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A B S T R A C T

Quantifying animal aggressive behavior by behavioral units, either displays or attacks, is a common practice in
animal behavior studies. However, this practice can generate a bias in data analysis, especially when the vari-
ables have different temporal patterns. This study aims to use Bayesian Hierarchical Linear Models (B-HLMs) to
analyze the feasibility of pooling the aggressive behavior variables of four cichlids species. Additionally, this
paper discusses the feasibility of combining variables by examining the usage of different sample sizes and family
distributions to aggressive behaviour variables. The subject species were: the angelfish (Pterophyllum scalare), the
tiger oscar (Astronotus ocellatus), the Cichlasoma paranaense and the Nile tilapia (Oreochromis niloticus). For each
species, 15 groups of 3 individuals were assigned to daily observations (10-min recordings) for 5 days.
Aggressive behavior data was labeled according to its aggressive intensity. The variables chase (C), tail beating
(TB), push (P), lateral attack (LA) and bite (B) were classified as high intensity. The variables undulation (U),
lateral threat (LT) and frontal displays (FD) were classified as low intensity. These behaviors, however, were not
present in all species. Model parameters were estimated by Monte Carlo Markov chains using non-informative
priors. B-HLMs were performed to assess the impact probability of each variable in the analysis. Results revealed
that when combining variables, the resulting distribution is strongly influenced by only one variable in each
category. Moreover, in some cases the aggregate values altered the results, which changed the probabilities of
the main variables. Species with low aggressive behavior frequencies, such as A. ocellatus, are more sensitive to
this bias. LT was the main low intensity variable for all species, while B was the main high intensity variable for
the P. scalare and the O. niloticus. LA was the high intensity category variable that was the most relevant for the
C. paranaense and A. ocellatus. Moreover, combining the variables did not impact the feasibility of reducing the
sample size when compared to using the most quantitative variable. For all species a sample size of 12 did not
change the study conclusions. With respect to family distribution, based on DIC values the Gaussian model is
more suitable for most of the studied species. However, caution should be taken, because the Gaussian posterior
probability distribution overlapped 0 in some cases, which is biologically impossible in aggressive behaviors.
The only exception is the A. ocellatus, which, based on DIC values, was the only species better modeled by a
Poisson distribution. Bayesian analysis can be therefore considered a strong tool for analyzing aggressive be-
havior

1. Introduction

Aggression is an important aspect of behaviour in many social
species and it is used to establish a dominance hierarchy and to defend
territory (Maan et al., 2001). The aggressive interactions are dynamic

and, depending on the species, can escalate in different time-ranges.
However, when prolonged, these interactions can cause bodily harm
and increased social stress, leading to impaired growth and welfare
(Damsgård and Huntingford, 2012). Because many social species are
farmed and fished by the aquaculture and fisheries industries, there is a
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growing body of scientific literature examining the welfare of cultured
and wild fishes.

In these studies the behavioral variables are standardized and de-
scribed in ethograms (e.g. Galhardo et al., 2008; Carvalho et al., 2012).
Some typical examples of these variables are bites, lateral attacks, lat-
eral threats, and undulation. These variables are usually either analyzed
individually (e.g. Oliveira et al., 2011), partially combined (sum of
events based on a given criteria) (e.g. Gómez-Laplaza and Morgan,
1993; Desjardins et al., 2012), or fully combined (sum of all aggressive
events) (e.g. Gonçalves-de-Freitas et al., 2008; Maan et al., 2001; Ros
et al., 2006; Almazán-Rueda et al., 2004; Castro and Caballero, 2004).
Among these types of classifications, the partially combined is the most
ambiguous within the literature because it has been classified under
many different names, for example: the overt aggression and the re-
strained aggression (Desjardins et al., 2012; Balzarini et al., 2014), the
high and the low intensity attacks (Gómez-Laplaza and Morgan (1993);
Werneyer and Kramer, 2002; Gonçalves-de-Freitas and Mariguela,
2006), and the Asymmetric high-intensity agonistic attacks (AHI) (e.g.
Galhardo et al., 2008). Despite the different classifications, however,
these variables all have something in common; they are all based on the
energetic costs of aggressive behaviors (e.g. Gómez-Laplaza and
Morgan, 1993, Ros et al., 2006; Arnold and Taborsky, 2010). Although
plausible, to date no mathematical criteria has been adopted for pooling
these variables into a single variable. In fact, pooling variables can
generate a bias in data analysis, especially when the combined variables
are shown in different temporal patterns during fighting events
(Dearing et al., 2001; Noleto-Filho et al., 2017).

In aggressive studies, problems with fully combined variables have
previously been acknowledged by Noleto-Filho et al. (2017) for P.
scalare who have highlighted that the pattern of the most quantitative
behavioral variable usually prevails, although there are some excep-
tions where the other variables (less quantitative ones) cause small
deviances to this pattern. It is likely that this problem applies to the
partially combined variables, since the variables that are partially ag-
gregated share similar properties with the fully combined variables,
such as different frequencies and sometimes different patterns (e.g.
Gonçalves-de-Freitas and Mariguela, 2006; Ros et al., 2006). These
variables are usually analyzed using the Gaussian distribution. How-
ever, they can also be analyzed using a Poisson distribution given that
the Poisson distribution is composed of counts and discrete data
(Ventura et al., 2015; Sadoul et al., 2016; Slavík et al., 2016). Noleto-
Filho et al. (2017) described a suitable approach for using Bayesian
Hierarchical Linear Models (B-HLMs) and Raftery's criteria (Raftery,
1995) to measure the impacts of combining aggressive data with a ci-
chlid species. Their results were reliable, although they were sensitive
to the number of replicates (Noleto-Filho et al., 2017). Sensitivity was
measured by simulating a sample size reduction and checking if con-
clusions would remain the same. Therefore, they were able to identify
how many replicates were necessary to reach the same conclusion.

The feasibility of partially combined variables has not yet been
explored for cichlids or any other fish families. Within this family, it is
common for many species to have dominance hierarchies in either one
or both sexes and to have complex social behaviors associated with
territoriality and reproduction (Maruska et al. 2014). Also, many of
these social species display different aggressive patterns and fre-
quencies (e.g. Carvalho et al. 2012, Gonçalves-de-Freitas & Mariguela
2006, Brandão et al., 2015) which can produce different contexts for
data analysis. Therefore, the present study aims to use B-HLMs to check
the feasibility of partially combined variables in four cichlids species.
Moreover, a second objective of this study is to verify the suitable
numbers of replicates and the more appropriate family distribution to
perform aggressive behavior studies, as these are important issues for
model accuracies.

