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ABSTRACT: Ecomorphological correlates of thirteen dominant fish species of Amazonian floodplain
lakes. Ecomorphological attr ibutes of thirteen f ish species of Amazonian f loodplain
lakes were estimated and related then to the feeding habits. Relationship between
feeding habits and the morphology for thir teen species belongs to Serrasalmidae
and Cichlidae Famil ies were identi f ied. A strong relat ionship between morphology
and the feeding habits, was verif ied but that morphology also can be an important
predictor of the habitats preferences.
Key-words: ecomorphology, f ish, f loodplain lakes, Amazon.

RESUMO: Similaridades ecomorfológicas de treze espécies de peixes dominantes de lagos de
várzea da Amazônia. Atributos ecomorfológicos de treze espécies de peixes de lagos
de várzea da Amazônia foram estimados e  relacionados com o hábito al imentar.
Uma forte relação entre a morfologia e os hábi tos al imentares,  foi  obt ida mas a
morfologia também pode ser um importante indicador de preferências pelo uso de
habi ta ts .
Palavras-chave: ecomorfologia, peixe, lagos de várzea, Amazônia.

Introduction

The in f luence of  b io t ic  and ab io t ic  fac tors  as s t ructur ing forces of  natura l
communities has a long history of controversy in ecological literature (Jackson, 1994).
Roughgarden (1983) suggested the best way to analyze it is inferring the competitive
coevolut ion through bui ld ing and present ing convincing cases based on var ious
sources of c i rcunstant ia l  evidence that include evidence of the compet i t ion f rom
descript ive and experimental data, morphological patterns, and species l ists.

The ecomorphology a im to  ident i fy  how the organ isms are  bu i l t  and the
evolu t ionary  consequences to  f ina l  des ign ,  d imin ish ing the sub jec t iv i ty  by the
quantitative approach. The main idea is that the morphological differences between
species can be associated with environmental condit ions (Beaumord & Petrere Jr. ,
1994). These differences can be evaluated by the use of morphometrics and biometrics
indices (Wikramanayake, 1990). Usually, these indices are interpreted as indicators
of l i fe strategies or adaptations to successful colonization of habitats (Beaumord &
Petrere Jr., 1994; Motta et al., 1995).

Most  natura l  aquat ic  envi ronments support  character is t ic  f ish assemblages,
which have developed over evolut ionary t ime (Araújo & Santos, 2001) .  Floodplain
env i ronments  are  dynamic sys tems tha t  exh ib i t  h igh product iv i ty  and suppor t
important inland f ishing act ivi t ies. These systems are markedly inf luenced by the
hydro log ica l  cyc le  wi th  d is t inc t  aquat ic - te r res t r ia l  phases tha t  in f luence the
community ’s composit ion. The f ish that inhabit f loodplain lakes developed several
morphological and physiological adaptat ions to successful explore these complex
systems and its seasonal changes (Junk et al., 1997; Saint-Paul et al., 2000).

Floodplain Amazonian fish exhibit high morphological and ecological diversity
(Goulding, 1980; Pouilly et al., 2003). They occupy a wide variety of ecological niches,
forage on almost everything of energetic value, and demonstrate a full range of life
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habitats and feeding styles (Ferreira, 1981; Soares et al., 1986; Merona et al., 2001).  In
th is  paper  we focus on var ious ecomorpholog ica l  a t t r ibu tes  to  descr ibe some
predominant f ish species of f loodplain lakes and relate then to the feeding habits
aiming contribute to identify patterns of resource use.

Material and methods

Study area
The fish were collected in five floodplain lakes located on the lower stretch of

Solimões River (Fig. 1), nominally:  Preto Lake (S 03º 20' 39"/W 060º 35' 22"), Iauara
Lake (S 03º 36' 20"; W 061º 18'  16" ) ,  Campina Lake (S 03º 46' 14";  W 062º 22' 01" ) ,
Poraqué lake (S 03º 57' 81"; W 063º 09' 93”), and Aruã Lake (S 04º 06' 29"; W 063º 32' 10").

Al l  these lakes are subject to four seasons markedly dist inct ,  determined by
the hydrological cycle. During the dry season, the lakes are not connected to the
river. They are shallow and generally hypoxic. During the flood season, these lakes
are connected to the river and the nutrient inputs are high. The other two seasons are
character ized by the moving waters,  r is ing and receding, and they have a major
influence on the productivity of whole system.

