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ABSTRACT

For evaluating the trophic relationship between early life stages of fish and zooplankton in Lake Monte
Alegre, fish distribution and feeding habits have been studied in areas with and without macrophytes.
In the first of these areas, 356 specimens belonging to 8 species, mostly juveniles, were caught by
a sieve. Another 35 specimens, belonging to 4 species, were caught by gill nets and seine in areas
lacking macrophytes. Their diets were composed of aquatic insects, microcrustaceans, rotifers, de-
tritus, and other aquatic invertebrates. Microcrustacean prey were mainly littoral or benthic dwellers,
found in the highest proportion in specimens of 7-20 mm SL. Most fish species have parental care, which
could plain the absence of planktonic larvae. Early life stages of fish do not exert a predation pressure
on the lake zooplankton.

Key words young fish, feeding habits, zooplankton predation, reservoir, South America.

RESUMO

Fases jovens de peixes e a predagdo sobre o zooplancton em um reservatorio
tropical brasileiro: Lago Monte Alegre

Para avaliar a relacéo trofica entre as fases jovens de peixes e 0 zooplancton no Lago Monte Alegre,
a distribuicdo e os habitos alimentares dos peixes foram estudados em areas com e sem macréfitas
Nas macrofitas, foram capturados com peneira 356 exemplares de 8 espécies, nha maioria jovens. Outros
35 exemplares de 4 espécies foram capturados em areas sem macroéfitas, com redes de espera e arras
A dieta dos peixes foi composta de insetos aquaticos, microcrustaceos, rotiferos, detritos e outros inver-
tebradosaquaticos. Os microcrustaceos predados foram principalmente formas litordneas ou benténicas,

consumidos em maior propor¢éo pelos espécimens de 7-20 mm CP. A maioria das espécies apresent:
cuidado parental, o que explica a auséncia de larvas planctdnicas. As fases jovens de peixes ndo repre
sentam uma forga de predacédo sobre o zooplancton.

Palavras-chavefases jovens de peixes, predacdo sobre o zooplancton, reservatorio, América do Sul.

INTRODUCTION fish are planktivores, but it is important to inves-
tigate the fish and prey distributions to evaluate
In Brazilian water bodies, planktivorous fish the real trophic relationship between fish and zoo-
are scarce and the littoral zone is more heavily occiplankton.
pied byfish fauna than is the limnetic (Araujo- Several species of fish in temperate regions
Limaet al, 1995; Arcifa & Northcote, 1997). A have pelagic larvae (Petering & Van Den Avyle,
common assumption is that in the early life stages]1988; Turneet al, 1994), which are planktivores,
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mainly zooplanktivores, strongly influencing zoo- In Lake Monte Alegre, predation pressure
planktonic organisms (Sabo & Kelso, 1991; Mirandaexerted by young and adult fish in areas lacking
& Gu, 1998). But higher densities of fish larvaemacrophytes is low, since most species are not
can be found in aquatic vegetation than in opemlanktivores (Arcifa & Meschiatti, 1993). An ex-
water (Paller, 1987; Conroet al, 1990; Floyd ception are adulfilapia rendalli, which can be

et al, 1984). planktivore, mainly phytoplanktivore (Arcifa &
In Brazil, migratory species of fish have eggsMeschiatti, 1996).
and/or pelagic larvae, which are considered plankti- In order to evaluate the predation pressure

vores (Nakatanet al, 1997), although feeding of early life stages of fish on zooplankton, this

studies very often do not identify either true plank-study focused on fish composition, distribution,

tonic prey or littoral ones. In the Amazonian region,and abundance in littoral macrophytes and open

planktonic microcrustaceans are an important dieareas, as well as their feeding habits and prey

tary item for juveniles of some species, but theavailability.

number of planktivorous species is low (Santos

& Ferreira, 1999). Larvae and juveniles of Characi- STUDY AREA

forms and Siluriforms associated with macrophytes

can feed on cladocerans, copepods, and rotifers ~ Lake Monte Alegre (211'S, 4P43'W) is

(Sazima & Zamprogno, 1985; Machado-Allison @ small, shallow, eutrophic reservoir (area 7 ha,

& Garcia, 1986; Aradjo-Limat al, 1986; Mol, Z ., =5m,z=2.9m). Located in Ribeirdo Preto,

