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Abstract

A limnological study of an artificial fish pond and an analysis of the stomach contents of pacu (Piaractus mesopotamicus)
larvae of 2 to 45 days age were made for a period of 45 days to evaluate their feeding preferences. A preference for chlorophytes
and rotifers was noted, while other planktonic species remained constantin the stomach contents. Some limnological variables
were found fo have a strong influence on the feeding behavior of the pacu. A preference for feeding on smaller species in the
first few days of larval development was also noted.

Introduction

Nature offers a great diversity
of organisms used as food by fish
and these differ in size and taxo-
nomic group. Most fish species
feed on plankton during the early
developmental stages. The food
items selected during different
stages of fish growth depends not
only on nutritional demands, but
also on digestive tract morphol-
ogy (Nikolsky 1963).

Efficiency in using available
food is a vital requirement for all
animals. Many fish larvae and post-
larvae survive and grow better
when fed on planktonic forms such
as rotifers, cladocerans, copepods
and free living protozoans
(Chakrabarti and Jana 1991). For
this reason, live food is extensively
used in larval cultures (Wylie and
Currie 1991). The success of larval
culture depends to a great extent on
the quality and quantity of food, the
size of the particles and the com-
position of feed.

In Brazil, not much information
is available on the feeding prefer-
ences of pacu larvae in fish ponds.
The present study was undertaken
to observe the feeding preferences
of pacu larvae between 2 and 45
days of age, in relation to the abun-
dance of plankton in the ponds.
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P mesopotamicus, a tropical
freshwater fish from the Prata Ba-
sin in Brazil, has shown great po-
tential for aquaculture as compared
to other native species. Specimens
of up to 18 kg in weight have been
observed in nature, while the spe-
cies was observed to grow only up
to 10 kg in aquaculture operations.
The species is an omnivore, feed-
ing mainly on fruit, seed, grain,
small molluscs, crustaceans and
insects. It is a rheophylic species
and does not lay eggs in fish
ponds. Sexual maturation occurs
at the age of four years. The flesh
is very tasty and has a low per-
centage of fat (Proenga and
Bittencourt 1994). The main char-
acteristics of P mesopotamicus
that make it suitable for culture
are its endurance to handling, low
dissolved oxygen concentration,
high fertility rates and omnivo-
rous feeding habits (S4 1989).

Materials and
Methods

The study was carried out at the
“Centro de Aquicultura” of the
Universidade Estadual Pauliste,
Jaboticabal, Brazil in January 1993.
A fish pond of 45 m? in area and
1.20 m deep was used. Two-day old
larvae of P mesopotamicus were

stocked in the pond at a density of
250 larvae/m?.

For 20 days, larvae were caught
daily at 9:00 a.m. with a 58 um
mesh hand net. From the 21st to the
45th day the capture was made
once every four days until the end
of the experiment. After capture,
the larvae were anaesthetized with
benzocaine solution for 10 minutes
in order to avoid regurgitation and
were fixed in 10% formalin.

The food contents of the whole
digestive tract were used for quanti-
tative and qualitative analysis of the
ingested material. Food items that
were entirely and partially digested
but identifiable were analyzed.

Water from the fish pond was
collected with a Van Dorn bottle,
always at the same point and at a
depth of 60 cm, to assess the water
quality and the availability of natu-
ral food (plankton) in the pond.
Dissolved oxygen, chlorophyll a,
dissolved nutrients (ammonia, ni-
trite, nitrate), alkalinity and inor-
ganic carbon were determined
according to the techniques de-
scribed by Golterman et al. (1978).
Water transparency was deter-
mined using a Secchi disc. For quan-
titative and qualitative analysis of
phytoplankton and zooplankton,
samples were obtained using a 25
pm and 58 pm mesh plankton net,
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respectively, and fixed in 4% forma-
lin.

