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Introduction

Determination of animal preferences has been stimulated to
fulfill welfare requisites (Dawkins, 2006), assuming that they
might have better welfare benefits when they receive prefer-
ential conditions (Volpato et al., 2007, 2009; Volpato, 2009).
In this context, the preference for substratum granulometry
was determined in the Cichlidae Nile tilapia, Oreochromis nil-
oticus, an important aquaculture species in several countries.

Proper substratum has been shown to enhance growth,
production, survival (Uddin et al., 2007) and reproduction
(Takemon and Nakanishi, 1998; Galhardo et al., 2009) in
Nile tilapia and other Cichlidae. Moreover, the Nile tilapia
prepares nests for mating by digging in the substratum, a
behavior affected by the type of bottom available (Mendonga
and Gongalves-de-Freitas, 2008). More importantly, because
the Cichlidae use their mouths to dig, the particle size of the
substratum might be relevant.

Therefore, the preference of Nile tilapia for substrata of
various particle sizes was investigated. It was found that sub-
stratum size was chosen according to the behavioral context
of nesting — or not nesting, a decision more consistently
expressed in the morning.

Materials and methods

Oreochromis niloticus obtained from a monoculture fishery
were held in tanks (1 fish/10 L) for 1 month prior to the
begin of experiments. Fish were fed ad libitum once per day
and maintained with continuous aeration and a 12-hour
light/12-hour dark photoperiod.

Basically, fish were held in individual glass aquaria pro-
vided with five compartments: one with an acrylic base, and
the others with different particle sizes of substratum. Fifteen
fish (7.1 £ 0.7 cm standard length and 0.95 £ 0.26 cm mouth
maximum gape) were allowed to visit each compartment
freely so that the daily (morning and afternoon) registered
fish position over 4 days could infer fish preference.

Five experimental aquaria (60 x 20 cm base; 25 cm high)
had bottoms divided into five equal-sized compartments
(12 x 20 cm base each) placed side-by-side and separated by
opaque partitions from the adjacent compartments. This
compartment distribution resulted in a 5-cm corridor for the
fish to pass freely from once compartment to the next. The
tested substrata (3-cm layer) were comprised of particles
with mean (£SD) largest diameter of 0.12 £+ 0.04 cm, 0.57 +
0.07 cm, 1.04 £0.16 cm, and 1.64 = 0.29 cm, as determined
by random samplings of 15 particles each (significantly

different from each other; anova, F=213.23, P <0.001).
Particle sizes larger than the maximum fish mouth gape were
used because the omnivorous O. niloticus might inspect the
particles for possible foraging. A non-substratum compart-
ment was composed of a PVC plaque having the same height
as the substrata throughout the compartments. Positioning
of the substrate was controlled among the five aquaria. The
relative position of the substrates in each aquarium was ran-
domized and not repeated in the other aquaria, so that their
relative positions in the laboratory were balanced (as
suggested in Volpato et al., 2007).

The position of the eye of the fish relative to each substra-
tum was recorded every 5 min for a period of 2 h twice daily
(9:00-11:00 and 15:00-17:00 hour) over four consecutive
days. Also registered was the substrata that was dug by the
fish down to the glass bottom. For observations the
researcher stayed about 2 m from the central aquarium
(from the five aquaria positioned in line and observed at the
same 30-s period) and noted the sequential fish positions
(from left to right) in a computer program that converted
the compartment numbers into substrate type (i.e. a kind of
double blind control was assured).

Continuous aeration was provided in the passage area in
front of the central compartment, interrupted 20 min before
each observation period, and restored at the end of each
observation period. Fish were fed at 17:00 hour each day
with pellets of food spread randomly by aeration, introduced
in front of the central compartment, avoiding fish condition-
ing. Water temperature was 22.9 + 0.5°C. Water quality was
measured in each aquarium at the beginning and end of the
experiment whereby pH did not exceed 7.8, dissolved oxygen
exceeded 3.00 mg O, L"), nitrite was <0. mg L™' and
ammonia was <0.5 mg L™, all of which were levels appro-
priate to this species (Mendonga et al., 2010).

