Feeding of Pellona flavipinnis (Clupeiformes, Pristigasteridae)
in a Central Amazonian floodplain
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ABSTRACT. The feeding habits of Pellona flavipinnis (Valenciennes, 1836) at Cataldo, a floodplain area on the Brazilian Central
Amazon was studied. Data was obtained during three hydrological cycles, between September 1999 and September 2003. Diet composition,
daily and seasonal variation in the feeding activity and the relationship between predator’s size and its prey were analyzed. Almost 80%
of the food consumed has autochthonous origin and diet was composed basically by insects and fish. Juvenile fish predominated in the
stomach contents of all size classes but there was no significant relationship between predator’s size and its prey. Pellona flavipinnis may
be considered a carnivorous species which feeds mainly on juvenile (young-of-the-year) specimens of other fish. More intense feeding
activity occurred at night and in the high water period.
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RESUMO. Dieta de Pellona flavipinnis (Clupeiformes, Pristigasteridae) em planicie alagada da Amazdénia Central. Os
habitos alimentares de Pellona flavipinnis (Valenciennes, 1836) de uma area de varzea na Amazonia Central, Cataldo, foram estudados.
Foram utilizados dados referentes a trés ciclos hidrologicos, entre setembro de 1999 e setembro de 2003. Foram analisados a dieta, a
atividade alimentar diaria e sazonal e a relagdo entre o comprimento da presa e o do predador. Cerca de 80% dos alimentos consumidos
eram de origem autdctone e a dieta composta basicamente de insetos e peixes. Peixes juvenis predominaram nos contetdos estomacais
de exemplares de todas as classes de tamanho, mas ndo houve relagdo significativa entre o tamanho do predador e o das presas consumidas.
Pellona flavipinnis pode ser considerada uma espécie carnivora que se alimenta principalmente de individuos juvenis de outras espécies de

peixes. A atividade alimentar foi maior durante a noite e no periodo da cheia.

PALAVRAS-CHAVE. Bacia amazonica, ciclo hidrologico, dieta, carnivoria, atividade alimentar.

Pellona flavipinnis (Valenciennes, 1836)
(Clupeiformes, Pristigasteridae) is a freshwater fish known
in the Brazilian Amazon as apapa-branco. It has a wide
geographic distribution in South America, including the
Amazon, Parnaiba, Orinoco, Parana/Prata basins and
Guyana rivers (WHITEHEAD, 1985; PmnNa & D1 Dario, 2003).
It reaches a moderate to large size, with at least 55 cm of
standard length (Pinna & D1 Dario, 2003), has pelagic
habits and is supposed to be predominantly piscivorous
(BraGa 1990; FERREIRA et al., 1998).

According to SAINT-PAUL et al. (2000), P, flavipinnis
was the most abundant predator in a floodplain lake of
Brazilian Amazon comprising the third highest biomass in
controlled experimental fishing. At Cataldo, a floodplain
area near Manaus, P. flavipinnis was abundant in
experimental fishing during low and high water seasons
(Julio D. do Vale, pers. comm.). In that area, a small human
population of approximately 270 people performs a small
scale commercial and subsistence fishing. To most of
those people, fish represents the only source of animal
protein, and the apapa-branco is part of their diet. The
Cataldo area has been subjected to intense human impacts
such as deforestation and pollution. Habitat changes can
modify fish diet (ABUNJANRA et al., 1999), possibly by
affecting the food chain and the structure of fish
communities. In this study we bring information on the
feeding habits of P, flavipinnis, an abundant fish predator
in a floodplain area in the Central Brazilian Amazon.

MATERIAL AND METHODS

The study took place in an area of the Amazon
floodplain, named Cataldo, at the confluence of the
Amazonas River and Negro River, in Central Amazon,
Brazil (Fig. 1). Despite the presence of Negro’s black
waters, the muddy, sediment-loaded waters of the
Amazonas River predominate almost year round. It is a
region of low-lying land, which, depending upon the
hydrological period, it floods to form a large lake
continuous with the rivers or forms an isolated lake.

The hydrological cycle for the studying site was
defined according to BirTENCOURT & Amapio (2007),
considering four hydrological periods: rising-water
entering the river system and water levels increasing,
from mid December to early March, between 20-26 m
above sea level; high-water level equal to or above 26 m
above sea level, from early March to late of July; receding-
water leaving the river system with water level decreasing,
from late July to late October, between 26-20 m above sea
level; low-water level equal to or below 20 m above sea
level, from and October to mid December.

Fish were sampled monthly from September 1999
to September 2003, during three hydrological cycles using
a set of 10 gillnets with mesh sizes ranging from 30 to 120
mm between opposite knots, measuring 10 x 1.5-3.5 m.
Nets were set at the same site each time and left in the
water for 24 h, with fish being removed every 6 hours:
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dawn (6:00 am.), morning (12:00 am.), dusk (6:00 pm.) and
night (12:00 pm.).

