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Abstract
Agonistic encounters of juvenile male crickets were analyzed behaviourally. In a pairing between adult and juvenile male 
crickets, the juvenile crickets were usually beaten by the adult males of over 3 days after their final moult. Juveniles, by 
contrast, won significantly more bouts against young adult males 2 days after their final moult. These findings are good indi-
cators to predict which cricket will defeat which opponent. To examine the effect of previous social experience, two juvenile 
animals were paired first and then juveniles that became subordinate were paired with day 2 adults, while juveniles that 
became dominant were paired with day 3 adults 5 min after first pairing. Subordinate juveniles were beaten by day 2 adults, 
while dominant juveniles tended to win against day 3 adults. This is the first time that winner and loser effects have been 
demonstrated in juvenile crickets. Similar pairings with day 2 or day 3 adult males were performed 2 h after first pairings. 
Subordinate juveniles were still beaten by day 2 adults, while the winning rate of dominant juveniles against day 3 adults 
was decreased significantly. These results suggest that the retention time of loser effect lasted more than 2 h while that of 
the winner effect disappeared within a shorter period.
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Introduction

Agonistic encounters and establishment of hierarchical 
orders are one of the essential behavioural acts for conspe-
cific communication (Wilson 1975). Animals that acquire a 
dominant status increase their opportunity to access good 
food, mating partners and/or shelters, while animals that 
became subordinate reduce the risk of severe injury or death 
by avoiding dominant opponents (Herberholz et al. 2007)..

Physical asymmetries have been shown to be adequate 
predictions of the outcome of agonistic bouts. Larger and/
or heavier animals as well as animals with larger weapon 
tend to win in both vertebrates and invertebrates (Clutton-
Brock et al. 1979; Francis 1983; Abbott et al. 1985; Tokarz 
1985; Hack 1997; Schuett 1997; Mathis and Britzke 1999; 
Sneddon et al. 2000; Kasumovic et al. 2010). In addition 

to physical asymmetries, previous social experience also 
affects the outcome of agonistic bouts. A previously win-
ning experience increases the winning probability of the next 
agonistic encounter, whereas a previous losing experience 
has the opposite effect. These winner and loser effects have 
been widely observed in both vertebrates and arthropods 
(Beacham and Newman 1987; Bakker et al. 1989; Hsu and 
Wolf 1999) in fishes (Fuxjager et al. 2010) in mice (Moore 
et al. 1988; Otronen 1990) in insects (Whitehouse 1997) 
in spiders (Bergman et al. 2003; Momohara et al. 2013) in 
crayfish: for review (Hsu et al. 2006; Rutte et al. 2006). The 
retention time of winner and loser effects is, however, vari-
able among animals from the order of tens of minutes to sev-
eral weeks (Chase et al 1994; Bergman et al. 2003; Lan and 
Hsu 2011). Furthermore, the duration of winner and loser 
effects most often differs, with loser effects frequently last-
ing longer than winner effects (Beacham and Newman 1987; 
Bakker et al. 1989; Kaczer et al. 2007; Kasumovic et al. 
2010; Goubault and Decuigniere 2012) with the exception 
of crayfish in which the winner effect lasts longer than the 
loser effect (Momohara et al. 2015).

The intraspecific aggression and the dominance hierarchy 
formation are observed from very early stage of postem-
bryonic development in both vertebrates and arthropods 
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(Goldman and Swanson 1975; McDonald and Topoff 1986). 
For example, a dominant–subordinate relationship is formed 
in juvenile crayfish as early as the third stage of development 
(Sato and Nagayama 2012). Furthermore, dominance hier-
archy is present in human children as young as 2 years old 
(Frankel and Arbel 1980). In the crickets, however, Balsam 
and Stevenson (2020) suggest that aggressive interactions 
between male juveniles are far less fierce than for adults in 
terms of escalation and no winner/loser effects are distin-
guished. On the other hand, Simmons (1987) and Abe et al. 
(2018) show that juvenile male crickets exhibit distinguished 
aggressive behaviours and form discrete dominant–subordi-
nate relationship. However, it is still unclear that winner and 
loser effects are also formed in juvenile crickets.

