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Abstract The Siamese fighting fish (Betta splendens) is

well known as an aggressive fish with unique spawning and

parental care behavior. During reproduction, male fish

construct a bubble nest, court females, protect the brood,

and defend the territory through aggressive displays.

Aggression in male Siamese fighting fish has long been the

subject of investigation; however, the kinematics of

aggression during contests have been largely overlooked.

Here we investigated how nest-holding, male Siamese

fighting fish use two different types of displays, gill flaring

and fin spreading, towards intruders during various repro-

ductive phases; before (BB) and after bubble nest building,

and after spawning (AS), and hatching (AH). Males were

more aggressive towards male than female intruders and

the level of aggression changed significantly between

reproductive phases. Gill flaring, the more energetically

costly display, was the dominant initial display towards

male and female intruders in BB, AS, AH phases. How-

ever, defending males switched to fin spreading after pro-

longed exposure to intruders. The results suggest that

Siamese fighting fish use gill flaring as an acute response in

order to defend their territory; this response may be

replaced by fin spreading as a chronic response, probably to

reduce the energetic costs during the contest.

Keywords Acute response � Chronic response �
Aggression � Male behavior � Parental care � Reproduction

Introduction

Access of animals to critical resources is of particular

importance and is usually achieved through aggression.

Aggressive behaviors involved in reproduction are common

in territorial defense, during breeding and the protection of

offspring, all of which have effects on reproductive success

(Tubert et al. 2012). Although the intensity of behaviors

involved in aggression varies between individuals (Bell

2005), their expression may have significant effects on indi-

viduals fitness. For example, Jaroensutasinee and Jaroensu-

tasinee (2003) found that successful males Siamese fighting

fish (Betta splendens) may produce two to three successive

broods in a single breeding season. Given the high level of

individual variation in aggressiveness and the uncertainty of

the natural environment, it is likely that the level of aggression

displayed by an individual is a product of its internal state and

the state of the surrounding environment.

Aggressive encounters in animals seldom lead to fight-

ing. Rather a series of displays often ensue when opponents

confront one another which gradually escalate until one

opponent withdraws (e.g., Schroeder and Huber 2001).

Only if both parties are very evenly matched will costly

fights break out. The ethogram of the display process likely

varies with risk perception, which in turn depends on the

opponent and the context. For example, animals are often

extremely aggressive when defending their young (e.g.,

Forsatkar et al. 2014) and thus might proceed through the
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aggression ethogram at a faster rate and may skip some

low-level threat display components. Thus, the manner in

which animals display during aggressive encounters pro-

vides insight into their level of perceived risk.

The male Siamese fighting fish has been long recognized

for its territoriality and the aggressive displays it performs

when confronting intruder conspecifics (Simpson 1968).

This fish is a highly aggressive species; both males and

females display some degree of aggression against con-

specifics (Karino and Someya 2007), making it an ideal

model species to study the process of aggressive displays

during a contest. Studies examining social interactions of

Siamese fighting fish (e.g., McGregor et al. 2001), suggest

that gill flaring and fin spreading are the most common

aggressive displays in male–male and male–female inter-

actions. The duration of gill flaring is an indicator of fighting

capacity and correlates with fighting abilities in this species

(Evans 1985; Alton et al. 2013). Low-level aggression typ-

ically involves fin displays which can progress to gill flaring,

charging and biting. Despite the large number of studies on

courtship and aggressive behaviors of this species, no study

has assessed how the nest-holding male behaves towards to a

contestant in the early stages of the encounter and how this

might vary across the breeding phases.

Conflict between individuals is energetically costly (Castro

et al. 2006). Engaging in aggressive interactions causes sig-

nificant increases in metabolic rate and oxygen requirements

as well as the potential for physical harm (Alton et al. 2013). In

Siamese fighting fish, gill flaring behavior is thought to be the

most expensive behavior of the aggression display from an

energetic perspective (Alton et al. 2013). The opercula cov-

erings of the gills are actively used for respiration, thus during

gill flaring displays, individuals need to cope with a reduction

in respiratory gas exchange in addition to the extra energetic

requirements associated with fighting (Dore et al. 1978). This

suggests that this activity is associated with high metabolic

costs during a contest. Coordinating investment in each of the

aggressive display components, therefore, plays a key role

during a contest. Presumably, individuals progress from the

least costly modes of aggressive displays to the most expen-

sive as a means of beating their component with the least

amount of energetic expenditure (Kaufmann 1983). However,

if the risk is perceived to be great, then individuals may

immediately use the most aggressive display to ward off an

intruder. Moreover, if a contest is prolonged, individuals may

have to switch to less energetically costly displays.