Fish were placed in coolers with ice and transported
to the laboratory immediately, in order to minimize bias
due to food digestion that may occur between capture
and processing. In the laboratory fish were measured
(standard length - Ls, in mm), weighed (g) and digestive
tract removed for analysis. A total of 63 specimens were
taken for detailed analysis of the diet. Vouchers have
been deposited in the Fish Collection of the Instituto
Nacional de Pesquisas da Amazonia (INPA 31.403).

Feeding activity of the 63 dissected specimens
was evaluated by means of a visual estimative of their
stomach’s degree of fullness (Hann et al., 1999): zero
(empty); one (up to 25% full); two (between 25 and
75% full) and three (stomach completely full). The
digestive tract of specimens with food in the stomach
was removed, placed in 5% formalin and later rinsed in
water and preserved in ethanol 70%. The intestine
length of the specimens was measured (mm) to
calculate the Intestinal Coefficient: IC = Ls/Li (ZAvALA-
CaMIN, 1996), where Ls = fish standard length (mm); Li
= intestine length (mm).

The stomach contents were analyzed under a
stereomicroscope and food items were identified to the
most precise taxonomic level and classified according to
its origin: autochthonous or allochthonous. The relative
importance of these categories in the fish’s diet was
verified using Alimentary Index, based on the frequency
of occurrence of a food item among individuals and its
relative volume (Hysror, 1980): AI = F,V,/ X (FV)
(Kawakamr & VAzzoLER, 1980), where A, I = alimentary
index; F,= frequency of occurrence of item i (number of
stomachs with item 7, relative to total number of stomachs
containing food); V,= relative volume of item 7 in an
individual’s stomach.

Possible seasonal differences in feeding activity
were evaluated by means of Analysis of Variance
(ANOVA, p<0.05). Therefore, values of relative volume
were transformed by its square root plus 0.5 so zero values
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Figure 1. Map of the Cataldo region, Central Amazon, Brazil.
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were eliminated (ZARr, 1996). Among food categories only
those items which had Al values higher than 0.01 and
occurred in at least three different hydrological periods
were included in the analysis.

Prey fishes found in the stomach content were
counted and measured (Ls - mm). The relationship
between predator and prey fish size was tested by linear
regression analysis. Daily and seasonal feeding activity
were analyzed using the proportion of stomachs with
and without food after transformed by its square root
plus 0.5, followed by an ANOVA analysis (p< 0.05). The
feeding activity of P, flavipinnis was also evaluated using
the mean values of stomach fullness by the application
of Kruskal-Wallis non-parametric analysis of variance (p<
0.05; ZaRr, 1996).

RESULTS

The specimens of P. flavipinnis captured ranged
from 112 to 276 mm (160 + 1 mm) in standard length and
from 19 to 392 g (67 +2 g) in weight. The sac-like stomach
of P. flavipinnis is subdivided in two chambers being
proportionally long when compared to intestine length.
It has thick walls with several internal folds, with
numerous pyloric ceca (50 + 1; n=9) in its anterior portion.
The whole gut is positioned almost straight (not
convoluted) inside the abdominal cavity, and is smaller
than the fish’s standard length (mean IC = 0.50 + 0.03
mm;n=12).

There were 29 food items identified in the stomach
content of P. flavipinnis with about 83% being
autochthonous, mainly fish and insects. Food items were
classified into nine food categories (Fig. 2, Tab. I). The
main preys were Ephemeroptera (nymphs), Hemiptera,
Diptera larvae (mainly Chironomidae and
Ceratopogonidae), Odonata, and Characiformes. Food
items with less relative importance composed the category
“others” and were not included in the analysis (Tab. I).
Plant fragments were rarely found in the stomachs.

There was no obvious predominance of any
particular prey in the diet of P. flavipinnis along the
hydrological cycles, except for Ephemeroptera when river
waters were receding (Fig. 2, Tab. II). Characiformes was
the most important group of fish preyed upon, and the
highest proportion of fish in the diet of P. flavipinnis was
recorded when the river level was rising (Al=0.311; Fig.
2; Tab. IT). All prey fish were juvenile with 10 to 35 mm Ls.
Nevertheless, there was not a significant relationship
between the body size of P. flavipinnis and its prey (p =
0.101; r*= 0.245). More than one kind of prey was
frequently found in the stomach of P. flavipinnis,
sometimes in different degrees of digestion.

