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NATURAL HISTORY NOTE
A scale for quantifying behavior based on aggressiveness in bats 
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ABSTRACT
Behavior and personality play a crucial role in the evolution and ecology of animal 
species. We have limited knowledge of bat personality traits, partially due to the 
time, equipment, and facilities needed to measure them. To help fill this gap, we 
developed a scale for quantifying aggressiveness in bats that can be used during 
ordinary fieldwork and handling by researchers. This scale is based on observations 
of the following ecologically relevant and easily observed behaviors in wild-captured 
bats during routine handling: amount and intensity of physical struggling, teeth-
baring, and biting. We then applied this scale to 35 wild-caught individual bats 
belonging to three different species or species groups (Chaerephon pumilus, n=29; 
Scotophilus dinganii, n=3; and pipistrelloid bats, n=3) and measured agreement 
between observers using intraclass correlation coefficients (ICCs). We found that 
agreement between observers was good to excellent. This scale of aggressiveness 
provides an important, practical tool for researchers to reliably quantify this 
personality trait in wild bats that requires no additional equipment and minimal 
additional handling time. Collecting data on aggressive behavior during handling has 
the potential to increase our understanding of both intra- and interspecific variation 
in aggressiveness in bats, as well as the influence of this trait on many aspects of bat 
ecology. Finally, collecting data using this scale can facilitate comparisons between 
studies and promote research at broader spatial and temporal scales than commonly 
used in behavioral ecology studies.

INTRODUCTION
Behavior plays a crucial role in the ecology and evolution 

of animal species (West-Eberhard 1989, Wong & Candolin 
2015). Individuals display behavioral plasticity, which is the 
variability in behavior in reaction to exogenous or endogenous 
stimuli (West-Eberhard 1989) or the adjustment of behavior 
or traits to different situations, contexts, or environmental 
variation (Sih et al. 2004a, 2004b, Dingemanse et al. 2010, 
Couchoux & Cresswell 2012). However, despite the wide 
range of behaviors animals could exhibit, individuals often 
behave consistently in multiple situations, especially when 
compared to other individuals (Sih et al. 2004a, Wolf et 
al. 2007, Biro & Stamps 2008, Carter et al. 2013, Luna et 
al. 2019). This individual consistency and repeatability in 
behavioral traits, often classified or quantified with multiple 
measures, is a personality (Sih et al. 2004a, 2004b, Réale et 
al. 2007). Personalities often vary between individuals within 
a species or population (Gosling 2001, Sih et al. 2004a, Réale 
et al. 2007, Biro & Stamps 2008). The correlation of multiple 
behavioral traits across different situations or contexts forms 
a behavioral syndrome (Sih et al. 2004a, 2004b). 

Several traits have been measured in order to classify or 
quantify personality and behavioral syndromes in animals 
(both wild and domestic), such as aggressiveness (Arnqvist 
& Henriksson 1997, Sinn et al. 2008, Melotti et al. 2011, 
Bertram & Rook 2012, Yuen et al. 2015), boldness (Bergvall 
et al. 2011, Couchoux & Cresswell 2012, Magnhagen et 
al. 2014, Yuen et al. 2015), or fearfulness (Martins et al. 
2011, Lecorps et al. 2018). Aggressiveness often forms a 
behavioral syndrome together with boldness or willingness 
to explore and has implications for foraging, predation, 
intraspecies interactions, and reproduction (Huntingford 
1976, Sih et al. 2004a, Réale et al. 2007, Biro & Stamps 
2008, Smith & Blumstein 2008). For example, female 
aggressiveness was correlated with kit survival in North 
American red squirrels (Tamiasciurus hudsonicus) (Boon et 
al. 2007). Further, aggressiveness has previously been used 
to measure personality, quantify behavior, and determine 
behavioral syndromes in a wide range of species (Gosling 
2001, Sih et al. 2004a, Réale et al. 2007, Biro & Stamps 2008), 
including honey bees (Apis mellifera) (Walton & Toth 2016), 
wild cod (Gadus morhua) (Villegas-Ríos et al. 2018), great 
tits (Parus major) (Thys et al. 2017), and spotted hyenas 
(Crocuta crocuta) (Yoshida et al. 2016). Finally, ratings of 
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aggressiveness generally show high agreement between 
independent observers (Gosling 2001). 