In the present study we examined the influence of an

intruder’s sex at different stages of the reproductive cycle

on the aggressive displays of nest-holding male Siamese

fighting fish. Territorial and reproduction status are both

known to affect aggressive behavior of fighting fish

(Jaroensutasinee and Jaroensutasinee 2003). We investi-

gated the first encounter of nest-holding males in male–

male and in male–female interactions and the duration of

their displays was recorded. We were specifically inter-

ested in the progression of displays to determine when

lower-cost displays (raised fins) were replaced by higher-

cost displays (gill flaring). We hypothesized that males

would show a greater response to male as opposed to

female intruders and that the response would be most acute

when eggs or fry were present in the nest. In high-risk

situations, we predicted that territorial males would pro-

gress rapidly to high-cost display either by spending little

time on low-cost displays or skipping them entirely.

Moreover, we predicted that if a nest-holding male uses

costly behavior as an acute response [i.e., gill flaring that

induces hypoxic stress (Kuperberg et al. 2009)], it may be

forced to behave in a less costly manner as a chronic

response (i.e., fin display) in order to sustain the contest.

Materials and methods

Animals

Siamese fighting fish, Betta splendens, are small (ca 7.5 cm

long) fish of the gourami family (Osphronemidae) native to

slow-moving and stagnant, overgrown waters in Thailand,

Vietnam, Cambodia and Laos. When agitated, wild Siamese

fighting fish turn bright colors, and over years of selective

breeding, strains have been bred to take on these colors

permanently. The males build bubble nests at the surface of

the water. After intense courtship displays, the male gathers

fertilized eggs in his mouth and blows them into the nest. The

male then tends the eggs until they hatch about 28–36 h later

(Monvises et al. 2009). Females are the choosy sex, while the

males compete with other males for territory and mates. The

males are larger than the females due to the frequency of

male–male combat. Larger males tend to win more fights and

thus attract more females (Andersson 1994). Female fighting

fish prefer large males with longer, undamaged fins because

these traits indicate that the male is an excellent fighter and in

good health (Allen and Nicoletto 1997).

Thirty adult mature male Siamese fighting fish were

purchased from a local distributor and were kept individ-

ually in 1-L opaque containers to avoid priming of

aggressive behavior. Fish were maintained at a water

temperature of 26 ± 1 �C and under a 12-h:12-h light:dark

photoperiod, optimal conditions for the initiation of nest

building. Containers were maintained with dechlorinated

municipal water, which was changed on every third day. In

addition, 30 adult females were purchased from another

local distributor. Female fish were kept as groups of 15 fish

in two 20-L tanks under the same temperature and light

conditions as the males. All fish were fed to satiation twice
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daily with 0.9-mm commercial pellets and frozen blood

worms.

Spawning tank set-up

Seven identical copies of rectangular glass tanks with

dimensions of 40 9 30 9 30 cm were used for the

behavioral studies (Fig. 1). The water depth was 20 cm and

the temperature maintained at 26 ± 1 �C with an aquarium

heater. The apparatus was divided into two unequal com-

partments by a glass sheet. The smaller compartment

(Fig. 1) was used for intruders. An 8 9 8-cm Styrofoam

nest was situated slightly under the water surface in the

corner of the larger compartment (Fig. 1). To induce

spawning, a gravid female was introduced into the larger

compartment following construction of the bubble nest.

After spawning, the female was removed from the tank and

did not take any further part in the study.

