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Abstract: The diets of four diurnal fish species (Creagrutus bolivari, Knodus deuterodonoides, Knodus sp. and
Poecilia reticulata) were examined during a year in the Orituco stream at northern Venezuela. The fishes were
sampled monthly from February 1991 to March 1992 (except October 1991 and February 1992) in the stream
main channel with a beach seine and a cast net. Diet is reported as frequency of ocurrence and numeric propor-
tion because variation in prey sizes was small. Non-parametric statistical tests were applied. A total of 18 dis-
tinct prey items were found in stomachs. The diet of these fishes consisted of aquatic insects (Coleoptera,
Diptera, Hemiptera, Odonata, Plecoptera and Trichoptera), allochthonous plant matter (fragments of leaves and
seeds), microalgae (Chlorophyta and Bacillariophyceae) and terrestrial arthropods (Coleoptera, Diptera,
Hymenoptera and Arachnida). The low percentage of empty guts and the high fullness percentage of guts sug-
gest that food was always abundant. Aquatic insects were more important in the dry season (November - April)
while plant matter and terrestrial arthropods increased in the wet season (May - October). The Proportional Sim-
ilarity Measure (PS) was high between characid species and low between characids and P. reticulata in the dry
season. PS decreased during the wet season because of a reduction in aquatic insect consumption. The seasonal
diet shift indicated the greater importance of allochthonous food only in the wet season.
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It is generally believed that fishes in shad-
ed headwater tropical streams rarely use their
feeding specializations and that they depend
primarily on allochthonous food such as ter-
restrial arthropods, terrestrial plant debris and
other food that drops into the water (Lowe-
McConnell 1987). However, some studies
have indicated that fishes inhabiting these
environment may depend on autochthonous
items such as periphyton, aquatic insects and
fishes (Zaret and Rand 1971, Moyle and
Senanayake 1984, Olurin et a/ 1991). Anger-
meier and Karr (1983) studied the relation
between fish community structure and food

availability in Panamanian streams; they clas-
sified fishes in seven feeding guilds (algivores,
aquatic insectivores, general insectivores, pis-
civores, scale-eaters, terrestrial herbivores and
omnivores). Furthermore, they found that the
species richness of feeding guilds increased
with stream size and canopy openness.
According to Welcomme (1985), fishes
appear to be highly facultative in their feeding
in tropical rivers and stream. Evidence from a
variety of systems (Knoéppel 1970, Mago-Lec-
cia 1970, Bishop 1973, Lowe-McConnell
1975, 1987, Saul 1975, Silva et al. 1980,
Goulding 1980, Prejs and Prejs 1987, Olurin et
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al.  1991) indicate that the same food resource
may be shared by numerous species and that
each specie may successively exploit several
different resources during the year. However,
other reports from small streams indicate the
opposite (Zaret and Rand 1971, Silva and Kort-
mulder 1977, Moyle and Senanayake 1984,
Winemiller 1989). There are few studies about
the diet of fishes in small headwater streams in
Venezuela, and the present study aims at pro-
viding information on the diet seasonality and
overlap among some fishes inhabiting a shaded
headwater stream in northern Venezuela.

MATERIALS AND METHODS

Study area: the Orituco stream (66° 157 -
66°45” W; 10° 00” - 10° 15’ N), has a drainage
area of 8 907 km? and a total length of 348 km.
The origin of Orituco stream is in Guatopo
National Park at 1 200 masl (Rangel 1973). In
this zone, the stream is 4™ order (Whitton
1975) and it is bordered by a mostly evergreen
gallery forest. The mean temperature and con-
ductivity are 23.8 °C and 158 ps/cm, respec-
tively. Discharge range was from 0.39 m3/s
during the dry season (November to April) to
1.56 m3/s during the wet season (May to Octo-
ber). Stream substrate consisted of boulders,
pebbles and cobbles in riffles, and fine sub-
strate (sand and mud) in pool habitats. The
mean width and depth were 3 m and 0.5 m,
respectively.

The sampling site was a 4 km long stretch
of the Orituco stream within Guatopo National
Park. This area has a relative seasonality with
a dry season between November to April, and
a wet season between May and October.

Methods: the fishes were sampled month-
ly between February 1991 and March 1992
except for October 1991 and February 1992.
Fishes were collected using a beach seine (5 m
length, 10 mm mesh) and a cast net (3.3 m
diameter, 10 mm mesh) from the main chan-
nel. Sampling was done between 9: 00 and 15:
00 hours. The fishes were inmediately placed
on ice after capture and they were subsequent-

ly put in 10 % formalin. Fishes were measured
to the nearest 0.01 mm of standard length (SL)
and weighed (wet weight) to the nearest 0.01g.

