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Abstract
Mirror tests have been used to test aggressiveness because they reduce the variability of the real opponent and allows for 
repeated measurements. Regular mirrors have also several disadvantages due to the inability to display a head-to-tail position 
during lateralization. Recently, a method using a non-reversing mirror was developed, which eliminated this disadvantage, 
but was tested in a single species only. The present study reflects the need for validating the non-reversing mirror test in 
other species, represented by chub (Squalius cephalus L.) in the present study, due to species-specific manifestations of 
aggressiveness. The prediction that a non-reversing mirror would lead to more aggressive interactions than a regular mirror 
in chub was confirmed. The durations of aggressive interactions were longer in fish exposed to the regular mirror test with 
specific significance in case of the frontal and the lateral displays. The individuals maintained the same level of aggressive-
ness throughout both tests, suggesting that both tests are valid for testing the aggressiveness. Nevertheless, due to higher 
number of interactions performed, a non-reversing mirror may offer a stronger stimulus and could represent a real contest 
better than the regular mirror. Therefore, the non-reversing mirror test should be recommended for use in future studies.
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Introduction

Aggressiveness is one of the five behavioural axes with 
serious consequences for an individual’s reproductive suc-
cess (Ariyomo and Watt 2012). Wild populations usually 
contain members with either significantly higher or lower 
levels of aggressiveness, forming active and passive behav-
ioural strategies (Benus 1988). Laboratory tests have found 
that individuals with higher aggressiveness up to a certain 
limit have better mating success (Sih et al. 2014). However, 
an animal can spend only a specific amount of energy on 
aggressiveness and can withstand only a certain amount 
of injury (Briffa and Sneddon 2007; Payne 1998). There-
fore, the individuals have to balance benefits and costs of 

their aggressiveness level to gain the most from specific 
situations.

The information obtained from behavioural experiment is 
significantly shaped by the method used (Earley et al. 2000). 
Several standardized tests of aggressiveness are available 
with the common aim to represent the conditions of real 
environment. If we omit the model tests or the computer-
simulated stimuli (Clement et al. 2005; Earley et al. 2000; 
Verbeek et al. 2007), which provide a synthetic opponent 
with related disadvantages (Wackermannova et al. 2017), 
the two most frequently used tests remain. The first most 
commonly used test is the standard opponent test with or 
without a transparent barrier (Arnott et al. 2016; Budaev 
et al. 1999; Ruiz-Gomez and Huntingford 2012). Overall, 
the disadvantage of the standard opponent test is the size-
mismatched opponent causing variability in aggression per-
formed by the focal subject (Rincón and Grossman 2001). 
The standard opponent tests without a barrier is assumed 
ideal for gathering information about the types of aggressive 
behaviour of the species with full visual and chemical cues 
present in the environment, which significantly alters the 
behaviour (Coppock et al. 2016) but is not favoured because 
of the risk of injury. The second option is to use the mirror 
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image test, which is used for animals unable to distinguish 
themselves in the mirror (Desjardins and Fernald 2010). The 
self-recognition is usually tested with mark test, which fish 
usually fail to pass, because they react towards its image 
in the same manner as towards a conspecific (Hotta et al. 
2018). However, if the fish is presented to mirror over sev-
eral days, its behaviour may change, which could indicate 
self-recognition (Kohda et al. 2019). Therefore, the mirror 
should not be presented to a fish over a longer period of 
time, if the aggressiveness towards the conspecific is the 
aim of the test. The mirror opponent test is independent of 
the characteristics of the opponent (Balzarini et al. 2014) 
and is safe for the tested animal (Neat et al. 1998), which 
has led to the vast usage of this method (Campbell et al. 
2015; Chang et al. 2012; Church and Grant 2019). However, 
the mirror opponent test also faces criticism mainly due to 
inconsistent responses towards a mirror image when com-
pared to a real opponent. Specifically, the hormonal response 
represented by the androgen levels have been shown not to 
correspond (Oliveira et al. 2005). The brain gene expres-
sion was more similar to noninteracting fish (Oliveira et al. 
2016) and heightened in areas tied to fear in case of mir-
ror image (Desjardins and Fernald 2010; Li et al. 2018b). 
Consequently, the mirror opponent test aggressiveness levels 
may not correlate to standard opponent test levels in some 
species (Balzarini et al. 2014) and the number of aggressive 
interactions or their duration may differ (Elwood et al. 2014; 
Hubená et al. 2020).

