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Cost of territorial maintenance by Parodon nasus

(Osteichthyes: Parodontidae) in a Neotropical stream

Samuel Elias Silva1, Wilhan R. C. Assunção1, Charles Duca2 and Jerry Penha3

The combined demand over a certain resource may exceed its immediate supply, which can then lead to competition between
individuals. This competition may result in territorial behavior. In this study we determine the density and spatial distribution,
describe the interactions arising from territorial behavior and evaluate the costs of keeping the territories defended by adults
of Parodon nasus. The study was conducted in Camarinha Stream located in the Serra das Araras Ecological Station, Porto
Estrela, State of Mato Grosso, Brazil. The density was constant throughout the length of the stream, with a mean (± standard
deviation) of 1.01 ind./m2 (± 0.14). Our results show that the spatial distribution of individuals in the area ranged between
uniform and random. The territories were defended more often against intraspecific than interspecific intruders. The time that
the owners of the territories devoted to defending them was not influenced by the size of the territories. However, owners of
larger territories spent more time foraging than owners of smaller territories. As a result, owners of larger territories had less
time to rest than owners of smaller territories. The results of this study show behavioral patterns relevant to understanding the
relationship between size and territorial maintenance cost of P. nasus and other species of fish with territorial behavior.

A demanda combinada por um recurso pode exceder a sua oferta imediata, levando os indivíduos a competirem. Essa competição
pode resultar no comportamento de territorialidade. Neste trabalho nós determinamos a densidade e a distribuição espacial,
descrevemos as interações decorrentes do comportamento territorial e avaliamos os custos de manutenção dos territórios
defendidos por indivíduos adultos de Parodon nasus. O estudo foi realizado no córrego Camarinha localizado na Estação
Ecológica Serra das Araras no município de Porto Estrela, Mato Grosso, Brasil. A densidade foi constante ao longo de todos
os trechos, com média (± desvio padrão) de 1,01 ind./m2 (± 0,14). Nossos resultados mostram que a distribuição espacial dos
indivíduos na área variou entre uniforme e aleatória. Os territórios foram defendidos mais frequentemente contra invasores
intra do que interespecíficos. O tempo que os detentores de território dedicaram a sua defesa não foi influenciado pelo tamanho
dos territórios. Todavia, donos de territórios maiores passaram mais tempo em atividade de forrageamento que donos de territórios
menores. Como consequência, donos de territórios maiores tiveram menos tempo para descansar que donos de territórios
menores. Os resultados deste trabalho mostram padrões comportamentais importantes para o entendimento da relação entre
tamanho e custo de manutenção dos territórios de P. nasus e de outras espécies de peixes com comportamento territorial.
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Introduction

Individuals of the same species have very similar needs
to supply their survival, growth and reproduction, but the
combined demand over a certain resource may exceed its
immediate supply, which can then lead to competition. This
competition may result in territorial behavior, where a defined
area is defended against intruders by a recognizable behavior
pattern (Begon et al., 2003). Territorial defense establishes a
minimum spacing between individuals, facilitates co-existence
and has been the focus of many observational, experimental

and comparative studies, which have attempted to
demonstrate both the complexity and the ecological
importance of this behavior in several taxa (Adams, 2001).

A number of different factors can lead animals to establish
territories, such as the defense of feeding, breeding or refuge
sites (Karino, 1998). The behavioral patterns in the defense
of these territories may exert a strong effect on the stability
and regulation of the population density (Davies & Houston,
1984; Adams, 2001). The intraspecific variation in the territory
may lead to unequal division of resources between individuals
and cause changes in growth rates, reproduction and
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mortality, having therefore a strong effect on population
dynamics and stability (Adams, 1998).

Many studies of tropical herbivorous fish with territorial
behavior have been conducted in order to understand these
relationships. Most of these studies were conducted with
marine species or with species that use these environments
at some stage of their life cycle (Cleveland, 1999; Letourneur,
2000; Ceccarelli et al., 2001; Meadows, 2001; Mumby &
Wabnitz, 2002; Blanchet et al., 2004; Alwany et al., 2005; Jones,
2005; Stradmeyer et al., 2008). Several studies examine territorial
behavior amongst cichlids, both in marine and continental water
environments (Kohda, 1995; Karino, 1998; Genner et al., 2004;
Matsumoto & Kohda, 2004; Markert & Arnegard, 2007; Kohda
et al., 2008). In Brazil, however, studies of this nature are still
rare and sparse (but see Sazima 1980, 1988; Menegatti et al.,
2003; Osorio et al., 2006, for some examples).