The stomach (in characid species) or guts
(in P. reticulata) were dissected and the con-
tents were examined using a binocular dissect-
ing microscope. Stomach or gut fullness per-
centage was determined using the following
arbitrary classification: 1 = 0-24 %, 2 = 25-
49 %, 3 =50-74 %, and 4 = 75-100 %.

Food items were sorted, identified to the
lowest taxonomic level posible using informa-
tion provied by Merrit and Cummins (1984)
and counted. Results of diet analysis were
reported as numeric proportion (% n) and
ocurrence frequency (% f) because variation in
prey sizes was small (Hyslop 1980). The ocur-
rence frequency was estimated for discrete
material (arthropods) and unidentificable
material (vegetal debris). Estimations of the
Proportional Similarity Measure (PS) were
used to evaluate seasonal interspecific diet
overlap (Zaret and Smith 1984). Intraspecific
seasonal changes in diet were evaluated using
the non-parametric Spearman rank correlation
coefficient (rs) and a Kolmogorov-Smirnov
two sample test (D). The diets among species
were compared by a chi-square analysis.

RESULTS

A total of 271 specimens of Creagrutus
bolivari, 110 specimens of Knodus
deuterodonoides, 110 specimens of Knodus sp.
(a specie under taxonomic investigation) and
135 specimens of Poecilia reticulata were ana-
lyzed. Size (SL) of captured specimens was 21
- 69 mm for C. bolivari, 23 - 53 mm for K.
deuterodonoides, 22 - 47 mm for Knodus sp.
and 7 - 32 mm for P, reticulata.

A total of 18 distinct prey items were
found, 18 for Knodus sp. 17 for C. bolivari, 14
for K. deuterodonoides and 7 for P. reticulata.
In general, the diet of the four species consisted
of aquatic insects, allochthonous plant matter,
microalgae and terrestrial arthropods. The three
Characidae were principally invertivorous (C.
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bolivari, K. deuterodonoides and Knodus sp.),
preying mainly on Diptera, Ephemeroptera,
Trichoptera and terrestrial arthropods while P
reticulata consumed mainly microalgae.
Creagrutus bolivari: the percentage of
stomach fullness was high along sampling
period. The diet was diversified. General val-
ues of ocurrence and numeric proportion
showed a similar trend. By numeric propor-
tion, Diptera comprised 63 %, with Tri-
choptera and Ephemeroptera as other impor-
tant items in stomach contents (Table 1).
Although ocurrence frequency of terrestrial
arthropods was high, numeric proportion was
not. Ocurrence values were influenced by ani-
mal fragments (heads, wings, legs and other),
in which case numeric proportion could not be
determined accurately. Creagrutus bolivari has
the lowest microalgae frequency in relation to
others species, but the highest frequency of
allochthonous plant matter. Monthly numeric
proportions showed that Diptera,
Ephemeroptera and Trichoptera were the more
important aquatic insects in C. bolivari diet.
The numeric proportion of Diptera was differ-
ent between the following months: March-
April (D = 222.64; p <.01); April-May (D =
112.2; p <.05) and September-November (D =
61.95; p <.05). The values obtained in August
and December were not representative due to
low ocurrence frequency of these prey types.
The numeric proportion of Trichoptera were
different between April-May (D = 143.8; p
<.05), and November-December (D = 36.1; p
<.05). Statistical differences between Septem-
ber-November were not determined due to low
ocurrence frequency of Trichoptera in Septem-
ber. The numeric proportion of Ephemeroptera
was different in the following periods: April-
May (D = 28.14; p <.05), November-Decem-
ber (D = 16.1; p <.05) and December-January
(D = 36.1; p <.01). Statistical differences
between August-September and September-
November were not determined due to low
ocurrence frequency in September. In C. boli-
vari, the mean number of prey was lower dur-
ing the wet season (X = 7.1 in drt season ver-
sus X = 4.6 in wet season) (z = 6; p <.01). In

contrast, in wet season the ocurrence frequen-
cy of allochthonous plant matter was high.