The differences in responses towards mirrors and real 
opponents are thought to relate to lateralization as one of 
the most important ways of communicating with the oppo-
nent (Arnott et al. 2011). During the regular mirror image 
test, the fish can see only the head-to-head lateral position, 
even though the fish aims to achieve the head-to-tail position 
(Arnott et al. 2011). An important innovation was introduced 
by Li et al. (2018a), who exposed the mangrove rivulus 
[Kryptolebias marmoratus (Poey, 1880)] to mirrors fixed 
in 90° angle, which reverses the image in the mirror and 
thus a head-to-tail stance of the mirror image was achieved. 
The study of Li et al. (2018a) compared the regular and 
non-reversing mirror test aggressive results together with 
the model tests results. Later, the real opponent test was 
performed on the same individuals to find which mirror test 
predicted the real contest better (Li et al. 2018a). The num-
ber of attacks in non-reversing mirror test predicted the con-
test outcome unlike the results from the regular mirror test 
(Li et al. 2018a). Therefore, it is assumed the non-reversing 
mirror predicts better the individual performance during real 
fights, because as they drove similar behavioural and neuro-
biological responses as the real opponent (Li et al. 2018b).

The aim of the present study was to validate the effec-
tiveness of the non-reversing mirror compared to the mirror 
image test to study the aggressiveness. The performance of a 

non-reversing mirror has been tested only in a single species, 
the mangrove rivulus (Li et al. 2018a). The chub (Squal-
ius cephalus), one of the most common riverine species in 
Europe, was chosen as a laboratory animal in the present 
study. The mangrove rivulus used in the study of Li et al. 
(2018a) may generally react more to the mirror tests than 
to standard opponent (Earley et al. 2000) and is lateralized 
(Li et al. 2018a). The chub on the other hand offers a good 
comparison for its non-lateralized performance and lower 
response to the regular mirror test than to the standard oppo-
nent, even though their aggressiveness level is stable across 
situations (Hubená et al. 2020). We predicted that the non-
reversing mirror would lead to more aggressive interactions 
than a regular mirror in the present study, as was observed 
by Li et al. (2018a). The prediction was based on the fact 
that the head-to-tail stance in the non-reversing mirror is 
preferred by fish (Arnott et al. 2011; Li et al. 2018a) and the 
hormonal response is similar to the response to real contests 
(Li et al. 2018b).

Materials and methods

Model animal

The chub (Squalius cephalus) abundantly occupies almost 
all riverine zones in Europe (Kottelat and Freyhof 2007). 
The fish devour plants and animals located in their home 
range during their daily feeding migrations; thus, they are 
omnivorous (Krywult et al. 2008). The chub exhibits clear 
aggressive behaviour in mirror and standard opponent tests, 
including frontal display, lateral display, up and down swim-
ming and circling (Hubená et al. 2020). This study required 
twelve juvenile chubs that were purchased from Czech Fish-
ery Ltd., Czech Republic, at the age of 0+, as an F1 genera-
tion of wild individuals. The number of chubs used reflects 
the Reduction in the number of animals that can be used in 
laboratory studies.