The winner and loser effects are practical forms of 
learning in contest behaviour since a previously winning 
(or losing) experiences increase (or decrease) the winning 
probability of the next agonistic encounter. To confirm win-
ner and loser effects of juvenile crickets would provide the 
insight that premature animals also possess learning ability. 
Thus, we make a hypothesis that winner and loser effects 
are formed by premature juvenile crickets. To examine the 
validity of this hypothesis, we must obtain adequate indica-
tors to predict which cricket will defeat which opponent. 
Agonistic encounters of both crayfish and crickets have been 
reported from the early 1950s (Bovbjerg 1953; Alexander 
1961). For crayfish, only a 3–7% difference of body length is 
sufficient for larger animals to tend to win (Ueno and Nagay-
ama 2012). However, if small animals win the previous ago-
nistic bouts, they could frequently defeat larger opponents. 
Furthermore, losing larger animals are usually beaten by 
physically disadvantaged small opponents (Momohara 
et al. 2013). The physical advantage of a paired crayfish is 
a good indicator to predict which crayfish will defeat which 
opponent and provide a key criterion as to whether a win-
ner or loser effect is formed or not. In contrast to crayfish 
that increase in size with repeated moulting for their entire 
life, adult crickets do not undergo any significant increase 
in size once moulted. Hack (1997) has reported that heavier 
male crickets defeated their opponents, but the fighting suc-
cess advantage of heavier animals was observed only for 
physical asymmetries in mass greater than 10%. Thus, the 
physical asymmetries of crickets are insufficient to predict 
the outcomes of agonistic bouts because winner and/or loser 
effects might be masked by physical advantages of heavier 
opponents. Since sexually mature males are more aggres-
sive than adult males which have not yet produced a sper-
matophore (Dixon and Cade 1986), we make a hypothesis 
that fighting ability of adult crickets must develop gradually 
with days after final moult and young adults will be beaten 
by similar-weighted juveniles. We have examined the valid-
ity of these hypotheses based on the outcomes of pairings 
between final juvenile and adult males, and found strong 

indicator that sexually immature young adult 2 days after 
final moult was frequently beaten by juvenile. Using this 
prediction of outcomes of agonistic bouts, we demonstrate 
that juvenile crickets show winner and loser effects.

Materials and methods

Animals

Male two-spotted crickets, Gryllus bimaculatus (de Geer), 
were used in all experiments. They were purchased from 
commercial suppliers in Okayama and Hakodate, Japan. 
Crickets were maintained at 25 °C under a 12:12 h light:dark 
cycle (lights on at 06:00 h). After juveniles moulted to the 
final instar stage, individual animals were isolated in opaque 
plastic cups (37 mm height × 81 mm diameter) to become 
adults so that the exact age of the adult crickets from their 
final moult was established. Each cricket was fed an equal 
number of small food pellets and water every three days 
before experiments.

Pairings

Final instar juvenile male crickets and adult male crickets 
that were 2, 3, 5 or over 7 days old were paired in various 
combinations in an opaque fighting container of 100 mm 
diameter with 45 mm height. The body mass of each cricket 
was measured one day before pairing (0.47–0.67 g in juve-
niles and 0.46–0.69 g in adults). All pairings were performed 
between animals with a maximum 5% weight difference. 
To distinguish individuals, each animal was marked with 
odourless white correction fluid. The fighting container was 
first divided into two areas with an opaque acrylic parti-
tion. Two crickets were placed initially in different areas to 
prevent immediate contact. After acclimatization for 5 min, 
the divider was removed. The agonistic bouts were recorded 
by a video camera (JVC GZ-E265-N, Japan) for 10 min and 
analyzed using single frame measurement for each second of 
the encounter. The two crickets made contact with each other 
and started fighting within 1 min (34.3 ± 5.5 s, mean ± SE). 
A dominance hierarchy was typically established within 
3.5 min (53.7 ± 6.8 s). Dominant and subordinate relation-
ships were determined when loser crickets fled following 
the approach of the opponents on at least three times con-
secutive occasions. Dominant adults usually showed body 
jerking and sang aggressive songs. Dominant juveniles also 
showed body jerking, similar to singing adult males. If a 
dominance relationship was not established within 10 min 
after pairing, the pair’s data were excluded from the analy-
ses. The number of fights and total duration of fights were 
measured from video analysis. The intensity of a fight was 
scored on a scale of 0 to 6 to denote aggressive escalation 
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according to Stevenson et al. (2000). Individual levels were 
as follows: Level 0: mutual avoidance without aggression. 
Level 1: one cricket attacks and the opposite retreats. Level 
2: antennal fencing. Level 3: mandible spreading by one 
cricket. Level 4: mandible spreading by both crickets. Level 
5: mandible engagement. Level 6: grappling.