2. Materials and methods

2.1. Subjects and maintenance

The subject species were the Pterophyllum scalare (Schultze 1823),
the Astronotus ocellatus (Agassiz 1831), the Cichlasoma paranaense
Kullander 1983 and the Oreochromis niloticus (Linnaeus 1758). These
four freshwater cichlids present aggressive relationships which have
already been described in laboratories (Carvalho et al., 2012;
Gonçalves-de-Freitas and Mariguela, 2006; Brandão et al., 2015;
Carvalho et al., 2008). These species were chosen because of their
viability (acquisition), differences in frequency and type of aggressive
behavior, and therefore improved our data analysis as they provided
more contexts for bias evaluation. Regarding the four species, the ani-
mals were kept for 15 days in water tanks of 500 L polyethylene (ca. 1
fish/10 L) and fed with food for cichlids (pellets) in the morning and the
evening (8:00 and 18:00), until apparent satiety. With the exception of
tilapia, no distinction regarding sex was made. The water temperature
was controlled at 27–28 °C (Pérez et al., 2003; Kelsch et al., 1990). The
water quality was maintained through biological filters (filter 400 L/h)
and constant aeration. The photoperiod was kept on 12 h of light
(07:00 h to 19:00 h). The tanks were siphoned every week to remove
the remnants of food and feces.

2.2. Experimental design

Regarding the four species, 15 groups of three animals each were
subjected to 5 days of observation in aquaria (40×30 x 40 cm; ca.
48 L). Animal sizes (standard length) were between 3–5 cm, 5–10 cm,
6–8 cm and 5–10 cm for P. scalare, O. niloticus, C. paranaense and A.
ocellatus, respectively. Aggressive behavior was recorded daily for
10min. The aggressive interactions were quantified by the frequency of
aggressive behavior based on ethograms described for each species
(Table 1) (P. scalare and O. niloticus - Carvalho et al., 2012; A. ocellatus -

Table 1
Aggressive behavior in four cichlid species (adapted from Carvalho et al., 2012; Gonçalves-de-Freitas and Mariguela, 2006; Brandão et al., 2015). For √ - aggressive
event is present. For 0 - aggressive event is absent.

Species

Agonistic event P. scalare C. paranaense A. ocellatus O. niloticus
Attacks
Chase: one fish follows the opponent that swims in opposite direction. √ √ √ √
Tail beating:The tail is quickly and sharply struck against the stimulus. Tail must actually contact divider to be scored. 0 √ 0 0
Lateral attack: the fish remain alongside each other facing the same or opposite direction and beat their tails sideways. 0 √ √ √
Bites: the aggressor swims toward the opponent and bites its body. √ √ √ √
Push: A fish with its open mouth nips the lateral flank of its opponent, sometimes displacing the opponent 0 √ 0 0

Displays
Circling: two fish with erected dorsal fin swim following each other, describing a circle, like a very slow chasing. 0 0 0 √
Frontal display: both fish approach frontally each other with head-up posture (around 45º), but without physical contact. √ 0 √ 0
Lateral threat: one fish with their fins spread and mouth opened approaches laterally to the opponent, which keeps away. √ √ √ √
Undulation: only one fish beats its tail side- ways (undulating the body), without spreading its fins. √ 0 0 √
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Gonçalves-de-Freitas and Mariguela, 2006; C. paranaense - Brandão
et al., 2015). This ethogram is composed of minor variables which are
individual events that are classified and combined into two major
variables: the attacks (more energetic expense, with body contact) and
the displays (less energetic expense, no physical contact) (Table 1). This
classification was used because it is a common data pooling criteria in
most aggressive behavior studies (e.g. Haller and Wittemberger, 1988;
Gómez-Laplaza and Morgan (1993); Werneyer and Kramer, 2002;
Gonçalves-de-Freitas and Mariguela, 2006; Arnold and Taborsky,
2010).

2.3. Statistical modeling

Model fitting was carried out with data from each variable using
Monte Carlo Markov chains (Metropolis-Hasting algorithm) with non-
informative priors (Jeffreys, 1961).

2.3.1. Assessing the possible bias in combining variables
To test the hypotheses of bias in combining variables, we have es-

timated the posterior distributions of each longitudinal variable by
implementing a Bayesian Hierarchical Linear Model (B-HLMs) with a
Gaussian distribution (Ventura et al., 2015). In addition, we have as-
sessed the posterior probability of difference in means among days in
the minor variables and in their respective major variables (Gelman,
2003; Kruschke, 2012). Since Gaussian distributions allow for negative
results, and these are biologically impossible for aggressive behaviors,
this distribution was truncated to zero. Additionally, a B-HLM that
implemented a Poisson distribution was performed to test the suit-
ability of a different probability distribution on discrete data. Subse-
quently, the Deviance Information Criterion (DIC) was also calculated
as a measure of model fit to compare the statistical models. DIC values
are inversely related to the compromise between fit and parsimony
(Spiegelhalter et al., 2002). In both models, the Bayesian posterior
probability of difference in means was computed (Gelman, 2003;
Kruschke, 2012).

The Gaussian model was specified as:
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where Wi indicates the term for i observations with a normal distribu-
tion (N) and θ specifies the mean for each category Y with precision τ.
The hyperparameter μ is the overall mean with the precision t. The
parameters σ1 and σ2 are the standard deviations for the precisions τ
and t, respectively.
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where Wi indicates the term for i observations with a Poisson dis-
tribution and b specifies the mean for each category Y for parameter λ.
The hyperparameter μ is the overall mean with precision t, both spe-
cified by an vague prior distribution. The parameterσ is the standard
deviation for the precision t.

2.3.2. Sample size suitability
To measure the suitability of the sample size, we used the same

posterior probability of difference models described above. However,
we ran the models 10 times at random and took away one replicate
from the dataset each time. To reduce the sample size for P. scalare and
O. niloticus, we used the two main minor variables lateral threat (LT)
and bites (B), and the two major variables displays (D) and attacks (A).
To reduce the sample size for C. paranaense, we used the two main
minor variables lateral threat (LT) and lateral attacks (LA), and the two
major variables displays (D) and attacks (A).

We calculated the Cohen d effect size (1988) to measure the impact
of reducing the sample size. We considered values of 0.2, 0.5 and 0.8 for
small, medium and large effects, respectively (Cohen, 1988).

2.4. Software and simulations

The models were generated through the online web tool
BayesBehav, available at https://euriconoleto.shinyapps.io/
BayesBehav. This web tool makes it easier to implement Bayesian
longitudinal models through the R statistical package “rjags” (Plummer
et al., 2006) and the JAGS software (Just Another Gibbs Sampler)
(Plummer, 2003). JAGS uses precision as the inverse of variance. The
jags code used by the web tool is described in Appendix A.

The parameters were estimated through simulations by using 3
chains and 10,000 iterations in the model convergence process. The
Gelman-Rubin criterion (Gelman and Rubin, 1992) was used to check
convergence success or failure. The Gelman-Rubin diagnosis (Gelman
and Rubin, 1992; Brooks and Gelman, 1998) was used to establish a
period of “burn-in” constituted by the disposal of 1000 samples to help
model convergence. The 5% level that is standard in statistical practice
in much of biostatistics, epidemiology, and other areas of application
was considered statistically “relevant” (Gelman, 2013), assuming 95%
Bayesian credible intervals.