The feeding activity of P. flavipinnis, as indicated
by the frequency (%) of stomach with food and degree
of stomach fullness, did not vary along the day cycle
(ANOVA, p = 0.446; Kruskal-Wallis, p = 0.735) nor
hydrological periods (ANOVA, p=0.726; Kruskal-Wallis,
p = 0.126); however, slightly higher percentages of
stomachs with food were registered during high water
period and between late afternoon and early evening (Tab.
11D).
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Figure 2. Alimentary Index of the food categories in the diet of Pellona flavipinnis (Valenciennes, 1836) captured at Cataldo, Central
Amazon, from September 1999 to September 2003, according to the hydrological period (n, number of specimens).

Table I. Alimentary Index values of food items in the diet of Pellona flavipinnis (Valenciennes, 1836) by hydrological period in the
Cataldo region, Central Amazon, from September 1999 to September 2003 (source: AL, allochthonous; AU, autochthonous; n, number
of specimens).

Hydrological period

Food items/categories Source Receding (n=16) Low (n=17) Rising (n=10) High (n=20)
Ephemeroptera (nymphs) AU 0.6547 0.1555 0.1637 0.1237
Hemiptera

Notonectidae AU 0.0063 0.2899 0.1788

Unidentified Family 0.0799 0.0429 0.0004
Diptera

Chironomidae (larvae) AU 0.0580 0.0550 0.3471 0.2023

Caoboridae AU 0.0003 0.0612 0.0073

Ceratopogonidae AU 0.0006 0.0073 0.0002

Unidentified Family 0.0038 0.0057 0.0018 0.0575
Odonata

Libellulidae AL 0.0011 0.0460 0.2837

Unidentified Family AU 0.0026 0.0031 0.0037 0.0049
Insect fragments AL/AU 0.1137 0.0031 0.0365 0.0473
Decapoda

Acetes paraguayensis AU 0.0164

Unidentified Family AU 0.0087 0.0778 0.0347
Characiformes

Psectrogaster rutiloides AU 0.0081

Triportheus spp. AU 0.0088

Ctenobrycon hauxwellianus AU 0.0128 0.0006

Anodus sp. (larvae) AU 0.0110

Unidentified Family AU 0.0142 0.0725 0.2868 0.0004
Siluriformes

Hypoptopomatinae AU 0.0197 0.0033

Auchenipteridae AU 0.0146

Pimelodidae (larvae) AU 0.0329
Fish remains AU 0.0450 0.0046 0.0214
Others

Trichoptera AU 0.0014 0.0005

Coleoptera AL 0.0005 0.0015 0.0018 0.0007

Hymenoptera AL 0.0070

Araneae AL 0.0005

Ostracoda AU 0.0003 0.1596

Conchostraca AU 0.0198 0.0365 0.0007

Cladocera AU 0.0023 0.0001

Seeds AU 0.0006 0.0005

Plant fragments AU/AL 0.0146 0.0070

Total 1.000 1.000 1.000 1.000
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Table 1I. Mean relative volume of the main food categories on the diet of Pellona flavipinnis (Valenciennes, 1836) according to
hydrological period in the Catalao region, Central Amazon, from September 1999 to September 2003. Values followed by the same letter
at the same row do not differ statistically (Char, Characiformes; Deca, Decapoda; Dipt, Diptera (larvae); Ephe, Ephemeroptera; F,

ANOVA test; Hemi, Hemiptera; n, number of specimens; p< 0.05).

Food categories

Hydrological period Ephe Hemi Dipt
Receding (n=14) 36.0 a 11.3 ab 64b
Low (n=17) 9.9 26.8 6.1
Rising (n=10) 11.2 19.2
High (n=20) 6.9 14.4 12.6

Deca Char F p

39b 25b 4.28 0.004*
11.5 7.1 1.95 0.111
9.0 22.2 0.81 0.499
9.6 9.9 0.48 0.748

Table III. Relative frequency (%) of stomachs with food and degree of stomach fullness (DSF) of Pellona flavipinnis (Valenciennes,
1836), according to hydrological period and along the day cycle in the Cataldo region, Central Amazon, from September 1999 to
September 2003 (F, ANOVA test; H, Kruskall-Wallis test; n, number of specimens; p< 0.05).

Mean relative frequency (%) of stomachs with food

Hydrological period (F=0.447; p=0.726) Day cycle (F=0.906; p=0.446)
Receding Low Rising High 6:00 am 12:00 am 6:00 pm 12:00 pm
% 50.8 44.2 41.9 60.8 47.5 17.0 49.0 64.3
n 111 197 144 73 86 24 46 81
Mean Degree of Stomach Fullness (DSF)
Hydrological period (H=5.724; p=0.126) Day cycle (H=1.274; p=0.735)
Receding Low Rising High 6:00 am 12:00 am 6:00 pm 12:00 pm
DSF 1.92 1.43 1.56 1.83 1.70 1.33 1.67 1.76
n 13 14 09 18 27 03 03 21
DISCUSSION fish and aquatic insects on its diet, which is probably