Bats are the second-most diverse group of mammals 
in the world with over 1400 species (Burgin et al. 2018) 
and display a variety of social structures (Wilkinson 2003), 
illustrated, for example, by lekking (Bradbury 1977, Toth 
et al. 2018), territoriality (Smarsh & Smotherman 2017), 
social information gathering from both conspecifics and 
heterospecifics (Lewanzik et al. 2019), and forming social 
foraging relationships (Carter & Wilkinson 2013, Harten 
et al. 2018). Furthermore, bats also exhibit personality 
traits, such as aggressiveness, boldness, competitiveness, 
activity, exploration, and ability to learn, that are stable 
over time (Kilgour & Brigham 2013, Menzies et al. 2013, 
Nachev & Winter 2019, Boyer et al. 2020, Webber & Willis 
2020a). Aggressiveness in bats is generally characterized by 
vocalizations, pushing, teeth-baring, and biting (Ortega & 
Maldonado 2006, Ancillotto et al. 2012, Gadziola et al. 2012, 
Kilgour & Brigham 2013, Boyer et al. 2020). Aggressiveness is 
a socially and ecologically important trait in bats - aggression 
towards conspecifics is often tied to dominance and social 
position within colonies (Ortega & Maldonado 2006, 
Gadziola et al. 2012, Welch et al. 2020) and may be used to 
access better sites within roosts (Kilgour & Brigham 2013).

Previous research on bat personality has been largely 
based on the performance of wild-caught bats kept in 
captivity for at least 24 hours in behavioral assays (Kilgour & 
Brigham 2013, Menzies et al. 2013, Boyer et al. 2020, Webber 
& Willis 2020a), although behavioral studies have also used 
long-term observations of captive (Ancillotto et al. 2012, 
Gadziola et al. 2012, Carter et al. 2018, Harten et al. 2018, 
Welch et al. 2020) or wild colonies (Ortega & Maldonado 
2006). Such approaches may require a substantial amount of 
time, equipment, or specialized facilities (Kilgour & Brigham 
2013, Menzies et al. 2013, Boyer et al. 2020, Webber & 
Willis 2020a). Observational scales are an efficient tool for 
quantifying animal behavior and personality traits whose 
results are relatively easy to interpret (Meagher 2009). 
While they are often used to study animals in captivity 
(Meagher 2009), scales can be particularly useful in a field 
context when many animals are captured but time and 
personnel are limited. For example, in 1969, Burtt & Giltz 
(1969) developed a rating scale of aggressiveness for birds 
captured during routine banding. While birds were held in 
hand, they were presented with the hand of the handler 
in a “threatening” manner and then scored on a 10-point 
scale based on the amount and vigor of biting (Burtt & Giltz 
1969). This scale has been applied to other studies involving 
personality in birds, such as canaries (Serinus canaria) (Amy 
et al. 2017, Lalot et al. 2017) and cowbirds (Molothrus ater)  
(Johnson et al. 1980). Similar scales of aggressiveness have 
also been used to study rodents in captive settings (Hall & 
Klein 1942, Ebert & Hyde 1976). 

A scale of aggressiveness does not currently exist for 
bats but would enhance our understanding of their behavior 
and personality traits. To this end, we developed a scale of 
aggressiveness to quantify aggression in bats subjected 
to ordinary handling by researchers during field studies, 
including those that are not exclusively focused on studying 
behavior or personality. We also measured reliability, which 

is the consistency or level of agreement in scores (Trevethan 
2017), between individual observers using this scale. This 
scale can be easily incorporated into any study in which bats 
are handled, including field-based studies, with no additional 
cost or equipment and thus greatly expand our knowledge 
of bat behavior and personality traits across species and 
geography. Our objectives were: 1) to describe this scale of 
aggressiveness in detail; and 2) to measure the reliability of 
observers using this scale to determine the most reliable 
and consistent way of using it. 