3. Results

All species presented behavioural variables with very low fre-
quencies that were not suitable to be modeled (O. niloticus: Lateral
Attack; A. ocellatus: bites, frontal display and lateral threat; P. scalare:
frontal display). Thus, we only described the variables that achieved
model convergence and passed model fit criteria (O. niloticus and P.
scalare: bites, chase, lateral threat and undulation; A. ocellatus: lateral
attack and chase; C. paranaenses: lateral attack, chase, push, tail beating
and lateral threat).

For all species, only one or two variables provided similar results to
the combined variables. Within this context, a reduction of the sample
size was only considered to be feasible for the most frequent variables,
since using only these variables would have no effect on the study
conclusions, as described below. Moreover, for sake of simplicity, re-
sults for the species P. scalare & O. niloticus; and C. paranaense and A.
ocellatus, were presented in pairs due to the similar outcomes they
generated.

3.1. Combining variables

3.1.1. P. Scalare and O. Niloticus
For the major variable attacks (A) of the P. scalare and the O. nilo-

ticus two minor variables stand out: chase (C) and bites (B). When
combining these two minor variables in category A, the resulting dis-
tribution was strongly influenced by category B for both species
(Figs. 1A–C and 2 A, B, C). Similar patterns, close means values and
probabilities were also observed, although the latter varied from 1% to
3% (P. scalare) or from 3% to 7% (O. niloticus), depending on the spe-
cies. For P. scalare, when comparing the major variable attacks with the
minor variable bites, the differences between the second-third, and the
fourth-fifth days decreased from 77% to 74% and from 94% to 92%,
respectively (Figs. 1B and C). Moreover, differences among the third-
fourth day increased from 73% to 76%. Both variables increased from
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the first to the second day, and decreased by the fifth day. The variable
chase was consistent and did not change over time (Fig. 3A). For O.
niloticus, chase and bites increased until the third day and then de-
creased until the fifth day (Figs. 2 B and 4 A). For this species, when
comparing the major variable attacks with the minor variable bites, the
differences between the first-second, the first-third, the second-third,
the third-fourth and the fourth-fifth days decreased from 92% to 87%,
95% to 92%, 72% to 64%, 90% to 84% and 87% to 80%, respectively
(Figs. 2B, C). The differences between the first and third days were the
only ones that affected statistical relevance.

A similar pattern was recorded for the major variable displays (D)
for both species, whereby the minor variable lateral threat (LT) and
undulation (U) stand out (Fig. 1 and 2). However, the variable LT in-
fluenced the distributions of all days and similar patterns, close means
values, and probabilities were recorded (Figs. 1D–F, and 2 D– F). For
both species, the variable undulation was consistent, did not change
over time, and had very low frequencies (Figs. 3B and 4 B). For P.
scalare, the only probability that changed was the one between the
fourth and fifth day, which is 86% when only considering a lateral
threat (LT) or 91% when considering all variables (Fig. 1E, F). In the
case of O. niloticus, when the major variable displays was compared to
the minor variable LT, the differences between the first-second, second-
third and fourth-fifth days increased from 91% to 95%, 92%–95% and
64%–72%, respectively (Fig. 2E and F). Hence, combining variables
generated a loss of the statistical significance on some days (first-second
and second-third).

3.1.2. C. Paranaense and A. Ocellatus
For the major variable attacks of the A. ocellatus, two minor vari-

ables stood out: the variables chase (C) and bites (B). Whereas for C.
paranaense, four minor variables stood out, including lateral attacks
(LA), chase (C), push (P) and tail beating (TB). However, when these
variables were combined in attacks, the resulting distribution was re-
markably influenced by the variable lateral attacks for both species.
Indeed, similar patterns, close mean values and probabilities were re-
corded for LA (Figs. 5 and 6). However, the mean values were lower
than attacks (A), and the probabilities varied either from 2 to 8% (C.
paranaense) or from 1 to 18% (A. ocellatus), depending on the species.
For C. paranaense, when the major variable A was compared to the
minor variable LA, differences among the second-third and the third-
fourth days increased from 54% to 62% and from 68% to 70%, re-
spectively (Fig. 5B, C). For this species, the variables lateral attacks,
chase and push displayed similar patterns, i.e., they decreased from the
second day onward. However, the latter two variables displayed much
lower frequencies than the former (Fig. 5B and 7 A and B). Tail beating
(TB) was consistent, i.e., it did not change over time or in low fre-
quencies (Fig. 7C). For A. ocellatus, the LA decreased until the second
day and then increased until the fifth day (Fig. 6 B). Chase increased
from the third to the fifth day (there were no frequencies on the second
day for this variable), with very low frequencies compared to the lateral
attacks (Fig. 6C). For this species, when the major variable attacks were
compared with the minor variable LA, the differences among the first-
third and the third-fifth days decreased from 97% to 78% and from
100% to 88%, respectively. Therefore, when combined variables are

Fig. 1. Pterophyllum scalare aggressive interaction in 5 days period. It was observed in.15min at each day. Each circle contains the probability of difference from the
days before. The first probability is from the first day before, the second is from second day before and so on. A - The mean values of the most frequent high intense
aggressive variables, individually (Bites and Chase) and the mean value of them combined (Attacks). B and C - The daily aggressive behaviors density distributions of
the Bites (B) and Attacks (C). D - The mean values of the most frequent low intense aggressive variables, individually (Lateral threat and Undulation) and the mean
value of them combined (Displays). E and F - The daily aggressive behaviors density distributions of the Lateral threat (E) and Attacks (F).
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used there is a statistical significance (more than 95% of difference),
but not when lateral attacks occur individually. For the major displays,
both species presented variables with very few frequencies. As a matter
of fact, only the variable lateral threat could be properly modelled from
the C. paranaense. These variables increased until the fifth day. As only
one variable was suitable to be modeled, probabilities did not change
even when the very few frequencies from other variables were added.

3.2. Family distribution

With respect to P. scalare, for most variables the models with a
Gaussian distribution provided better results (based on lower DIC va-
lues) than the models that used a Poisson distribution (Table 2).
However, for the variables undulation and chase Poisson models pro-
vided better fits. Similarly, for all variables, in the case of O. niloticus
and C. paranaense Gaussian distribution models fit better than Poisson
distributions (Table 2). Based on these findings, Gaussian distribution
models are more suitable for most species, except for A. ocellatus, for
which the Poisson models were better.

3.3. Reducing sample size

3.3.1. P. Scalare and O. Niloticus
For lateral Thread (LT) and the displays (D) the reduction of the

sample size tended to decrease the posterior probability of difference in
means among all the days, for both species. The only exception was
found between the third-fourth and four-fifth day for P. scalare and O.

niloticus, respectively. At the inference among these days, the posterior
probability pattern was not clear and showed a small effect size
(Table 3). In the case of P. scalare, for both variables, the difference
within the first three days remained the same until the tenth replicate
(≠ 100%) (Fig. 8A), which presented a large effect size (Table 3).
Regarding O. niloticus, for both variables the difference among the first
four days remained the same until the twelfth replicate (Fig. 8B). For LT
this difference was 95% within the first-second and second-third days
and 100% within the third and fourth days. For D this difference was
91%, 93% and 98% within the first-second, second-third and third-
fourth days, respectively. For both these variables the degree of effect
between these days was considered to be medium (> 0.5) and large
(> 0.8) (Table 3).