1995). A detailed study on the composition ofS&o Paulo State, at an altitude of 500 m, it resulted

microcrustaceans consumed by larvae and younigom damming the Laureano Creek, of the Pardo

fish associated with macrophytes showed that thelRiver basin, in 1942. Macrophytes cowar. 10%

are littoral and/or benthic dwellers in a floodplain of its area (Fig. 1)Eichhornia azuregpredomi-

lake (Meschiattiet al, 2000). nating. The region is characterized by a dry-cool
Therefore, strong fish predation on the pela-season (May-September) and a wet-warm one

gic zooplankton in most Brazilian lentic waters (October-April). Abiotic and biotic features of the

is doubtful. lake can be found in Arcifet al.(1990, 1992, 1998).

Laureano
Creek

Macrophytes

e Invertebrate and macrophyte samples
=+ Gill nets and seine

Fig. 1 —Lake Monte Alegre and the area covered by macrophytes (shaded), the station of macrophyte and prey samplings
(*), and the area of gill net and seine samplings (+).

MATERIAL AND METHODS shaded areas shown in Fig. 1. An ichthyoplankton
net 1.4 min length, 0.4 m of mouth diameter, and
Larvae and young fish were sampled monthly400 um mesh was used for sampling in the open
from September 1998 to August 1999. In macroarea near sunset. It was pullea. 20 m behind
phytes, they were collected with a sieve 80 cm ira motor boat, in horizontal hauls. The volume
diameter and 3 mm mesh, during the day, in thdiltered by the net, measured by a flowmeter (Gene-

Braz. J. Biol., 621): 41-50, 2002



YOUNG FISH AND ZOOPLANKTON 43

ral Oceanics 2030R) attached to its mouth, aveeovering an area of approximately 158 @Bpeci-
raged 83 rh All samples were fixed in formalin mens were frozen and later measured and weighed,
10%, and the fish measured in standard length (SLafter defrosting.
Relative abundance of fish in macrophytes was Fish diets were studied by stomach content
based on individuals caught in .m analyses, evaluating the area occupied by the items
Close to the macrophytes, water samples werg1 a counting chamber according to a subjective
taken with a bilge pump, delivering 30 l.nih.  method (Hyslop, 1980). Calculations were made
and filtered in a 6Qum net, from November 1998 according to Zaret & Rand (1971). Frequency of
onwards, in order to evaluate potential prey avaioccurrence of items was also evaluated.
lability for fish. Organisms were counted in three
1 ml subsamples. From January to August 1999, RESULTS
macrophytes were also sampled, washed, and the
suspended material filtered in 400 andu@@ nets  Potential prey availability in macrophytes and
and fixed in formalin 4%. the surrounding area
Larger organisms caught in the 40& net Insects, nematodes, and microcrustaceans were
were all counted, whereas the smaller ones cauglite most abundant organisms among invertebrates
in the 60um net were counted in three 2.5 ml associated with macrophytes (Fig. 2).
subsamples. Macrophytes were dried, &Cor Insects were mostly represented by chiro-
48 h, and weighed. nomids, and in a much smaller proportion (5%)
For catching fish in areas lacking macro-by mayflies, odonates, and caddisflies. Ostracods
phytes, additional samplings were made with gillrepresented 75% of the microcrustaceans, fol-
nets and a seine, in February and April 2000Jowed by chydorid and macrothricid cladocerans
respectively. (13% and 7%, respectively), adult copepods
Gill nets of 1, 2, and 5 m height were set(Microcyclopssp.) and nauplii (3.5%), and the
parallel to the margin at sunset for 4 h. Gill netscladocerarSimocephalusp. (1.5%), all littoral
were composed of the following meshes: 30, 40organisms.
50, 60, 80, and 110 mm, diagonally stretched. Seine  In the water near the macrophytes, rotifers
hauls were made with a net of X8.4 m and 3 predominated followed by copepods and clado-
mm mesh, at a distance of 18 m from the margingcerans (Fig. 3).

Fig. 2 — Invertebrate densities per dry weight of the macropBrtdhornia azureafrom January to August 1999.
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Fig. 3— Invertebrate densities in the water nearby macrophytes, from November 1998 to August 1999.

