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ABSTRACT

It is generally known that the male Paradise fish,

Macroppdus opercularis, exhibits aggressive behavior. This
 

study was intended as an analysis of the activities involved.

It was discovered that certain sets of pair-mates fought,

while others established a dominance-subordination relation-

ship without fighting, and a comparison was made between

them .

The fish studied in these observations were obtained

from a dealer. All laboratory work was done in the

Natural Science Building of Michigan State University

during the spring and summer of 1957. Fifty-nine sets

of observations were recorded and fighting was observed

in twenty-five. Thirty-three fish were used.

In those observations in which fighting occurred

three distinct stages were noted. Aggressive behavior

was first noted prior to fighting and was characterized

by activities involving the pair-mates. and reactions of

the fish to their surroundings. In those observations

wnere no fighting occurred, this was replaced by a period



prior to the establishment of dominance. The period was

terminated by the first retreat by one of the pair-mates.

Periods of actual fighting involved the greates

amount of activity. Mutual exchanges of bites and look-

ing of jaws were characteristic only of this stage, and

actual physical contact between the pair-mates occurred

with greatly increased frequency as compared with the

preceding period. Fighting ended with a retreat by one

of the pair-mates.

Following surrender or the establishment of dominance,

similar activities were noted,and it was assumed that these

stages were equivalent to each other. Certain obvious

differences were observed, however, when winners were

compared with losers. The winners and dominant fish

were more aggressive while the losers and subordinates

remained motionless, reacting only when approached by an

aggressor.’

A brief‘and generalized comparison was madexwith

the behavior of the Siamese fighting fish, Betta spjendens
  

(Braddock and Braddock, 1955). It was found that the be-

havior of the Bettas resembled that of the Paradise fish

in many of its details

LITLHATU
RE {31"}; ‘

Braddock, J. C. and Zora I. 1955. Aggressive behavior

among females of the Siamese fighting fish, Betta

splendens. Physiol. 2001., 28: 152-72,
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I. INTRODUCTION

It has been known for some time that the Paradise

fish, Macropgdus opercularis exhibits aggressive behavior,

but this is the first formal study to be undertaken.

Several papers have been publishedczoncerning the

aggressive behavior of other species of fish. Braddock

and Braddock (1955) reported that the female Battg

splendens displays elaborate fighting behavior. Another

study (Braddock 19h5) described the dominance-subordination

relationship in homosexual and heterosexual groups cf both

females and males of Platypoecilus maculatus. Hess (1952)

in a slightly different type of study found that by using

models representing male Bettas and by varying the tem-

perature of the water, he could cause the duration of the

challenge response in male Bettas to vary. In his study

of the Green Sunfish, Greenberg (lth) discovered that in

these fishes, heirarchy represents distinct levels of

aggressiveness while territoriality results from a balance

between almost equally aggressive individuals. Newman (1956)

found that a relatively complicated dominance-subordination

relationship occurred in twesspecies of trout. The

dominant individuals of both species were light in color

while the subordinates were darker. Also size was an

important factor in determining dominance, but sex was

not significant.



The purpose of this study was to discover and

analyze, as far as possible, the various aggressive

behavioral traits characteristic of the Paradise fish.

A comparison was then made between those fish that did

fight and those that established a dominance-subordination

relationship without fighting.

It was also hoped that certain consistent differ-

ences in detail would be found to occur between the

aggressive patterns of M. opegcularis and B. splendegg
 
 

which could be used as criteria in future experiments

involving these two species.



II. METHODS AND MATERIALS

All observations reported in this paper were made

in a laboratory located on the second floor of the

Natural Science Building at Michigan State University.

Three large windows facing south admitted insufficient

light. Therefore four desk lamps with 100 watt bulbs

were used to compensate for the lack of light from the

windows.