Regarding bites and attacks among P. scalare, a reduction of the
sample size tended to decrease the posterior probability of difference in
means between the first and second days, and between the fourth and
fifth days (Fig. 8A). Between these days there was as medium effect size
(Table 3). No clear pattern emerged between the second and fourth
days, although a small effect size was observed for both variables
(Fig. 8A and Table 3).

With respect to B and A of O. niloticus, after reducing the sample size
no clear pattern emerged on any of the days. It should be noted that the
sample size reduction increased the probability of difference in means
for both variables, from the fifteenth to the eleventh replicates, whereas
it decreased the probability of difference in means up to the fifth re-
plicate (Fig. 8B). For variable A, this increase generated a non-sig-
nificant result with fifteen replicates (≠ 90%), but became significant

Fig. 2. Oreochromis niloticus aggressive interaction in 5 days period. It was observed in.15min at each day. Each circle contains the probability of difference from the
days before. The first probability is from the first day before, the second is from second day before and so on. A - The mean values of the most frequent high intense
aggressive variables, individually (Bites and Chase) and the mean value of them combined (Attacks). B and C - The daily aggressive behaviors density distributions of
the Bites (B) and Attacks (C). D - The mean values of the most frequent low intense aggressive variables, individually (Lateral threat and Undulation) and the mean
value of them combined (Displays). E and F - The daily aggressive behaviors density distributions of the Lateral threat (E) and Attacks (F).
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with eleven replicates (≠ 95). For both variables the differences among
all days presented a small effect size (< 0.5) (Table 3).

3.3.2. C. Paranaense and A. Ocellatus
With respect to lateral threat (LT) and the displays (D), after redu-

cing the sample size no clear pattern emerged between most days
(Table 3), and a small effect size was revealed. The only exception was
found between the first and second days, whereby a reduction of the
data sample size tended to decrease the posterior probability of dif-
ference in means. For both variables, the difference among the first and

second days remained the same until the eleventh replicate (≠ 100%)
and then decreased until the rest of the sample reduction (Fig. 8C). The
effect size between this inference was considered large (≥0.8)
(Table 3). Similar to the LT and the D, neither the LA nor the A pre-
sented clear patterns between most days, and both had small effect
sizes. The only exception was in the inference between the first and
second days, with a large effect size (Table 3).

For A. ocellatus, a reduction of the sample sizes occured through the
main minor variable, LA. For this variable a reduction of the data
sample size has no effect on the posterior probability of difference in

Fig. 3. Pterophyllum scalare aggressive interaction in 5 days period. It was observed in 15min at each day. Each circle contains the probability of difference from the
days before. The first probability is from the first day before, the second is from second day before and so on. A - The daily aggressive behaviors density distributions
of the Chase. B - The daily aggressive behaviors density distributions of the Undulation.

Fig. 4. Oreochromis niloticus aggressive inter-
action in 5 days period. It was observed in
15min at each day. Each circle contains the
probability of difference from the days before.
The first probability is from the first day be-
fore, the second is from second day before and
so on. A - The daily aggressive behaviors den-
sity distributions of the Chase. B - The daily
aggressive behaviors density distributions of
the Undulation.
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means within most of the days. The only exception was found between
the fourth and fifth days, in which the posterior probability tended to
decrease. This difference remained the same until the ninth replicate
(≠ 100%) and decreased afterward for the rest of the sample reduction
(Fig. 8D). The effect size was not calculated for this species, given the
poor models from zero-inflated data.

4. Discussion

4.1. Combining variables

When two longitudinal variables are combined, two patterns are
mixed at the same time. Usually the patterns of the most quantitative
variables prevail, whereas the other variables cause small deviances to
this trend (Noleto-Filho et al., 2017). For most species the most frequent
variables from attacks (A) and displays (D) provided similar results
individually as they did when combined with other variables. However,
there were two issues: (i) the mean values were lower; and (ii) the
difference probabilities in means changed from one to eight percentage
points in some cases. The first issue appears to be an advantage of
combining variables and, therefore, including information from other
variables that also existed in the fight. However, only the temporal
pattern of the most quantitative variable was represented. Hence, the
mean values increased in comparison to when a single value was used.
However, these additional frequencies caused small deviances to the
patterns of the main variables, thus leading to the second issue:

deviances generated probabilities gaps, which also caused both a loss
and gain of statistical significance on some days when results were
combined. These gaps could change our interpretation of biological
trends, thus masking patterns of increases/decreases of aggressive be-
haviours. Therefore, instead of enriching our analysis with data from
other variables, we are actually misleading the information of the main
one. Noleto-Filho et al. (2017) have already detected this problem
when combining A (more intense aggressive behavior) and D (less in-
tense aggressive behavior) in total attacks, and here we saw that the
problem deepens for variables that compose Attacks and Displays on
their own. This classification in more (A) and less (D) intense aggressive
behaviors was described by Hallen & Wittenberger (1987), who ob-
served a substitution of attacks by displays during cohabitation. Sub-
sequently, this classification was adopted in other studies (e.g. Gómez-
Laplaza and Morgan (1993); Oliveira and Almada, 1998; Werneyer
et al., 2002; Galhardo et al., 2008; Desjardins et al., 2012; Balzarini
et al., 2014; Barreto et al., 2015). More intense aggressive behaviors (A)
are more associated with high energetic costs than the less intense
aggressive behaviors (D), regardless of the frequencies of aggressive
events in each category (Ros et al., 2006). In other words, a low fre-
quent aggressive behavior can have a greater impact on metabolism
than a more frequent aggressive behaviour can. Consequently, com-
bining variables can hide the pattern of the variable with most impact
on metabolism, and lead to extrapolating misleading information from
the experiments. Within this context, it is still interesting to categorize
the variables by their energetic costs, but without combining them.

Fig. 5. Cichlasoma paranaenses aggressive interaction in 5 days period. It was observed in.15min at each day. Each circle contains the probability of difference from
the days before. The first probability is from the first day before, the second is from second day before and so on. A - The mean values of the most frequent high
intense aggressive variables, individually (Lateral attacks, Chase, Push and Tail beating) and the mean value of them combined (Attacks). B and C - The daily
aggressive behaviors density distributions of the Lateral attacks (B) and Attacks (C). D - The mean values of the most frequent low intense aggressive variables,
individually (Frontal threat, Lateral threat and Lateral posturing) and the mean value of them combined (Displays). E and F - The daily aggressive behaviors density
distributions of the Lateral threat (E) and Attacks (F).
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The only species that presented more remarkable differences among
the combined variable and the most quantitative variable was A. ocel-
latus. For this species, combining variables increased the difference of
some days by up to 18%, compared to when the more quantitative
variable was used. This species presented the lowest variable means and
standard deviations of all the species in our study, which is probably the
reason why it was most susceptible to deviances when variables were
combined. For example, if 50 lateral attacks are combined with 2 bites,
there is a 3% increase in the amount of aggressive behaviors and it may
not be considered a big change. However, if instead only two lateral
attacks are combined with 2 bites, there is a 100% increase in the
amount of aggressive behaviors and, in this case, it is considered a big
change. Hence, combining variables will generate either more or fewer
deviances from their minor variables, depending on their frequencies.

