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Ontogenic changes in the feeding habits of the fishes Agonostomus monticola 
(Mugilidae) and Brycon behreae (Characidae), Térraba River, Costa Rica
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Abstract: Fish diets can vary in food quality, quantity and size. The variation can be caused by several fac-
tors, including season and the ontogenic phase of the individual (McCormick 1998). We studied the ontogenic 
changes in feeding habits of two freshwater fishes, Agonostomus monticola and Brycon behreae, from the 
Térraba River basin, South Pacific of Costa Rica. Both populations were omnivorous, but displayed ontogenic 
shifts in terms of quantity and quality of the food items consumed. As it grew, A. monticola modified its diet 
from insectivorous towards a higher consumption of vegetables, which was accompanied by an increase in rela-
tive length of the intestine. While remaining dependent on vegetation as staple food, B. behreae diversified its 
diet in two ways. Initially, from soft plant parts to seeds, leaves, and fruits. Secondly, prey items changed from 
insects into a more carnivore diet (fish and shrimp). These findings for both species stress the importance of 
protecting riparian vegetation in these tropical ecosystems. Rev. Biol. Trop. 57 (Suppl. 1): 285-290. Epub 2009 
November 30.
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The diet of fishes can vary in food qual-
ity, quantity, size and also according to season 
(vaske Jr. & Castello 1999, Weliange & Ama-
rasinghe 2003, Araújo et al. 2005), as well as 
ontogeny (Abelha et al. 2001). For example, 
in Cheilodactylus spectabilis (Cheilodactyli-
dae), all size categories feed on similar taxa of 
insects, but proportions and size of prey dif-
fered among developmental stages of the fish 
(McCormick 1998, McCormick & Hoey 2004). 
These feeding shifts are due to several fac-
tors, depending on the ontogenic phase of the 
individual (McCormick 1998). Changes can 
be related to intra- and inter-specific behavior, 
like territorial responses to maintain control 
of food places (Muñoz & Ojeda 1998), or to 
variations in resource availability (Albrecht 
2003), since hunger can make them feed on 
alternate prey after the decline of preferential 

food items (Dill 1983). Other factors include 
variations of individual endocrine physiology 
(Stern 1999), biological stressors, e.g., risk of 
predation (Holbrook & Schmitt 1992), as well 
as ontogenic anatomical changes resulting in 
ontogenic behavioral alterations that are often 
followed by dramatic shifts in diet, habitat, and 
interspecific interactions (Bergman & Green-
berg 1994, McCormick 1998). 

Stomach content analyses (Burchan 1988) 
allow the characterization of microhabitat use 
at different life stages of a given species (Naka-
mura et al. 2003), and is of utmost importance 
for management and conservation programs.

Agonostomus monticola, locally known as 
Tepemechín, is a catadrome species that lives 
in waters of low to strong currents and can 
resist the speeds of the rapids and waterfalls 
typical of the South Pacific slopes of Costa 
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Rican rivers. Populations can be found in 
streams and rivers from sea level to 650m. of 
altitude, at water temperatures ranging between 
20 and 31ºC. They are omnivorous and their 
food items reportedly include aquatic insects, 
crustaceans and algae (Bussing 2002).

Brycon behreae, known as Machaca or 
Sabalete, is a fish restricted to freshwater 
habitats in Southern Central American Pacific 
slope, inhabiting rivers and streams with mod-
erate to high velocity, or in pools. They form 
schools over rocky or sandy bottoms. This spe-
cies is omnivorous, feeding on insects, crusta-
ceans and fish, as well as leaves, flowers, fruits 
and seeds. They can be found from 10 to 640m 
of altitude, at water temperatures between 21 
and 29ºC. Their geographic range lies between 
Quepos, Costa Rica, and San Pedro River in 
Western Panama (Bussing 2002).

The present study aimed at determining 
diet variations of A. monticola and B. behreae, 
at different lifestages during the dry season. 
This type of baseline information is crucial for 
the understanding of the Térraba basin ecosys-
tem, since a hydroelectric plant is planned to 
be built. Conducting stomach content studies 
to address ontogenic patterns before the con-
struction and operation of a dam, can be an 
important tool to detect potential interference 
of hydroelectric activity with feeding habits 
of native ichthyofauna (Gama & Caramashi 
2001).