Pairings were as follows: male juveniles were paired with 
male juveniles (= 10 pairings) and adult males over 7 days 
old were paired with adult males over 7 days old (day 7 
adults) (= 26 pairings). Furthermore, male juveniles were 
paired with either day 7 adults (= 17 pairings), male adults 
of 5 days old (day 5 adults) (= 17 pairings), with male adults 
of 3 days old (day 3 adults) (= 23 pairings) or male adults 
of 2 days old (day 2 adults) (= 18 pairings). To examine the 
influence of previous experience of fighting, two juvenile 
males were paired first and their dominant and subordinate 
relationship established. The dominant juvenile was then 
paired with a naive day 3 adult 5 min (= 16 pairings) or 2 h 
(= 8 pairings) after the winning experience in their first pair-
ing, while the subordinate juvenile was paired with a naive 
day 2 adult 5 min (= 16 pairings) or 2 h (= 8 pairings) after 
the losing experience in the first pairing.

Statistical analyses

The winning rate was determined by the number of animals 
that won the pairings/total number of pairings and analyzed 
with multiple comparison using Fisher’s exact test after 
Bonferroni’s correction to alpha and the significance level 
set to 0.016 (= 0.05/3) if 3 groups were compared, or to 
0.008 (= 0.05/6) if 4 groups were compared in all pairwise 
comparisons. Aggression levels and total duration of fights 
were analyzed using a Mann–Whitney rank-sum test after 
Bonferroni’s correction. Statistical analyses were carried out 
using SigmaPlot v13.

Results

Agonistic bouts between two juvenile or adult 
crickets

To confirm the influence of weight difference of two male 
crickets, agonistic bouts either between a pair of two juve-
niles or between a pair of two adult crickets with a maximum 
5% weight difference (0.5331 ± 0.014 g vs 0.5325 ± 0.013 g 
in adults and 0.5398 ± 0.014 vs 0.5332 ± 0.015 g in juve-
niles) were performed (Fig. 1a). In juveniles, heavier animals 
won in 5 pairings and lighter animals also won in 5 pair-
ings. In adult crickets, the winning rate of heavier males was 
57.7% (15 out of 26 pairs), but there was no statistically sig-
nificant difference from the winning rate of smaller animals 
(P = 0.557; binomial test). The lack of physical advantage of 
heavier animals was confirmed in this study with a weight 
difference of 5%. The aggressiveness of fights between a pair 
of two adult animals was higher than that of agonistic bouts 
between a pair of two juveniles (Fig. 1b). Intensity level of 
adult pairs [median level 5, IQR (interquartile range): 4–5] 
was statistically significantly higher (U = 151.5; P = 0.031; 
Mann–Whitney rank-sum test) than that of juvenile pairs 
(median level 4, IQR: 3–5). The total duration of fights 
between a pair of two adults (median duration 3.3 s, IQR: 
2.4–4.8 s) was slightly longer than that between a pair of 
two juveniles (median duration 2.2 s, IQR: 1.2–4.3 s), but 
no statistically significant difference was observed between 
adults and juveniles (U = 173.0; P = 0.149; Mann–Whitney 
rank-sum test).