Combining aggressive variables for data analysis is also done for
other animals, such as mice, birds, bears, lobsters, and others (e.g. Van
Loo et al., 2002; Sima et al., 2016; Frederick et al., 2013; Ayres-Peres,
2015, respectively). Therefore, it is possible that the same problem
could appear in studies that examine these species. The Bayesian
method could also be applied to verify whether combining variables in
those cases is feasible, given that in these studies the frequency of ag-
gressive events is also counted and standardized with an ethogram.
Researchers can easily apply the proposed Bayesian method using the
BayesBehav web tool at https://euriconoleto.shinyapps.io/BayesBehav.

4.2. Family distribution

The aggressive behavior data can be viewed as a Poisson distribu-
tion because it is composed of counts and discrete data. However, based
on DIC values, our results highlighted that Gaussian models were more
suitable for most of the species. According to the central limit theorem,
Poisson and Gaussian distributions are numerically close when the
variables are highly quantitative. The mean of the Poisson distribution
is equal to its variance, hence it is more restrictive than the Gaussian
model (Ventura et al., 2015). However, in some cases in our study the
Gaussian posterior probability distribution overlapped 0, even with a
truncated distribution, which is biologically impossible for aggressive
behaviors. These negative results were present in the Gaussian dis-
tribution variables of almost all species (O. niloticus: lateral threat,
chase and undulation; P. scalare: bites, lateral threat, chase and un-
dulation; C. paranaenses: lateral threat, chase, push and tail beating).
Hence, to avoid possible biases, the Poisson distribution would be
preferred, even with higher DIC values, because it is a proper dis-
tribution for counts (Coxe et al., 2009). The A. ocellatus was the only
species whose main variable (LA) was better modeled using the Poisson
distribution with DIC values. This distribution is more suitable for ex-
amining low frequencies data and zero-inflated variables (Varona and
Sorensen, 2010). Hence, this distribution fits well for species that have
low frequencies in their aggressive behaviour, such as the tiger oscar.
Other distributions should also be considered in future research such as

Fig. 6. Astronotus oceallatus aggressive interaction in 5 days period. It was observed in.15min at each day. Each circle contains the probability of difference from the
days before. The first probability is from the first day before, the second is from second day before and so on. A - The mean values of the most frequent high intense
aggressive variables, individually (Lateral attacks and Chase) and the mean value of them combined (Attacks). B and C - The daily aggressive behaviors density
distributions of the L. attacks (B) and Attacks (C). D - The daily aggressive behaviors density distributions of the Chase.
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Fig. 7. Cichlasoma paranaenses aggressive interaction in 5 days period. It was observed in.15min at each day. Each circle contains the probability of difference from
the days before. The first probability is from the first day before, the second is from second day before and so on. A - The daily aggressive behaviors density
distributions of the Chase. B - The daily aggressive behaviors density distributions of the Push. C - The daily aggressive behaviors density distributions of the Tail
beating.

Table 2
Deviance Information Criterion values from two family distributions (Gaussian
and Poisson), of the variables of four cichlids species.

Gaussian Deviance
Information Criterion
(DIC)

Poisson Deviance
Information Criterion
(DIC)

P. scalare Bites 587 908
Chase 212 204
Attacks 656 987
L.Threat 652 983
Undulation 320 291
Displays 600 978

C. paranaense L. Attack 682 1888
Chase 252 455
Push 335 351
Tail beating 285 290
Attacks 698 2018
L.Threat 456 563
Displays 456 563

O. niloticus Bites 709 1655
Chase 548 915
Attacks 745 2056
L. Threat 723 1841
Undulation 520 729
Displays 764 2182

A. ocellatus L. Attack 154 123
Chase NaN 396
Attacks 617 650

Table 3
Effect size values of the inference of the main time intervals from three cichlids
species. Effect sizes were calculated only for the species modeled using the
Gaussian family distribution.

Effect size between days

1-2 2-3 3-4 4-5
P. scalare Bites 0.67 0.24 0.25 0.51

Attacks 0.64 0.24 0.20 0.60
L.Threat 1.30 1.10 0.40 0.75
Displays 1.26 1.94 0.45 0.75

C. paranaense L. Attack 2.50 0.11 0.16 0.23
Attacks 2.73 0.04 0.15 0.24
L.Threat 0.74 0.21 0.31 0.12
Displays 0.74 0.21 0.31 0.12

O. niloticus Bites 0.38 0.12 0.48 0.27
Attacks 0.47 0.20 0.36 0.38
L. Threat 0.65 0.62 0.98 0.21
Displays 0.50 0.52 0.76 0.12

A. ocellatus L. Attack NaN NaN NaN NaN
Chase NaN NaN NaN NaN
Attacks NaN NaN NaN NaN
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the quasi-Poisson and negative binomial, which are also appropriated
for count data (Ver Hoef and Boveng, 2007).

4.3. Sample size

The required sample size for longitudinal aggressive behavior data
is influenced by the degree of overlap in the time intervals, which is
related to the effect size (Noleto-Filho et al., 2017). With a large effect
size, it is possible to detect an effect in smaller sample, whereas a
smaller effect size requires a larger sample size (Sullivan and Feinn,
2012). Within this context, the variables with smaller effect sizes were
already expected to be more sensitive to sample sizes. For example, in
the variable Attacks of the O. niloticus, the inference among the first-
second (effect size= 0.47) and fourth-fifth (effect size= 0.38) days
were statistically significant with twelve replicates (≠ 96%), but not
with fifteen (≠ 92). Thus, a small sample number would have provided
a false negative result. In general, effect sizes bigger than 0.7 (medium
to large effects) has no effect on results until the 12° replicate, for the
minor variables of all species. However, all species presented at least
one variable with small and large effect sizes within the inference of
their time intervals. Given that it is unfeasible to disjoin the replicate
numbers among time intervals in a longitudinal design, replicates
should be based on the inference with the smallest effect sizes. The
variable bites of the O. niloticus provides a good example of an

appropriate sample size for a small effect size. For this variable, the
inference among the first-second days presented a small effect size
(0.38), but only changed 2 percentage points from fifteen (≠ 91%) to
twelve (≠ 93%) replicates. Hence, this deviance did not change the
conclusions and, therefore, it is an appropriate sample size.