Parodon nasus, a small fish of the family Parodontidae,
seems to be a typical case of a fish that exhibits territorial
behavior and defends feeding sites. The species belongs to a
genus widely distributed in South America, except in the South
Atlantic, Patagonia and main channel of the Amazon River
basins (Pavanelli & Britski, 2003). Parodontids have very
different reproductive periods that do not overlap (Barbieri et
al., 1983). The pelvic and pectoral fins of individuals in this
family are well developed and adapted to stabilize the fish in
the fast water and rocky bottom of rivers and streams where
they are usually found grazing on algae (Sazima, 1980).
Recently, Gomiero & Braga (2008) classified this species as
insectivorous-iliophagous in the Corumbataí River, where P.
nasus is abundant in a very polluted area with high deposition
of organic matter, and Rocha et al. (2009) working with
specimens from a stream stretches occupied by dense  stands
of aquatic macrophytes has classified it as invertivore.

In Camarinha stream, which crosses the Serra das Araras
Ecological Station, individuals of P. nasus are easily seen
between the  actively defending feeding areas from intra-
specific or inter-specific (from the same functional group)
invaders. In the preliminary observations, which led us to the
questions in this study, we verified that adults of this species
defended well-defined territorial areas and that these areas
showed a wide variation in size.

Field studies have shown that animals adjust the size of
their territories in response to food availability and pressure
from intruders (Eberhard & Ewald, 1994) and many animals
defend feeding sites that are necessary for their growth,
reproduction and maintenance (Verner, 1977). Existing models
that explain variation in territory size have several components,
among which the description of the “cost function” is an
important issue for research, because it describes the
relationship between cost and the territorial area defended
(Adams, 2001). These models suggest that the defense of the
territory has high costs in terms of time for feeding, reproduction
and injuries resulting from agonistic encounters (Enquist et
al., 1990). Moreover, when the territories are adjacent to each
other, the size of the territory itself depends not only on the
decisions of the residents, but also on the action of each

neighbor, which results in a mosaic of territorial areas that are
very sensitive to changes in population density (Adams, 1998).

Aiming to contribute to the increasing knowledge of
territoriality in continental species of fish, the purpose of this
study was to: (1) determine the density and spatial distribution
of P. nasus in Camarinha stream, (2) describe the resulting
interactions from the territorial behavior and (3) investigate
whether there is a difference in maintenance costs for different
sizes of territories defended by adults of P. nasus.

Material and Methods

Study Area
Camarinha Stream is located in the Serra das Araras

Ecological Station (EESA) (Fig. 1), a Federal Conservation unit
administered by the Instituto Chico Mendes de Conservação
da Biodiversidade (ICMBio) and occupying an area of 28,700
ha. The EESA is located on the left bank of the Paraguay River
in the southwestern State of Mato Grosso, Brazil, within the
municipalities of Porto Estrela and Cáceres, between coordinates
15°33’S 57º03’W and 15°39’S 57°19’W (SAD 69).

The observations were made between September 28 and
October 5, 2008, at four sections of the Camarinha Stream, each
with eight meters long and, on average, six meters wide. The
coordinate for the central point of the study area is 15º39’07”S
57º13’09”W. The sampling sections were selected considering
the favorable conditions for the species (presence of in the
substrate) and ease of observation (water transparency). The
minimum distance between any two stretches was 30 meters.

Sampling
To estimate the density of Parodon nasus and assess

whether it has a uniform, random or clumped distribution, an
8 x 6 m plot was laid out in each section of the stream, and
each one was divided into sub-plots of 2 x 2 m (area of 4 m²).
To determine the density of the species, two independent
observers, positioned at opposite ends of the sub-plots,
counted the individuals.