METHODS
Study site

This study was carried out in northeastern Eswatini 
(26°S, 31°E), which is mostly comprised of open savanna 
or woodland (Roques et al. 2001, Monadjem & Reside 
2008). Elevation ranges from approximately 150 to 600 m 
above sea level. The climate is warm, semi-arid subtropical 
(Matondo et al. 2004) with mean monthly temperatures of 
26° C in January and 18° C in July (Monadjem & Garcelon 
2005) and annual rainfall of 500-700 mm per year (Matondo 
et al. 2004, Knox et al. 2010). Twenty of Eswatini’s 32 bat 
species have been recorded in this region (Monadjem & 
Reside 2008, Monadjem et al. 2021b).

Bat Capture and Handling

We captured bats using 12 m x 3 m mist nets (EcoTone, 
Poland) placed around suspected roosts and areas of likely 
bat activity, such as water bodies or pathways (Shapiro 
et al. 2020). We set mist nets before sunset (before bat 
emergence) and kept them open for four hours, during 
which time we checked nets at least every 10 minutes.  We 
collected bats under a permit from the Eswatini National 
Trust Commission. Handling methods were approved by 
the University of Florida Institutional Animal Care and Use 
Committee (Protocol #201508751).

We placed captured bats in cloth holding bags and 
removed them individually. Routine handling and measuring 
was comprised of the following actions: measuring forearm 
length with calipers to the nearest 0.1 mm; taking mass 
with a spring balance; determining sex and reproductive 
status by visual examination of genitals and nipples; and 
determination of age (adult or juvenile) by examining 
ossification of the epiphyseal joints by shining a light 
behind a finger joint in the wing (Racey 1974). Bats were 
identified to species according to physical characteristics 
and measurements based on Monadjem et al. (2010, 2020, 
2021a).

Scale of aggressiveness

Bat behavior was scored during routine handling and 
measuring. Each handled bat received two types of score: 
a mean of the scores given at each stage of handling and 
measuring (forearm measurement, sexing, aging, verification 
of reproductive status) (hereafter “mean score”) (Lewis 
1993) and a single, overall score given at the conclusion 
of all handling of the bat (hereafter “overall score”). Bats 
were scored simultaneously by the handler (JTS) and 
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independently by a second observer. All bats received four 
final scores: a mean score and an overall score from both the 
handler and the observer.

Aggressiveness was scored using a scale that we 
developed based on a range of relevant, observed behaviors 
in handled bats (Gosling 2001). These behaviors were 
primarily the following: how much the bat struggled while 
being held by the handler; whether it bared its teeth or 
not; and whether it attempted to bite the handler’s glove 
or calipers or not. Teeth baring and biting in particular are 
associated with aggression in bats in other contexts, such as 
establishing dominance and forming social groups (Ortega 
& Maldonado 2006, Ancillotto et al. 2012, Gadziola et al. 
2012). The scores assigned were based on the following 
5-point scale, with each level in the scale corresponding to 
specific behaviors exhibited by the bat. We illustrate these 
behaviors with photographs taken during handling in the 
field (Fig. 1):

 
Level 1: Bat is completely calm in the hand during 

manipulation and measurements, with little movement. It 
is not struggling, biting, or trying to escape. The bat’s mouth 
is closed.

Level 2: The bat exhibits some struggling, with 
movements of the body, arms, or wings, but does not 
attempt to bite. These movements are intermittent. The 
bat’s mouth is closed. 

Level 3: In addition to struggling intermittently with 
movements of the body, arms, or wings, the bat opens its 
mouth and bares its teeth but does not actively try to bite.

Level 4: The bat engages in continuous struggling during 
the period of handling with strong movements of the 
body, arms, and wings. In addition to baring its teeth, the 
bat occasionally gnashes its teeth or attempts to bite the 
handler or equipment, such as calipers.