Laboratory conditions

One month prior to the experiment, the chubs were trans-
ported to the laboratory and randomly divided into two 
tanks. The tanks contained 100 L of water with no gravel 
nor vegetation. During the acclimatization time, the fish 
were kept under standard conditions, the same as those to 
which they were accustomed in the hatchery. The lighting 
conditions were held at a regime of 12 h of day and 12 h of 
night. The water temperature was controlled automatically 
using external air conditioning and maintained at an aver-
age of 20 °C. The water was refined using biological filters 
with an integrated UV sterilizer (Pressure-Flo 5000, Rolf 
C. Hagen Inc., www.lagun apond s.com). The chubs were 

http://www.lagunaponds.com
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fed ad libitum diet of commercial pellet food (https ://www.
krmiv ahuli n.cz) once a day. No health irregularities (i.e., 
abnormal swimming or bites) or mortality was recorded dur-
ing daily controls.

All the fish were tagged with passive integrated tran-
sponder antennae 14 days prior to the start of the experiment 
to facilitate individual recognition. The fish were anaesthe-
tized with 2-phenoxy-ethanol (0.2 ml/L; Merck KGaA, Ger-
many), measured (standard length LS; mean 55 mm, range 
49–65 mm) and weighed (mean 2.78 g, range 1.93–4.56 g). 
Passive integrated transponders (PITs; Trovan ID100, 0.1 g 
in air, 12 × 2.1 mm; EID Aalten B.V., Aalten, the Nether-
lands) were then inserted into the abdominal cavity using a 
hypodermic needle attached to a syringe according to Horká 
et al. (2019). The length measurements were gained using a 
U-shaped rectangular container with straight shorter sides. 
The ruler to measure the fish was attached to the bottom of 
the container, starting from one of the straight short sides. 
The U-shaped container allowed to be filled with water so 
the fish could breathe during the procedure.

Experimental procedure

The following experiment was conducted according to the 
local valid law (Act No. 246/1992, §19, art 1, letter c) and 
with the relevant permission from the Ministry of Educa-
tion, Youth and Sports of the Czech Republic (permit no. 
MSMT-1972/2016-5). The Departmental Expert Commit-
tee superintended the animal welfare. All twelve chubs 
were subjected to both aggression tests. One test was con-
ducted using a regular mirror, and the other test was con-
ducted using a non-reversing (90°) mirror according to the 
procedure outlined by Li et al. (2018a). The other details 
of both tests noted below were identical. One-half of the 
experimental fish (six individuals in total; three individuals 
from each tank) was subjected to the regular mirror first, 
while the other half (six individuals in total; three individu-
als from each tank) was subjected to the non-reversing mir-
ror first to control for potential effect due to order. A one-
hour recovery period, as observed by Li et al. (2018a), was 
preserved between the tests. During the tests, the fish were 
separately placed into clear experimental aquarium (foot-
print 30 × 15 cm, depth 20 cm). One of the longer sides of 
the experimental tank was covered with a grey removable 
barrier (RGB: 238, 238, 238) with a mirror behind it (either 
a regular or non-reversing mirror, depending on the test). 
The grey cover was also placed on the two shorter sides 
of the tank and the second longer side of the tank was left 
open for the view of the digital camera (GoPro HD HERO; 
GoPro Inc.). The non-reversing mirror was crafted using two 
same-sized mirrors glued in 90° angle (see Li et al. 2018a). 
After one minute of acclimatization to the environment, the 
barrier was removed. A contest of focal fish with the mirror 

was recorded using a digital camera for six minutes, which 
was proved to be a suitable length of recording for the evalu-
ation of aggressiveness in chub, unless a contest outcome is 
required (Hubená et al. 2020).