Agonistic bouts between a pair of adult and juvenile 
animals

Figure 2a showed the winning rate of adult crickets 2, 3, 5 
or 7 days after their final moult in the pairing with juvenile 

Fig. 1   Agonistic bout between 
juveniles and between adult 
crickets. a Winning rates 
between large and small 
crickets. b Intensity level of 
pairings. Solid black line with 
open square in the box shows 
median, box length indicates 
interquartile range (the 25th 
and 75th percentiles) and line 
bars show the 10th and 90th 
percentiles. Asterisk indicates 
significant difference of aggres-
sion between juvenile and adult 
animals (*p < 0.05)
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males. Day 7 adults won in all 17 pairings against juveniles. 
Ten of day 7 adults were heavier and 7 were lighter than 
juvenile opponents. The winning rates of day 5 and day 3 
adults were about 70% (12 won out of 17 pairings in day 
5 adults and 16 won out of 23 pairings in day 3 adults). In 
contrast with these older adult animals, day 2 adults were 
more likely to lose against juveniles (P = 0.0013; binomial 
test). Only two day 2 adults won while the opponent juve-
niles won in the remaining 16 pairings. Two winners were 
heavier than juvenile opponents, while 8 heavier day 2 adults 
were beaten by lighter juveniles. Thus, no effects of body 
weight were observed. The winning rate of day 2 adult was 
11.1%, which was statistically significantly lower than that 
of adults of other ages (P < 0.001; Fisher’s exact test). The 
averaged aggression levels in each paired group were 3.4–4.5 
and were not statistically significantly different (P = 0.329 
between day 7 and day 5 adults, P = 0.314 between day 7 
and day 3 adults, P = 0.202 between day 7 and day 2 adults, 
P = 0.096 between day 5 and day 3 adults, P = 0.075 between 
day 5 and day 2 adults, and P = 0.912 between day 3 and 
day 2 adults; Mann–Whitney rank-sum test). The median of 
the total duration of fights between a pair of a day 7 adult 
and a juvenile was 5.0 s and IRQ was 3.0–8.0 s, 3.0 s (IRQ; 
2.0–5.1 s) between a pair of a day 5 adult and a juvenile, 
3.5 s (IRQ; 1.4–4.3 s) between a pair of a day 3 adult and a 
juvenile, and 3.0 s (IRQ; 1.7–3.4 s) between a pair of a day 
2 adult and a juvenile (Fig. 2b). day 7 adults tended to catch 
juveniles for a long period that was statistically significantly 
longer than the fight duration between a pair of a day 2 adult 
and a juvenile (U = 68.0; P = 0.005; Mann–Whitney rank-
sum test). Spearman rank-order correlation also detected 
statistically significant positive relationship between DAYs 
and fight duration (rs = 0.330, N = 75; P = 0.004).

Loser and winner effects of juvenile crickets

As shown in Fig. 2a, naive juveniles were more likely to 
win during agonistic bouts against day 2 adults (P = 0.0013; 

binomial test), while they were usually beaten by day 3 
adults (P = 0.09: binomial test). If juvenile animals acquire 
a winner or loser effect through previous fighting experi-
ence, the outcome of agonistic bouts may likely change. To 
confirm the validity of this hypothesis, two juveniles were 
paired first to establish a dominant and subordinate social 
order, and then, the losing juvenile was paired with a naive 
day 2 adult, while the winning juvenile was paired with a 
naive day 3 adult with different intervals of 5 min and 2 h 
from the first pairing (Fig. 3, inset).