Data were transformed by V(x + 0.5) to reach parametric
assumptions. Thus, frequencies of fish positions in each sub-
stratum (frequency of visits) were compared using ANOVA for
repeated measures with three factors: day of observation,
period of the day, and type of substratum. Frequencies of
visits to each substrate irrespective of days and periods were
compared by aNova for repeated measures. Post-hoc test
LSD was applied to complement ANOVA.

Proportions of fish that were significantly more times in
only one substrate (decided fish) were compared with propor-
tions of fish that did not stay in any specific substrate (unde-
cided fish) in each period of the day (morning and
afternoon) by Goodman’s test (1965). Proportions of fish
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that dug in the substratum were compared by Goodman’s
(1964, 1965) test. All statistics considered o = 0.05.

The protocol of this study was approved by the Ethics
Committee for Animal Experimentation (CEEA) of the IBB-
UNESP, Botucatu, SP, Brazil (Protocol No. 55/08).

Results

There was no effect of periods of the day on the number of
visits (aNova, F = 1.14, P =0.31), but there were effects
of days of observation (F = 15.52, P <0.001) and types of
substratum (F = 13.85, P <0.001). The 0.57-cm diameter
substratum was the most visited of all eight observations
(being significantly higher in five of them than in all other
substrata — Fig. la). Additionally, this substrate was the only
one that was always visited significantly more often than the
PVC (Fig. 1a). Irrespective of days and period in the day,
fish preferred the 0.57-size of substratum to the other particle
sizes (Fig. 1b). Moreover, 14 of the 15 fish dug in one or
more river substratum. This behavior, however, was predom-
inantly in the finest particle substratum (Table 1).

Although substratum choice had not been affected by peri-
ods, a higher proportion of fish chose only one substratum
in the morning [12 fish chose significantly only one substra-
tum x three fish did not choose any specific substratum;
Confidence Interval does not include zero for A. = 3.84;
Goodman’s (1965) test; P < 0.05]. That is, 12 fish stayed in
one compartment at a significantly higher frequency,
compared with three fish that did not stay predominantly in
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Fig. 1. Frequency of Oreochromis niloticus visits (number of fish
positions detected) according to substratum type and size. (a) Mean
(£SE) data from each day and period; (b) General pattern of visit
[mean (+SE) data of frequency of days and period summed]. Differ-
ent lower case letters indicate statistical differences in (a) same period
and day and (b) regardless of day and period n = 12; three fishes
presented outlier values and were excluded from analyses: (i) 175
times at 1.64 cm; (ii) 106 times at 1.04 cm; (iii) 52 times in PVC and
142 times at 0.57 cm

Table 1
Number of fish visiting different granulometry of substrate according
to digging behavior

Digging
Substrate size (cm) YES NO
0.12 13a" 2
0.57 4b 1"
1.04 3b 12
1.64 0b 157

*Indicates higher proportions of fish. Confidence Interval does not
include zero for A = 3.84; Goodman’s (1965) test; P < 0.05 that
dug (YES) or did not dig (NO) in substrates. Lowercase letters = dif-
ference [Geale > Gerie = 2.64; Goodman’s (1964) test; P < 0.05] among
proportion of fish that dug in each substrate.

one compartment. In the afternoon these proportions were
similar (9 x 6 fish).

Discussion

Nile tilapia were shown to prefer a particular size of natural
substratum particle. Moreover, such decision-making is
clearly more expressed in the morning than in the afternoon.

The Nile tilapia choice of a specific particle size of sub-
strate appeared from the second to the subsequent periods of
observation (Fig. l1a). This was expected because the fish
were introduced into a novel environment, and an adjust-
ment period was necessary (the first period of observation).
In fact, exploration of the new environment has been attrib-
uted to explain the absence of a substratum preference before
nesting (Galhardo et al.,, 2009; Mendonga et al., 2010).
Nonetheless, the Nile tilapia consistently visited the 0.57-cm
particle substratum more often in the last seven periods
of observation, irrespective of the time of day (Fig. 1a). This
consistent behavior indicates a Nile tilapia preference for the
0.57 cm-particle substratum, which is supported by
the higher mean frequency of visits to this substratum
over the entire period of study (Fig. 1b).