Data analyses

The ‘types of aggressive behaviours’ were evaluated based 
on the study of Hubená et al. (2020), where the basic chubs’ 
ethogram was provided. Therefore, the types of aggressive 
behaviours were defined as ‘frontal display’, ‘circling’, ‘left 
lateral display’, ‘right lateral display’ and ‘up and down 
swimming’ (Fig. 1). The frontal display included various 
head-on activities targeted against the opponent, such as 
biting, ramming or mouth-wrestling. The behaviours were 
merged under this one label, because the camera viewed 
these activities from behind of the fish; therefore, there was 
a high risk of misinterpreting of the behaviours. Circling 
and up and down swimming were influenced by the barrier 
between the fish and their image. Circling was defined as 
very quick switches of the sides of body presented to the 
mirror image. Up and down swimming was viewed as fish 
swimming vertically on the glass wall in front of the image. 
Lateral displays have been labelled as presentations of the 
body of the focal fish to their image, usually with fins raised. 
The behaviours were evaluated as aggressive only when they 
were visually targeted against the mirror image. The distance 
to the mirror was not evaluated because of the relatively 
small size of the aquarium. However, the size of the testing 
tanks was the same as used in the previous study on chub’s 
aggressive ethogram (Hubená et al. 2020). The ‘number of 
aggressive interactions’ and their ‘duration’ were defined 
on the individual level for both tests, distinguishing among 
‘types of aggressive behaviours’, using the ethological soft-
ware Boris (https ://www.boris .unito .it) and the recorded 
video files. The ‘test’ variable distinguished between the 
regular and non-reversing mirror tests.

Statistical analyses

The statistical analyses were performed in SAS (SAS Insti-
tute Inc., version 9.4, https ://www.sas.com). Mixed models 
with random factors were used to account for the repeated 
measures collected for the same experimental units (indi-
vidual fish) across the duration of the experiment. PROC 
GLIMMIX for a Poisson distribution was used to ana-
lyse the number of aggressive interactions, while PROC 
MIXED for a normal distribution was used to analyse the 
duration of aggressive behaviours. Duration was log-trans-
formed to meet normality requirements prior to the analy-
ses. The significance of each explanatory variable (‘test’ 
and ‘type of aggressive interactions’) and all possible two-
way interactions were assessed using F tests in both of the 

https://www.krmivahulin.cz
https://www.krmivahulin.cz
https://www.boris.unito.it
https://www.sas.com
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procedures. The fixed effects and their interactions that 
were not statistically significant were excluded from the 
final model. Least-squares means (henceforth referred to 
and in bar charts presented as ‘adjusted means’ of model 
predictions) were subsequently computed for the particular 
classes of class variables. The differences between classes 
were tested with t tests, and Tukey–Kramer adjustment 
was used for multiple comparisons. Association between 
the dependent variable and other continuous variable was 
estimated by fitting a random factor model as described by 
Tao et al. (2002). With this random coefficient model, we 
calculated the predicted values for the dependent variable 
and plotted them against the continuous variable by using 
the predicted regression lines in particular scatter charts. 
The degrees of freedom were calculated using the Ken-
ward–Roger method (Kenward and Roger 1997).

Spearman’s correlation coefficient was used to perform 
additional analyses of relationship between the duration 
of particular aggressive behaviour and the time when it 
started during the course of the particular mirror test. 

Altogether, ten coefficients (one per particular aggressive 
behaviour and test; Table 1) were provided.

Results

In total, 991 aggressive interactions (individual vari-
ability 0–257 interactions during the particular test) that 
lasted for 845 s were documented during all the tests. 
The use of the non-reversing mirror resulted in an over-
all higher number of aggressive interactions than the 
regular mirror (F1,118 = 197.19, P < 0.0001; Fig. 2a; adj. 
P < 0.0001), but the number of performed types of aggres-
sive behaviour between the tests did not differ. The dura-
tions of the aggressive interactions were longer when 
fish were exposed to the regular mirror than to the non-
reversing mirror (F1,986 = 31.08, P < 0.0001; Fig. 2b; adj. 
P < 0.0001). An analogous trend was observed for type of 
aggressive interactions (F8,982 = 18.42, P < 0.0001; Fig. 3). 
Frontal displays, left lateral displays and right lateral 