Additionally, the most frequent variable from attacks and displays
provided similar results individually as it did when combined variables
were used. The main minor variables with their respective major
variables had already been expected to respond similarly when their
sample sizes were reduced. Indeed, the combined variables did not have
an impact on the feasibility of reducing the sample size when compared
to using the most quantitative minor variable.

5. Conclusions

Results highlight that when behavioral variables are combined the
resulting distribution is remarkably influenced by only one variable in
each category. Consequently, aggregating values misleads results in
some cases by changing the probabilities of the main variables.
Moreover, species with low frequency aggressive behaviors are more
sensitive to this bias. The variable lateral threat is the main low in-
tensity variable for all species, while bites is the main high intensity
variable for P. scalare and O. niloticus. Furthermore, the variable lateral
attack belongs to the high intensity category with the most relevance

Fig. 8. The distribution of difference between days with different sample sizes of four cichlids species. The species illustrated are the P. scalare (A), the O. niloticus (B),
the C. paranaenses (C) and the A. ocellatus. The blue line is between the first and second day, the green line is between the second and third days, the yellow is
between the third and fourth days and the orange is between the fourth and fifth days.
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for C. paranaense and A. ocellatus. Combining variables has no impact
on the feasibility of reducing the sample size when compared to using
the most quantitative minor variable. Effect sizes bigger than 0.7
(medium to large effects) has no effect on results until the 12° replicate,
for the minor variables of all species. Concerning family distribution,
based on DIC values the Gaussian model is more suitable for most of the
species. However, caution should be taken when using the Gaussian
posterior probability because it overlapped 0 in some cases, which is
biologically impossible for aggressive behaviors. Based on DIC values,
the A. ocellatus, was the only species that was better modeled by Poisson
distribution. Altogether, we highlight the Bayesian approach as a
powerful tool for analyzing behavioral data.

Funding

Eurico M. Noleto Filho - fellowship from CAPES (Coordenação de
Aperfeiçoamento de Pessoal de Nível Superior). Ana Carolina S. Gauy -
fellowship from FAPESP (Fundação de Amparo à Pesquisa do Estado de
São Paulo - # 2013/09021-0). Marcela C. Bolognesi – fellowship from
FAPESP (Fundação de Amparo à Pesquisa do Estado de São Paulo -
#2012/05498-4. Eliane Gonçalves-de-Freitas - grants from CNPq
(Conselho Nacional de Desenvolvimento Científico e Tecnológico -
#310648/2016-5).

Ethical note

This study was carried out in accordance with the ethical principles
of the National Council for the Control of Animal Experimentation
(CONCEA, Brazil) and was approved by the Ethics Committee for
Animal Experimentation of the São José do Rio Preto campus of São
Paulo State University, known locally as the Universidade Estadual
Paulista (UNESP), in Brazil (permit number 169/2017). Data from ex-
periments performed in previous studies were also used. These studies
were also carried out in accordance with ethical principles from the
CONCEA and the Ethics Committee for Animal Experimentation from
the UNESP (permit numbers 077/2013; 083/2013). All fish handling
was preceded by anesthesia, and substantial efforts were made to
minimize animal suffering, as recommended by the Animal Behavior
Society’s Guidelines.

Acknowledgments

We acknowledge the entire team of the laboratory of Animal
Behavior from the State University of São Paulo, Brazil, for helping with
the samplings.

Appendix A

1 WINBUGS code of the Hierarchical Gaussian model

2 WINBUGS code of the Hierarchical Poisson model

E.M. Noleto-Filho, et al. Behavioural Processes 164 (2019) 65–77

75



References

Almazán-Rueda, P., Schrama, J.W., Verreth, J.A.J., 2004. Behavioural responses under
different feeding methods and light regimes of the African catfish (Clarias gariepinus)
juveniles. Aquaculture 231, 347–359. https://doi.org/10.1016/j.aquaculture.2003.
11.016.

Arnold, C., Taborsky, B., 2010. Social experience in early ontogeny has lasting effects on
social skills in cooperatively breeding cichlids. Anim. Behav. 79, 621–630. https://
doi.org/10.1016/j.anbehav.2009.12.008.

Ayres-Peres, L., Araujo, P.B., Jara, C.G., Palaoro, A.V., Santos, S., 2015. How variable is
agonistic behavior among crab species? A case study on freshwater anomurans
(Crustacea: decapoda: aeglidae). J. Zool. 297, 115–122. https://doi.org/10.1111/jzo.
12262.

Balzarini, V., Taborsky, M., Wanner, S., Koch, F., Frommen, J.G., 2014. Mirror, mirror on
the wall: the predictive value of mirror tests for measuring aggression in fish. Behav.
Ecol. Sociobiol. (Print) 68, 871–878. https://doi.org/10.1007/s00265-014-1698-7.

Barreto, T.N., Boscolo, C.N.P., Gonçalves-de-Freitas, E., 2015. Homogeneously sized
groups increase aggressive interaction and affect social stress in Thai strain Nile ti-
lapia (Oreochromis niloticus). Mar. Freshw. Behav. Physiol. 48, 309–318. https://
doi.org/10.1080/10236244.2015.1070478.

Brandão, M.L., Braithwaite, V.A., Gonçalves-de-Freitas, E., 2015. Isolation impairs cog-
nition in a social fish. Appl. Anim. Behav. Sci. 171, 204–210. https://doi.org/10.
1016/j.applanim.2015.08.026.

Brooks, P.S., Gelman, A., 1998. General methods for monitoring convergence of iterative
simulations. J tComputational Graph Stat 7, 434–455.

Carvalho, T.B., Gonçalves-de-Freitas, E., 2008. Sex group composition, social interaction,
and metabolism in the fish Nile tilapia. Braz. J. Biol. 68, 807–812. https://doi.org/10.
1590/S1519-69842008000400015.

Carvalho, T.B., Ha, J.C., Gonçalves-de-Freitas, E., 2012. Light intensity can trigger dif-
ferent agonistic responses in juveniles of three cichlid species. Mar. Freshw. Behav.
Physiol. 45, 91–100. https://doi.org/10.1080/10236244.2012.690564.

Castro, J.J., Caballero, C., 2004. Effect of the light intensity upon the agonistic behaviour
of Juvenile of white-seabream (Diplodus sargus cadenati de la Paz, Bauchot and
Daget, 1974). Aggress. Behav. 30, 313–318. https://doi.org/10.1002/ab.20023.

Cohen, J., 1988. Statistical power analysis for the behavioral sciences. Stat. Power Anal.
Behav. Sci. https://doi.org/10.1234/12345678.

Coxe, S., West, S.G., Aiken, L.S., 2009. The analysis of count data: a gentle introduction to
poisson regression and its alternatives. J. Pers. Assess. 91, 121–136. https://doi.org/
10.1080/00223890802634175.

Damsgård, B., Huntingford, F., 2012. Fighting and aggression. Aquaculture and Behavior.
pp. 248–285. https://doi.org/10.1002/9781444354614.ch9.