The preference of Nile tilapia for substratum size was
altered when they dug their nests. A similar effect was
described by Mendonga et al. (2010), who reported that male
0. niloticus visited different substrata (sand, shell, stones and
glass) at similar rates, but nested preferentially on sand. As
this kind of excavation (nesting) is used by O. niloticus for
attracting females and laying eggs (Mendonga and Gongal-
ves-de-Freitas, 2008), Mendonga et al. (2010) concluded that
preferential nesting on sand indicates that the male Nile tila-
pia reproductive condition affects the choice of substratum
type. In the present study the fish reproductive condition was
not evaluated; however, 14 of 15 fish dug one type of river
substratum, a reproductive behavior usually associated with
reproductive status. Moreover, Nile tilapia performs non-
seasonal (continuous) reproduction, at least suggesting that
some reproductive stimulus is in charge. Furthermore, O. nil-
oticus visited the 0.57-cm size particle more often but dug
nests mostly in the 0.12-cm size particles (sand-like substra-
tum). These data are in line with Mendonga et al. (2010),
suggesting that the reproductive condition might also affect
the choice of substratum granulometry.

The choice of particle size also depends on fish size and
affects fish spatial distribution (Phelan et al., 2001; Stoner and
Abookire, 2002). The 0.12- and 0.57-cm particles were pre-
ferred by the O. niloticus, perhaps because these particles were
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smaller than the largest mouth gape of 0.95 cm. Thus, sug-
gested is that selection may involve the substratum handling
capability of the fish. According to the optimum prey-size the-
ory, the optimum prey width is close to 60% of the mouth
gape of the predator fish (reviewed by Gill, 2003). Here, 60%
of the mouth gape was 0.57 cm, exactly the same size of the
most visited particle. Although a facility for ‘mouth-manage-
ment’ should be involved, caution is need, as this percentage
(60%) should be confirmed for other fish sizes.

Why does the Nile tilapia choose the largest particle that
is still smaller than their mouth gape for visiting (Fig. 1), but
chooses a smaller particle for nesting (Table 1)? The answer
should consider both fish foraging and energy conservation.
Webster and Hart (2004) reported that the three-spined stick-
leback prefers a substratum more complex than sand (similar
to 0.12-cm substratum of the present study) because this
complex substratum makes food more available. In isolated
fish, gravel offers additional opportunities for foraging and
exploration for O. mossambicus, during which time nipping
and dragging are observed (Galhardo et al., 2009). Food can
be detected because the substratum particles are removed by
the feeding motivation of the fish. In this sense, fish likely
prefer the largest-sized substratum that can still be moved
for foraging with the fish’s mouth. As flat surfaces provide
easier access to food (Falahatkar and Shakoorian, 2011), the
PVC was less visited because the food was more easily
detected on this surface and thus might be eaten more
quickly (less food should remain for feeding later on — and
thus less foraging in this area is expected). For nesting, how-
ever, the thinnest particles are preferable, because nesting
requires moving large amounts of substrata, which might be
energy-costly to the fish. Mendonga et al. (2010) also sug-
gested that the Nile tilapia preferred to nest on sand because
the fish can dig nests faster and be less energy-costly. More-
over, Volpato et al. (2004) showed that removing larger
gravel mass was achieved by the more reproduction-moti-
vated male Nile tilapia, a fact in line with the energy costs of
excavation.

Another intriguing behavior was that fish chose one sub-
stratum size more consistently in the morning. As the same
animals were observed in both periods of the day, this
response may express changes in decision-making. Although
the underlying factors involved in such a period-dependent
response are unknown, some possibilities can be drawn. For
instance, O. niloticus increased swimming activity (Fortes-
Silva et al., 2010) and oxygen consumption (Biswas et al.,
2002) in the afternoon, so fish could have visited more sub-
strata, thus affecting their decision-making. As fish in the
present study were fed at 17:00 hour, they also might have
increased their activity by feeding anticipation, and conse-
quently more fish visited more than one substrate. However,
in mice the degree of attention is reported to vary within the
circadian cycle (Hajos et al., 2008). In the O. niloticus, Deli-
cio and Barreto (2008) showed that time-place learning
occurred earlier in the afternoon, a result that reinforces
effect of time of the day in processes that involve cognitive
comparisons. This information lends support that the daily
variation in decision-making by the Nile tilapia might be a
biological phenomenon deserving further investigation.
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