Fig. 1  Illustrative schema of detected types of aggressive behaviours 
affected or unaffected by the mirror type. The frontal display (a; vari-
ous head-on activities targeted against the mirror image), the up and 
down swimming (b; swimming vertically on the glass wall targeted 
towards the image), the lateral displays (c; presentations of the body 

sides of fish to their image) and the circling (d; very quick switches 
of the sides of body presented to the mirror image). The quick switch-
ing of the body sides in circling could not be accounted for as the 
lateral display, because the purpose of circling seemed not to be the 
comparison of body characteristics to the opponent
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displays lasted longer in the case of the regular mirror 
(adj. P < 0.0001), but no difference was found between 
the tests used for up and down swimming and circling 
(adj. P > 0.9). The later the up and down swimming started 
across the course of both tests (the regular as well as the 
non-reversing mirror), the longer it lasted (Table 1). The 
later the frontal display started, the longer it lasted, but 
only in case of the regular mirror test (Table 1). The dura-
tion of other aggressive interactions was not dependent on 
the time it started across the course of both tests (Table 1). 
There was a positive relationship between the number of 
aggressive interactions (F1,6.973 = 8.17, P < 0.0245; Fig. 4a) 
as well as their durations (F1,12 = 9.71, P < 0.0089; Fig. 4b) 
in particular tests.

Discussion

The non-reversing mirror test aroused more aggressive 
interactions with shorter durations than the regular mirror 
test in the present study. The increased number of aggres-
siveness was also achieved for the standard opponent test, 
when compared with the mirror test (Hubená et al. 2020). 
Therefore, the non-reversing mirror could be offered as 
a substituent for the standard opponent test in chub. The 
only difference between the two mirror tests is the reversed 

image of the opponent. Arnott et al. (2011) predicted that 
66.2% of lateralized displays of convict cichlids [Amatitla-
nia nigrofasciata (Günther, 1867)] are head-to-tail stances 
and only 33.8% are head-to-head stances. The head-to-
head stance is not favoured because of the high risk of 
injury, such as jaw dislocation (Arnott et al. 2011). Thus, 
the regular mirror image offers an opponent, where the 
cost of fighting is too high for some individuals. How-
ever, Arnott et al. (2016) also found that Siamese fighting 
fish [Betta splendens (Regan, 1910)] are probably not as 
affected by the difference in laterality of the mirror image 
as by the inexhaustible motivation of the mirror opponent. 
Earley et al. (2000) found the same motivation-driven 
aggressiveness in mangrove rivulus, which is the only spe-
cies in which the non-reversing mirror test was validated 
(Li et al. 2018a). We suggest that the behaviour of chubs 
is more similar to that of cichlid species, whose fighting 
vigour depends on specific aggressive interactions of the 
opponent. This was proven in chub for frontal display 
and up and down swimming, because the fish tended to 
respond to the opponent with the same behaviour (Hubená 
et al. 2020). Furthermore, on the basis of the differences 
in aggressiveness we could assume that the anti-parallel 
swimming (head-to-tail) are more common in chub, just 
like in cichlids (Arnott et al. 2011). Consequently, if the 
opponent does not behave according to the expectations of 

Table 1  Analyses of duration 
of particular aggressive 
interactions in distinct mirror 
tests

Every cell contains results of separate Spearman’s correlation, showing whether the duration of particular 
aggressive behaviour (in seconds) is dependent on the time when it started during the course of the test (in 
seconds) or not. Behaviours with significant results are highlighted in bold

Test Aggressive interaction Test Aggressive interaction

Regular mirror Frontal Non-reversing 
mirror

Frontal

ρ = − 0.28299 ρ = 0.00850
n = 87 n = 242
P < 0.0079 P > 0.8954
Left lateral Left lateral
ρ = − 0.10424 ρ = 0.03937
n = 67 n = 108
P > 0.4012 P > 0.6858
Right lateral Right lateral
ρ = − 0.08454 ρ = 0.14952
n = 80 n = 127
P > 0.4559 P > 0.0934
Up down Up down
ρ = 0.61779 ρ = 0.27466
n = 24 n = 244
P < 0.0013 P < 0.0001
Circling Circling
ρ = − 0.32143 ρ = − 0.80000
n = 7 n = 5
P > 0.4821 P > 0.1041
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the fish, the fish express less aggressive interactions and 
prolong the display durations to synchronize with their 
mirror image. In other words, the contest does not escalate 
as naturally as in the non-reversing mirror in the present 

study or further in the standard opponent test in Hubená 
et al. (2020).