 

Preto Lake 

Iauara Lake 

Campina Lake 

Aruã Lake 

Poraque Lake 

Figure 1 : S tudy area ind ica t ing o f  sampl ing s i tes .

Sampling Program
Four sampl ings were performed from January 2003 to November 2003, wi th

intervals of approximately three months. The samplings were taken with gi l lnets.
The nets had standardized dimensions of 30 m long and 2.5 m height, with mesh size
of 30, 40, 50, 70 and 90 mm between adjacent knots. In the samplings, the gillnets
were set up close to the lake edge at sunrise and removed at sunset of the same day,
remaining for 12 hours in the water. Immediately before the catch, the fish were kept
in a 10% formaline solution. At the Fishing Ecology Laboratory at the Federal University
of Amazonas the f ish were washed, measured, weighed and preserved in a 70%
alcohol solution. The fish were identified following Gery (1977), Kullander (1986) and
by experts.
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Morphometric Measurements and Data Analysis

Morphometrics measurements were performed on 109 fish belongs to thirteen
fish species with the most abundance and frequency during the experimental fisheries
(Tab. I and III). It belongs to Characiformes and Perciformes orders that were dominant
in the Amazonian floodplain lakes. We use only adult fish aiming to avoid alometric
ef fects .

Code Species / Family N Trophic 

level 

Main food References 

AC Acarichthys heckellii (Müller & 

Troschel, 1849) Cichlidae 

6 Omnivore MP, INV,  

MUD 

Knoppel, 1970; Ferreira, 1993; 

Reis & Caramaschi, 1999; 

Claro Jr., 2003  

CM Colossoma macropomum 

(Cuvier, 1818) Serrasalmidae 

6 Omnivore SE, PM, INV Goulding, 1980; Goulding & 

Carvalho, 1982; Silva et al., 

2000 

GE Geophagus spp. / Cichlidae 9 Invertivore INV Ferreira, 1993 

CF Chaetobranchus flavescens 

(Heckel, 1840)  Cichlidae 

10 Zooplanktivore PM Lowe McConnell, 1969; 

Ribeiro, 2002 

PY Pygocentrus nattereri (Kner, 

1860) Serrasalmidae 

8 Piscivore F,  INV Merona et al., 2001; Pouilly et 

al., 2003; Piorski et al., 2005 

SA Satanoperca acuticeps (Heckel, 

1840)  Cichlidae 

9 Omnivore INV, BM, S Ferreira, 1993; Reis & 

Caramaschi, 1999 

SE Serrasalmus elongatus (Kner, 

1858) Serrasalmidae 

10 Piscivore F, S, FI Ferreira, 1993; Claro Jr., 2003 

MH Metynnis hypsauchen (Muller & 

Troschel, 1844) Serrasalmidae 

10 Herbivore AM, AP, SE  Ferreira, 1993; Claro Jr., 2003 

SG Serrasalmus eigenmanni 

(Norman, 1929) 

Serrasalmidae 

8 Piscivore F, FI, INV, 

PM 

Ferreira, 1993; Merona et al., 

2001; Claro Jr., 2003; Pouilly et 

al., 2003 

SC Serrasalmus calmoni 

(Steindachner, 1908) 

Serrasalmidae 

6 Piscivore F Merona et. al., 2001 

SS Serrasalmus spilopleura (Kner, 

1858) Serrasalmidae 

7 Piscivore F, FI, INV, 

PM 

Ferreira, 1993; Merona et al., 

2001; Claro Jr., 2003 

HR Heros severus (Heckel, 1840) 

Cichlidae 

10 Herbivore AP, MP Ferreira, 1981; Soares et al., 

1986; Ferreira, 1993; Merona et 

al., 2001 

UA Uaru amphiacanthoides (Heckel, 

1840) Cichlidae 

10 Herbivore AP, MP, 

MUD 

Ferreira, 1993; Reis &  

Caramaschi, 1999. 