In order to compare the maintenance cost in different sized

Fig. 1. Study site showing location Camarinha Stream in Serra
das Araras, State of Mato Grosso, Brazil.
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territories we observed only individuals of the same class
size (adults) that had established territories. This criteria has
permitted to isolate the effect of individual size variation on
the size of the territories.

The observations of individual behaviors were made
through the focal animal method (Lehner, 1979). This method
targets a single animal and any behavior that it is observed
doing is recorded over a period of time. Each individual of P.
nasus was observed for 15 minutes. The focal individual was
also observed in order to recognize the limits of its territory
and its main foraging and resting sites.

During the observation period, the time spent in four main
behavioral categories was recorded: (1) foraging, which was
the act of scraping the stones or other substrate in search of
food; (2) attacking intruders, the act of repelling the entry of
other individuals into the limits of the territory by agonistic
encounters; (3) resting, when the fish was still, without
displaying any type of reaction; (4) patrolling, when the fish
made a complete circle around the limits of its territory. In the
interactions with other individuals we recorded the identity
(belonging or not to the same species).

The behavior used to attack intruders is a very fast
movement and was, therefore, measured by occurrence
frequency. In order to obtain an estimate of the time spent by
each territory owner on this behavior during the 15 minutes
of observation, the number of attacks was multiplied by 2
seconds, the approximate time that the individual spends in
each attack. The behavior was recorded by a single observer
and timed using a simple stopwatch.

To obtain the size of the territory defended by individuals
of P. nasus, an adaptation of the convex polygon method was
used (Odum & Kuenzler, 1955). This consists in locating the
individual at different time intervals to find the borders of its
territory. The size of the territory is determined when all the
individual movements are restricted to areas that have already
been marked. During the observation, the displacement points
of the fish were marked with white for easy viewing and,
subsequently, the distances were measured to obtain the
triangulation of the points and the estimated size of the area
of the territory. The observation time required to define the
size of a territory varies depending on the activities of the
fish, the species studied and the size of the territory (Alwany
et al., 2005). In this study, the maximum observation time used
to determine the size of the territory of P. nasus was set at 10
minutes. However, all territories could be mapped completely
before this 10 minutes limit.

The size of individuals was estimated by comparing the
fish with an object of known size (7 cm brick), which was
positioned in the middle of the territory. To reduce estimation
errors, the individuals were grouped in size classes.

Data Analysis
The average density of individuals of the species in each

sub-plot was estimated as the average of the two surveys,
conducted independently by two observers. The pattern of
spatial distribution of P. nasus in each of the four plots (sections

of the stream) was evaluated by comparing the observed
distribution with the Poisson distribution, which describes
random events (Zar, 1999). Among other features, in the Poisson
distribution, the ratio of variance to the mean is equal to 1. A
ratio of variance to the mean greater than 1 indicates aggregated
distribution and less than 1 indicates uniform distribution
(Krebs, 1989). The analysis was performed using a two-tailed
χ2 test. χ2 values less than the critical value to 0.975, for a given
degree of freedom, were considered indicators of uniform
distribution and those larger than the critical value at 0.025
indicated aggregated distribution (Krebs, 1989). The territory
maintenance cost was analyzed by means of scatter plots and
linear regression analysis. The total maintenance cost was
considered as the sum of the time spent repelling intruders and
patrolling the boundaries of the territory. All tests were
performed using the statistical package Systat version 12.

Results

We counted a total of 188.5 (mean, range = 186 and 191)
individuals of P. nasus in the four sections sampled. The density
was constant in all four sections, with an average of 1.01 ind./
m2 (SD = 0.14, minimum = 0.93 ind./m2, maximum = 1.31 ind./m²).
The χ2 tests indicated that the individuals are uniformly
distributed in section 1 (χ2 = 5.448, df = 15, p = 0.98). For the
remaining sections of the river the spatial distribution was
random (section 2: χ2 = 2.421, df = 7, p = 0.93; section 3: χ2 =
6.64, df = 11, p = 0.82; section 4: χ2 =11.593, df = 10, p = 0.312).