Knodus deuterodonoides: as in C. boli-
vari, global values of ocurrence frequency and
numeric proportion showed similar trends.
The percentage of full stomach was high along
the sampling period. The order of numeric
proportions obtained was: Diptera >
Ephemeroptera > terrestrial arthropods > Tri-
choptera (Table 1). In K. deuterodonoides, the
ocurrence frequency of terrestrial arthropods
was the highest. The numeric proportion of
aquatic prey types was different between sea-
sons (rs = 0.7; p <.05). In the wet season,
numeric proportion of Diptera was low (D =
6.1; p <.05) and Ephemeroptera consumption
was high (D = 7.1; p <.05). The increase
observed in numeric proportion of terrestrial
arthropods in the wet season was not statisti-
cally significant. In the wet season, the mean
number of prey types was low (X = 7.1 in dry
season versus X = 3.3 in wet season) (z = 3.33;
p <.01). In contrast, in the wet season the
ocurrence frequency of allochthonous plant
matter was high.

Knodus sp.: the percentage of full stom-
achs was high in both seasons. The order of
numeric proportion of prey types was:
Diptera > Ephemeroptera > terrestrial arthro-
pods > Trichoptera (Table 1). As in K.
deuterodonoides, numeric proportion of ter-
restrial arthropods was high. The diet of
Knodus sp. was different between seasons (rs
= 0.8; p <.05). In this case, the proportion of
Diptera was lower in the wet season (D = 11;
p <.05), whereas that of terrestrial arthropods
was high (D = 7; p <.05). In addition, in the
wet season ocurrence frequency of aquatic
insects decreased while allochthonous plant
matter increased. In the wet season the mean
number of prey types was low (X = 6 in dry
season versus X = 3.2 in wet season) (z =
4.46; p <.01).

Poecilia reticulata: the percentage of gut
fullness was high in both seasons. The ocur-
rence frequency of algae was high (75 %)
whereas aquatic insects (principally Diptera
preys) made up 24 %. The numeric proportion
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of aquatic insects consumed were: Diptera >>
Ephemeroptera > Trichoptera (Table 1). In P,
reticulata, predation on Diptera was high. No
interseasonal differences in numeric propor-

tion of aquatic insects was detected. In P.
reticulata, the mean number of prey items was
similar in both season (X = 3.2 in dry season
and X =2 in wet season).

TABLE 1

Frequency of ocurrence (% f) and numeric proportion (% n) for food items

C. bolivari
Food item %t %n
Coleoptera 5 1
Diptera 60 63
Ephemeroptera 34 13
Hemiptera 4 1
Plecoptera 8 2
Trichoptera 47 16
Terestrial
arthropds 34 3
Microalgae 7 -
Allochthonous
plant matter 76 -
Knodus sp.
Coleoptera 3 1
Diptera 69 46
Ephemeroptera 55 26
Trichoptera 30 11
Terrestrial
arthropods 38 17
Microalgae 35 -
Allochthonous
plant matter 17 -

K. deuterodonoides

% f % n
0 0
69 50
71 27
0 0

6 1
36 7
39 14
57 -

14 -

P. reticulata

0 0
24 87
2 7
3 6
1 1
75 -
0 -

Creagrutus bolivari (N =271), Knodus deuterodonoides (N = 110), Knodus sp. (N = 110) and Poecilia reticulata (N = 135).

Species Comparisons: the chi-square
analysis detected significant differences in
diet between species (X? oy, = 132.41; X2
(df12,p<.05) = 21.03). In the dry season PS val-
ues were high. The greatest diet overlap
ocurred between K. deuterodonoides and
Knodus sp. while the lowest was between
Knodus sp. and P. reticulata. In the dry sea-
son, half of PS values were lower than 0.67. In
the wet season, PS values decreased in all
comparisons and all but one value were lower

0.67. As in the dry season, the highest diet
overlap was between K. deuterodonoides and
Knodus sp. whereas the lowest was between
K. deuterodonoides and P. reticulata. The diet
overlap was moderate among characid species
and low between some of them and P. reticu-
lata (Table 2). According to the PS index, the
decrease of diet overlap between characid
fishes in wet season fluctuated from 7 % (C.
bolivari - Knodus sp.) to 34 % (C. bolivari - K.
deuterodonoides).
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TABLE 2

Values of food overlap between species in the dry and wet seasons

Pair of species

C. bolivari - K. deuterodonoides
C. bolivari - Knodus sp.

C. bolivari - P. reticulata

K. deuterodonoides - Knodus sp.
K. deuterodonoides - P. reticulata
Knodus sp. - P. reticulata

(*) PS <0.67
PS = Proportional Similarity index.