Spearman rank correlation co-
efficient analysis as applied to fish
feeding (Fritz 1974; Siegel 1975)
was used to study correlations be-
tween 5 000 items.

Results and
Discussion

The study indicated the prefer-
ence of P mesopotamicus larvae for
phytoplankton (Fig. 1) which con-
stituted more than 90% of the stom-
ach contents. This preference could
probably be associated with the
availability of phytoplankton in the
environment.

The phytoplankton found in the
stomach contents were mostly
chlorophytes, represented mainly
by phytoflagellates, followed by
Ankistrodesmus falcatus, Chlorella
vulgaris and Scenedesmus bijugus
(Table 1).

The phytoflagellate abundance in
the larval stomach contents is asso-
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Fig. 1. Composition of food Items In stomach of P. mesopotamicus /arvae.

ciated with environments that have
certain characteristics, such as high
water flow and low nutrient concen-
tration with maximum temperatures
between 22 and 26°C. In addition,
environments that have sediment
composed of decomposing organic
material show a flagellate-rich phy-
toplankton composition (Robertson

1980; Moreno 1996), as was the case
in the pond studied here.

The low concentration of organ-
isms belonging to Class Cyanophyta
found in the pond (Fig. 2) is con-
sidered normal in this type of envi-
ronment (Boyd 1990). This is
directly associated with the low pH
and low availability of nutrients

Table 1. Percentage of organisms (grouped by taxon) found in digestive tract of P. mesopotamicus larvae and in

the cultivation pond.

Taxon Species % taxonin | % pertaxon Taxon Species % taxonin | % pertaxon
digestivetract| In pond digestivetract| in pond
Chlorophyta| Actinastrum sp. 11.43 Euastrum sp. 0.001 0.01
Ankistrodesmus densus 0.01 Eudorina sp. 0.01
A, falcatus 7.646 0.66 Fitoflagelados 67.002
A._gracilis 0.556 0.39 Gloeocystis sp. 0.662 0.02
Arthrodasmus sp. 0.001 G. pusilla 0.06
Asteracoccus limnelicus 0.63 G. vesiculare 1.31
A._planktonicus 1.127 Golenkinia paucispina 0.33
Chaelospheridium 0.27 G. pusilla 0.02
Chlorella vulgaris 6.384 44.02 Hyalotheca sp. 0.145 0.22
Chlorococcum _sp. 0.001 Kirchneriella sp. 0.03
Closterium sp. 0.001 K. lunsris 0.746
C. setaceum 0.02 Micrasterias laticeps 0.001 0.01
Coelastrum sp. 0.18 M. simplex 0.38
C. microporum 0.010 0.02 Micractinium sp. 0.008
C. reficulatum 0.140 1.20 Microspora sp. 0.04
Cosmarium sp. 0.074 0.10 Monoraphidium brauni 0.01
C. pachydermum 0.003 Mougeolia sp. 0.070 0.59
C. quedrum 0.001 Nephrocytium lunatum 0.01
Desmidium sp. 0.036 Oedogonium sp. 1.290 3.26
Di rium pulcheilyl 0.18 Onephris obesa 0.504
Dimorphecoccus lunaris 0.035 Qocyslis lacustris 3.515 0.23
D. lunatus 0.79 0. pusifla 0.007 0.41
Dispora sp. 0.07 0. solitaria 0.194 0.03
Dycliosphaerium sp, 1.228 Pandoring sp. 0.002
Enteromorpha sp. 0.037 Pediastrum beryanum 0.001 0.10
Eremosphaeria sp. 2.81 P duplex 0.013 2.60
E. eremosphaeria 0.951 P._telras 0.001 0.02
Continued
25
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(Table 2). Merismopedia sp. was the
main representative of this group
in the stomach contents (Table 1).