To determine the behavior pattern, we observed 7
individuals of P. nasus per site that defended territories of
different sizes. The average size of the individuals studied
was 9.1 cm total length (SD = 0.5) and the size of the territories
varied from 0.16 to 1.47 m2 (mean = 0.61; SD = 0.3). During the
observations, P. nasus actively defended the limits of its
territory and displayed the same aggressive behavior of
attacking intruders independent of their identity (intra or
interspecific). The interspecific intruders who were attacked
are individuals of the species Apareiodon affinis and
Characidium sp., which were also seen scraping stones and
searching for food along the substrate. In these encounters,
owners chased the intruder to beyond the limits of its territory.
In all situations of territory defense observed, the owners of
the territories managed to send the intruders away and
maintain their territorial limits, regardless of the size of the
attacker and its identity.

In the four sections studied, the limits of the territories
were more often defended against co-specific intruders than
against invaders belonging to other species. Interspecific
aggressive encounters were more frequent in sections 1 and
2, representing respectively 9.5% and 8.6% of the agonistic
encounters recorded. In section 3 the interspecific agonistic
encounters were rare (0.7%) and in section 4 all the attacks
were with conspecific intruders.

The size of the territories did not affect the time that the
owner spent defending it (r² = 0.01, F

1.26
 = 0.020, p = 0.889)

(Fig. 2a). Individuals with the smallest territories spent as
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much time patrolling their boundaries and repelling intruders
(mean = 4.1 minutes; SD = 1.9) as those that had larger
territories (mean = 4.0, SD = 1.8) (r² = 0.01, F

1,26
 = 0.010, p =

0.920) (Fig. 2b). However, owners of larger territories spent
more time foraging (mean = 6.8; SD = 2) than owners of smaller
territories (mean = 5.8; SD = 2.9; model: time foraging = 0.197
+ 0.077 size of territory, r² = 0.171, F

1.26
 = 5.35, p = 0.029) (Fig.

2c). As a result, owners of larger territories had less time to
rest (mean = 1; SD = 2.1) than owners of smaller ones (mean =
2.2; SD = 3.4) (model: ln time resting = 1.662 - 1.559 ln size of
territory, r² = 0.155, F

1.26
 = 4.772, p = 0.038) (Fig. 2d).

Several studies found a strong correlation between the size of
territories and different pressures from intruders (e.g., Eberhard
& Ewald, 1994; Iguchi & Abe, 2002) and one of the most
common effects of intruder pressure is a reduction in the area
of the territory, which usually occurs with increasing population
density (Lopez-Sepulcre & Kokko, 2005). Moreover, high
density of fish can also contribute to an increase in agonistic
interactions (Cole & Noakes, 1980; Maher & Lott, 2000). In this
study, due to fast sampling, the pressure of intrusion (mainly
by juveniles) cannot be directly evaluated, but we found that
there was no apparent variation in the territorial maintenance
costs between the sampled sections (which, nevertheless,
showed little variation in density). As the effect of pressure
from intruders is sensitive to variation in density, the results
suggest that this factor did not have a strong effect on the size
of the P. nasus’s territories in the sampled sections.

It was clear that P. nasus defended individual sites for
food, since the attacks of the territory owners were usually
intraspecific and, when these attacks were interspecific the
targets were species that were using the same space to obtain
food. Apareiodon affinis, which represented most of the
interspecific attacks, belongs to the same trophic group as P.
nasus (Santin et al., 2004) while Characidium sp., that is
classified as insectivorous (Aranha et al., 2000; Barreto &
Aranha, 2006), was more than likely only using the space.

The stronger agonistic behavior towards conspecifics or
intruders of the same functional group have been suggested
as a benefit to the owner of the territory (Stradmeyer et al.,
2008), since the costs of maintenance are reduced by attacking
intruders which are potentially harmful, and not any individual
that approaches the territory (Harrington & Losey, 1990;
Nakano & Nagoshi, 1990; Iguchi & Abe, 2002; Sturmbauer et
al., 2008). These behavioral adjustments are important for
territorial species as they help them to reach a positive
equilibrium between the energy spent to defend the territory
and the energy needed for metabolism, growth and
reproduction (Blanchet et al., 2006) which typically involve
trade-offs, because the time and energy required for a certain
activity (e.g. defence of territory) can’t be used for another
(e.g. foraging) (Hamilton & Dill, 2003; Hamilton, 2004).