Level 5: The bat continuously and aggressively struggles 
with its body, arms, and wings and continuously gnashes its 
teeth and bites throughout handling and manipulation.

Fig. 1 - Illustration of typical bat behavior at each level of the scale of aggressiveness. Level 1: Chaerephon pumilus, Scotophilus dinganii, 
pipistrelloid sp.; Level 2: Chaerephon pumilus, pipistrelloid sp.; Level 3: Chaerephon pumilus, Nycticeinops schlieffeni; Level 4: Chaerephon 
pumilus, Afronycteris nana; Level 5: Chaerephon pumilus, Scotophilus dinganii, pipistrelloid sp., Afronycteris nana. Note: All pictures were 
taken in Eswatini from 2015 – 2016 but not all individuals pictured here were scored using the scale.

A scale for quantifying behavior based on aggressiveness in bats 
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Statistical Analysis

We used intraclass correlation coefficients (ICCs) (Fisher 
1954, Hallgren 2012, Koo & Li 2016, Trevethan 2017) to: 
1) determine how closely scores from the handler and 
observer agreed; 2) assess the repeatability of this scale of 
aggressiveness and its generalizability to similar handlers 
and/or observers; and 3) determine the most reliable and 
consistent way to use this scale. We calculated ICCs based 
on scores of all bats in the study using the function “ICC” in 
the psych package (Revelle 2020) in the program R version 
3.6.0 (R Core Team 2013).

We calculated ICCs for the different types of scores. We 
first calculated the two-way fixed average-measures ICC 
(ICC3,k) based on absolute agreement to compare the mean 
scores from the handler and observer within the context of 
this specific study. Then we calculated the two-way random 
average-measures ICC (ICC2,k) based on absolute agreement 
to determine how generalizable the scale of aggressiveness 
would be to similar handlers and/or observers using mean 
scores. In both cases we used average-measures ICC because 
the scores from the handler and observer were based on the 
mean of the scores assigned during handling each stage of 
of the bat (Koo & Li 2016, Trevethan 2017). 

We then repeated this procedure with the overall 
scores from the handler and observer. Here, we calculated 
a two-way fixed single-measures ICC (ICC3,1) to compare 
the handler and observers within this study, followed by a 
two-way random single-measure ICC (ICC2,1) to determine 
how generalizable this scale would be. We used the single-
measures type because the handler and observer each 
assigned a single overall score to each bat immediately after 
handling (Koo & Li 2016, Trevethan 2017). 

We interpreted the quality of the ICC values as: excellent 
(≥0.75), good (0.60 – 0.74), fair (0.40 - 59), or poor (≤0.39) 
after Cicchetti (1994) and Hallgren (2012). 

As an illustration of potential applications of this scale, 
we compared the mean scores of female (n=19) and male 

(n=10) bats of the species Chaerephon pumilus. We excluded 
Scotophilus dinganii and pipistrelloid bats from this analysis 
due to small sample sizes. We first calculated the mean of 
the mean scores given by each observer for each bat. We 
then compared the scores of males and females using the 
Mann-Whitney-Wilcoxon rank sum test using the function 
“wilcox.test” in the “stats” package of program R version 
3.6.0 (R Core Team 2013).

Results
We used this scale to score the aggressiveness of 

thirty-five individual bats. The majority (n = 29) belonged 
to the species Chaerephon pumilus. We also scored three 
Scotophilus dinganii and three pipistrelloid bats (family 
Vespertilionidae) that were not identified to species but 
belonged to one of the three following genera: Pipistrellus, 
Laephotis, or Neoromicia (Monadjem et al. 2020). Thirteen 
of the bats were male and 22 were female. All bats were 
adults. Based on the mean of the mean scores given by 
the handler and the observer, scores ranged from 1.0 – 3.5 
(Table 1).

