 13.9 1.05
Caudal peduncle depth 10.0 11.2 10.5 0.36
Percentages of head length
Snout length 25.5 28.6 27.3 1.00
Eye diameter 38.3 43.6 41.2 1.56
Interorbital width 35.8 40.5 38.3 1.44
Upper jaw length 39.9 46.2 43.5 2.50
Counts
Lateral line perforated scales 35 37 35.8 0.75
Rows of scales from dorsal fin origin to
lateral line

5 6 5.1 0.38

Rows of scales from lateral line to anal fin
origin

3 4 3.6 0.52

Epibranchial gill rakers 7 8 7.1 0.32
Ceratobranchial gill rakers 10 12 10.5 0.71
Total dorsal fin rays 9 -- -- --
Total pectoral fin rays 11 12 11.8 0.42
Total pelvic fin rays 7 8 7.7 0.48
Total anal fin rays 23 27 25.8 1.55

The  material  examined  is  deposited  at  the
ichthyological collection of the Center of Research in
Limnology,  Ichthyology and  Aquaculture  (Nupélia),
Maringá State University,  State  of  Paraná,  Brazil.
Voucher-specimens  (both  from  Salto  Caxias
Reservoir, Iguaçu River basin, in the city of Capitão
Leônidas  Marques,  State  of  Paraná,  Brazil,  2001,
collected  by Nupélia  staff. Bryconamericus  sp.  1 -
NUP 718 (118 specimens);  Bryconamericus  sp.  2 –
NUP 719 (15 specimens) (Figure 2).
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Figure 2. General aspects of body shape of the Bryconamericus
sp.  1  (NUP 718;  60.8mm SL) and  Bryconamericus sp.  2  (NUP
719; 66.8mm SL).

Diet analysis
Stomach contents were analyzed by frequency of

occurrence  and  volumetric  method,  using graduated
test  tubes  and  a  counting glass  plate.  These  values
(monthly  obtained)  were  combined  in  the  Feeding
Index  (IAi)  (Kawakami  and  Vazzoler,  1980):
IAi=100  Fi.Vi.(.Fi.Vi),  where  IAi =  Feeding
Index; F = frequency of occurrence of item i in the
diet (%); V = Volume of item i in the diet (%).

Food  overlap  was measured  using the  Schoener
Index  (Schoener,  1970)  based  on  IAi values  (%)
(monthly obtained) according to the formula:  = 1 –
0.5 (Pxi – Pxy); where  = food overlap, Pxi =
proportion of food item i in the diet of species x and
Pxy = proportion of food item i in the diet of species y.

Covariance  analysis  (ANCOVA) was applied  to
test  differences  in  intestine  length between species,
using  SL as  co-variable  (Huitema,  1980)  all  log
transformed,  to  linearize  relationships.  Adjusted
means  for  intestine  length  were  compared  using
Scheffe’s  test,  when  statistical  significance  was
observed.

Results

Diet  analyses  were  based  on  233  specimens  of
Bryconamericus  sp.  1 (1.5 to 7.6cm SL) and 265 of
Bryconamericus  sp.  2 (1.3 to 7.0cm SL).  Larval and
adult  insects  predominated in the  stomach contents.
Diptera larvae (mainly Chironomidae) were present in

the diet of both species during all study period. Other
important preys were Trichoptera larvae, Coleoptera
adults,  and  Homoptera  and  Hymenoptera  (mainly
Formicidae) adults (Table 3).

Bryconamericus  sp.  1  consumed  mostly
Ephemeroptera larvae (53,7% mainly in July 1997),
detritus/sediment  (73.9  and  56.7%  respectively  in
April  and  May 1997)  and  plant  remains (40.3% in
February  1998). Bryconamericus  sp.  2  consumed
mainly  adult  Diptera  (60.0%  especially  in  April
1997),  macrophytes  (Potamogetonaceae  -  79.4%  in
August  1997),  Hymenoptera  (mainly wasps –  70.2,
54.8 and 58.8% respectively in September, November
and December 1997) and adult Ephemeroptera (67.5
and 44.3% in May and October 1997) (Table 3).

Food overlap between  Bryconamericus  sp.  1 and
Bryconamericus  sp.  2  was  low,  especially  in  April
and May 1997. Highest overlap values were observed
in  March  and  June  1997  with  0.52  and  0.45,
respectively (Figure 3).
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Figure 3. Monthly variation  of Schoener’s  diet  overlap  Index
based on IAi data of Bryconamericus sp. 1 and Bryconamericus sp.
2.

In Bryconamericus sp. 1 the mouth is sub-inferior,
with slightly thick upper lip (Figure 4A). It has four
teeth on inner series of each premaxillary with three
to five pointed cusps, five on outer series, and one to
four smaller teeth on each maxillary. In addition, four
to five large teeth are observed on each side of jaw
(Figure 4A1).  In  Bryconamericus  sp.  2 the mouth is
anterior, with reduced lip (Figure 4B). It has four to
five teeth on inner series of each premaxillary with
five slightly round cusps, three to five on outer series,
and three to four smaller teeth on each maxillary. In
addition, four to five large teeth are observed on each
side of jaw (Figure 4B1).