MATERIALS AND METHODS

Sixty-one specimens of A. monticola and 
seventy-seven of B. behreae were collected in 
the Térraba River and three of its tributaries, 
the streams Ojochal, Brujo and Caña Blancal, 
during the dry season. Electrofishing tech-
niques were applied in the smaller streams with 
a Samus® voltage regulator, while in the main 
river, two trawls were done with 3.5-in. mesh; 
the net was taken to the middle of the river 
in a motorboat. The samples were preserved 
frozen.

Stomach content analyses were conducted 
in the laboratory. Total length of the body (TL) 

and digestive tract length (DL) were deter-
mined to the nearest cm. Fish were classified 
according to TL as juveniles (<12 cm for A. 
monticola, <15 cm for B. behreae) or adults 
(≥12 and ≥15cm, respectively). Both TL and 
DL values were log-transformed for the relative 
digestive tract analysis. 

Gut contents were identified and quantified 
as percentages under a stereoscope, based on 
the relative amount of 1-cm2 squares on a petri 
dish that were occupied by each category. Food 
items were sorted into four major categories: 
meat (i.e., fish and shrimp); insects (both ter-
restrial and aquatic), algae (filamentous forms), 
and vegetables (i.e., leaves, fruits, seeds, and 
flowers). The four types of items classified 
as “vegetation” were quantified separately. 
Contingency tables were used to compare gut 
contents and lifestages.

RESULTS

Fish size ranges were 2.5-40.9cm TL (A. 
monticola) and 0.8-50.4cm TL (B. behreae). 
For both species, the intestine showed to be 
proportionally longer in adult individuals than 
for juveniles (R2=0.68, p< 0.001 for A. mon-
ticola, and R2=0.78, p<0.001 for B. behreae). 
Although both species displayed omnivorous 
diets including animal and vegetable items, 
several trends were observed.

A. monticola showed ontogenic differ-
ences in the proportions of the resources con-
sumed (χ2=12.520; gl=1; p<0.001). Juvenile 
phases (Fig. 1) consumed mostly insects (90%) 
while adults showed a greater range of food 
item categories: insects, meat, and vegetation 
(42%, 22%, and 36%, respectively). Within 
the vegetable component (Fig. 2), this species 
presented an ontogenic shift. While juveniles 
fed exclusively on leaves and algae (50%), 
adults consumed similar amounts of leaves, 
fruits, seeds, and algae (24, 21, 21, and 28%, 
respectively).

Food consumption by juvenile B. behreae 
consisted of 62% vegetables and 38% insects, 
while the adult diet displayed three categories, 
71% vegetables, 13% meat, and 16% insects 
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(Fig. 1). As for the vegetation portions (Fig. 
2), juveniles ingested similar quantities of 
seeds, flowers, and filamentous algae (29, 31, 
and 33%, respectively), while in adults, this 
proportion changed to a higher consumption 
of seeds, rather than leaves and fruits (48%, 
31%, and 16%, respectively) (χ2=26.962; gl=1; 
p<0.001).

As for the source of the food items, 
in the diets of both species allochthonous 

material was significantly more representa-
tive than autochthonous resources (χ2=32.142; 
gl=1; p<0.001).

DISCUSSION

Fish species commonly show dietary 
changes during their development (Meschi-
atti & Arcifa 2002). In the present study, life 
stages (juvenile and adult) of A. monticola and 

Fig. 1. Ontogenic variation of food categories consumption by B. behreae and A. monticola.

A. monticola B. behreae

Co
ns

um
pt

io
n 

(%
)

Co
ns

um
pt

io
n 

(%
)

100

80

60

40

20

0

100

80

60

40

20

0

Juvenil          Adult Juvenil          Adult

Insects Meat Vegetation Insects Meat Vegetation

Fig. 2. Ontogenic variation of vegetation items consumption by B. behreae and A. monticola. 
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B. behreae differed in the quality and propor-
tions of the food consumed. In some instances, 
this ontogenic behavioral change may be an 
adaptation to reduce interspecific competition 
(Baumar et al. 2003, Muñoz & Ojeda 1998), 
allowing sympatric coexistence (Castro-Souza 
& Bond-Buckup 2004). A. monticola and B. 
behreae coexist and feed from similar groups. 
However, in this study we did not conducted 
any analyses to verify the occurrence of com-
petition between these two species. 