Observers showed higher agreement in rating 
aggressiveness when using the mean score compared to 
the overall score. The specific handler and observers in this 
study showed good to excellent agreement when using 
mean scores (two-way fixed average-measures ICC = 0.80, 
95% confidence interval: 0.65 – 0.89) while overall scores 
showed poor to good agreement (0.60, 95% CI: 0.39 – 0.76). 
Mean scores also appeared to be more generalizable to 
other similar handlers and/or observers because agreement 
was good to excellent based on two-way random average-
measures ICC (0.79, 95% CI: 0.64 – 0.88), compared to the 
poor to moderate agreement of overall scores based on the 
equivalent two-way random single-measures ICC (0.55, 95% 
CI: 0.28 – 0.72) (Table 2).

We found no significant difference in the mean scores 
between male and female C. pumilus (W = 101.5, p = 0.78) 
(Fig. 2).

Table 1 - Summary of aggressiveness scores (based on the mean from two observers) for all bats in this study: mean ± standard deviation 
and maximum and minimum assigned scores. 

Species n Mean Score (± SD) Minimum Score Maximum Score

Chaerephon pumilus 29 1.9 ± 0.64 1.0 3.5

Scotophilus dinganii 3 2.5 ± 1.06 1.4 3.5

Pipistrelloid spp. 3 2.5 ± 0.79 2.0 3.4

Table 2 -  Summary of intraclass correlations (ICC) with 95% confidence intervals for mean and overall scores given by two independent 
observers, specifying ICC model and form.

Score Type Model and Form 
Abbreviation Model Form ICC (95% CI)

Mean score
ICC3,k Two-way fixed Average measures 0.80 (0.65 – 0.89)

ICC2,k Two-way random Average measures 0.79 (0.64 – 0.88)

Overall score
ICC3,1 Two-way fixed Single measures 0.60 (0.39 – 0.76)

ICC2,1 Two way random Single measures 0.55 (0.28 – 0.72)
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 DISCUSSION
Here we provide a simple scale that can be used to 

quantify bat behavior based on aggressiveness. This scale 
is relatively easy to integrate into any study that involves 
trapping and handling individual bats. It does not require 
any additional equipment or specialized facilities, adds 
minimal time to handling, and avoids inducing further 
fear or anxiety in wild-caught bats, which may occur with 
behavioral assays (Meagher 2009). Collecting such data 
from bats can yield insights into many aspects of behavioral 
ecology that personality and behavior influence, such 
as dispersal (Luna et al. 2019), survival (Boon et al. 2008, 
Yoshida et al. 2016), habitat-use (Villegas-Ríos et al. 2018), 
foraging (Bergvall et al. 2011, Couchoux & Cresswell 2012, 
Nachev & Winter 2019), and pathogen transmission (Boyer 
et al. 2020, Webber & Willis 2020b). 

We show that it is possible to quantify aggressiveness 
in bats using a standardized, repeatable method with 
generally high agreement between observers. This method 
can be employed by both experienced and inexperienced 
handlers or observers, as the behaviors and categories 
are easily observable and generally intuitive. While we 
found that agreement between the independent handler 
and the observers was generally good to excellent, further 
training and experience might increase the reliability and 
agreement. Increasing the number of observers may also 
improve the consistency of scores (Shrout & Fleiss 1979). 
Video recording bats during handling could improve this 
scale by reducing bias and allowing individual observers to 
score bats more than once and thus establish intra-rater 
reliability (Mugenda et al. 2019). Such recordings would also 
allow additional observers who were not present during the 
original experiment to score bats, thus increasing the total 
number of observers (Mugenda et al. 2019).   

Agreement between the handler and observers was 
highest when using the mean score (averaged from the scores 
given at different stages of handling), compared to a single 
overall score assigned at the end of the handling session. 

The use of means is generally more reliable than a single 
score (Block 1961, Gosling 2001) and allows for variation 
in behavior over the course of handling to be factored in. 
An overall score could be biased by the behavior of the bat 
at the beginning or end of handling, which might be easier 
for observers to remember. Scoring behavior throughout 
handling also requires more attention from handlers and 
observers. We therefore recommend evaluating behavior 
using an average of scores given at each stage of handling 
(e.g., forearm measurement, sexing, aging, verification of 
reproductive status as in the present study) and employing 
multiple observers to score aggressiveness independently. 
The mean of multiple observers’ mean scores provides a 
more reliable estimate for any further analysis using this 
data (Shrout & Fleiss 1979).