DISCUSSION

The low percentage of empty stomachs (or
guts in P, reticulata) and the high percentage of
stomach fullness (or guts in P. reticulata), sug-
gest that food was abundant. Similar results
have been reported in other tropical streams
where climatic fluctuations are smaller (Moyle
and Senanayake 1984, Ortaz 1992, Segnini
and Bastardo 1995). However, in tropical fish-
es inhabiting streams or rivers with consider-
able climatic fluctuations, the percentage of
full stomachs are different during the year
because of seasonal variation in food abun-
dance (Zaret and Rand 1971, Winemiller 1989,
Machado-Allison 1990).

Poecilia reticulata has been reported in
other environment as an important insectivo-
rous fish (Machado-Allison 1987, Ortaz 1992).
However, it showed preference for other food
such as microalgae in the Orituco stream, a
common food of other poeciliid species (e.g
Poecilia sphenops, Zaret and Rand 1971).

If criteria of Moyle and Senanayake (1984)
are applied (PS > 0.67 indicate a high diet over-
lap), half of the PS values calculated for the dry
season are high. In this season, the high PS val-

PS in dry PS in wet
season season
0.76 0.5 (*)
0.71 0.66 (*)
0.53 (%) 0.46 (*)
0.89 0.80

0.5 (%) 0.20 (*)
0.47 (*) 0.35 (*)

ues were associated with an increase in preda-
tion on aquatic insects. In other reports of dry
season increase in diet overlap the situation is
different due to a decrease in feeding rates or a
switch to detritivory (e.g Lowe-McConnell
1964, Prejs and Prejs 1987). In Orituco stream
there are frequent low intensity rains in some
months of the dry season (December to Febru-
ary), caused by cold currents from intermediate
latitudes (PDVSA 1993). This climatic condi-
tion and the forest phenology may promote an
adequate availability of aquatic insects in this
season as had been reported for other similar
environments (Moyle and Senanayake 1984).
The reduction of diet overlap (PS values) in the
wet season may be a consequence of a general
reduction in predation on aquatic insects.
Among the factors responsible are: 1) a reduc-
tion of abundance of aquatic insects because of
an increase in hydraulic discharge (Flecker and
Feifarek 1994). 2) a decrease in prey detection
because of water turbidity (Lazzaro 1987). 3) an
increase in catastrophic drift caused by high dis-
charge (Bhatnagar and Karamchandani 1970).
My observations suggest that the low pre-
dation on aquatic insects in the wet season is
compensated by an increase in consumption of
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allochthonous matter. This is in agreement
with arguments of Welcomme (1985) about the
temporal diet plasticity of tropical fishes.
However, in contrast to other reports that indi-
cate the importance of allochthonous food
throughout the year, the results showed that
allochthonous foods are important only in the
wet season. As an implication, alteration of ter-
restrial environment can have a negative effect
on food resource for fishes.
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RESUMEN

Se analizo la dieta de cuatro especies de peces (Crea-
grutus bolivari, Knodus deuterodonoides, Knodus sp. y
Poecilia reticulata) que habitan el rio Orituco al norte de
Venezuela. Los muestreos se realizaron mensualmente
entre febrero de 1991 y marzo de 1992 (excepto octubre/91
y febrero/92). Los peces se recolectaron con chinchorro y
atarraya en el canal principal del rio. La dieta se expreso
como frecuencia numérica y de ocurrencia y se analizo con
pruebas estadisticas no paramétricas. Se encontraron 18
items en la dieta y esta consistio de insectos acuaticos
(Coleoptera, Diptera, Ephemeroptera, Hemiptera, Odonata,
Plecoptera y Trichoptera), material vegetal aloctono (frag-
mentos de hojas y semillas), microalgas (Chlorophyta y
Bacillariophyceae) y artropodos terrestres (Coleoptera,
Diptera, Hymenoptera y Arachnida). El bajo porcentaje de
estomagos vacios y el alto grado de llenura estomacal
sugirieron que el alimento siempre fue abundante. En la
época de sequia (noviembre - abril), los insectos acuaticos
fueron los mas consumidos mientras que en lluvias incre-
ment6 el consumo de artropodos terrestres y de material
vegetal. En la época de sequia el Indice de Similaridad Pro-
porcional (PS) fue alto entre los caracidos y bajo entre ellos
y P, reticulata. En lluvias, PS disminuy6 debido a la reduc-
cion en el consumo de insectos acudticos. El cambio esta-

cional en la dieta de las especies indico la mayor importan-
cia del material aloctono solo en lluvias.
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