As the non-reversing mirror test was tested in only a 
single species, we gather more information from studies 
comparing the standard opponent and regular mirror test. 
The non-reversing mirror test is assumed to represent the 
real contest better (Li et al. 2018a, b), even though the 
only difference from the regular mirror test is the opposite 
display behaviour of the mirror image. Most of the tested 
species {Siamese fighting fish, zebrafish [Danio rerio 
(Hamilton, 1822)], and Astatotilapia burtoni (Günther, 
1894)} did not express any difference in the total aggres-
sion towards the mirror or the opponent (Ariyomo and 
Watt 2013; Arnott et al. 2016; Desjardins and Fernald 
2010). In case of the mangrove rivulus, the mirror image 
is a stronger stimulus than the real opponent (Earley et al. 
2000). In the same species, the non-reversing mirror test 
triggered significantly more aggressiveness than the regu-
lar mirror test (Li et al. 2018a). The difference could be 
also caused by the distance between the opponents (Cat-
telan et al. 2017), which is lower in case of the regular than 
the non-reversing mirror test. However, in Hubená et al. 
(2020) the real opponent was as close as the regular mirror 
and the increase in aggressiveness of chub during the real 
opponent test was confirmed. This may indicate that more 
realistic stimulus elicits more aggressive interactions. 
Therefore, we believe that the non-reversed mirror image 
is a stronger and more realistic stimulus for chub than the 
regular mirror test because of the increase in aggressive-
ness. Due to the found significant differences between the 
non-reversing and regular mirror tests, the first assumption 
was that the actions of the image in the regular mirror test 
might have induced stress in the focal fish. When fish are 
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exposed to a stressful situation, including an encounter, 
the physiological response of an increase in cortisol and 
serotonin follows (Silva et al. 2015; Summers and Win-
berg 2006). For subordinates, this response might cause 
behavioural inhibition in rainbow trout, resulting in lower 
aggressiveness (Øverli et al. 2004). When Nile tilapia 
(Oreochromis niloticus L.) were exposed to a stressful sit-
uation, a different brain activity was observed in the dorso-
lateral and dorsomedial telencephalon, which represent the 
hippocampus and amygdala and are known to process fear 
(Desjardins and Fernald 2010; Silva et al. 2015). Addi-
tionally, when Nile tilapia were exposed to a mirror, these 
brain centres were activated more than when exposed to 
the real opponent (Desjardins and Fernald 2010). Thus, a 
fish exposed to the regular mirror test might fear its image. 
Alternatively, the chub could have been frustrated, because 
the individuals could not elicit a correct head-to-tail stance 
with the images in the regular mirror test. We cannot 
reject the theory that frustration could have caused stress 
or fear in the fish, which was discussed before. However, 
we assume that the fish in the regular mirror test could 
suffer higher stress, because chub relieves stress through 

aggressiveness (Hubená et al. 2020). Therefore, the higher 
expression of aggressive behaviours in case of non-revers-
ing mirror could also potentially relieve the stress of the 
chub in the present study and explain the differences.

