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Importance of zooplankton in the diet of a small fish in lagoons of the
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ABSTRACT: Importance of zooplankton in the diet of a small fish in lagoons of the upper Paraná River
floodplain, Brazil. Spatial and seasonal variations in the diet of Aphyocharax anisitsi (Eigenmann
& Kennedy,  1903)  were analysed between  2000 and 2001 in  three iso la ted lagoons
(Genipapo, Jacaré and Traíra) of the upper Paraná River floodplain. Simple seinings were
performed along the marginal areas of the lagoons during the day. Analysis of 136 stomach
contents  was done by the volumetr ic  method and the species was c lass i f ied as
predominantly zooplankt ivore. Aphyocharax anisi ts i  feeds mainly on microcrustaceans
(Cladocera and Copepoda), in addition to Decapoda larvae, insect larvae and detritus. Diet
composit ion showed signif icant dif ferences between hydrological periods and lagoons.
Food resources consumed in the Genipapo lagoon during the dry period were different
from those consumed in the Genipapo and Jacaré lagoons during the rainy period, and in
the Traíra lagoon in the dry period. Calanoida was more consumed in the rainy period and
insect larvae were consumed in the dry period. The availabil ity of microcrustaceans did
not inf luence the diet  because the species selected most of  i ts  food resources.  The
abil i ty of A. anisitsi to predate upon zooplankton suggests that this species can be an
important trophic l ink between primary producers and top levels of the food web in the
isolated lagoons of the upper Paraná River floodplain.
Key words: Aphyocharax anisitsi , planktivory, selectivity, freshwater, floodplain.

RESUMO: Importância do zooplâncton na dieta de um peixe de pequeno porte em lagoas da planície
alagável do alto rio Paraná, Brasil. Foram analisadas as variações espaço-temporais na dieta de
Aphyocharax anisitsi  (Eigenmann & Kennedy, 1903) durante os anos de 2000 e 2001, em
três lagoas isoladas (Genipapo, Jacaré e Traíra) da planície alagável do alto rio Paraná.
Coletas trimestrais foram realizadas com redes de arrasto de malha simples nas regiões
marginais das lagoas, no período diurno. A análise de 136 conteúdos estomacais pelo
método volumétrico mostrou que a espécie consumiu predominantemente zooplâncton,
sendo os mais representativos os microcrustáceos (Cladocera e Copepoda). Foram tam-
bém registradas nos conteúdos estomacais,  larvas de Decapoda, larvas de insetos e
detrito. A composição da dieta foi significativamente diferente entre os períodos hidrológicos
e lagoas. Os recursos alimentares consumidos na lagoa Genipapo durante a seca foram
diferentes daqueles consumidos na lagoa Genipapo e lagoa Jacaré durante o período
chuvoso, bem como na lagoa Traíra na seca. Calanoida foi mais consumido no período
chuvoso e larvas de insetos no período seco. A disponibilidade dos microcrustáceos não
influenciou na escolha do alimento, uma vez que a espécie selecionou a maior parte dos
recursos consumidos. Estes resultados sugerem que A. anisitsi  deve representar um elo
trófico importante entre os produtores primários e os níveis de topo da cadeia alimentar
nas lagoas isoladas da planicie de inundação do alto rio Paraná.
Palavras-chave: Aphyocharax anisitsi, planctivoria, seletividade, água doce, planície alagável.

Introduction

Zooplankton predat ion by f ish is  an
impor tant  process for  the dynamics o f
communit ies and also for the metabolism
of ecosystem. This fact has been generating
interest  in  s tudies deal ing wi th the f ish -
zooplankton interaction (Lazzaro, 1987).

A significant number of papers on fish-
zooplankton interact ions have taken into
considerat ion the impact of predat ion by
fish on zooplankton communities (Fernando
& Holcik, 1982; Carvalho, 1984; Barbosa &
Tundisi, 1984; Arcifa, 1984; Arcifa et al., 1986).
According to Fernando (1994), great part of
predation occurs upon larger zooplankton;
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thus ,  these communi t ies are s t rongly
reduced in size and density.

In the f loodplain of the upper Paraná
River, besides the larval and juvenile f ish
which a lmost  exc lus ive ly  consume
zooplankton (Makrakis et  a l . ,  2005) ,  only
Hypophthalmus edentatus uses solely this
resource when adult, because it has filtering
gill rakers (Lansac Tôha et al., 1991; Abujanra
& Agostinho, 2002; Hahn et al., 2004). Even
in marginal lagoons on upper Paraná River
floodplain, where zooplankton is abundant,
it is underexplored by adult fish (Agostinho
& Júlio-Jr, 1999).