Microcrustaceans were represented by planksects, microcrustaceans, rotifers, detritus, and other
tonic species such as the copepb@rmocyclops invertebrates (mollusks, spiders, water mites, and
decipiensand the cladoceram3aphnia gessneri oligochaetes) (Fig. 5). The “other” refers to sedi-
andDiaphanosoma birgeand by littoral ones such ment, higher plants, algae, and unidentified material.
asSimocephalusp., chydorids, and macrothricids. Most aquatic insects were chironomid larvae and,
Approximately 12 genera of rotifers occurred:in smaller proportion mayflies, caddisflies, and
Brachionus Collotheca Hexarthra Keratella,  unidentified fragments of aquatic insects. Micro-
Lecane Polyarthra Ptygura Trichocerca and four  crustaceans comprised ostracods, a cyclopoid co-

unidentified ones. pepod Eucyclops pseudoensijeand chydorid
cladocerans.
Fish and feeding guilds Most species fed on aquatic insects and mi-

In macrophytes, 356 specimens belonging tacrocrustaceans (Table 2Astronotus ocellatys
8 species were caught (Table 1). Except for 25 adultaetacarasp., andPyrrhulina australiswere carni-
specimens of aetacarasp.(25-37 mm), represen- vores, feeding primarily on microcrustaceans and
ting 18% of the total, and 1 &yrrhulina australis secondarily on aquatic insects, whereas rotifers
(32 mm), all the others were immature ones.  and detritus predominated in the diet of the car-
In the open area, the ichthyoplankton net dichivorousTilapia rendalli
not catch any specimen during the whole year. In Aquatic insects were the main dietary item
the gill nets, 35 specimens, belonging to 4 specie$or the insectivorousseophagus brasiliensis
were caught. Except fétoplias malabaricug270-  Gymnotus carapoHoplias malabaricus and
320 mm), and 1 specimen®eophagus brasiliensis Synbranchus marmoratuBish larvae were consu-
(137 mm), all the others were young. Of the fourmed byG. brasiliensisH. malabaricusLaetacara
species, onl\Cichla ocellarisdid not occur in  sp., andT. rendalli spiders and water mites were
macrophytes. ingested byP. australis,and mollusks, mainly by
The most abundant species in macrophyte§. marmoratus
werelLaetacarasp. andTilapia rendalli (Fig. 4).
The latter was relatively more abundant in the warnOntogenetic shifts in fish diet
season, peaking in December, with the first species  Larger specimens @eophagus brasiliensis
predominating from January to August. (58-137 mm) caught in the littoral near the bottom
Contents were found in the stomachs of 263howed a more diversified diet composed of sedi-
of the 352 analyzed specimens caught in macrament, aquatic insects, other invertebrates, micro-
phytes. Their diets were composed of aquatic inerustaceans, and scales (Fig. 6).
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TABLE 1
Range of standard length (mm) of species in areas with and without macrophytes.

Macrophytes No macrophytes

Order Characiformes
Family Erythrinidae
Hoplias malabaricus 11-55 270-320
Family Lebiasinidae
Pyrrhulina australis 7-32

Order Siluriformes
Suborder Gymnotoidei
Family Gymnotidae
Gymnotus carapo 59-62
Order Perciformes

Family Cichlidae

Astronotus ocellatus 31-42
Cichla ocellaris 56-290
Geophagus brasiliensis 12-20 58-137
Laetacarasp. 7-41
Tilapia rendalli 7-33 25-81

Order Synbranchiformes
Family Synbranchidae
Synbranchus marmorattis 45-90

*Total length *QOccurrence of adults

Laetacara

Pyrrhulina
Other

Percentage
w1
o

Tilapia

Fig. 4 — Relative abundance of fish in macrophytes, from September 1998 to August 1999.

_ ) Microcrustaceans
40 Microcrustaceans -
Jaa— Chydoridae
SR
30 SRR M Copepoda
AR
KRR [ Ostracoda
204 Detritus Aquatic insects

Other Insect debris
[ Trichoptera

/@ /@ M Ephemeroptera

= - - & Chironomidae
Aquatic insects Rotifera Aquatic
invertebrates

Fig. 5 — Relative volume of items in the diets of the fish community in macrophytes, during the study period.
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TABLE 2

N = specimens analyzed; n = specimens with stomachc content.

