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Attack/display as a reinforcer in Betta splendens

KENNETH B. MELVIN
University of Alabama, University, Alabama

Nine of 10 bettas learned to swim across a hurdle to display to and attack a conspecific. Cross
ing responses were maintained until the target fish exhibited a submissive display; then cross
ing quickly ceased. Relearning and extinction were also shown.

A common preparation for the study of species-typical
aggression is the male Siamese fighting fish (Betta splen
dens). The sight of another male betta releases in the fish
a species-typical display, and fighting follows. Aggres
sive displays to mirror images have served as reinforcers
for bettas in a number of studies (e.g ., Melvin & Anson,
1969; Thompson, 1963).

Although display has been shown to be reinforcing, a
combination of display and actual fighting may have
different effects. Given that actual fighting may lead to
considerable stress and possible injury, it may differ in
its reinforcing effects from display alone. The present
study examines the effectiveness of a display and a fight
as reinforcers for an instrumental response in bettas. The
effects of submissive displays on the instrumental response
were also examined.

METHOD

Subjects
The subjects were 10 male "show" bettas 4-5 ern in length. Four

teen similar bettas served as "target" fish. Fish were maintained in in
dividual , visually isolated containers at a temperature of 80° ± 1°F and
fed a daily diet of Tetramin.

Apparatus
The apparatus consisted of a standard 25 x 30 x 15 cm aquarium,

bisected by a black plexiglass partition 6.5 cm high. A guillotine door
of black plexiglass was positioned on top of this partition . When the
door was raised, a space .5 cm between it and the partition was exposed.
Water level was maintained .6-.8 cm above the partition, making the
response somewhat difficult (i.e., a fish usually turned on its side to
cross). Water temperature in the apparatus was 80° ± 1°F.

Procedure
Prior to Trial I , two fish were habituated to the tank by being placed

for 180 sec on respect ive sides of the tank with the door lowered . Dur
ing a trial, the door was raised, and a microswitch started a clock . As
soon as a betta's caudal fin cleared the partition, the door was lowered ,
and crossing latency was recorded . The latency limit for crossing over
was 180 sec; if no response occurred by this time, the door was lowered.
If a fish crossed over, the fish were allowed to fight. The initiation of
fighting was defined as the first bite. If fighting ensued, the fish were
separated after approximately 10-15 sec.

We separated the fish by netting one fish and placing it in the other
side of the tank with the door lowered . Possible negative effects of net-
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ting were controlled by alternating the order of fish netted. Once the
fish were separated, the intertrial interval of 30 sec began .

In most cases, one fish learned to cross first , continued crossing, and
was designated the " subject. " The other bella was designated the " tar
get" fish. However , occasionally a target fish would cross , or the first
fish to cross would not become the predominant crosser. In the latter
case, the predominant crosser would be considered the subject. If a tar
get fish became submissive, a new target fish was used on the follow
ing day. Latencies were not counted if a target fish crossed the parti
tion. This procedure led to a variation in the number of trials per session,
(14-24 trials) . Also two paired fish, 56 and 57, each crossed an equiva
lent number of times, so both fish were considered subjects .

RESULTS

In the original design of this experiment, a constant
number of acquisition trials were to be given, followed
by extinction trials . An unpredicted finding ruined the
neatness of the design but led to more interesting results.
After about 8-12 fights , the target fish usually exhibited
the submissive display (folding its fins, turning pale, and
sinking to the bottom). Following this action , the subject
betta quickly ceased crossing (extinguished?) . Thus,
curves are plotted for individual subjects.

Figure 1 illustrates this phenomenon for Subject 2 on
Days 1 and 2. The submissive displays occurred during
Block 6. Subject 2 also exhibited learning since latency
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Figure 1. Median crossing latency (sec) for S2 over blocks of two
trials on Days 1,2, and 3. The dotted line is inserted here and on
all further graphs following submissive display on the part of the
target betta,
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decreased over Blocks 1-6. Relearning is shown by the
reduction in latency across Days 1-3.