Zooplankton community in floodplains
is characterized by high species r ichness
and abundance,  owing to the great
heterogenei ty  o f  habi ta ts  by seasonal
changes in the water level (Paggi & Paggi,
1990; Lansac-Tôha et al., 2004). In isolated
lagoons of  the upper  Paraná River
floodplain, studies on the spatial and tem-
poral variations of zooplankton community
showed that highest density values were
recorded when compared wi th other
biotopes (Lansac-Tôha et al., 2004).

F ish fauna of  the l i t to ra l  reg ion of
lagoons in the upper Paraná River floodplain,
specially the fauna living along macrophyte
banks, consists of small tetragonopterines
and cheirodontines, in addition to juveniles

of medium- and large-sized species (Delariva
et al., 1994). Despite their abundance, little
is  known about  the t rophic  in teract ions
between these smal l  f ish and other
components of the aquatic community.

Aphyocharax anis i ts i  (E igenmann &
Kennedy,  1903)  is  a  smal l  charac id that
reaches a maximum length of 45 mm when
adul t  and l ives in  the l i t to ra l  reg ion o f
isolated lagoons in the upper Paraná River
floodplain. In view of the high abundance
of A. anisitsi  and of zooplankton, the aims
of this work were to investigate: i) whether
smal l -s ized f ish use th is  resource in the
lagoons; i i )  whether seasonal and spat ial
alterations occur in the diet of this species;
i i i )  whether  food i tems (zooplankton
taxonomic groups)  are preyed upon
depending on the i r  ava i lab i l i ty  in  the
environment.

Material and methods

Study area
Fishes were collected in three isolated

lagoons near different rivers: the Genipapo
lagoon, near the Paraná River, the Jacaré
lagoon, near the Ivinheima River, and in the
Traíra lagoon, near the Baía River (Fig. 1) .

Figure 1: The sampling sites in the upper Paraná River f loodplain.
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Genipapo lagoon located in the Porto Rico
island at 22º 45' 33.24" S; 53º 16' 5.94" W, is
a temporary lagoon, with a mean depth of
0.96 m and approximately 0.06 ha area. In
the littoral zone, grasses, Cyperaceae and
other  herbaceous p lants ,  in  addi t ion to
Croton  sp .  and Inga uruguensis and
extensive banks of Eichhornia azurea  are
present. Jacaré lagoon located 22º 47' 2.04"
S; 53º 29' 49.08" W, is a round-shaped lagoon
with a mean depth of 2 m, length of 410 m,
perimeter of 1 ,073 m, and 7 ha area and
the littoral region is colonized predominantly
by Eichhornia azurea. Traíra lagoon located
22º 44' 45.6" S; 53º 20' 21.66" W, is a small
round-shaped lagoon with a mean depth of
2 m, length of 108 m, a perimeter of 292 m
and 0.5 ha area. Its margins are lined with
grasses, Cyperaceae and extensive banks
of Eichhornia azurea, Salvinia auriculata and
Pistia stratiotes.

Fish collections
Samples were taken quarter ly dur ing

the years 2000 and 2001  using seining (50
m length and 0 .5 cm mesh)  conducted
along the shorel ine.  Al l  indiv iduals were
measured (s tandard length ,  cm)  and
weighted ( to ta l  weight ,  g ) .  The s tomach
contents were fixed in 10% formalin.

Data analysis
Abundance and biomass of A. anisitsi

were described, respectively, as the number
and weight of fish per 100 m2.

S tomach contents were analyzed by
volumetric method (i.e., the total volume of
a food item taken by the fish population is
given as a percentage of the total volume
of  a l l  s tomach contents )  (Hys lop,  1980) ,
using graduated test tubes, and a counting
glass plate (Hellawell & Abel, 1971) .  Food
items were determined to the most detailed
taxonomic level possible.