Testing procedure and behaviors

The following behaviors were measured for 14 male fish

(mean length ± SD; 53.48 ± 3.13 mm) of 30 in our pool:

gill flaring (defined as the raising of the gill covers), and fin

spreading [defined as the quick expansion of the fins

(Forsatkar et al. 2014)]. The general design of the

behavioral observations is shown in Fig. 2. Aggressive

behaviors were tested at four distinct reproductive phases.

The first behavioral measurements were taken from 5 to

7 h following the male’s introduction to the tank before the

construction of the bubble nest (BB). The second behav-

ioral measurements were made after focal male fish had

constructed their bubble nests (AB). The third measure-

ment was made after spawning (AS), 1 h after the female

was removed. The final measurements were performed

after hatching of the larvae (AH). In each set of behavioral

measurements, the subject male was netted from his

housing tank and placed into the apparatus. The intruder

compartment was covered by an opaque partition. After

5–7 h, a gravid female (37.54 ± 3.20 mm) was placed into

the intruder’s compartment. After 10 min following the

insertion of the female intruder, the partition was removed,

allowing visual contact between the experimental fish and

the intruder. The male–female interaction was recorded

using a digital camera. Then, the partition was replaced in

its original position, and the female intruder was removed

and returned to its tank. After a 10-min interval, a male

intruder (54.81 ± 2.41 mm) was placed into the compart-

ment and kept there for a 10-min acclimation period. Then,

the partition was removed again, and the male–male

interaction was recorded. The intruder was removed at the

end of the observation period and returned to its container.

Video recordings were then converted to pictures (1 pic-

ture per second) using a KMPlayer (version 3.0.0.1438;

http://www.kmplayer.com) and the behaviors displayed in

each picture were counted. We did not balance the order of

female and male intruders because our previous studies

found that the order of presentation had no influence of the

behaviors of male Siamese fighting fish (Forsatkar et al.

2015). The first behavior displayed in response to an

intruder was identified and its duration was recorded

(hereafter ‘‘first response’’). Additionally, the total time

each individual spent using the two displays over the

duration of the 5-min exposure was noted (hereafter ‘‘total

response’’). To prevent pseudoreplication of behavioral

responses between conspecifics, each intruder was tested

only for one interaction (i.e., BB, or AB, or AS, or AH)

with a focal male. However, the same intruders were used

at each reproductive phase for all of the focal males [a total

of four male and four female size-matched intruders

(Forsatkar et al. 2015)].

Fig. 1 Schematic plan from above of the experimental apparatus.

The larger compartment held the focal male and the smaller

compartment held a female or male intruder, depending on the trial.

Black areas indicate the remote areas filled with fine gravel to cover

the surroundings of the intruder

Fig. 2 Schematic view of the

general experimental design of

the study. This schedule was the

same for each individual male

that was observed in the study
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Statistics

Data are reported as mean ± SE and all the statistical

analyses were conducted using SPSS (version 22.0; IBM

Statistics). We checked for homogeneity of variance with

Levene’s test in all statistical tests and aggressive behavior

scores were log transformed. The duration of time spent

gill flaring and fin spreading as a first response and over the

total observation period (total response) was compared

using paired samples t-test. We used separate generalized

linear mixed models to investigate the effect of intruder

sex, phase of reproduction and their interaction on the

display of gill flaring and fin spreading during the first

response and the total response to the intruders. Individual

identity was used as a random effect to account for multiple

observations of the same individuals over time, and the

fixed effects were sex of the intruders, phase of reproduc-

tion and their interaction. The size of the nest-holding

males was initially used as a covariate but since there was

no effect of length we removed it to simplify the models.

Results

No difference was found between length of focal and intruder

males (independent samples t-test, t26 = 0.73, p = 0.428).

After watching the intruder, nest-holding males vigorously

swam toward the intruder and moved their bony opercula

forward and extended the branchiostegal membranes (Ku-

perberg et al. 2009). In the BB condition, only one of the 14

nest-holding males showed fin spreading as the first reaction

towards both male and female conspecific intruders. How-

ever, for the AB condition, two and six nest-holding males

pursued fin spreading against female and male intruders,

respectively. In the two last stages of reproduction, AS and

AH, all of the subjects displayed gill flaring as the first reaction

towards female and male intruders.