 

Tab le  I :  Spec ies  l i s t  w i th  code ,  sc ien t i f i c  name ,  samp l ing  s i ze  and  ma in  d ie t .  AP  =  a lgae  and

per iphyton,  AM = aquat ic macrophytes,  INV = inver tebrates aquat ic and terrest r ia l ,  MUD =

sof t  subst ra tum,  PM =  p lankton ic  micro crus taceans ,  BM =  benthonic  micro crus taceans ,

SE = seeds,  MP = mater ia l  p lant ,  F I  =  f ins ,  S = scales,  F = f lesh f ish.

The morfometrics measures were made according to the criteria proposed by
Gery (1977) and Kullander (1986). The body and fins area were estimated by measures
of its outline according to Beaumord (1991). For all species, we made the following
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measures: (1) standard length, (2) caudal peduncle width, (3) caudal peduncle height,
(4) caudal peduncle length, (5) maximum body width, (6) body height maximum, (7)
head length, (8) width mouth, (9) depth media line eye; (10) height media line body;
( 11 )  pectora l  f in  width maximum; ( 12 )  pectora l  f in  length maximum; ( 13 )  poster ior
caudal f in height; (14) anterior caudal f in height; (15) caudal f in area; (16) maximum
head height; (17) pectoral f in area; (18) caudal f in extension maximum (Smith, 1999;
Wikramanayake, 1990; Beaumord & Petrere Jr, 1994; Matheus-Chan, 2001; Gatz, 1979).
The main diet for each species was identified from literature (Tab. I) .

Based on morphometric measurements we estimated seven ecomorphological
attributes described in the Table II . A cluster analysis was accomplished aiming to
identify species groups using ecomorphological attr ibutes as descriptors. We used
the minimum variance method as amalgamation rule and the Chebychev metric estimate
as distance measure (Ludwig & Reynolds,  1988) .  A correspondence analysis was
performed aiming to corroborate the clusters and to identify which ecomorphological
attr ibutes was the most relevant for ordination (McGarigal, 2000).

Ecomorphological 

attributes 

Code Estimation Interpretation 

Compression index CI 

Maximum body depth 

divided by maximum 

body width  

High values indicate a laterally 

compressed fish, and would be expected 

in fish occupying habitats with low water 

velocity (Watson and Balon, 1984).  

Relative depth  RD 
Maximum body depth 

divided by standard length 

A s s u med to be inversely related to 

habitat water velocity and directly 

related for capacity to making vert ical 

turns (Gatz,  1979) .  

Caudal peduncle 

compression index 
CPC 

Caudal peduncle depth 

divided by caudal 

peduncle width  

A compressed peduncle would indicate 

the habit of slow swimming and 

maneuver ability (Gatz, 1979) 

Flattening ventral 

index 
IVI 

Proportion of body depth 

below the midline at the 

point of maximum depth 

Low index would be associated with life 

in fast flowing water by assisting the fish 

to maintain a position without swimming 

(Gatz, 1979). 

Pectoral aspect fin FAP 

Maximum length of fin 

divided by maximum 

width  

A high ratio indicates a long, narrow 

pectoral  fin which it is expected among 

fish which swing a great deal (Keast & 

Webb, 1966) 

Relative area of 

caudal fin  
RFC  

Area of caudal fin divided 

by the area of the body 

Large caudal fins are important for fast 

start burst the typical swimming mode of 

most benthic fish (Balon et. al., 1986) 

Relative eye position RPE 

Proportion of head depth 

which occurs below the 

middle or the eye 

Benthic fish has more dorsally located 

eyes, whereas those of nektonic fish 

tends to be more lateral (Gatz, 1979) 

 

Table I I :  Ecomorpholog ica l  a t t r ibutes i ts  es t imat ion and in terpre ta t ion .

Results

First, the cluster analysis isolated a small and homogeneous group made up of
two cichlids, Heros severus and Uaru amphiacanthoides (Fig 2). These two cichlids
are herbivore and feed mainly on algae and periphyton associated with soft substratum
(Tab. I). A further separation shaped two more heterogeneous groups having defined
another two heterogeneous groups. The first is predominantly formed by piscivorous
Serrasalmus calmoni,  Serrasalmus eigenmanni ,  and Serrasalmus spi lopleura ,  and
by herbivore Metynnis hypsauchen . The second group is very heterogeneous and it
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was composed by omnivore, herbivore and plankt ivore species. However,  a new
division of this group will  result in more homogeneous groups. The first is composed
by Acar ichthys heckel l i i ,  Co lossoma macropomum,  Geophagus sp . ,  and
Chaetobranchus flavescens; and, the second by Pygocentrus nattereri,  Satanoperca
acuticeps, and Serrasalmus elongatus (Fig. 2).