Dearing, E., McCartney, K., Taylor, B.A., 2001. Change in family income-to-Needs matters
more for children with less. Child Dev. 72, 1779–1793. https://doi.org/10.1111/
1467-8624.00378.

Desjardins, J.K., Hofmann, H.A., Fernald, R.D., 2012. Social context influences aggressive
and courtship behavior in a cichlid fish. PLoS One 7. https://doi.org/10.1371/
journal.pone.0032781.

Frederick, C., Hunt, K., Kyes, R., Collins, D., Durrant, B., Ha, J., Wasser, S.K., 2013. Social
influences on the estrous cycle of the captive sun bear (Helarctos Malayanus). Zoo
Biol. 32, 581–591. https://doi.org/10.1002/zoo.21092.

Galhardo, L., Correia, J., Oliveira, R.F., 2008. The effect of substrate availability on be-
havioural and physiological indicators of welfare in the African cichlid (Oreochromis
mossambicus). Anim. Welf. 17, 239–254.

Gelman, A., 2003. A bayesian formulation of exploratory data analysis and goodness-of-fit
testing*. Int. Stat. Rev. 71, 369–382. https://doi.org/10.1111/j.1751-5823.2003.
tb00203.x.

Gelman, A., 2013. P values and statistical practice. Epidemiology 24, 69–72. https://doi.
org/10.1097/EDE.0b013e31827886f7.

Gelman, A., Rubin, D., 1992. Inference from iterative simulation using multiple se-
quences. Stat. Sci. 4, 457–472.

Gómez-Laplaza, L.M., Morgan, E., 1993. Social isolation, aggression, and dominance in
attacks in juvenile angelfish,Pterophyllum scalare. Aggress. Behav. 19, 213–222.
https://doi.org/10.1002/1098-2337(1993)19:3<213::AID-AB2480190306>3.0.
CO;2-X.

Gonçalves-de-Freitas, E., Mariguela, T.C., 2006. Social isolation and aggressiveness in the
Amazonian juvenile fish Astronotus ocellatus. Braz. J. Biol. 66, 233–238. https://doi.
org/10.1590/S1519-69842006000200007.

Gonçalves-de-Freitas, E., Teresa, F.B., Gomes, F.S., Giaquinto, P.C., 2008. Effect of water
renewal on dominance hierarchy of juvenile Nile tilapia. Appl. Anim. Behav. Sci. 112,
187–195. https://doi.org/10.1016/j.applanim.2007.07.002.

Haller, J., Wittenberger, C., 1988. Biochemical energetics of hierarchy formation in Betta
splendens. Physiol. Behav. 43, 447–450. https://doi.org/10.1016/0031-9384(88)
90118-7.

Jeffreys, H., 1961. Theory of probability. Theory of Probability, 3nd ed. Oxford University
Press, Oxford, UK.

Kelsch, S.W., Neill, W.H., 1990. Temperature preference versus acclimation in fishes:
selection for changing metabolic optima. Trans. Am. Fish. Soc. 119, 601–610.
https://doi.org/10.1577/1548-8659(1990)119<0601:TPVAIF>2.3.CO;2.

Kruschke, J.K., 2012. Bayesian estimation supersedes the t test. J. Exp. Psychol. Gen.
https://doi.org/10.1037/a0029146.

Maan, M.E., Groothuis, T.G.G., Wittenberg, J., 2001. Escalated fighting despite predictors
of conflict outcome: solving the paradox in a South American cichlid fish. Anim.
Behav. 62, 623–634. https://doi.org/10.1006/anbe.2001.1819.

Maruska, K.P., 2014. Social regulation of reproduction in male cichlid fishes. Gen. Comp.
Endocrinol. 207, 2–12. https://doi.org/10.1016/j.ygcen.2014.04.038.

Noleto-Filho, E.M., Gauy, A.C., Pennino, M.G., de Freitas, E.G., 2017. Bayesian analysis
improves experimental studies about temporal patterning of aggression in fish.
Behav. Processes 145, 18–26. https://doi.org/10.1016/j.beproc.2017.09.017.

Oliveira, R.F., Almada, V.C., 1998. Dynamics of social interactions during group forma-
tion in males of the cichlid fish Oreochromis mossambicus. Acta Ethol.

Oliveira, R.F., Silva, J.F., Simões, J.M., 2011. Fighting zebrafish: characterization of ag-
gressive behavior and winner-loser effects. Zebrafish 8, 73–81. https://doi.org/10.
1089/zeb.2011.0690.

Pérez, E., Díaz, F., Espina, S., 2003. Thermoregulatory behavior and critical thermal
limits of the angelfish Pterophyllum scalare (Lichtenstein) (Pisces: cichlidae). J.
Therm. Biol. 28, 531–537. https://doi.org/10.1016/S0306-4565(03)00055-X.

Plummer, M., 2003. JAGS: a program for analysis of Bayesian graphical models using
Gibbs sampling. Proc. 3rd Int. Work. Distrib. Stat. Comput. DSC 2003, 20–22
doi:10.1.1.13.3406.

Plummer, M., Best, N., Cowles, K., Vines, K., 2006. CODA: convergence diagnosis and
output analysis for MCMC. R News 6, 7–11. https://doi.org/10.1159/000323281.

Raftery, A.E., 1995. Bayesian model selection in social research. Sociol. Methodol.
https://doi.org/10.2307/271063.

Ros, A.F.H., Becker, K., Oliveira, R.F., 2006. Aggressive behaviour and energy metabolism
in a cichlid fish, Oreochromis mossambicus. Physiol. Behav. 89, 164–170. https://
doi.org/10.1016/j.physbeh.2006.05.043.

Sadoul, B., Foucard, A., Valotaire, C., Labbé, L., Goardon, L., Lecalvez, J.M., Médale, F.,
2016. Adaptive capacities from survival to stress responses of two isogenic lines of
rainbow trout fed a plant-based diet. Nat. Publ. Gr. 1–11. https://doi.org/10.1038/
srep35957.

Sima, M.J., Pika, S., Bugnyar, T., 2016. Experimental manipulation of food accessibility
affects conflict management behaviour in ravens. Ethology 122, 114–126. https://
doi.org/10.1111/eth.12451.

Slavík, O., Horký, P., Wackermannová, M., 2016. How does agonistic behaviour differ in
albino and pigmented fish? PeerJ 4, e1937. https://doi.org/10.7717/peerj.1937.