Bowen (1982) suggests that a
large part of the phytoplankton
found in the digestive tract of fish
larvae are those that recently
formed sediment and detritus, be-
coming indistinct from the phy-
toplankton belonging to the water
column. The ingestion of detritus
was also observed by Patrick-
Dempster et al. (1993) for tilapia
species and carps, indicating that
part of the ingested material came
from the bottom of the pond. Pro-
tozoans, consisting mainly of Arcella
discoides which are typical of the
pond bottom fauna, were found in
the digestive tract of P
mesopotamicus (Table 1). A certain
quantity of inorganic detritus was
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Fig. 2. Composition of phytoplankton (A) and zooplankton (B) in the fish pond

where P. mesopotamicus larvae were cultivated for 45 days.

Table 2. Variations in environmental parameters in the pacu cultivation pond during the experimental period.

Environmemall

Experimental period (days)

data T 1 2] 3] 4] 5] 6] 7] 8] 9] 0] 1] 12] 3] 14 15] 16 23 ] 30] 37 |45
T'a“ﬁq’)e"" 100|100 1m0} 1m0 | 115 15| 10| 80| 70| 80 | g0 {100} 0 [ 70 | 80 | 90 | 65 [ 120! 100 | 130
Te"‘{ffcf‘")*'”'e 280 | 2701 280 278 | 260( 26.5| 2637 27.0} 260 250 | 25.0 | 24.8 | 24.0 | 26.0 | 26.7 | 240 | 27.0 | 2658 | 269 | 27.0
Conductivity | 28 | 35 | 40 | 29 | 31| 32| 33| 28| 35| 20 | 30 | 28 | 31 | 30 | 32 | 34 | 30 | 31| 32| 30
(uSlcm)

pH 70( 72! 68| 68 | 66| 68| 62| 65| 64| 65 | 65| 66 | 66| 65|66 | 68|69 67| 6462
Dissolved
oxygen 80| 70| 50| 40 25| 40| 40| 70| 60| 40 [ 30| 25| 10| 40 |70 | 65| 65 | 70| 85] 80
(mglL)
2:1":;';3’ 05| 06! 06| 05| 05| 05| 04| 03 04| 04 (04| 04 |04 04 0404|0405 05]04
I;‘:;E)Oz 065 | 065| 080 1.00 | 100! 0.80| 06| 07| 040| 06 | 0.7 | 080 | 0.60 | 090 | 090 | 095 1.0 | 1.1 | 0.5 | 0.5
Bicarbonate | 950 | 0.45| 060 | 070 | 0.70| 0.40| 0.30] 0.35] 020! 03 | 055| 055 | 0.50 | 0.65 | 0.50 | 0.55 | 0.55 | 0.40| 0.35 | 0.35
(meqiL)
m’ﬁz 045|020 020! 030 | 030| 0.45| 030] 0.35| 020! 03 ! 015} 025|030 | 0.25 | 0.40 | 0.40 | 045 [ 070 | 050 | 0.50
C"’°(’3;72')"5 52 | 45| 37| 30 | 37 42| 37| 39| 33| 25 | 21| 27 {37 | 34 |3 |35 |25 17| 2| 42
Nirate (ugh) |*<02| 100 | 50 |°<02| 20 | 200| 100{ 10 | 80 | 40 [°<0.2| 40 | 100 | 200 | 380 | 100 | 420 { 97 | *<0:2| 100
Nitrate (ugll) |*<02|*<02|*<02| 8 | 5| 9| 15| 30| 9 1 | 4| 5 | 7| 8 | 10| 12| 3 |«02f *<02|*02
A"‘(p"’g?f,’ 02| 25 | 02| 02| <02 30| 40| 100]| 50 | 100 | 650 | 750 | 630 | 150 | 80 | 75 |°<0.2 |*<02| *<02| <02
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Fig. 3. Number of phytoplankton (A) and zooplankton (B) organisms ingested by

P. mesopotamicus larvae 2 to 45 days of age.
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Fig. 4. Occurrence of phytoplankton of Phylum Chlorophyta in the digestive tract and
in the pond. The numbers on X-axis are those of the species found in Table 1 whose

frequencies were equal or superior to 0.1%.
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also found. This indicates that the
larvae have a tendency to widely
explore their environment (Fig. 1).