The laboratory was heated by thermostatically

controlled steam radiators located undert;he windows

and well away from the aquaria. "Observations were con-

ducted during the spring and summer when there is normally

a wide temperature range. Therefore, the range of 78° -

8&0 F in water temperature was unavoidable.

Tap water from the building was used after it had

been aerated for several days.

The fish were housed in clear-glass, gallon jugs

that had been cut off near the top to provide a wider

opening. Approximately 5 inches of water were kept in

these containers at all times. No gravel or plants were

present. Waste products were siphoned out every seven

days. During observation periods the fish were placed in

an aquarium whose dimensions were as follows:

30.5 x 26.5 x 26.5 cm. This was filled to a depth of

10 inches. No snails, plants or gravel were put in

this aquarium.



Small pieces of finely ground, uncooked shrimp

were given to each fish every morning. This diet was

supplemented with live vestigial Drosophilg once a week.
 

The fish observed were all adult males obtained

from a dealer. Their exact ages were not known. When

individuals were paired, their relative sizes were noted

prior to each observation and an attempt was made to

match them according to size. Thirty-three individuals

were used in this study,£nd fifty-nine pairings were

made.

Before theifish were placed together for observation,

the jars containing them were placed near the observation

aquarium, and the water temperatures were equalized by

the room temperature. The fish were then gently netted

one after the other, as quickly as possible, and placed

in the aquarium. This never required more than twenty

seconds. Observations lasted a minimum of thirty minutes

and, if longer, were terminated only when mutual behavior

ceased.

A record of all observed activities was kept for

each observation period. This was accomplished by the

use of symbols representing different activities.

At the end of each observation period the fish were

placed in their respective containers. A small amount of

salt was added to the water in cases where a fish was

injured. ho individual was paired again before its wounds

were completely healed.
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1. Activities prior to the establishment of
 

0 1

dominance without fighting. A dominance-subordination
 

relationship is not established immediately after two

male Paradise fish are placed together in an aquarium.

first the fish react in various ways to each other and

to their surroundings. These social reactions result in

fighting or the establishment of a dominance-subordination

relationship without fighting. The following concerns-the

nature of this phase in those instances where no fighting

eventuated. The period varied in duration (Table 1).

TABLE

Durations of Periods Prior to the

Lstablishment of Dominance

Rithout Fighting
I .

(34 iairings)

Time HO. Of

(nin.) Pairings

0-!2 00......0.........000 l3

")

LT:?.) 0.0.00...........0..0 (3)

0-8 .0........000.0....00 2

8-10 .....0.0.........00.. 0

10-12 ..0..0.0.00.....00... 2

12-1! ....0..00000........0 2

“1b 0......o........o.00. 1

1\-ld ...0.0........0...... 1

10-20 .0....00...000...0... 0

20-22 ...........0.0.0....0 1

Among the pairings the longest such period lasted 21

minutes, the shortest 0.25 minutes, and the mean was

5.2 minutes. In 22 of the BA observations the duration

I
was 4 minutes or less. On the basis of the frequencv

classes employed in Table l the mode was 0-2 minutes.



In 29 of the 3h observations, the first social

reaction occurred within 0.5 minutes, and in 19, one

or both fish reacted socially as soon as the second

fish was placed in the aquarium. In the other 15

observations the maximum time before the.flrst reaction

was h.2 minutes, the minimum 0.25 minutes, and the mean,

0.9 minutes (Table 2).4 0n the basis of the frequency

classes employed in Table 2 the mode was 0.0 - 0.25

minutes. The maximum time of h.2 minutes was exhibited

by one extremely passive pair. Not including those fish

that showed immediate reactions, the greatest number of

pairs (8) showed initial reactions at 0.25 - 0.50 minutes.

The other 5 pair-mates explored or remained motionless

prior to their first social reactions.

TABLE 2

Time Elapsed Before first Social Reaction.