An ord inat ion method was used to
summar ize feeding data .  Accord ing to
Pielou (1984), the detrended correspondence
analys is  (DCA)  is  an ord inat ion method
designed to remove some sources of error
such as the arch ef fect  and the sca le
contraction effect at the end of axis. This
method is suitable for nonlinear data and
this procedure reveals int r ins ic pat terns.
Specifically, it was used DCA (Hill & Gauch,
1980) to ordinate the diet of fish according
to the i tems ingested in each period (dry
and ra iny per iods )  and in  each lagoon

(Genipapo, Jacaré and Traíra). Scores of this
ordinat ion were generated and submitted
to a two way analysis of variance (ANOVA)
s ince that  i t  is  d i f f icu l t  to  meet  ANOVA
assumptions the normality by Shapiro Wilk’s
test and the homogeneity of var iance by
Levene ’s  test ,  us ing crude data .  When
assumpt ions were not  met ,  scores were
square root transformed.

In order to ver i fy whether A. anis i ts i
was selective with respect to zooplankton
predation, we applied the Electivity Index
(Ivlev, 1961): E i= (r i - p i) / (r i + p i ), where: E i=
elect iv i ty  o f  the food i tem i ;  r i :  ra t io  o f
consumed items; p i: ratio of available items.

Results

Among the three lagoons,  Genipapo
and Jacaré showed s imi la r  number  ( ind /
100 m2) and biomass (g/100 m2) of A. anisitsi,
with values of 137 and 77 for the first, and
139 and 75 for  the second,  respect ively.
But for the Traíra lagoon, these values were
46 and 24.

The analysis of 136 stomach contents
showed that  the d ie t  in  th is  species
cons is ted predominant ly  o f
microcrustaceans in  the three lagoons,
particularly during the rainy period. During
the dry period, plankton resource was only
important at the Traíra lagoon. Insects were
equal ly  impor tant  than zooplankton in
Genipapo lagoon and more important than
zooplankton in Jacaré lagoon (Fig. 2).

The diet was represented by different
taxa of Cladocera, Copepoda, Ostracoda, and
Conchostraca, Decapoda larvae, and insect
la rvae,  such as Chaobor idae and
Chironomidae. Detritus was always present
in the stomach contents (Tab. I).

In  the Genipapo lagoon,  the more
frequently exploited resources were larvae
of the shrimp Macrobrachium amazonicum
(35.79%) and Calanoida (24.98%) during the
ra iny per iod ,  and Chi ronomidae la rvae
(37.28%),  and Cladocera (Macrothryx sp. )
and Cyclopoida, which together represented
25% of the diet during the dry period. In
the Jacaré lagoon,  Ca lanoida was
predominant in more than 60% of the diet
during the rainy period, while Chaoboridae
larvae were predominant (48.42%) dur ing
the dry per iod.  In  the Tra í ra  lagoon,
Calanoida was the most  consumed food
item in both periods (86.52% in rainy period
and 78.26% in dry period) (Tab. I).
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Figure 2: Volumetric ratio of the main food resources consumed by Aphyocharax anisitsi, in three isolated
lagoons in the upper Paraná River f loodplain, during the rainy and dry periods.
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Lagoons Genipapo Jacaré Traíra 

Periods Rainy 
(n=13) 

Dry 
(n=48) 

Rainy 
(n=18) 

Dry 
(n= 22) 

Rainy 
(n=6) 

Dry 
(n=29) 

Cladocera       
Alona sp. 0.09 4.63    0.01 

Bosmina sp. 0.06  0.81 0.17  0.17 

Chidorus sp.  0.61     

Diaphanosoma sp. 6.86    0.03  

Ilyocryptus sp.  0.52     

Leydigia sp.  3.09     

Leydigiopsis sp.  0.11     

Macrothryx sp.  12.26     

Moina sp. 11.36 0.51    0.01 

Pleuroxus sp.  0.01     

Simocephalus sp.  6.70     

Copepoda       
Calanoida 24.98 3.39 61.52 4.02 86.52 78.26 
Cyclopoida 5.31 12.72  1.01 11.21 0.30 

Harpacticoida   15.18    

Non-planktonic crustaceans        
Ostracoda  3.70    0.07 

Conchostraca  0.68  0.67  0.31 

Other crustaceans       
M. amazonicum (larvae) 35.79      

Insecta       
Chaoboridae (larvae)  0.58 4.34 48.42  1.48 

Chironomidae (larvae)  37.28 6.78 18.23  6.20 

Detritus 15.56 13.19 11.38 27.49 2.25 13.20 

 