Similar results are shown for Subject 5 in Figure 2, ex
cept only one of the target fish became submissive
(Day 1). Data for Subject 23 are quite similar to Subject 5
and thus are not graphed.

Figure 3 presents the results for Subject 16. Again,
learning and relearning are evident. Submissive display
ing began on Trial 9, and the following extinction was
slightly more gradual .

Figure 4 presents data for three fish. Subject 9 exhibited
learning, followed by rapid extinction after the submis
sive display. Subjects 6 and 7 were an evenly matched
pair and both fish quickly learned to cross. Of 20 trials,
each fish crossed 10 times . The number of bites and pat
tern of crossing were also equivalent.
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Figure 4. Median crossing latency (sec) for 89, 86, and 87 over
blocks of two trials on Day 1. The latter two fish were evenly matched
antagonists, and both exhibited learning when paired during this
session.
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Figure 2. Median crossing latency (sec) for 85 over blocks of two
trials on Days 1, 2, and 3.
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Figure 5. Median crossing latency (sec) for 812 over blocks of two

trials on Day 1. Blocks 7, 8, and 9 represent extinction trials.
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Figure 3. Median crossing latency (sec) for 816 over blocks of two
trials on Days 1 and 2.

Two bettas (S12 and S24) were given an extinction con
dition in which the target fish was removed on Blocks 7
9. Similar patterns of learning and extinction were ob
served in both subjects. Figure 5 presents the results for
Subject 12.

Finally, one fish (S27) failed to learn but simply ho
vered near the hurdle, while his target fish showed little
movement and weak displays.

DISCUSSION

Observation revealed that the reinforcement on the first 4-5 trials was
a composite of display and fighting. However , on later trials, the sub
ject betta ceased the initial display and attacked as soon as it crossed
the partition. Attack and fighting have been found to be a reinforce 
ment in other species (e .g., Myer & White. 1965; Tellegen & Horn .
1972).
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Recently Bronstein (198 1) has challenged instrumental and operant
studies of display reinforcement in bettas , holding that released and rein
forced behaviors are confounded , but his argument does not appear rele
vant to the present results . The nine fish in the current study initiated
the hurdl e-crossing response without the target fish being sighted (and
thus releasing a response).

Most subjects received several bites, yet they maintained the instrumen
tal response. These results are congruent with findings indicating that
a moderate level of punishment facilitated aggressive display or a related
operant response in bettas (Melvin & Anson, 1969 ; Melvin & Erve y,
1973).

In genera l, the fish that maintained crossi ng bit first and more often.
With reinforcement being a mirror-image/display, Baenn inger (1970)
found that dominant bettas performed the opera nt response at a much
higher rate than submissive betta s.

In studies of operant performance , strength of the betta 's response
is generally a function of the display-eliciting propertie s of various rein
forcing stimuli (e .g., Bois, 1977; Rhoad, Kalat, & Klopfer, 1975). The
present results certa inly support such a conclusion, especially in refer 
ence to the effects of the target s' submissive display.

Research involving mirros, however , typically does not yield the sub
missive display. As the present data show, once the target fish displayed
submissive ly, its reinforcing value quickly declined . Thus, to be op
timally reinforcing, the target betta must be (a) not dominant, (b) evenly
matched , and (c) not submissive. Long ago, Craig (1928) stated, " Even
when an animal does fight, he aims, not to destroy the enemy , but only
to get rid of his presence and his interference." Certainly, the present
results support Craig' s notion: A bella that is no longer there (extinc
tion) or is submissive is no longer a threat , and the instrumental seek
ing response fades away.

Given the small scale nature of the present study , certain questions
remain unanswered. There is no direct comparison here of display versus
attack /display. And. because subject fish select their role in this proce
dure , they probably are above the median in aggressiveness. In any case,

it appears that the reinforcing value of aggressive encounters in bettas
depe nds on a delicate balance of the attr ibutes of both combatants .
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