Paired t-tests showed that the duration of gill flaring was

significantly higher than the duration of fin spreading as the

first response in the male–female interactions (Fig. 3), and

male–male interactions (Fig. 4) in the BB, AS, and AH

phases of reproduction (Fig. 5). However, fin spreading

was used more often than gill flaring over the entire 5-min

observation period towards both female (Fig. 3), and male

(Fig. 4) intruders at all of the reproduction phases (Fig. 5).

Males initially engaged in gill flaring behavior before

switching to fin spreading. This switch occurred within

20–40 s of the appearance of a female intruder and the

timing of the switch was significantly different between

reproduction phases (F3,55 = 152.26; p\ 0.001). Similarly

for male intruders, the switch occurred within 25–40 s and

varied between reproductive phases (F3,55 = 99.36;

p\ 0.001). Irrespective of the sex of the intruder, the

switch occurred more rapidly during the AB observation

than at other reproductive stages (\15 and \25 s after

female and male intruder entry, respectively; Figs. 3, 4).

Results from generalized linear mixed models showed

main effects of intruder sex and reproduction phase on the

duration of gill flaring and fin spreading as the first

response (Table 1). However, the interaction between these

two factors was not significant. Similar results were found

for the analysis of the total response (Table 1).

Fig. 3 The mean (±SE) duration of time (s) spent gill flaring and fin

spreading during each 5-s interval over 5 min by nest-holding male

Siamese fighting fish in response to female intruders at four

reproduction phases; before bubble nest (BB), after bubble nest

(AB) building, after spawning (AS), and after hatching (AH). The grey

areas represent the timing of the switch from gill flaring to fin display

as the first response
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In general, the response was stronger towards male

intruders than towards female intruders as we predicted

(Table 1; Fig. 5). Also, both forms of aggressive displays

tended to be of greater duration when the male was pro-

tecting eggs and young (Table 2; Fig. 5).

Discussion

During reproduction, male Siamese fighting fish are faced

with a complex decision-making process in which they

must defend their territory against other males and attract

females for spawning (Dzieweczynski and Leopard 2010).

Here we found that the sex of the intruder had a significant

impact on the intensity of the aggressive behavior of the

host males. As predicted, we found that females repre-

sented less of a threat to nest-holding males than male

intruders. Notably, the aggression towards females was

very low during the bubble nest phase during which males

try to attract females which will deposit their eggs. These

results are consistent with previous findings (Simpson

1968; Doutrelant et al. 2001; Matos and McGregor 2002;

Jaroensutasinee and Jaroensutasinee 2003). Interestingly,

in the context of communication, Dzieweczynski et al.

(2006) found that the highest 11-ketotestosterone concen-

tration was present in fighting males which had a male

audience. Males tend to reduce their aggression when a

female is watching and switch to courtship displays

Fig. 4 The mean (±SE) duration of time (s) spent gill flaring and fin

spreading during each 5-s interval over 5 min by nest-holding male

Siamese fighting fish in response to male intruders at four

reproduction phases: BB, AB, AS, and AH. The grey areas represent

the timing of the switch from gill flaring to fin display as the first

response

Fig. 5 The mean (±SE) duration of time (s) spent gill flaring (GF)

and fin spreading (FS) as the first response (A), and over the course of

the total 5-min interaction (B) of nest-guarding male Siamese fighting

fish towards male and female intruders at four reproduction phases:

BB, AB, AS, and AH. *p\ 0.05, **p\ 0.01
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(Doutrelant et al. 2001). We also found that the level of

aggression varies greatly with reproductive phase, whereby

males become increasingly aggressive when eggs and fry

are present in the nest. These results are consistent with

parental investment theory whereby individuals are moti-

vated to defend their nest and the young within depending

on their previous parental investment (Coleman and Gross

1991). Moreover, male Siamese fighting fish showed an

initial costly, high-impact display, gill flaring, toward

intruders, but this was gradually replaced with a less costly

display, fin spreading, as the encounter was prolonged. The

shift between the two display behaviors did not take long

with the majority of focal males making the switch in the

first 30 s of the interaction, but varied significantly between

reproductive phases. This makes sense from an energetic

perspective since fish cannot maintain an expensive gill

flaring display for long periods of time. However, there are

caveats to this interpretation since the experimental set-up

insured that displays could not escalate into fights, nor

could the intruder fully retreat from sight.