The results of the spatial and seasonal
ordination of the diet are shown in Figure
3 A and B. Scores obtained by DCA were:
axis 1= DCA1 (eigenvalue = 0.84) and axis
2= DCA2 (eigenvalue = 0.43). The first two
axes were re ta ined for  in terpreta t ion ,
because they presented eigenvalues greater
than 0.20 (as recommended by Matthews,
1998). This analysis showed that the diet is
d i f fe rent ia ted main ly  as a  funct ion of
per iods,  not  sampl ing s i tes .  Thus,  food
i tems more impor tant  for  the ord inat ion
during the rainy period were (negatively in
DCA1 ) ,  Ca lanoida,  M.  amazonicum,  and
Moina sp. ,  in al l  lagoons, and during the
dry per iod were (pos i t ive ly  in  DCA1 )
Simocephalus, Pleuroxus, and Chidorus in
both Genipapo and Jacaré lagoons. On the

other hand, on DCA2, resources consumed
in dry per iod (Macrothryx , I lyocryptus ,
Leydigia and Leydigiopsis) and during the
rainy period (Cyclopoida),  respectively, in
the Genipapo and Traíra lagoons, influenced
negat ive ly  the ord inat ion ,  and the i tem
consumed in rainy period (Harpacticoida) in
the Genipapo and Jacaré lagoons,
influenced positively the ordination.

S i g n i f i c a n t  I n t e r a c t i o n s  b e t w e e n
l a g o o n s  a n d  p e r i o d s  w e r e  n o  f o u n d
a l o n g  a x i s  1  ( F 2  =  0 . 9 7 ;  P  =  0 . 4 1 ) ;
t he re fo re ,  t he  i n f l uence  o f  each  f ac to r
w a s  e v a l u a t e d  s e p a r a t e l y.  S i g n i f i c a n t
differences were detected in the temporal
sca le only (F 1 =  4 .67;  P =  0 .04;  ax is  1 ) ,
ind icat ing that  the resources consumed
depended on sampling period. Signif icant
interactions occurred between lagoons and

Table I: Diet composition and volumetric proportion of food items consumed by Aphyocharax anisitsi in
isolated lagoons of the upper Paraná River floodplain, in the rainy and dry periods. Numbers in
boldface indicate the main food items.
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periods in axis 2 (F2 = 4.79; P = 0.03; axis
2), indicating that the resources consumed
in the Genipapo lagoon dur ing the dry
period were different from those consumed
in the Genipapo (Duncan P= 0.03) and Jaca-
ré lagoons (Duncan P=0.04) during the rainy
period, and in the Traíra lagoon (Duncan P=
0.04) in the dry period.

Aphyocharax anisitsi was selective in
ingest ing zooplankton in a l l  lagoons and
in both per iods (F ig.  4 ) .  In the Genipapo
lagoon, the species posi t ively consumed
Cladocera  in  the ra iny  and dry  per iods .
Copepoda were  pos i t ive ly  consumed in
the Jacaré and Traíra lagoons, in both the
rainy and dry periods.
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Discussion

The iso la ted sha l low lagoons in  the
upper  Paraná R iver  f loodpla in  are
character ized by h igh phosphorus and
chlorophyl l  a concentrat ions due to dai ly
mixing water column and inputs of nutrients

from sediment (Thomaz et al., 1997). Greater
densi ty ,  b iomass,  and r ichness of  smal l -
sized, short-life-cycle fishes were recorded
in the years 2000 and 2001  in  iso la ted
lagoons,  than those connected wi th the
r iver  (Pet ry  e t  a l . ,  2003) .  Aphyocharax
anisitsi was the fifth most-captured species
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Figure 4:  E lect iv i ty index of  food resources consumed by Aphyocharax anis i ts i ,  re la t ive to avai lable
resources, in three isolated lagoons in the upper Paraná River floodplain, during the rainy and
dry per iods.
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in  the a l l  lagoons o f  th is  f loodpla in  in
another study, including the Traíra, Jacaré
and Genipapo lagoons (Agostinho, personal
communication) .