When losing juveniles were paired with day 2 adults, the 
win rate of juveniles 5 min after a losing experience was 
20% (4 wins out of 16 pairs) while the opponent day 2 adults 
won in the remaining 12 pairs. The win rate of subordi-
nate juveniles was 25% (2 wins out of 8 pairs) following a 
2 h interval from their initial losing experience (Fig. 3a). 
The winning rate of both subordinate juveniles was statisti-
cally significantly lower than that of the naive juveniles as 
a pairing with day 2 adults (P < 0.001 in juveniles after a 
5 min interval and P = 0.003 in juveniles after a 2 h interval; 
Fisher’s exact test), while there was no statistical difference 
of winning rates between them (P = 1: Fisher’s exact test). 
Thus, when juveniles became losers in the previous agonis-
tic bouts, they could not overcome day 2 adults who were 
beaten by juveniles under usual circumstances. These results 
strongly suggest that the previous losing experience of an 
agonistic bout affected subsequent fighting and this loser 
effect lasted for at least 2 h. The intensity level between 
naive juveniles and day 2 adults was 3 (median) and an IRQ 
of 2–5 (Fig. 3b). The aggressive index between a pair of day 
2 adults and subordinate juveniles 5 min after losing experi-
ence was 2 (median) and an IRQ of 2, while the intensity 
level between a pairing of day 2 adults with subordinate 
juveniles after 2 h intervals had a median of 2.5 and an IRQ 
of 2–3.75 (Fig. 3b). The aggression levels between a pair of 
day 2 adults and subordinate juveniles 5 min after the los-
ing experience were statistically significantly lower than the 
aggression level between a pair of naive juveniles and day 2 

Fig. 2   Agonistic bouts of 
pairings between juvenile and 
adult crickets. a Winning rates 
of adult crickets of different 
ages from final moult against 
juveniles. b Total duration of 
agonistic bouts. Letters above 
each plot show statistical dif-
ferences
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adults (U = 66.0; P = 0.003; Mann–Whitney rank-sum test). 
Many subordinate juveniles were immediately retreated after 
antennal contact with day 2 adults (13 out of 16 animals) 
that suggested a reduction of aggressive motivation of sub-
ordinate juveniles as they became losers. Aggression levels 
of subordinate juveniles were increased as time passed after 
the losing experience, and no statistically significant differ-
ences were found between subordinate juveniles 2 h after the 
losing experience and naive juveniles (U = 56.5; P = 0.380; 
Mann–Whitney rank-sum test). The total duration of a fight 
in each pairing group was shown in Fig. 3c. Subordinate 
juveniles 5 min after first pairing showed the shortest fight 
duration with a median of 1.4 s and an IRQ of 1.0–2.0 s 
while naive juveniles and subordinate juveniles 2 h after first 
pairing had a median of 3.0 s. Statistically significant dif-
ference was found between naive and subordinate juveniles 
5 min interval after first pairing (P = 0.013; Mann–Whitney 
rank-sum test), but no statistically significant difference was 
observed between other combinations of pairings (P = 1.0 
between naive and subordinate 2 h interval, and P = 0.0.123 
between subordinate 5 min and 2 h intervals; Mann–Whitney 
rank-sum test).

As shown in Fig. 2a, only 30% of naive juveniles won 
against day 3 adults (7 wins out of 23 pairs). The juveniles 
that won in a previous pairings tended to win against naive 

day 3 adults (Fig. 4a). The win rate of dominant juveniles 
5 min after the winning experience was 75% (12 won out of 
16 pairings), and was statistically significantly higher than 
that of naive juveniles (P = 0.009; Fisher’s exact test). After 
a 2 h interval from the winning experience of the dominant 
juveniles, the win rate was reduced to 50%, but no statisti-
cal difference was found against the win rate of dominant 
juveniles 5 min after the winning experience (P = 0.363; 
Mann–Whitney rank-sum test). The win rate of them was 
still higher than that of naive juveniles, but no statistically 
significant difference was found between them (P = 0.405; 
Fisher’s exact test). Thus, juveniles also showed winner 
effect but this effect lasted for a shorter period in compari-
son with the loser effect. The aggression levels of agonistic 
bouts between day 3 adults and juveniles were not statisti-
cally significantly different among the 3 combinations of 
pairings (P = 0.833 between naive and dominant juveniles 
5  min interval from the winning experience, P = 0.962 
between naive and dominant juveniles 2 h interval, and 
P = 0.820 between dominant juveniles 5 min and 2 h inter-
vals; Mann–Whitney rank-sum test). The aggression level 
was 4 (median) with an IRQ of 2–5 between a pair of naive 
juveniles and day 3 adults and 3.5 (median) with an IRQ of 
2–5 between a pair of day 3 adults and dominant juveniles 
after 5 min and 2 h intervals (Fig. 4b). Furthermore, the total 