Prior to the Lstablishment of Dominance

(3h Pairings)

Time . No. of

(Min.) Pairings

0.0-0.2; ................... 21

0.25-0.50 ................... 8

0.50-0.75 ................... O

0.75-1.00 ................... 2

1000‘1025 0.0000000000000000. 0

1025‘1050 000000000000.000000 O

1050‘1075 000.00.000.00...... 1

1.75'2000 000.000.00.00000000 1

.00-t.25 ................... l
I

In every case the first reaction observed between

pair-mates took the form of challenging. In 33 oft:he

3h flpairings she first challenge was individual, while

in one instance it was mutual. Individual cha lenging

approaches the other,

F
)

is a stereotyped reaction. One fisl
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holds its body in a rigid position,£1nd spreads its caudm.

fin. The gill covers may or may not be erected. The color

of the fins and body usually becomes more fully saturated.

Individual challenges may be of either short or long duration,

and may or may not occur in a rapid series. The total number

of individual challenges for the 3h observations in which no

fight occurred was 750, an average of 12 per individual.

Both pair mates exhibited individual challenging in 29

pairings, and one only in 5. The maximum number per fish

during this period was 55, the minimum 0,21nd the mean ll.

for contact pairs these figures were 10h, 1, and 22.re-

spectively (Table 3).

Mutual challenging occurs when two fish challenge at

the same time. The two fish approach each other and stop

in a head to tail position. Their bodies become rigid, and

their tail fins are spread. The gill covers may or may not

be erected. rrequently the bodies of both fish vibrate

rapidly, and they sink slowly to the bottom of the aquarium.

Mutual challenges varied slightly in duration, lasting from

approximately 3 seconds to 10 seconds, but unlike individual

challenges, they did not occur in rapid succession. ire-

quendy an individual challenge became a mutual challenge if

the original challenger maintained his pbsition.

Mutual challenging occurred throughout the period

prior to the establish‘ent of dominance without fighting.

The total number of mutual challenges was 100, and they

occurred in 22 pairings. Considering only those pairings

in which this activity was observed, the maximum number per



contact pair was 16, the minimum 1, and the mean 5 (Table 3).

then mutual challenges are considered as individual

challenges of each pair-mate, the maximum number of all

challenges per individual was 69, the minimum 0, and the

mean 1h. for contact pairs these figures were 136, 3, and

28 respectively. some sort of challenging occurred in all

experiments with a total of 950 challenges. Only 3 of the

6d pair-mates did not challenge at all.

TABLE 3

Frequencies of Various activities Prior to the

Lstablisnment of Lominance without righting

(3h Pairings)

. Lance

Indiv. Mut. All Chas- Bib- y for

Chal. Chalfi Cnal. ingfi Ret.% ingfi Exphnfi Pos.*

Totals for
_

all Pairings 50 100 950 15 11 6 57 100

No.Pair-mates

Involved 63 hh b; 2 2 6 20 Ah

N0.Pairings

Involved 3h 22 3h 2 2 5 12 22

max./Indiv. 55 16 69 11 18

Min./Indiv. 0 1 c 1 l

V/Indiv. ll 5 1h 3 5

max./Pairing 10h 10 136 13 18

Min./Pairing 1 1 3 1 1

V/Pairing 22 S 28 5 5

*Maximum, minimum, and mean figures apply only

to those pairings where activitity occurred.

Chasing is the pursuit, either rapid or slow, of one

pair-mate by the other. This occurred in only 2 of the 3h



10.

pairings, . and only 2 individuals exhibited this behavior

giving a total of 15 instances for all pairings. -

Retreating occurred only as a response to chasing.

It took the form of either rapid or slow movement away

from the other fish. Eleven retreats were recorded.

Biting was noted in 5 of the 3h pairings. In one

pairing both fish bit, while in four, only one of the

pair-mates exhibited this activity. The total number of

bites recorded was 6, and all individuals showing this

activity bit only once.