Table 3. Monthly composition of the diet of Bryconamericus sp. 1 (B1) and Bryconamericus sp. 2 (B2) from the Iguaçu River basin from
March 1997 to February 1998 by value of Feeding Index (IAi). Shaded values= IAi > 40%; * = values lesser than 0.001.

Items/mon
th

Mar-97 Apr-97 May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98

Species B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 B1 B2
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Aquatic
origin
Diptera 11.75 22.42 0.17 13.33 14.93 0.71 10.68 0.58 1.88 0.02 11.78 - 12.85 0.16 25.01 5.31 32.37 1.6 2.66 7.56 25.62 20.86 2.24 14.61
Coleoptera 0.03 - - - - - 0.13 0.08 * 0.002 5.73 - 0.01 - 0.002 0.07 0.51 - 0.004 - 0.01 - 0.29 -
Ephemeropte) 12.43 0.82 0.04 - 0.99 - 7.29 21.55 53.71 0.25 13.01 0.09 20.11 0.32 39.82 1.22 18.01 -0.01 32.58 0.003 13.03 0.56 4.66 0.004
Odonata 0.30 0.03 0.54 - 0.40 - 3.46 0.34 0.98 0.38 1.02 0.08 0.24 0.03 - 0.01 0.04 0.11 0.45 - 0.12 0.03 1.72 0.005
Plecoptera - - - - - - 0.44 0.26 2.69 - 0.21 - 0.08 - 0.14 0.03 0.34 0.04 0.03 - 0.11 0.02 0.13 -
Trichoptera 4.72 3.81 0.04 - 0.51 - 10.39 13.13 1.80 0.02 12.82 - 3.21 0.002 9.13 1.10 9.88 0.23 13.45 0.31 22.90 11.08 25.48 16.30
Decapoda - - - - - - - - - - 0.05 - 0.08 - - - 0.04 - 0.03 - 0.12 - - -
Oligochaeta - 0.18 1.21 - 0.01 - 6.30 0.08 5.35 - 9.99 - 3.39 - 12.19 - 2.00 - 4.06 - 0.80 - 1.97 -
Mollusca 0.47 - * - 0.72 - 13.25 9.27 3.03 - 2.11 - 0.06 - - - 0.17 - 0.01 - 0.01 - 0.02 -
Other inv. 0.02 - - - 2.75 - - 0.03 - - - - - 0.01 0.36 1.22 - 0.01 0.03 0.04 - - 0.25 -
Algae 4.15 - 3.60 - 21.75 - 0.03 - - - - - 0.01 0.04 - - - - 1.10 - 1.04 0.03 0.08 -
Bryophyta 0.31 2.05 * - - 11.31 11.94 14.91 4.09 0.30 2.79 0.28 0.02 - 0.001 - 0.02 - 0.03 - 1.09 2.75 1.11 1.64
Macrophytes 0.53 1.24 - - - 0.30 4.02 2.60 0.01 0.01 0.03 - - - - - - - - - - - - -
Potamogeton. - - - - - - - - - 0.16 4.66 79.40 1.18 7.93 0.05 - 0.03 - 1.15 0.03 1.64 - 0.54 -
Terrestrial
origin
Araneae - 0.16 0.003 - - - 0.002 - - 2.05 0.001 0.15 0.25 * 0.13 0.75 0.05 0.04 0.03 0.20 0.22 0.23 0.91 0.04
Diptera 0.14 1.78 0.03 60.00 0.01 16.08 23.95 0.05 0.04 40.94 1.62 1.17 0.29 4.55 0.39 10.8 3.65 36.81 0.04 23.28 0.88 32.54 0.002 11.43
Coleoptera 0.03 1.10 0.01 - 0.04 - 1.76 0.94 0.43 26.02 1.17 - 0.04 0.68 0.27 1.78 0.72 1.63 0.25 3.66 0.07 11.62 1.42 34.90
Ephemeropte) - 27.39 - - - 67.48 - - - 0.28 - - - 6.95 - 44.29 - 3.15 - 2.24 - 2.51 - -
Hemiptera - - - 20.00 0.4 - 0.02 - - 2.63 0.50 0.04 0.28 1.50 0.36 3.40 0.04 0.16 0.00 1.45 0.04 0.02 0.38 1.11
Homoptera 0.04 0.01 0.003 - - - 0.05 0.02 0.01 0.69 0.01 0.01 0.02 2.71 0.33 1.62 0.24 0.48 0.08 0.19 0.01 1.27 0.13 0.37
Hymenoptera 0.77 2.29 18.99 3.33 0,05 - 1.64 0.51 0.07 24.2 0.13 2.21 0.42 70.21 4.18 25.0 5.44 54.81 3.36 58.83 5.27 15.49 2.86 19.36
Lepidoptera 0.12 - - - 0.91 3.08 3.78 0.16 0.48 - 4.94 - 0.50 0.002 2.41 2.02 11.10 0.73 3.63 0.01 0.40 0.21 0.78 -
Thysanoptera - - - 3.33 - - 0.01 - - 0.03 - - 0.001 0.01 0.04 0.002 0.05 - * 0.001 - 0.03 0.002 0.001
Trichoptera - - 0.84 - - - - - - 1.48 0.05 2.05 0.01 5.16 0.002 1.01 - 0.16 - 1.95 - - - 0.23
Insect  remains34.23 31.00 - - 0.10 1.04 0.24 9.38 13.68 - 3.09 - - - - - - - 0.08 - 0.08 - 0.20 -
Unknow
origin
Detritus 28.35 5.73 73.94 - 56.70 - 0.13 11.81 11.14 0.37 3.97 14.47 20.23 - 2.33 0.35 9.31 - 28.37 0.20 25.90 0.35 14.48 0.001
Plant  remains 1.62 - 0.58 - 0.01 - 0.49 14.39 0.62 0.18 20.30 0.02 36.57 - 2.82 - 5.97 * 8.62 - 0.65 0.40 40.28 -
N analyzed 18 8 12 2 10 10 20 18 17 25 25 15 16 42 15 29 24 31 21 31 22 31 33 23