Spiegelhalter, D.J., Best, N.G., Carlin, B.P., Van Der Linde, A., 2002. Bayesian measures of
model complexity and fit. J. R. Stat. Soc. Ser. B Stat. Methodol. 64, 583–616. https://

E.M. Noleto-Filho, et al. Behavioural Processes 164 (2019) 65–77

76

https://doi.org/10.1016/j.aquaculture.2003.11.016
https://doi.org/10.1016/j.aquaculture.2003.11.016
https://doi.org/10.1016/j.anbehav.2009.12.008
https://doi.org/10.1016/j.anbehav.2009.12.008
https://doi.org/10.1111/jzo.12262
https://doi.org/10.1111/jzo.12262
https://doi.org/10.1007/s00265-014-1698-7
https://doi.org/10.1080/10236244.2015.1070478
https://doi.org/10.1080/10236244.2015.1070478
https://doi.org/10.1016/j.applanim.2015.08.026
https://doi.org/10.1016/j.applanim.2015.08.026
http://refhub.elsevier.com/S0376-6357(18)30236-5/sbref0035
http://refhub.elsevier.com/S0376-6357(18)30236-5/sbref0035
https://doi.org/10.1590/S1519-69842008000400015
https://doi.org/10.1590/S1519-69842008000400015
https://doi.org/10.1080/10236244.2012.690564
https://doi.org/10.1002/ab.20023
https://doi.org/10.1234/12345678
https://doi.org/10.1080/00223890802634175
https://doi.org/10.1080/00223890802634175
https://doi.org/10.1002/9781444354614.ch9
https://doi.org/10.1111/1467-8624.00378
https://doi.org/10.1111/1467-8624.00378
https://doi.org/10.1371/journal.pone.0032781
https://doi.org/10.1371/journal.pone.0032781
https://doi.org/10.1002/zoo.21092
http://refhub.elsevier.com/S0376-6357(18)30236-5/sbref0085
http://refhub.elsevier.com/S0376-6357(18)30236-5/sbref0085
http://refhub.elsevier.com/S0376-6357(18)30236-5/sbref0085
https://doi.org/10.1111/j.1751-5823.2003.tb00203.x
https://doi.org/10.1111/j.1751-5823.2003.tb00203.x
https://doi.org/10.1097/EDE.0b013e31827886f7
https://doi.org/10.1097/EDE.0b013e31827886f7
http://refhub.elsevier.com/S0376-6357(18)30236-5/sbref0100
http://refhub.elsevier.com/S0376-6357(18)30236-5/sbref0100
https://doi.org/10.1002/1098-2337(1993)19:3<213::AID-AB2480190306>3.0.CO;2-X
https://doi.org/10.1002/1098-2337(1993)19:3<213::AID-AB2480190306>3.0.CO;2-X
https://doi.org/10.1590/S1519-69842006000200007
https://doi.org/10.1590/S1519-69842006000200007
https://doi.org/10.1016/j.applanim.2007.07.002
https://doi.org/10.1016/0031-9384(88)90118-7
https://doi.org/10.1016/0031-9384(88)90118-7
http://refhub.elsevier.com/S0376-6357(18)30236-5/sbref0125
http://refhub.elsevier.com/S0376-6357(18)30236-5/sbref0125
https://doi.org/10.1577/1548-8659(1990)119<0601:TPVAIF>2.3.CO;2
https://doi.org/10.1037/a0029146
https://doi.org/10.1006/anbe.2001.1819
https://doi.org/10.1016/j.ygcen.2014.04.038
https://doi.org/10.1016/j.beproc.2017.09.017
http://refhub.elsevier.com/S0376-6357(18)30236-5/sbref0155
http://refhub.elsevier.com/S0376-6357(18)30236-5/sbref0155
https://doi.org/10.1089/zeb.2011.0690
https://doi.org/10.1089/zeb.2011.0690
https://doi.org/10.1016/S0306-4565(03)00055-X
http://refhub.elsevier.com/S0376-6357(18)30236-5/sbref0170
http://refhub.elsevier.com/S0376-6357(18)30236-5/sbref0170
http://refhub.elsevier.com/S0376-6357(18)30236-5/sbref0170
https://doi.org/10.1159/000323281
https://doi.org/10.2307/271063
https://doi.org/10.1016/j.physbeh.2006.05.043
https://doi.org/10.1016/j.physbeh.2006.05.043
https://doi.org/10.1038/srep35957
https://doi.org/10.1038/srep35957
https://doi.org/10.1111/eth.12451
https://doi.org/10.1111/eth.12451
https://doi.org/10.7717/peerj.1937
https://doi.org/10.1111/1467-9868.00353


doi.org/10.1111/1467-9868.00353.
Sullivan, G.M., Feinn, R., 2012. Using effect size - or why the P value is not enough. J.

Grad. Med. Educ. 4, 279–282. https://doi.org/10.4300/JGME-D-12-00156.1.
Van Loo, P.L.P., Kruitwagen, C.L.J.J., Koolhaas, J.M., Van De Weerd, H.A., Van Zutphen,

L.F.M., Baumans, V., 2002. Influence of cage enrichment on aggressive behaviour and
physiological parameters in male mice. Appl. Anim. Behav. Sci. 76, 65–81. https://
doi.org/10.1016/S0168-1591(01)00200-3.

Varona, L., Sorensen, D., 2010. A genetic analysis of mortality in pigs. Genetics 184,
277–284. https://doi.org/10.1534/genetics.109.110759.

Ventura, H.T., Silva, F.Fe., Varona, L., Figueiredo, E.A.P., de, Costa, E.V, Silva, da, L.P.,

Ventura, R., Lopes, P.S., 2015. Comparing multi-trait Poisson and Gaussian Bayesian
models for genetic evaluation of litter traits in pigs. Livest. Sci. 176, 47–53. https://
doi.org/10.1016/j.livsci.2015.03.030.

Ver Hoef, J.M., Boveng, P.L., 2007. Quasi-Poisson vs. negative binomial regression: How
should we model overdispersed count data? Ecology 88, 2766–2772. https://doi.org/
10.1890/07-0043.1.

Werneyer, M., Kramer, B., 2002. Intraspecific agonistic interactions in freely swimming
mormyrid fish, Marcusenius macrolepidotus (South African form). J. Ethol. 20,
107–121. https://doi.org/10.1007/s10164-002-0062-y.

E.M. Noleto-Filho, et al. Behavioural Processes 164 (2019) 65–77

77

https://doi.org/10.1111/1467-9868.00353
https://doi.org/10.4300/JGME-D-12-00156.1
https://doi.org/10.1016/S0168-1591(01)00200-3
https://doi.org/10.1016/S0168-1591(01)00200-3
https://doi.org/10.1534/genetics.109.110759
https://doi.org/10.1016/j.livsci.2015.03.030
https://doi.org/10.1016/j.livsci.2015.03.030
https://doi.org/10.1890/07-0043.1
https://doi.org/10.1890/07-0043.1
https://doi.org/10.1007/s10164-002-0062-y

	The Bias of combining variables on fish’s aggressive behavior studies
	Introduction
	Materials and methods
	Subjects and maintenance
	Experimental design
	Statistical modeling
	Assessing the possible bias in combining variables
	Sample size suitability

	Software and simulations

	Results
	Combining variables
	P. Scalare and O. Niloticus
	C. Paranaense and A. Ocellatus

	Family distribution
	Reducing sample size
	P. Scalare and O. Niloticus
	C. Paranaense and A. Ocellatus


	Discussion
	Combining variables
	Family distribution
	Sample size

	Conclusions
	Funding
	Ethical note
	Acknowledgments
	Appendix A
	References