Exploring was observed in 12 pairings (Table 3)

and involved swimming into various regions of the aquarium,

usually picking up bits of algae and other small particles

in what appeared to be an attempt to feed. The total

number of instances for all pairings was 57 with 20 pair-

mates involved. Considering only those individuals that

actually explored, the maximum number of instances per

individual was 11, the minimum 1, and the mean 3. Cor-

responding figures for contact pairs were 13, l, and 5.

Dancing for position is a behavior trait involving

both fishtand was observed in every period in most of the

pairings. The fish approach each other and begin to swim

in a tight circle usually maintaining a very close distance

between them. Individual and mutual challenging may both

occur. Dancing for position was observed 100 timeszand

was noted in 22 of the 3h pairings. . Based only on those



pairings in which this activity took place, the maximum

number per contact pair was 18, the minimum 1, and the

mean 5 (Table 3).

As shown in Table 3, challenging was the most common

activity during the period prior to the estab1131ment of

dominance without fighting. Dancing for position was

second. Exploring, chasing, retreating,zand biting followed

in order. Actually, biting was noted in more pairings

and more pair-mates were involved than was the case for

chasing and retreating.



l2.

2. gctivitie§_pgior £2 fighting. In those pairings where

fighting occurred the activities that preceded it re—

sembled those noted in the observations where dominance

was established without fighting. Also the range of

variation in dura ion of the initial period was similar.

The maximum was 16 minutes, the minimum 1.5 minutes, and

the mean 6.3 minutes (Table A). In 19 of the 25 pairings

the duration was 6 minutes or less. 0n the basis ofthe

frequency classes employed in Table A the mode was 6-8_

minutes.

TABLE 1+

Durations of Periods Prior to Fighting

(25 Pairings)

Time No. of

(Min. ‘ Pairings

C”? 0.00.00.00.0000000000... Z

2‘ .00000000000000000000000

4-t 00.000000000000000000000 u

0-8 0.0.00000000000000000... 7

0-10 0000.00.00.000000000000. 2

10’1? 00.00.00.000000000000000 1

12‘1‘ 000.000.00.0000w00000000 1

,-lg .00000000000000000000000 l

lb‘ld ‘ 0.00.0..0000000000000000 1.

In 19 of the 25 pairings one or both pair-mates

reacted to the other as soon as the second fishvvas placed

in the aquarium. In the other 6 the maximum time before

the first reaction was 2 minutes, the minimum 0.33 minutes,

and the mean 0.8 minutes. 0n the basis of the frequency

classes employed in Table 5 the mode was 0.0-0.25 minutes.
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In 2+ oi the 25 fulllueb the first Pedutlon between

the pair-mates took the form of challeng ng, while the

other initial reaction was dancing for position.

Tine Elapsed before rirst oocial Reaction

Prior to Fighting

(25 Pairings)

Time No. of

(hin.) Pai-rings

000 “0.25 00.000.00.00.00.....00 19

0.25-0.:0 ...................... 3

00/0‘0075 00000000000000.0000... l

0.15-1.0‘ 00.00.0000.000.00.0.0. 1

1.00‘1025 00.0000000000.0.0.00.. O

1.2)“1050 .......000.......0.... O

1.30-1.75 ...................... O

1.75—2.00 ...................... 1

Seven of the initial challenges were mutual,21nd 17 were

The total number of individual challenges for all

23 pairinvs was 103h. Both pair-mates exhibited individual

challenging in all pairings, and the maxitzum number per

al was 02, the minimum 2, and the mean 21. forg
-

iiuii.v

contact pairs these fQures were 118, 6, and hi respectively

)
\

(Table

mutual challenges were observed in all of the pairings

and totalled 263 (Table 6). The maximum number per contac

pair was 23, the minimum L, and the mean 11. nine in,

idual challenges, mut“al challenges were more numerous

prior to fi‘hting than in the corresponding period where

no fighting occurred.