Volume (%) and frequency of occurrence (%, between parentheses) of items in the diets of fish associated with macrophytesg&ai standard length (mm);

Astronotus | Geophagus Gymnotus| Hoplias Laetacara, Pyrrhulina | Synbranchus —Tilapia
ocellatus |brasiliensis| carapo | malabaricus sp. australis | marmoratus | rendalli
SL (mm) 31-42 12-20 59-62* 11-55 7-41 7-32 45-90* 7-33
N 14 7 2 27 139 52 6 105
n 14 4 2 27 68 51 4 93
Aquatic insects 34.7 (93) 80 (100) 99 (100) 77.6 (93) 33.2(20) 43.8(78) 66.3 (715) 15.8((23)
Detritus 8.8 (16) 2.2 (16) 26.3 (33
Fish 20 (25) 8 (11) 0.3(2) 0.7 (1)
Higher plants 1.1(1)
Microcrustaceans 59 (100) 1 (50) 14.4 (41) 44.6 (69 46 (88 27.5 (50) 11.5 (21)
Mollusks 1.5(7) 2.7 (6) 6.2 (25)
Non identified 4.3 (6) 3.8(5)
Oligochaete 4 (6)
Rotifers 40.8 (42)
Sediment 4.8 (21) 05(@3)
Spiders 4.6 (20)
Terrestrial insects 2 (6)
Water mites 1.6 (3) 1.4 (14)
Feeding guilds carnivore | insectivore insectivore insectivore carnivore carnivore insectiyore  carnivore

* Total length

14
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The main item in the diet of very small spe-which are guarded by males (Lowe-McConnell,
cimens ofHoplias malabaricug11-20 mm), in  1999). Some show biparental care, such as the
macrophytes, were microcrustaceans, shifting taichlids Astronotus Cichla ocellaris andTilapia
aguatic insects among the larger ones (21-55 mmjendalli. The latter is a nest-spawner (Fryer & lles,
Adults (270-320 mm) caught in the open area had972), the first is a guarder, whose eggs are laid
empty stomachs, but they are known to be pisen a substrate, and the second one moves the larvae
civores. from a flat substrate to a nest (Zaret, 1980).

The diet ofLaetacarasp. caught in macro- Geophaguss an external bearer, whose eggs and
phytes was more diversified in smaller specimenguveniles are carried in the mouth by males or
(< 10 mm), but with a predominance of microcrus-females (Zaret, 1980).
taceans, shifting to aquatic insects in intermediate- Reproductive behavior with parental care
sized specimens (11-20 mm), and to both itemsontributes to reduction of eggs and larvae in the

in larger ones (21-41 mm). plankton, which coul@xplain the fact that they were
In macrophytes, the consumption of microcrus-not found in open areas of Lake Monte Alegre.
taceans decreased from snigjirhulina australis Macrophytes and the littoral zone are impor-

(< 10 mm) to large ones (21-32 mm), as that otant habitats in early life stage development of
aquatic insects increased. The latter specimens alsoost fish caught in the lake. Some species ex-
included terrestrial insects in their diets. ploit the littoral and limnetic zones as they grow,

The main dietary item of smdlllapia rendalli  depending on physical and chemical conditions
(= 10 mm) was rotifers, with microcrustaceans,(Arcifa & Meschiatti, 1993)Tilapia rendalli pro-
aquatic insects, and detritus increasing in the dietides a good example of ontogenetic variation
of intermediate-sized specimens (11-33 mm). Spen habitat exploitation. Larvae and small juveniles
cimens of 21-33 mm start eating higher plants, anhabit macrophytes, while exploiting nearby
dietary item of juveniles, found in areas lackinglittoral areas lacking them as they grow. There
macrophytes, which consume a more diversifiedhey feed athe bottom, with adults moving also
diet. to the limnetic zone (Arcifa & Meschiatti, 1993).

Cichla ocellarisexploits littoral areas lacking In Americana Reservoir, Uiedsd al. (1989) also
macrophytes, where the smallest specimens (5@bserved specimens moving from shallow to deeper
71 mm) found fed on aquatic insects and the largestaters with growthGeophagus brasiliensghows

ones (160-290 mm) on fish. behavior similar to that ofilapia. Some species
seem to live mostly on macrophytes, such as
DISCUSSION Laetacarasp. andPyrrhulina australis as very

young specimens as well as those in maturation

Five of the nine species of fish caught in Lakewere found among them and were not caught by
Monte Alegre had not previously been reportedseining. Zaret (1980) reports that you@ighla
by Arcifa & Meschiatti (1993)Astronotus ocellatys ocellaris (6-7 cmSL) move to macrophytes after
Gymnotus carapolLaetacarasp., Pyrrhulina leaving their parents, exploiting open water when
australis andSynbranchus marmoratugwo  they reach 18 cm. In Lake Monte Alegre this species
speciesAstyanax bimaculatuandOligosarcus was not found among macrophytes, being always
pintoi, had virtually disappeared from the lake;caught along the littoral (this paper; Arcifa &
a possible explanation is predation by tucunaréMeschiatti, 1993).
C. ocellaris which apparently was also respon- Aquatic insects contribute most to the diet
sible for the disappearanceAétyanax fasciatus of young fish among macrophytes of the lake, as