Gurgel et al. (2002) showed the impor-
tance of the autochthonous food resource for 
Astyanax aeneus (Characidae). However, for 
other characids, e.g., Triportheus albus (Gama 
& Caramashi 2001) and B. behreae here stud-
ied, allochthonous material played a much 
more important role in their diets compared to 
local resources. This was more evident for veg-
etables, in which ca. 75% of the gut contents 
consisted of terrestrial plant parts, notwith-
standing the high representation of terrestrial 
insects consumed. This finding points out not 
only the importance of conservation of the 
aquatic diversity (Colwell & Futuyma 1971), 
but also the protection of the riverside forests to 
preserve this species at Térraba basin.

The results suggested that the maintenance 
of these species at a local level could be based 
on the use of the diverse riparian insect com-
munity and vegetation as food source, coupled 
with the ability to capture and digest a wide 
spectrum of prey, which in turn is associated 
with the basic mouth structure enabling most 
teleostei to feed by suction.

Thus, as long as the riverside natural 
vegetation is preserved, the food resource will 
hardly be a limiting factor for omnivorous 
species like B. behreae and A. monticola. A 
similar situation was observed in neotropical 
characids (Gama & Caramashi 2001, Albrecht 
2003) in similar hydroelectric projects. Also, 
the fact that Brycon guatemalensis has kept its 
population after the formation of the Arenal 
Reservoir in Costa Rica (Ulloa et al. 1989), 
and that B. behreae can inhabit environments 
of calm currents and pools (Bussing 2002), 
lead to the hypothesis that this characid could 

maintain a viable population after the construc-
tion of the Térraba River dam. On the other 
hand, A. monticola could have its population 
affected upstream of the dam by other fac-
tors. Since they are catadromous, the dam 
will create a barrier preventing the arrival of 
recruits upstream, while the adults that might 
be trapped there would not be able to migrate to 
coastal waters to reproduce (Melvin & Warren 
1998, Ovidio & Philippart 2002).

This study showed that the ontogenic shift 
in feeding habits is accompanied by morpho-
logical changes in the structure of the digestive 
system, corroborating with the concept that 
behavioral changes are related to morphology 
(Gerking 1954, Hernández 2000, Abelha et 
al. 2001, Nakamura et al. 2003). An increase 
of the relative length of the intestine, found in 
both species, along with an increased vegetable 
consumption of adult A. monticola, and higher 
proportions of seeds and leaves by adult B. beh-
reae (considering that these plant parts are rich 
in lignine, which makes them harder to digest), 
suggests that both species have developed evo-
lutionary adaptations to a more herbivorous, 
allochthonous feeding habits in their adult 
phases. This further evidence supports the rec-
ommendation to protect riverside forests. 
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RESUMEN

Las dietas de los peces varían con respecto a la 
calidad, la cantidad y el tamaño del alimento. Esta varia-
ción puede deberse a factores como la estacionalidad 
y la fase del desarrollo del individuo. Estudiamos los 
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cambios ontogénicos en los hábitos alimentarios de dos 
peces dulceacuícolas, Agonostomus monticola y Brycon 
behreae, de la Cuenca del Río Térraba, Pacífico sur de 
Costa Rica. Ambas poblaciones son omnívoras, pero con 
cambios ontogénicos en la cantidad y calidad de los ítemes 
consumidos. Conforme crecía, A. monticola modificó su 
dieta de insectívora hacia un mayor consumo de materia 
vegetal, asociado con un aumento en la longitud relativa 
del intestino. Aunque mantuvo su dependencia de alimen-
tos vegetales, B. behreae diversificó su dieta de dos formas. 
Primero, pasó de partes suaves de plantas a semillas, hojas 
y frutos. Luego, los ítemes cambiaron de insectos hacia una 
dieta más carnívora (peces y camarones). Estos hallazgos 
para ambas especies enfatizan la importancia de proteger la 
vegetación riparia de estos ecosistemas tropicales.

Palabras clave: cambios ontogénicos, ecología de la 
alimentación, peces de agua dulce, Agonostomus, Brycon, 
Costa Rica.
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