Table 1 Mixed-model ANOVA results for the duration of aggressive displays during the first reaction and total interaction in male–female and

male–male interactions at four reproduction phases in the male Siamese fighting fish

Behavior Fixed effect Numerator df Denominator df F p

Gill flaring during the first response Intercept 1 13 141.916 0.000

Intruder sex 1 91 7.350 0.008

Phase 3 91 12.966 0.000

Intruder sex 9 Phase 3 91 0.377 0.770

Fin spreading during the first response Intercept 1 13 77.975 0.000

Intruder sex 1 91 9.543 0.003

Phase 3 91 4.674 0.004

Intruder sex 9 Phase 3 91 0.633 0.595

Gill flaring during total interaction Intercept 1 13 1478.128 0.000

Intruder sex 1 91 11.226 0.001

Phase 3 91 12.150 0.000

Intruder sex 9 Phase 3 91 0.375 0.771

Fin spreading during total interaction Intercept 1 13 4854.424 0.000

Intruder sex 1 91 10.012 0.002

Phase 3 91 4.792 0.004

Intruder sex 9 Phase 3 91 1.666 0.180

Table 2 p values for the

pairwise comparisons of four

reproductive phases measured

in male Siamese fighting fish for

the male–female and male–male

interactions

Behavior Reproduction phase

After bubble nest After spawning After hatching

Gill flaring during first response

Before bubble nest \0.001 [0.999 0.719

After bubble nest – \0.001 \0.001

After spawning – – [0.999

Fin spreading during first response

Before bubble nest 0.304 [0.999 0.493

After bubble nest – 0.257 0.002

After spawning – – 0.573

Gill flaring during total interaction

Before bubble nest 0.876 0.034 0.001

After bubble nest – \0.001 \0.001

After spawning – – [0.999

Fin spreading during total interaction

Before bubble nest 0.986 1.000 0.158

After bubble nest – 0.114 0.003

After spawning – – [0.999
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With the exception of the period of time after the bubble

nest phase, gill flaring was displayed more often than fin

spreading as the first encounter towards both male and

female intruders in all reproductive phases. In general, host

males responded acutely to the intruders. This result sug-

gests that nest-holding males most often resort to a costly,

full-strength display to defend their nest against another

conspecific rather than gradually ramping up the display.

This most likely occurs because the nesting male perceives

all intruders as high risk when defending his nest, partic-

ularly if eggs of fry are present. Even females can represent

a threat at most reproductive stages since they are known to

eat eggs and fry (Jaroensutasinee and Jaroensutansinee

2001).

The intensity of aggressiveness during the bubble nest

phase was lower than during the other stages of repro-

duction, and no significant differences were found in the

propensity of fish to use gill flaring and fin spreading as the

initial response in this phase. This result is not at all sur-

prising; nest status is related to the levels of circulating

hormones that are involved in aggression (e.g., Kleszc-

zyńska et al. 2012), and Dzieweczynski et al. (2006)

reported that the males with nests had lower 11-ke-

totestosterone in comparison to males without a nest. On

the other hand, males with nests have more incentive to

interact with conspecifics than males without a nest; they

might increase their courtship display and aggressive

behaviors directed towards female and male conspecifics,

respectively (Dzieweczynski et al. 2005; Dzieweczynski

and Leopard 2010; Forsatkar et al. 2014). The lower levels

of aggression along with a lack of difference in the use of

gill flaring or fin spreading behaviors after construction of a

bubble nest might be indicative of courtship behaviors

directed towards females. Although we did not measure

courtship behaviors in the present study, Forsatkar (2012)

showed that behaviors involved in reproduction, such as

attracting a female for spawning, increased shortly after

bubble nest creation relative to other reproductive phases.