Fig. 3   Loser effect of juvenile 
crickets. a Winning rate of juve-
nile crickets against day 2 adult 
crickets. b Degree of aggression 
in pairings between juvenile 
and day 2 adult crickets. c Total 
duration of agonistic bouts. In 
b and c, solid black lines with 
open squares in the box shows 
median, box length indicates 
interquartile range (the 25th and 
75th percentiles) and line bars 
show the 10th and 90th percen-
tiles. Letters above each plot 
show statistical differences
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duration of a fight in each pairing group was 3.5 s (median) 
with an IRQ of 1.4–4.3 s, 2.4 s (median) and an IRQ of 
1.6–3.8 s, and 2.1 s (median) with an IRQ of 1.4–3.4 s, 
respectively. There was also no statistical difference between 
them (P = 0.258 between naive and dominant juveniles 5 min 
interval, P = 0.455 between naive and dominant juveniles 2 h 
interval, and P = 0.830 between dominant juveniles 5 min 
and 2 h intervals; Mann–Whitney rank-sum test).

Discussion

Agonistic bouts between a pair of adult and juvenile 
animals

We confirmed in this study that a weight difference of 
about 5% between a pair of two crickets was not sufficient 
to allow heavier crickets to win for agonistic bouts. This 
result is consistent with Hach’s argument (1997) that physi-
cal asymmetries in mass greater than 10% were necessary 
for heavier crickets to defeat opponents. On the other hand, 
we confirmed that day 2 adults cannot beat juveniles, but 
day 3 and older aged adults can win. Thus, our hypotheses 
were validated and the pairings between adult and juvenile 
crickets appear to be good indicator to predict which cricket 
will defeat an opponent. Sexually mature males are more 
aggressive than adult males which have not yet produced 
a spermatophore (Dixon and Cade 1986). Males are con-
sidered to be sexually mature if they were 7 or more days 
past their final moult. Indeed, day 7 adult crickets defeated 
juveniles in all pairings in this study. Since fat body fresh 
mass, lipids, protein and glycogen begin to increase from 
day 3 after adult emergence (Anand and Lorenz 2008), accu-
mulation of them might be related to outcome of agonis-
tic bouts for adult crickets after final moult, since evicted 
defenders of hermit crabs show low glucose levels (Briffa 
and Elwood 2004). Furthermore, biogenic amine level in 
hemolymph mediates cricket aggression (Adamo et al. 1995) 

and ecdysteroid titres appear to be critical in establishment 
of dominance hierarchies in the paper wasp (Röseler et al. 
1984, 1985). Some neurohormonal factors also might affect 
agonistic encounters. Further investigations are needed to 
clarify this point.

Winner and loser effects of juvenile animals

After a defeat against a conspecific adult male cricket, sub-
ordinate males show decreased aggressiveness (Adamo and 
Hoy 1995; Hofmann and Stevenson 2000; Iwasaki et al. 
2006). On the other hand, adult winners exhibit hyper-
aggressiveness after victory and tend to win their next ago-
nistic bouts (Khazraire and Campan 1999; Rose et al. 2017). 
Here, we have shown for the first time that juvenile crickets 
also show winner and loser effects according to the outcome 
of agonistic bouts between adult and juvenile animals. The 
winners of sexually immature animals would have benefit 
that the motivation to fight must be based on competition 
over other resources than mates and on the prospect to 
secure future access to an emerging resource (Herberholz 
et al. 2007).