The regular mirror promoted a longer duration of frontal 
and lateral displays. The frontal display in the regular mirror 
test lasted longer, if the behaviour started later in the contest. 
Perhaps, the longer duration of frontal display by the end 
of contest was also a result of the inability of fish to reach 
head-to-tail stance. The frontal display in the present study 
is one of the most aggressive behaviours, whereas lateral 
displays are low-risk interactions (Hsu and Wolf 2001; Neat 
et al. 1998; Noleto-Filho et al. 2017). The lateral display 
difference has been discussed above. The frontal display 
is usually expressed more often by winners because of its 
high energy cost (Earley et al. 2000; Hsu and Wolf 2001; 
Neat et al. 1998). Elwood et al. (2014) suggested two over-
all theories regarding how aggressive interactions and their 
durations would be modified between the regular mirrors 
and the standard opponent tests. The first theory suggested 
that a regular mirror test would cause an increase in the 
number of lateral displays but a decrease in their duration as 
a cause of switching between sides (Elwood et al. 2014). As 
the behaviour is specie-dependent, Li et al. (2018a) found 
a higher number of switches between sides of the lateral 
display in mangrove rivulus in case of the regular mirror. 
However, if we adopt the suggestion of Li et al. (2018a) that 
the non-reversing mirror represents more real contest, then 
this theory does not match the results in the present study 
similarly as the real contest compared to the regular mirror 
test in the study of Elwood et al. (2014). This theory was 
also rejected in the study of Elwood et al. (2014) on the basis 
of their results from convict cichlids (Amatitlania nigrofas-
ciata). The second theory suggested that the regular mirror 
test would cause a decrease in the number of attacks lasting 
a longer time, because the fish would wait for their oppo-
nent to make a move (Elwood et al. 2014). This hypothesis 
matches the behaviour of convict cichlids better (Elwood 
et al. 2014) and the behaviour of chub in case of the regular 
mirror compared to the non-reversing mirror in the present 
study. Therefore, the non-reversing mirror test offers a more 
naturally behaving opponent, indicated by the shorter dura-
tion of specific aggressive behaviours.

The comparison of the data of individual aggressive-
ness has suggested that aggressiveness is stable across the 
two distinct testing methods. It is thus plausible to assume 
that the regular and non-reversing mirror tests measure the 
same personality trait. In both tests the fish performed longer 
up and down swimming, the longer the behaviour started. 
Overall, the studies of Ariyomo and Watt (2013), Balzarini 
et al. (2014) and Arnott et al. (2016) noted that the levels of 
aggression were also consistent between the regular mirror 
and the standard opponent test in zebrafish, Neolamprologus 
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Fig. 4  Relationship between the number of aggressive interac-
tions (a; y = 0.1686 + 0.0163x; r2 = 0.54) and their durations (b; 
y = 0.9542 + 0.6021x; r2 = 0.5) during the mirror tests using a regular 
mirror and a non-reversing mirror. The predicted values are from the 
PROC GLIMMIX (a) and PROC MIXED (b) analyses
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pulcher (Trewavas & Poll, 1952) and Siamese fighting fish; 
therefore, the regular mirror test may be employed as an 
index of aggressiveness in real fights in these species. In 
some cases, the mirror test did not correlate with the stand-
ard opponent test [Telmatochromis vittatus (Boulenger, 
1898); Lepidiolamprologus elongatus (Boulenger, 1898); 
Balzarini et al. 2014], suggesting either self-recognition of 
the fish in the mirror or inadequate responses of the mirror 
image. Various fish fail the self-recognition test (usually a 
mark test), especially if the exposure time to the mirror is 
short (Ariyomo and Watt 2013; Hotta et al. 2018); therefore, 
the first option is diminished. Both mirror aggressiveness 
tests offer size- and motivation-matched opponents with a 
known set of behavioural repertoires towards the focal indi-
vidual, because the mirror image cannot behave differently 
than the focal fish (Arnott et al. 2016). The data suggest that 
both mirror tests may be used to measure the aggressiveness 
trait in chubs with similar comparable results; however, a 
non-reversing mirror should be preferred due to the reasons 
discussed above. The mirror image tests could be further 
improved by addition of urine signals of conspecifics (Bay-
ani et al. 2017). Because the contest between two individuals 
is thought to defend a resource such as food or hideout (Silva 
et al. 2013), then addition of this resource to the experimen-
tal aquarium may increase the aggressiveness of the fish.
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