The relationship between digestive tract
morphology and diet has been demonstrated for fish
(ZHLER, 1982; VERIGINA, 1990; BARBIERI et al., 1994).
Carnivorous fishes usually have a large stomach with
associated pyloric ceca, whereas in herbivores, the
stomach is often small or almost absent (WootToN, 1990).
The intestinal coefficient constitutes a diagnostic tool to
verify the feeding habits of fish and, consequently, their
role in the aquatic environment (BARBIERI ef al., 1994).
The intestinal coefficient found for P. flavipinnis (IC =
0.60 = 0.04) has an intermediate value among those
registered for some piscivorous and carnivorous fishes
as cited in BARBIERI et al. (1994) and WARD-CAMPBELL &
Beawmisu (2005): Gymnotus carapo (Linnaeus, 1758)
(Gymnotiformes, Gymnotidae) (IC = 0.40); Hoplias
malabaricus (Bloch, 1794) (Characiformes, Erythrinidae)
(IC = 0.69); Rhamdia hilarii (= R. quelen) (Quoy &
Gaimard in Freycinet, 1824) (Siluriformes, Heptapteridae)
(IC=0.76); Channa limbata (= C. lucius) (Cuvier, 1831)
(Perciformes, Channidae) (IC =0.46 +0.06). However, P.
flavipinnis showed a lower intestinal coefficient when
compared to omnivorous and herbivorous fishes (IC
varying from 0.71 to 15.89; BARBIERI et al., 1994).
Carnivorous fish usually have shorter intestines while
omnivorous, herbivorous and detritivorous fishes show
progressively longer intestine tracts (ZIHLER, 1982; WARD-
CampBELL & BEeawmish, 2005). Fishes that consume high
nutritional food can process it faster and more efficiently
with a shorter gut. Fishes whose diet include a high
proportion of food items hard to digest, such as cellulose
and lignin, have guts several times longer than their body
length (WootToN, 1990; DELARIVA & AGOSTINHO, 2001).

The large proportion of autochthonous items
consumed by P. flavipinnis reflects the high amount of

related to the high productivity of the Central Amazonian
floodplains (MorisoN et al., 2000). Pellona flavipinnis
may be classified as a generalist carnivorous species that
feeds mainly on fishes and aquatic insects, according to
prey availability. BRaGA (1990) and FERREIRA ef al. (1998)
registered a piscivorous diet for this species from
Tocantins River and mid course of the Amazonas River.
On the other hand, PoulLLy et al. (2004) studying the diet
of P, flavipinnis from the floodplains of Mamoré River in
Bolivia, found similar results when compared to this study.

The consumption of a large amount of
Ephemeroptera in the receding water period may be
related to the prey’s life cycle and/or to the relative
abundance of these invertebrates in the habitat occupied
by P. flavipinnis.

A great number of insects associated to aquatic
macrophyte roots appears in the Catalao with the decrease
in water level. Although ephemeropterans reproduce year
round in the Cataldo region, its reproductive peak occurs
in the early low water period when the waters are
receding, and a large number of these insects are recorded
in controlled samplings (Maria José N. Lopes, pers.
comm.). Although not significant, P. flavipinnis showed
a tendency to have a high proportion of stomach with
food as well as a slightly high degree of stomach fullness
during daytime and early night. Considering that juvenile
fish and immature aquatic insects consumed by P.
flavipinnis are usually found associated to the
submerged roots of aquatic macrophytes, our results
suggest that this fish is a visually oriented predator that
hunts near the stands of aquatic macrophytes. However,
the tendency of a higher feeding activity registered in
the high water period may be related with a higher
availability of larvae and juvenile fish in the floodplains
during this time of the year (Nico & TapHORN, 1985).
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Furthermore, the higher feeding activity of P. flavipinnis
in the high and receding water periods may be attributed
to a higher energetic demand for the reproductive process
(BraGa 1990; ZwoLinski ef al., 2001), which occurs along
the low and rising water periods in the Catalao area (NEVES
DOS SANTOS ef al., 2008).

Prey size has been emphasized as one of the factors
that may influence the food ingestion (ALMEIDA ef al.,
1997). However, in the case of P. flavipinnis, the
consumption of small sized fishes indicates a feeding
strategy based on the exploitation of the seasonal
abundance of juvenile fish in the floodplains during the
period of rising waters. During the early rainy season
there is a very high abundance of larvae and juveniles of
many fish species in the floodplain, notably of migratory
fish which spawn in huge schools in those areas. The
abundance of food and shelter for the fish larvae in the
quick growing macrophyte stands are considered the main
factors conditioning the spawn in highly productive
floodplains (Arauso-LiMa & GOULDING, 1998).

We conclude that Pellona flavipinnis from Catalao
floodplains has a diet essentially composed by insects
and juvenile (young-of-the-year) specimens of other fish
species, and may be considered a carnivorous species.
Its feeding activity is more intense at night and in the
high water period.
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