The diet of this species, based mainly
on microcrustaceans,  ind icates a  s t rong
tendency to zooplankt ivory in  the three
lagoons. Microcrustaceans were recorded
at  h igh dens i t ies  in  co l lec t ions made
concurrently with this study (Lansac-Tôha
et  a l . ,  2004) .  These organisms show an
association with aquatic plants, where they
f ind shel ter  aga inst  excess ive predat ion
(Schef fer ,  1998) .  In  addi t ion to
microcrustaceans, Chaoboridae larvae were
dominant  in  s tomach contents  in  the
Genipapo lagoon dur ing the dry per iod.
These insects are p lanktonic dur ing the
larval stage (Esteves, 1998). These records
are strong indications that A. anisitsi is a
sur face feeder ,  preferent ia l ly
zooplanktivorous, and may, in the case of
lagoons,  be acqui r ing food among the
aquat ic  vegeta t ion .  Except  Ca lanoida ,
Chaobor idae la rvae,  and the C ladocera
Bosmina and Moina the other  consumed
taxa are typical members of littoral regions,
l iv ing mainly among macrophytes,  where
they feed on periphyton (Green, 1985). Mar-
ginal regions of floodplain lagoons play an
impor tant  ro le  in  the zooplankton
community, as they promote greater habitat
richness and offer more available food, due
to the massive presence of  extensive
macrophyte banks (Green, 1985). According
to Rainyze l  ( 1990)  the most  s ign i f icant
interactions between fish and zooplankton
occur in the l i t toral zone. Loureiro-Crippa
(personal  communicat ion )  a lso
characterized A. anisitsi as zooplanktivorous
in some lagoons of  the Paraná River
floodplain. Studies performed by Pouilly et
al. (2004) on the trophic structure of fish in
e ight  lagoons on the Mamoré River
floodplain in Bolivia regarded A. anisitsi as
a zooplankt ivorous spec ies ,  s ince i t
consumed aquat ic  inver tebra tes ,  as
Cladocera, Copepoda, and Rotifera. Then,
th is  f ish may be considered a t rophic
specia l is t .  So far,  on ly  Hypophtha lmus
edentatus  has been re fer red as
zooplanktivorous fish in the upper Paraná
River f loodplain (Lansac Tôha et al. , 1991;
Abujanra & Agost inho, 2002; Hahn et al . ,
2004) .

S t rong seasonal  in f luence on the
composi t ion and amount  of  zooplankton
consumed was recorded in the three
lagoons of the upper Paraná River floodplain.

Copepoda were heavily preyed upon during
the rainy period, although concurrent study
wi th these organisms showed that  they
were more abundant during the dry period
in the three isolated lagoons (Lansac-Tôha
et al., 2004). On the other hand, Cladocera,
which were consumed predominantly in the
rainy period, were also more abundant in
the three lagoons (Lansac-Tôha et al., 2004).

Differences in diet were more related
to food composition, when comparing the
individuals of the three lagoons, since A.
anis i ts i  consumed d i f fe rent  zooplankton
groups (Cladocera and Copepoda). Electivity
va lues showed that  se lect ion of
zooplankton type occurred in the different
lagoons.

Despite the high biomass of protozoans
and Rotifera in tropical lentic environments
(Lazzaro,  1987;  Fernando, 1994;  Esteves,
1998), as well as in the upper Paraná River
f loodpla in  (Lansac-Tôha et  a l . ,  2004) ,  A .
an is i ts i  seems to have a preference for
microcrustaceans. According to Zaret (1972),
this behavior is typical of visual predators
that “catch” their items in the water column,
and this seems to be the case also with A.
anisi ts i .  But ,  protozoans are more easi ly
digested and were no found in stomachs
of the f ish. However, Roti fera that have a
non-digestible shell were seldom found.

A reason for  the l i t t le  understanding
on the use of zooplankton by freshwater
fish appears to be that most investigations
speci f ica l ly  cons idered the in teract ions
between pelagic fish x pelagic zooplankton
(Barbosa & Tundisi, 1984; Arcifa, 1984) and
there are ind icat ions that  the f ish -
zooplankton in terac t ion in  t rop ica l
environments has a solely feature. Then,
large part  of  the interact ions are nei ther
related to medium- and large-sized fishes,
nor with the pelagic compartment of aquatic
environments. In fact ,  interact ions mainly
occur  among smal l  f ishes that  feed
preferentially on the littoral.

Thus,  A.  anis i ts i  is  a  se lect ive
zooplankton predator, changing the type of
food accord ing to  seasona l  ava i lab i l i ty.
These resul ts const i tute strong evidence
that A. anisitsi  is an important trophic link
in these lagoons, acting between primary
producers and top levels of the food chain.
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