TABLE. 6

Frequencies of Various Activities during the

Periodsirior to Eighting

(2S Pairings)

Dance

indiv. Mut. All for

hal. Chal. Chal. Bitingfi hxolor.* Position

Totals for

all Pairings 103M 263 1550 1A 8 207

No.Pair-nates

involved 50 SO SO 12 _ 7 #8

Ho. Pairings

involved 25 25 2S 7 5 2h

max./lndiv. 62 23 94 ' 2h

nin./lndiv. 2 h C

V/lndiv. 21 11 '31 8

max./Pairing 118 23 1L2 ‘24

:~.i:1./Pairing 6 ii 111 O

V/rairing hl 11 62 8 ,

nMaximum, minimum, and mean figures apply only to

those pairings where activity occurred.

If mutual and individual challenges are combined and

treated simply51s general challenges the maximum per in-

dividual was 9h, the minimum 7, and the mean 31. Corres-

ponding figures for contact pairs were th, 1h, and 62.

The total;for all challenges for the 25 pairings was 1560.

Biting occurred in 7 of the 25 pairings and involved

12 air-mates. Only 1h bites were recorded (Table 6).

’
U

Cons1dering only those individuals that bit, the maximum

per fish was 3, the minimum 1, and the mean 1. It was

also noted that biting occurred more frequently during this



period than in the corresponding period of the non-fighters.

The mean per pairing was 2.

exploring was considerably less prevalent in the period

prior to fighting than was he case when dominance was

established without fighting. In the former it was 0 served0
"

in only 5 of the 25 pairings. Only 7 pair-mates were in-

volved and the total number of instances was 8 (Table 6).

Considering only those individuals that actufl.ly explored,

the maximum per individual was 2, the minimum 1, and the

mean 1. The mean per pairing was 2.

Dancing for position was observed in 2h of the 25

pairings and a total 207 examples was recorded. The maximum

number of instances per contact pair was 2h, the minimum 0,

and the mean 8 (Table 6). This activity also occurred more-

often than in the corresponding period where no fighting

followed.

5
.
3

able 6 indicates that challenging wastshe most

frequent activity during the period prior to i

Lancing for position had the second greatest frequency and

was iollowed bv biting and exploring in that order.

— 3 .-‘ '\ 1 e ( \a .w- 1

g did not occur dor1ig theI
.
)

.11:
9

c
f

Chasing and retre

ds prior to actual fighting.H
0

(
J

observations of the per
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This period began with th first exchange of bites by the

rpair-mates. In the 25 pairings in which fighting took place,

individual challenges immediately preceded theITights in 15,

mutual challenges in 7, and dancing for position in 3.

This period varied in duration (Table 7). The maximum

was 25.66 minutes, the minimum 0.05 minutes, and the mean

8.6 minutes. In the 22 pairings where duration was recorded,

10 such periods lasted 2 minutes or less. 0n the basis of

the frequency classes employed in Table 7 the mode was

0-1 minute. In 3 pairings fighting had not ended at the

termination of the obServation periods, and the actual

durations were not recorded. For consistency with the other

observations a limit of 30 minutes was given to these 3

instances when making computations concerning the various

activities.

TABLE 7

Lurations of flights

(22 Pairings)

Time ho. of

(221.111.) Fights

w
w
w
o
o
o
o
w
w
o
o
w
m
w
m
w



Certain activities characteristic of the preceding

period were also noted during fighting. iThese were indiv~

idual and mutual challenging, biting by one pair-mate, and

dancing for position. Exploring was not observed. In con-

trast, multiple exchanges of bites and locking of jaws oc-

curred only during f1:J1ting. All activities during t

figh ing period seemed to be accelerated, and both fish

generally moved very rapidly at all times.

Individual challennging occurred in 23 of the 25 pairines,

and a total of 858 such challenges were recorded. 1he max—

imum number per individual was 121, the minimum 0, and the

mean 17. For contact pairs these figures were 230, 0, and

3h respectively (Table 3).

mutual challenges totalled 333 and were observed 1h

20 pairings. The maximum per contact pair was 65, the

minimum 0, and the mean 13 (Table 8).