Naive juveniles were frequently beaten by day 3 adult 
males, but their winning probability was significantly 
increased if juveniles were winners in their previous bout. 
Furthermore, when juveniles became subordinate, they were 
beaten by day 2 adults. Many subordinate juveniles showed 
no physical contact or avoided their opponents after initial 
antennal contact. This depression period in loser juveniles 
continued for at least 2 h while the hyper-aggressiveness of 
winner juveniles lasted for no longer than 2 h after victory. 
More quantitative analyses are needed to determine the exact 
period of winner and loser effects. These retention times of 
winner and loser effects of juveniles are, however, consistent 
to those of adult males. Winners exhibited hyper-aggres-
siveness for no longer than 20 min, while submissive losers 
regain their aggressiveness 0.5–3 h after defeat (Adamo and 

Fig. 4   Winner effect of juvenile 
crickets. a Winning rate of 
juveniles against day 3 adult 
crickets. Letter above each plot 
shows statistical differences. b 
Aggression level of agonistic 
bouts between juvenile and day 
3 adult crickets. Solid black 
line with open square in the box 
shows median and, box length 
indicates interquartile range (the 
25th and 75th percentiles). Line 
bars show the 10th and 90th 
percentiles and each dot shows 
each outlier. Letters above each 
plot show statistical differences
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Hoy 1995; Iwasaki et al.2006; Rillich and Stevenson 2014; 
Rose et al. 2017).

Crayfish as well as fishes have also been analyzed in 
detail regarding winner and loser effects during agonistic 
encounters (Rutte et al. 2006). Size differences of 3% of 
body length are sufficient for larger crayfish to win (Ueno 
and Nagayama 2012). In steelhead trout, relative size with 
a weight advantage of 5% being sufficient to assume domi-
nant status for the larger fish (Abbott et al. 1985). However, 
winning small animals frequently defeat larger opponents, 
while losing large animals are beaten by small opponents. 
In fishes, a loser effect often appears to be more pronounced 
and to last longer than a winner effect (Bakker et al. 1989; 
Chase et al 1994; Hsu and Wolf 1999). In the crayfish, by 
contrast, the winner effects last more than 2 weeks and the 
loser effect last about 10 days (Momohara et al. 2016). These 
long-lasting effects involve the action of serotonin, octopa-
mine and tyramine by means of regulating a cAMP-PKA 
signalling pathway (Momohara et al. 2013, 2016, 2018). 
Thus, winner and loser effects of the crayfish demonstrate 
clear practical learning in arthropods and long-term memory 
formation, since previous agonistic experiences modulate 
aggressive state of crayfish. By contrast, the retention times 
of winner and loser effects in crickets are rather short and 
only last for several hours. This might mean that no second 
messenger systems are involved in the formation of winner 
and loser effects in the crickets despite the presence of vari-
ous biogenic amines that can affect the aggressiveness levels 
of the crickets. Subordinate males show prolonged depres-
sion periods of aggressive motivation for 24 h when repeated 
defeats are experienced (Rose et al. 2017). Dopamine is nec-
essary for recovery of aggression after social defeat (Rillich 
and Stevenson, 2014). Dopaminergic receptors activate the 
cAMP signalling pathway in crayfish (Shiratori et al. 2017). 
In addition, nitric oxide (NO) is reported to establish the 
submissive status (Rillich and Stevenson, 2017). Since NO 
is known to activate cGMP levels and to affect cAMP signal-
ling cascade in both crayfish and crickets (Matsumoto et al. 
2009; Mita et al. 2014), an increase in cAMP level might 
underpin the long-term memory of loser effects in crickets. 
Further pharmacological behavioural analyses are indispen-
sable to clarify this point.

The neurochemical bases for the formation of the winner 
and loser effects in the crickets are quite different from those 
of the crayfish. Octopamine is known to increase aggres-
siveness of crickets (Stevenson et al. 2005), while octopa-
mine in the crayfish is involved in the loser effect formation 
in the crayfish (Momohara et al. 2013, 2018). Serotonin is 
essential for winner effect formation in crayfish (Momohara 
et al. 2013, 2015), while serotonin is thought to maintain 
depressed aggressiveness after defeat of crickets (Rillich and 
Stevenson 2018). Thus, further characterization of the role 
of biogenic amines and comparison between crickets and 

crayfish are necessary to clarify the process of evolution to 
acquire different neurochemical mechanism for winner and 
loser effects in arthropods.
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