The ANCOVA assumption of parallelism for the
relationship  between intestine  and  fish  lengths  was
accepted (F = 2.9; P = 0.092),  which allowed going
further on the comparison (Figure 5). Then, there was
significant difference between the intestine lengths of
both  species  (F  =  22.9;  P  <  0.001).  The  intestine
length  of Bryconamericus  sp.  1  was  significantly
longer than the intestine length of Bryconamericus sp.
2 (differences between adjusted means; Schefer’s test
P< 0.05).

Discussion

Stomach  contents  analysis  showed  that
Bryconamericus sp.  1  and  Bryconamericus sp.  2
forage on a wide diversity of food items. However,
the  first  species  based  its  diet  on  authochthonous
resources and the second on allochthonous resources.
Both  species  were common in littoral  zones of  the
river, but Bryconamericus sp. 1 feeding mainly on the
bottom  benthic  fauna  and  Bryconamericus sp.  2
feeding more at the surface, on terrestrial insects and
to  a  lesser  extend  on  riparian  vegetation.  This
behavior suggests spatial segregation (vertical) in the
water column. Gascon and Leggett (1977) pointed out
that food is often the resource involved in ecological
segregation.  Closely  related  species  in  Neotropical
fish  communities  have  shown  to  develop  species-
specific feeding tactics (Bowen, 1983; Esteves, 1996;
Fugi, 1998; Delariva and Agostinho, 2001). Low food
overlap  values  between  Bryconamericus species

corroborate this possible separation in feeding tactics.
Mouth shape and position in the two species reflect
divergent modes of food acquisition.

The more protruding upper lip in Bryconamericus
sp.  1  probably  acts  as  a  tactile  organ  for  food
discrimination on the bottom. The anterior projected
teeth  with  pointed  cusp  may  also  help  on  preying
upon the benthic organisms or scrapping algae from
the  substratum  (Winemiller,  1992).  Mouth  sub-
anterior and inferior (narrow and small) might allow
for  some  type  of  food  selection,  although  small
quantities of sediment may be ingested (Fugi  et al.,
1996).

Bryconamericus  sp.  2 has an anterior mouth with
shorter jaws, feeding more at the surface. The anterior
mouth characterizes fishes that  feed in  any position
(Drake  et al.,  1984), however several authors relate
an anterior mouth with species that live close to the
surface,  like  those  that  consume  food  of
allochthonous origin (see e.g. Nico and Thomerson,
1989;  Arcifa  and  Meschiatti,  1993;  Esteves  and
Galetti Jr., 1995; Esteves and Lobón-Cerviá, 2001). 

Intestine  is  directly  related  to  diet  and  food
digestibility  (Kapoor  et  al.,  1975;  Bowen,  1983;
Lobón-Cerviá and Rincón, 1994; Fugi  et  al.,  2001;
Delariva and Agostinho, 2001). Bryconamericus sp. 1
has  a  significantly  longer  intestine  than
Bryconamericus sp.  2  probably because  the  former
eats more detritus and sediment. A similar pattern was
described by Fugi (1998), which studied eight species
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of  Astyanax (Characidae)  from  the  Iguaçu  River
basin,  and  found  that  detritivores  species  had  a
significantly longer intestine than the fishes with other
feeding habits.

In conclusion, small behavioral and morphological
divergences  among  species  reflect  directly  on  the
choice  of  food  items.  Such  differences play  an
important  role  reducing interspecific  competition  in
aquatic  environments,  allowing  related  species  to
coexist in a same area.
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Figure 4. Mouth  position,  shape  and  distribution  of the  teeth:  A= mouth  position  and  shape  and,  A1= distribution  of teeth  on the
premaxillary  of  Bryconamericus  sp.  1;  B=  mouth  position  and  shape  and,  B1=  distribution  of  the  teeth  on  the  premaxillary  of
Bryconamericus sp. 2.
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