There are several limitations of this study. We tested 
and evaluated the scale of aggressiveness on a relatively 
small number of bats (n=35) belonging to only three 
species or species-groups of bats, and mostly one species 
– Chaerephon pumilus. However, the behaviors that we 
based the scale on are easily observable and common to 
all bats, although the intensity (such as the force or speed 
of biting) may vary between species (Santana & Dumont 
2009). Further application of this scale to other bat species 
by other observers can confirm its utility. Because this scale 
of aggressiveness, particularly the use of mean scores, was 
designed for use during standard handling, we did not score 
bats a second time and therefore cannot make inference on 
the repeatability of individual bats’ levels of aggressiveness. 
While aggressiveness generally has high repeatability across 
taxa (Bell et al. 2009), a study on big brown bats (Eptesicus 
fuscus) found it to be less repeatable than other traits due 
to high intra-individual variability (Boyer et al. 2020). Within 
the context of that study (competition trials with another 
conspecific), the limited repeatability may have been due to 
behavioral plasticity allowing bats to adjust their response 
to their current opponent (Wilson et al. 2011, Boyer et 
al. 2020, Briffa et al. 2015). However, behavioral plasticity 
depends not only on a specific context, but on personality 
at the scale of individuals (Betini & Norris 2012, Couchoux 
& Cresswell 2012, Dingemanse et al. 2012), populations 
(Briffa et al. 2008, Natarajan et al. 2009, Dingemanse et al. 
2012), and species (Wong et al. 2017) and may be shaped 
by environmental conditions, genetics, development, 
and experience (Dingemanse et al. 2010). Currently, the 
general plasticity and repeatability of aggressiveness in 
bats within and across individuals, populations, and species 
is largely unknown and requires further research, which 
could incorporate the use of this scale. Finally, although the 
scale is based on behaviors, particularly teeth-baring and 
biting, that bats use when displaying aggression toward 
conspecifics (Ortega & Maldonado 2006, Ancillotto et al. 
2012, Gadziola et al. 2012), we scored aggressiveness while 
bats were handled by humans, which differs from those 
more “natural” contexts. However, since bats were wild-
caught and not repeatedly subjected to trials, their behavior 
could plausibly be interpreted as a response to a potential 
predator, and thus may still be ecologically relevant. In other 
species, behavior during handling appears to have a wider 
relevance: for example, Johnson et al. (1980) found cowbirds 
that were scored as more aggressive during handling (Burtt 
& Giltz 1969) were less likely to die during mortality events. 

Fig. 2 - Boxplot comparing the mean of scores assigned by two 
observers using this scale of aggressiveness between female and 
male Chaerephon pumilus. 
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Nevertheless, using this scale in conjunction with further 
observations in the wild or behavioral experiments (Sih et 
al. 2004a, Réale et al. 2007, Carter et al. 2013) could both 
validate it and determine bat personalities and behavioral 
syndromes when recapturing or following individuals.

CONCLUSIONS
With this scale of aggressiveness, we provide a tool that 

is easily integrated into studies on any bats that are handled, 
including wild-captured or captive bats. It requires only 
additional observation and note-taking with minimal training 
and no extra cost, therefore allowing a broader range of bat 
researchers to collect behavioral data during standard data 
collection, e.g., while recording forearm size, age, sex, and 
reproductive condition. Although further validation of this 
scale is needed, we believe that developing it provides an 
important tool and first step to more widely quantifying 
aggressiveness in bats. Using this scale of aggressiveness 
could produce replicable, comparable datasets across the 
world and thus help us better understand the social and 
ecological factors that determine aggressiveness within and 
across bat species at broader spatial and temporal scales 
than previously favored in behavioral ecology studies.
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