The  co r respondence  ana lys i s  ex t r ac ted  the  two  f i r s t  d imens ions  wh ich
explain more than 95% of total variance (Fig. 3). Dimension 1 explains 71.65%, and
dimension 2 explains 24.12%. The f irst dimension is stronger and i t  dist inguished
the cichlids H. severus and U. amphiacanthoides of all species due to high values
o f  cauda l  pedunc le  compress ion  index  (CPC )  (Tab .  I I I ) .  The second dimension
discriminate a group composed by P. nattereri, S. acuticeps, and S. elongatus due to
the estimates of the relative area of caudal fin (RFC), relative eye position (RPE) and
pectoral aspect fin (FAP). Another group is composed by two species of piranha S.
spi lopleura and S.  calmoni and M. hypsauchen that  was associated with re lat ive

0,0 1,0 2,0 3,0 4,0 5,0 6,0

Chebychev Metric Distance

UA

HR
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F igure  2 :  C lus te r  ana lys i s  dendog rama fo r  f i sh  spec ies  second  i t s  ecomorpho log ica l  a t t r i bu tes

(species codes see Table I ) .
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Figure 3:  First two dimensions of correspondence analysis (species and attributes codes see Table I ) .
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depth (RD) and compression index (CI )  (F ig.  3) .  C.  macropomum,  A. heckel i i,  and
Geophagus  sp.  showed a median posi t ion indicat ing intermediary values for  the
attr ibutes IVI ,  RPE, FAP, RD and CI (Fig. 3; Tab.I I I ) .  We use the information on the
feeding habits, acquired from several works previously accomplished (Tab. I ) .

 Ci Rd cpc Fvi rfc Fap Rpe 

AC 2.942 0.454 2.389 0.399 3.240 0.158 0.747 

CF 2.295 0.414 2.786 0.453 3.124 0.181 0.614 

CM 3.178 0.533 1.830 0.511 2.894 0.130 0.508 

GE 2.727 0.432 2.391 0.313 2.901 0.136 0.726 

PN 2.864 0.544 2.054 0.475 2.468 0.112 0.559 

AS 2.417 0.393 2.554 0.360 3.791 0.165 0.691 

SE 3.023 0.391 1.831 0.500 3.022 0.119 0.516 

MH 4.641 0.775 2.221 0.519 3.500 0.114 0.547 

SG 3.892 0.537 2.095 0.535 4.123 0.105 0.586 

SC 3.908 1.220 2.048 0.492 3.067 0.216 0.526 

SS 3.511 0.567 1.977 0.492 2.959 0.104 0.543 

HR 2.782 0.571 4.219 0.410 2.173 0.135 0.630 

UA 3.269 0.591 4.755 0.451 1.910 0.107 0.680 

 

Table I I I :  Mean va lues  o f  the  ecomorpho log ica l  a t t r ibu tes  to  each spec ies  (codes  see  Tab . I  and

Tab. I I I )

Discussion

The thirteen fish species encompass a relatively homogeneous group that have
a compressed and discoid body shape, typical of Serrasalmidae and Cichlidae. The
Cichl idae are more diversi f ied in shape than Serrasalmidae, probably due to the
greater diversity of l i fe strategies (Kul lander, 1986).  The Cichl idae is a group with
more than 1000 species, distributed in South America and Africa. The major number
of South American species is in the Amazon basin and have several  adaptat ions
connected to feeding (Lowe McConnell, 1969; Kullander, 1986). Pygocentrus nattereri ,
Serrasalmus e longates ,  S .  e igenmanni ,  S .  ca lmoni ,  S .  sp i lop luera  and Metynnis
hypsauchen are Serrasalmidae, which is a group with 15 endemic genera and 80
species from Neotropical Region (Gery, 1977). In the Amazon basin, these fish feed
on fish, fruits and invertebrates (Goulding, 1980 ; Reis et al. , 2003). This broad use
of feeding resources can be an indicator of the existence of an unspecified organizing
principle driving f ish assemblage structure (Douglas & Matthews, 1992).