When individual and mutual challenges were combined

by counting the mutual challenges as individual challenges

for each of the paair——mates, it was evident that some sort

of challenging took place in 2h of the 25 pairings. There

was a total of l52h challenges for all pairings. rorty-

five individuals were involved. The maximum number of all

challenges per individual was 18 , the minimum 0, and the

mean 30. Corresponding figures for contact pairs were 36 ,

0, and 61 (Table 8). In one pairing neither pair-mate

showed any type of challenging, and in 3, one fish did

not challenge.



Multiple exchanges of bites were characteristic only

of the period of actual fighting. These were most fre—

quently directed at the mouth, but also involved other

parts of the body. since this activity was very rapid,

it was inpo Mble to count the number of sin51e bites that

took place, and only the number of exchanges was recorded.

‘Ihe frequency oi these multiple exchanges varied greatly.

many times several occurred without bei1n5 interrupted by

any other type o1 activity. lore often, however, a

multiple e}:change took place and was interrupted by some

other activity such as challenging or dancing for position

before it occurred again. Frequently multiple exchanges

of bites were terminated by locking of jaws.' ihe maximum

number of n1ultiple exchanges of bites per contact pair

was 52, he minimum 0, and the mean 13. A total of 317

Hult le exchan5e s were recorded.for the 22 pairings in

which they occurred \lable 3).

Lancing1for position was a common activity d1r ing

fidhting. This was accompanied by other activities such

as challengin5 and biting. Dancing for position varied in

duration. Certain instances lasted only a few secorids

while others continued 10r several minutes. It was ob-

served 2hh tines in the 19 pairings in which it occurred

at all. Considering only those pairings, the maximum per

contact pair was LS, the minimum 1, and the mean 13 (Table 8).
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brequencies of Various Activities

During the Feriods of Eighting

(25 lairings)

Other

Challerges Bites Activity

Lance

_ Mult. for Lock

indiv. Hut. Tot. Indiy. hxch. Pos.% Jaws*
  

111 "Has 658 333 Isak 777 317 211 17“

no.‘air-nates

In‘Oqud L2 to L5 he an 38 36

1:3. Fairin‘fi

involved 23 20 2 25 22 19 1b

max/indiv. 121 55 166 73 52 us 32

min./indiv. o o o o o 1 1

T/Indiv. 17 13 30 lb 13 13 10

haz./Pairing 230 65 3co 137 52 as 32

min./£airing O O O 1 O 1 1

V/fairing 3t 13 61 31 13 13 10

fimaximum, minimum, and mean figures apply only

to those pairings where activity occurred.

‘

Individual biting was also characteristic of t1is

period but with much greater frequency than in the pre-

ceding period (Table 8). The maximum number per individual

was 73, the minimum 0, nd the mean 16. For contact pairs

these figures were 137, 1, and 31 respectively.-The total

number of bites for the 25 pairings was 777. forty-

eignt pair-mates were involved, but in two pairings one

of the pair-mates did not bite.
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Lbbnlné of “ans Occurred only durinu the perlod of

0- .1, 1-.-

11511.1ng. frequently a multiple exchange of bites pre—
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0 ded this activity. Locking of jaws 1nvolved mutual tugginc

and pulling while the pair-mates turned ov r and over as

they slowly sank to the bottom of the aquarium. lhe bodies

H
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as n challenging.C
L

of the fish were rigid and the fins sprea

ho accurate record of the duration of this activity was

made,k>ut some instances lasted orfl1y a few seconds while
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mean 10. It occurred 1n 18 of the 25 paa11inbs with a total

of 179 instances (Table 8).