In contrast with the initial response to intruders, the

intensity of fin spreading over the entire observation period

shown by nest-holding males against both types of intruder

was higher than gill flaring. These results suggest that the

expression of aggression in males with nests changes over

time, and that acute responses are replaced by chronic

displays. Our hypothesis that lower-cost behaviors replaced

the higher-cost displays during a contest was supported. At

the first encounter, nest-holding males choose gill flaring to

implement the greatest potential initial impact at the

beginning of the encounter with an intruder. Expression of

this high-cost behavior decreased gradually and the dura-

tion of fin spreading increased to allow the defending males

to sustain their aggressive displays. Only very high-quality

males [in terms of body condition (Alton et al. 2013)] are

capable of displaying long bouts of gill flaring because it

interferes with the flow of water across the gills. Therefore,

inevitably, males must switch to the alternative fin-

spreading display if they are to maintain their defense for a

long time. These results are the first descriptions of moti-

vational changes in the aggression of nest-holding fighting

fish. It should be noted that it is difficult to apply these

results to the real world, where presumably the initial

intense display would ward off most intruders. Here,

however, intruders cannot flee and thus we simulate a

(presumably) rare scenario where the intruder is highly

motivated. Interestingly, the time for the fish to switch

between the initial behavior displayed (gill flaring) and the

secondary behavior (fin spreading) differed among repro-

duction phases. Focal males quickly switched from gill

flaring to fin spreading after construction of the bubble nest

than in any other reproductive phase against both females

and males intruders. This illustrates the importance of the

bubble nest in the reproductive behavior of fighting fish.

Bubble nest quality is a reliable cue that females use during

mate choice (Clotfelter et al. 2006), and generally males

with nests have an incentive to transmit different infor-

mation to receivers than males without nests

(Dzieweczynski et al. 2005). As the bubble nest is only

used in a reproductive context, male fish prioritize court-

ship behaviors during the bubble nest phase rather than

aggression.

The enhanced propensity of males for aggression when

approaching the late stages of reproduction might be rela-

ted to changes of reproductive status (Jaroensutasinee and

Jaroensutasinee 2003; Forsatkar et al. 2015). With the

increase in average reproductive value of the young, a

higher cost of parental effort will be favored in line with

parental investment theory (Coleman and Gross 1991).

Parental care is energetically costly and parents increase

the intensity of aggressive behaviors as their offspring get

older and thus become more ‘‘valuable’’ not only in terms

of their potential survival but also with respect to the effort

already invested in the clutch (Jaroensutasinee and

Jaroensutasinee 2003). Thus, during parental care, nest-

holding males protected their brood with increasingly

aggressive displays towards intruders according to the

developmental stage of their offspring. Similarly, subor-

dinate convict cichlids, Amatitlania nigrofasciata, given

access to a mate, fought more persistently (Keeley and

Grant 1993). The initial display behavior used by males

and their willingness to fight may also be correlated with

the number of eggs in the nest (Clotfelter et al. 2006).

It is important to note that although we used the same

intruders for all focal males at the same reproductive phase

in an attempt to reduce variability in intruder behavior, we

did not record the behavior of the intruder and this may

account for some variation between subjects. Prior fighting
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experience can affect an individual’s probability of win-

ning a later contest (Hsu and Wolf 2001) and thus might

influence the behavior of both the intruders and the focal

males. When using fighting fish in repeated encounters,

however, Dzieweczynski et al. (2012) found that fighting

experience did not affect any of the female- or male-di-

rected gill flaring or fin spreading displays. In the present

study nest-holding males were exposed to a new intruder at

each phase of reproduction and thus never had the oppor-

tunity to become familiar with them. Thus, if anything, our

results are conservative.

To conclude, we have shown that Siamese fighting fish

are more aggressive in the later stages of reproduction

when nest-holding males are more motivated to take care

of the nest and the developing young within. Males present

more of a threat to nest-holding males than females. During

a contest, nest-holding males switch from an energetically

costly display to a less costly one in a bid to save energy

while still protecting their nests. Crucially, the timing of

this switch varies depending on reproductive phase, and

provides insight into the level of energetic investment a

male is willing to make to protect his brood.
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