The caudal peduncle compression index (CPC) is determinant for clustering of
H. severus and U. amphiacanthoides. In general, high values for this index are linked
to slow swim and low maneuverabi l i ty and reduce the abi l i ty for fast departures
(Gatz, 1979), specially in species with long body. The values of CPC can be explained
by the diets of these species that is composed predominantly by leaves, algae and
micro-algae found at submersed debris, placed at shallow areas of lakes (Ferreira,
1981; Reis & Caramaschi, 1999).

H igh va lues o f  compress ion index (C I )  and re la t ive depth (RD)  represents
easiness for vertical shunting (Gatz, 1979; Watson & Balon, 1984), while the low values
of relative caudal fin area indicate slow swim typical of lentic fish species (Balon et
al . ,  1986) .  Several  species of piranhas (Serrasalmus and Pygocentrus )  and pacus
(Mylossoma) are associated with macrophytes banks (Sanchez-Botero & Araújo-Lima
(2001 ;  Pet ry  e t  a l . ,  2003) .  We bel ieve that  the corre la t ion of  M.  hypsauchen ,  S .
spi lopleura and S.  calmoni  with these compression index (CI )  and relat ive depth
(RD)  a t t r ibutes can be expla ined by the use of  macrophytes banks for  feeding,
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reproduction and/or refuge banks (Henderson & Hamil ton, 1995; Sanchez-Botero &
Araújo-Lima, 2001; Petry et al., 2003). Probably, the high complexity of these habitats
takes advantage for the coexistence of species of dif ferent trophic levels (Araújo-
Lima et al., 1986; Petry et al., 2003) and maybe different morphologic characteristics.

High values of relative area of caudal fin (RFC), relative eye position (RPE) and
pectoral aspect fin (FAP) are typical attributes of fish that swim a great deal (Keast &
Webb, 1966) ,  and are able to fast  star t  burst  (Balon et .  a l . ,  1986) .  P. natterer i ,  S .
acuticeps, and S. elongatus are species with great adaptative ability to explore several
habitats in the floodplain lakes. The swiming skill allows the piranhas to explore the
water column (Nico & Taphorn, 1988; Petry et al., 2003) and the cichlid the bottom for
feeding (Reis & Caramaschi, 1999).

The more genera l is t  character is t ics  o f  ecomorpholog ica l  a t t r ibutes for  C.
macropomum, C. f lavescens, Geophagus sp. and A. heckeli i are probably result of
the influence of several kinds of feeding that include fitoplankton, zooplankton, fruits,
microcrustaceans and insects (Knoppel ,  1970; Soares et  a l . ,  1986; Ferrei ra,  1993;
R ibe i ro ,  2002;  C laro J r . ,  2003) .  A .  heckel i i ,  Geophagus sp .  a re  predominant ly
benthopelagics (Knoppel,  1970; Ferreira, 1993; Reis & Caramaschi,  1999; Claro Jr . ,
2003).   C. macropomum and C. f lavescens are midwater feeder (Lowe McConnell ,
1969; Goulding, 1980; Reis & Caramaschi, 1999). The feeding of C. macropomum and
C. flavescens is mainly composed by planktonic microcrustaceans (Goulding & Car-
valho, 1982; Lowe McConnell, 1969). Besides C. macropomum also eat fruits found in
the f looded fores t  dur ing the f lood season (Gou ld ing & Carva lho ,  1982 ) .   The
morphology of these species directly reflects their ability to use various food sources
and habitats in Amazonian floodplain lakes (Pouilly et al., 2003; Reis & Caramaschi,
1999). Nevertheless, two species can explore different food resources and have the
same body shape as it was observed to M. hypsauchen (herbivore) and S. spilopleura
(piscivore) that inhabit aquatic macrophytes.

Douglas & Matthews (1992) argued that adaptations by North American stream
f ish appear  most  possib le wi th in d is t inct  morphologica l  const ra in ts  imposed by
phylogeny at  the fami ly  level .  We agreed that  compet i t ion may be impor tant  in
s t ruc tur ing f reshwater  f i sh  assemblages ,  but  predominant ly  wi th in  genera and
particularly between recently evolved forms. Finally, we believe that morphological
adaptations and trophic diversity can be very important to permit the coexistence of
spec ies  in  the Amazonian f ish  assemblages .  Never the less ,  o ther  s tud ies  wi th
appropriate tests would be employed to evaluate this important ecological question.
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