The larvae had already ingested
phytoplankton on the second day
of life. On the fourth day, they also
fed on rotifers, cladocerans, proto-
zoans and copepod nauplii.

The fish pond environment fa-
vors the growth of opportunistic
species like rotifers, thus their pre-
dominance over other zooplankton
groups (Fig. 2). Rotifers are respon-
sible for 50% of the zooplankton
population by being associated to
systems rich in detritus material,
regions poor in dissolved oxygen and
high water flow, mainly if the nutri-
tional availability is high and there is
low competition (Moreno 1996).

The higher concentrations of ro-
tifers as compared to cladocerans in
the larval stomach contents (Fig. 3)
could initially be associated with the
small size of rotifers (between 92 and
284 pm), compared to that of cla-
docerans (152 to 405 pm). Concen
trations of nauplii (138 um) and
copepodites (500 pm) was greater
than that of adult copepods (1 450
um) in the digestive tract of P
mesopotamicus (Table 1).

Kerduchen and Legendre (1994)
observed that three-day old
Heterobranchus longifilis ingested
prey larger than 500 pm such as
Artemia nauplii and Moina.
Yamanaka (1988) observed that, at
first, P mesopotamicus larvae would
feed mainly on rotifers and copepod
nauplii and would change to cla-
docerans after the 10th day. The same
was observed by Lazzaro and Ribeiro
(1984) for five-day old Hoplias
lacerda.

The density of copepods and cla-
docerans in shallow tropical systems
depends on factors such as nutrients
suspended in the water, oxygen avail-
ability, water transparency and tem-
perature changes. High density of
nauplii and copepodites can be re-
lated to a preference for high energy
levels and greater alimentary range
(Hardy 1992). The same was ob-
served in this study (Fig. 2; Table
1). There was a direct relationship
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between copepodite and nauplii
availability in the pond environment
and their presence in the stomach
contents. The small size of these
organisms also contributed to the fact
that they are heavily consumed by
the larvae.

The low occurrence of Daphnia
gesneri in the environment and,
consequently, in the larval stomach
contents can be explained by the
fact that in more eutrophic systems
there is an exchange of Daphnia
populations for Diaphanosoma
populations.

Species belonging to Class
Cladocera found in the larval stom-
ach contents after the 5th day were
mainly Moina micrura, Echinischa
paulineis and Diaphanosoma
birgei. Kerduchen and Legendre
(1994) observed a preference for M.
micrura by catfish over 3 days of age.
According to Mellor (1975) and
Patrick-Dempster et al. (1993), cat-
fish and tilapia larvae have diffi-
culty in digesting ephippial eggs.
This fact and M. micrura's great re-
sistance and availability in a culture
system explain their presence in the
larval stomach contents. This was
confirmed by the high proportion of
ephippium found in digestive tract
of the larvae in this study (Table 1).

Table 3 shows the results from
the correlation analysis of
Spearman classes for the most
abundant taxa, in the digestive tract
and in the plankton. There was cor-
relation between the food items in
the digestive tract and the plank-
ton (P>0.05). It can be concluded
that the larvae selected phytoplank-
ton belonging to Phylum
Chlorophyta and zooplankton be-
longing to Class Rotifera available
in the fish pond (Figs. 4 and 5).

The study shows the impor-
tance of phytoplankton and zoo-
plankton as a primary source of
nutrition for the larvae. However,
the feeding habits of larvae should
be studied further to improve their
survival in fish ponds, as one of the
major problems in larval culture is
the high mortality during the ini-
tial stages of larval development.

Percentage

Fig. 5. Occurrence of zooplankton of Class Rotifera in the digestive tract and in the
pond. The numbers on X-axis are those of the species found in Table 1.
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