Our results do not support the idea that larger territories
are more costly to defend. That is, the energetic cost used in
the defense of territories of different sizes, measured as time
spent defending and patrolling, did not change significantly
with territory size. This finding corroborates the results
obtained by Menegatti et al. (2003) and Itzkowitz et al. (2000),
who also found no significant differences in the cost of
maintaining territories by Stegastes fuscus (in the coast of
Espirito Santo State, Brazil) and Stregastes leucostictus (in
the reefs of Jamaica), respectively. The agonistic behavior
has evolved to be energy efficient (Cleveland, 1999). Thus,
the choice of defending larger or smaller territories may be
related to other factors that provide immediate benefits, such
as more productive areas or ones that provide more shelter.
Moreover, there is an optimization with regard to the size of
the defended territories that are not necessarily influenced

Fig. 2. Relationship between the number of attacks on intruders
(a), the time foraging (b) and the time resting (c) with the size of
the territory defended by Parodon nasus in a stream in Serra
das Araras, State of Mato Grosso, Brazil (October 2008).

Discussion

The spatial distribution of individuals results from
interactions between the organisms themselves and can be
aggregated, uniform or random (Ricklefs & Miller, 1999).
According to what we observed in the field, Parodon nasus
displays territorial behavior, but only in section 1 was the spatial
distribution uniform, which is a common among territorial
species (Begon et al., 2003). In other sections of the stream (2,
3 and 4) the distribution was random, which may be the result
of the presence of juvenile individuals in these plots, since
these did not have fixed territories and foraged randomly.
Unfortunately, it was not possible to separate adult individuals
from juveniles during the population surveys. Therefore, we
cannot confirm whether or not the spatial variation in the
dispersal patterns is due to a variation in the proportion of
juveniles between the different sections of the river.

In territorial species, the density of the individuals may
have a strong effect on their distribution, due to increased
competition for resources (pressure of intruders) (Adams, 2001).
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by the cost of maintenance, where the need for foraging
regulates the minimum size and intra-specific competition
determines the maximum size (Grant, 1997).

The inverse relationship between increasing time of
foraging and reducing resting time in larger territories may be
related to their lower productivity (Letourneur, 2000). In the
more productive areas, foraging time may be reduced due to
higher quality and density of the available resources (Adams,
2001). Thus, we would expect the observed relationship if
smaller territories had greater density/quality of resources
when compared to larger ones. While productivity was not
quantified in this study, this hypothesis could explain, at least
partially, the behavioral trends observed. According to Adams
(2001), there is generally a negative correlation between
productivity and size of defended territories, that is, as
productivity diminishes there is an increase in the size of the
territory. Thus, the increase in the area of the defended territory
may be a way to compensate for the foraging needs of the
individual that defends it.

However, we cannot reject the hypothesis that the density
of resources does not vary between territories of different
sizes, and that, therefore, the owners of larger territories gain
more resources than those of smaller territories (Johnsson et
al., 2000; Candolin & Voigt, 2001). In this case, the more time
spent foraging and less time resting in larger territories could
be explained if individuals with higher energy requirements,
like large-sized fish, occupied these territories (Deverill et al.,
1999), leading to a positive relationship between the size of
the individual and the size of the area of the defended territory
(Bell & Kramer, 2000; Adams, 2001). However, we would need
more accurate measures of the size of the territory owners to
be able to test this hypothesis which was, unfortunately, not
possible in this study due to sampling difficulties associated
to habitat characteristics (speed, transparency and substrate
type) and the behavior of the individuals. Thus, the data
presented here do not allow us to choose between these two
hypotheses.

Factors such as density, productivity and establishment
of value zones within the territories should be considered
and further evaluated in order to fully understand the factors
that govern the dynamics of territorial behavior in P. nasus.
Moreover, the results of this study show that behavioral
trends can be important tools for understanding the relationship
between size and cost of maintaining the territories of P. nasus
and other species of fish with territorial behavior.
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