The fighting period involved the greatest amount of

activity in the sequence, and the actual physical contact

between pair-mates was greatest then. In comparison to the

period prior to Ii“rt1nu, individual challenging and mutual

challenging occurred with less frequency. Individual biting

1‘

was much more 1requent during the1.iéhtingperiod, while

the occurrence of two new acti “ti5, multiple exchanges of

bites and locking of jaws, rives further indication of the

vigorous activity characteristic of this period.

Inezach pairing the intensity of color saturation of

both fish was‘greaterdcuring this period than in the other

periods of the same pairi" fflra inter1ss1ty frequently va1ie



a

with re sfecct to a particular fish, but during loching of

jaws, booth pair-mates were as dark in intensity of color

saturation as at any other time in the observation peritd.

inance without fighting. In the absence of.fi5hting, dom—

inance was considered established when one paair-mate re-

tr ated without subsequent aggressive behavior.

in 2b of the 3h observations individual challenging

immediately preceded the first retreat, while in 0L6, mutual

M'ecede d thechalle “ll? was the preceding activity. Eitin0

first retreat in 2 pairings and dancing for position in S.

in every case retreating immediately followed some type of

aggressive behavior by one or both fish.

at the moment of the first retreat all of the subordinate

fish quickly became less saturated*. ith regard to th color

of both body and fins. The color saturation of the dominant

I 1

indiv1ouals be cazne less much more slowly, if at l1.m

0
..

During this period dominant individuals differed 1n

emany respects from their subordinates (Table 9). The former

challenged 1267 times in 3h pairings while the latter chal-

’nged only hag times in 26. The means were 37 and lb, re-

w

A

. 1 _

gca1 cha

q

llenges ex-H
-

VH
o

spectively. in nearly all cases, ind

.hibited by the subordinates were defensive in nature, and

occu*red only when they were approached andcprnered by the

dominant individuals. The dominants bit the subordinates during

2h pairings and registered a total of 113 observed bites com-

pared to O for the subcrdina es. lhe dominant individuals

did not retreat at allhnt chased the subordinates lllS



times, while the latter retreated 1208 times and did not chase.

nxploring was recorded 225 times in 31 pairings for the dom-

inant fishzand only 51 times in 21 pairings for the sub-

ordinates. The means were, respectively, 7’and h. Thus the

dominant fish had a much greater freedom of movement within

the aquarium. Mutual challenging occurred kl times in 9

pairings, and dancing for position occurred to times in 7.

Mutual reactions were not as frequent as individual reactions

during this period.

TABhn 9

Activities Following the hstablishment

of Dominance Without righting

(3h rairings)

Dance

Indiv. Mut. for

Chal. Chal. Bites Retreat Chasing Explor. Pos.

Dominants 1267 A1 113 o 1115 225 to

Subordinates h09 hl O 1208 O 61 to

5. Activities following_surrender subsequent to fighting,

The periods of active fighting were followed by periods thought

to correspond to the periods following the establish ment

of dominance where no fighting occurred. They began with

the first definite retreat by one of the pair-mates. after

this the individual that retreated exhibited little or no

aggressive behavior.

In 12 of the 22 pairings, individual challenging

immediately preceded the first retreat.' Mutual challenging

preceded it in 2, as did individual biting, while locking of

jaws occurred in h pairings. Dancing for position and

multiple exchanges of bites each preceded the initial re-

treat in one pairing.



Il1e thanes in the intensity of color saturation by

both the winners and losers were very similar to tr1sse shown

in the corresponding periods where no fighting took place.

In every instance the winners were of a darker color sat-

uration than the loser

The winners challenged the losers in 20 nair1ings with

a total of L19 individual challenges. The loser challenged

only 68 times in 11 pairings.' The means were 21 and 6, re-

spectively. host of the losers challenges seemed to be de-

fensive in nature. The winners bit the losers he times in

12 nairin
4L

gs and were not bitten in return. The winners did

not retreat but chased the losers Slb imes. The losers

retreated from the winners hho times and did not chase. The

winners explored 86 times in lo pairings compared to 22 times

in 7 pairings ior the losers, indicating a freer movement on

the part of the winners. The means were 5 and 3, respectively.