Seven of the nine species found in the lakevell as to that of young and adult ones in the littoral
show parental care. One with male-alone care iand open water (Arcifa & Meschiatti, 1993). Mi-
the nest-spawneédynbranchus marmoratushose crocrustaceans and rotifers were relatively more
males build and take care of nests (Vazzoler, 1996)mportant as dietary items in macrophytes than in
another isHoplias malabaricuswhose females areas lacking them. Accordingly, these three groups
lay eggs in a small depression in shallow areasgre the most abundant prey in macrophytes and
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surrounding waters. Microcrustaceans preyed oARCIFA, M. S. & NORTHCOTE, T. G., 1997, Need for ho-
by fish larvae and juveniles among macrophytes, iStic approaches in food web experiments and bioma-
. . nipulation in tropical lakes: a Brazilian reservoir expe-
live among them or at the bottom and rarely N rience.Verh. Internat. Verein. Limnol., 2661-665.
surrounding water, meaning that only a few fish

. . ARCIFA, M. S., MESCHIATTI, A. J., GOMES, E. A. T., 1990,
leave the plants behind to pursue prey In nearby Thermal regime and stability of a tropical shallow reser-

open water. voir: Lake Monte Alegre, BrazilRev. Hydrobiol. trop.,

In temperate regions, some fish species are 23: 271-281.
born in the Ii'ttoral zone of reservoirs, migrating orciFa. M. S., GOMES, E. A. T. & MESCHIATTI, A. J.,
to the pelagic one to prey on zooplankton, and 1992, Composition and fluctuations of the zooplankton
either returning or not to the littoral (Miranda & of a tropical Brazilian reservoiArch. Hydrobiol, 123
Gu, 1998). In Lake Monte Alegre, larvae and young 479-495.
fish are not pelagial dwellers, as most species bregtRCIFA, M. S., SILVA, L. H. S. & SILVA, M. H. L., 1998,
in the littoral. Its stands dEichhornia azurea Th_e planktonl‘c_ community ina troplcgl BraZ|_I|an reser-
Ith h not very dense. provide a rich food supbl voir: composition, fluctuations and interactionRev.
although'r y P PPY  Brasil. Biol, 58 241-254.
for juveniles, more abundant than that of stand%ONROW R ZALE. AV, & GREGORY. R.\W. 1990. Di
of E. c’rasglpesof some floodplain lakes of the ™= il " nd abundances of early life stages of fishes
Parana River (Neiff & Carignan, 1997). When iy a Fiorida Lake dominated by aquatic macrophytes.
juveniles move away from macrophytes in the lake, Trans. Amer. Fish. Soc119 521-528.
rather than prey on zooplankton, they do so heavilg, ovp, k. p., HOYT, R. D. & TIMBROOK, S., 1984, Chro-
on aquatic insects and their diets are often more nology of appearance and habitat partitioning by stream
diversified. larval fishes.Trans. Amer. Fish. Socl13 216-223.

In conclusion, early life stages of fish in Lake FRYER, G. & ILES, T. D., 1972The cichlid of the great lakes
Monte Alegre do not exert a predation pressure of Africa: their biology and evolutiorNeptune City, T.
on the limnetic zooplankton and only low pressure H- P 641p.
on those of the littoral. The same holds for adultsHYSLOP, E. J., 1980, Stomach content analysis, a review

exceptTilapia rendalli which are planktivores, ZfzmethOdS and their applicatiod. Fish Biol., 17 411-
feeding mostly on phytoplankton (Arcifa & S
Meschiatti, 1993, 1996). LOWE-McCONNELL, R. H., 1999Estudos ecolbgicos de co-

munidades de peixes tropicaEdusp, Sao Paulo, 535p.
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