The mutual activities, mutual challenging and dancing f O r

position, were even more noticeably absent in these periods

tnan in the correspondirg periods without fighting (Table 10).

There were 6 mutual challeenges observed in 3 pairings, and

only 2 instances of danc 11g for position, both in the same

pairing.

TABLE 10

activities rollowing surrender

Subsequent to Fighting

(22 Pairings)

Lance

Indiv. Mut. for

Chal. Chal. Bites Retreats Chasing hxplor. Fos.

Winners h19 t he 0 516 ob 2

Losers 68 o O LAB O 22 2
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6. IntgnsitiesAgf color saturation. No truly objective
     

system was used to classify the differences in color satur-

ation. The fish were merely identified as dark, medium, or

light. An individual identified as "dark" exhibited vivid

blue and orange alternating dorso-ventral stripes along the

body. The dorsalzand ventral fins were bright blue, while

,the caudal fin was bright orange. "Medium" indicated that

the fish clearly showed the blue and orange stripes along

the body, but not as vividly. Also the fins were less

saturated. A "light" fish showed only faint blue and orange

stripes along the body, and the tail fin was pale orange.

The dorsal and ventral fins were almost colorless.

The intensities of color saturation varied greatly

among the individuals, and the classification was not used

to describe the exact intensities of all the fish observed

at all times. It did enable the observer to make a com-

parison of the relative color saturations of each of the

pair-mates during the various phases of each observation

period. Thus, both were consistently dark or medium<iuring

the period prior to the establishment of dominance or fight-

ing as well as during the period of actual fighting. Immed—

iately after dominance was established either by fighting or

not the winner was alwqm; darker than the loser. This does

not mean that the dominant fish was always dark and the sub-

ordinate always light. Instances occurred in which the winner

D

01 one pairing was actually lighter than the loser of another.



In most pairings the winners and dominant fish retained a

darker color saturation than the losers and subordinates

until the observation periods were terminated. In some

cases both pair-mates exhibited the same intensity after

dominance had been established for a period of time.



I
‘
x
)

(
*
\

O

7. Comparison with female Betta sple11dens.

Braddock and Braddock (1955) gave an extensive account

of t11e azzressive behavior patterns of the Siamese fighting

fish, Eetta splezicWe1s. The data gathered in the study of

the Paradise fish indicate a marked similarity between the

two species.

'
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hhile many of the ac ties were essentially the same

for Bettas and Paradise fish, there was one outstand in ex-

ceptiOn. Dancing for position was noted throughout the

entire observation period in this study while its rough

equivalent, joshe yi gfor position, was observed only

during the period of actual fighting among the Bettas.

Prior to actual fignting there was a period where

the fish reacted both to each other andto th1eir surround-

ings. In both studies the durations of these periods prior

to fighting were similar. Based on 35 pairings the mean

time for the Bettas was 6.6 minutes compared to 6.3 minutes

for 25 pairings of the Paradise fish.

T11e mean time that elapsed before the first social

reaction of the Bettas was 33.h seconds based on BS pair-

ings and hB seconds for the Paradise fish based on 25

pairings. Individual challenging was the predominant

first reaction in both studies. Among the Bettas this

cecurred in 22 of the 3S pairings; the other 13 were

.initiated by mutual chalglenes. In 2h of the 25 Paradise

fish pairings, social reactions began with challenging.

Seventeen of these challenges were individual and 7 were

mutual.
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A comparison of the relative frequencies of aggressive

activities throughout the periods prior to fighting

indicates that individual challenging was the most common

reaction in both studies. This activity occurred in

nearly all of the Betta pairings ard was universal among

those of the Paradise fish.

Mutual challenges occurred in all pairings in both

studies and was the second most frequent activity.

Instances of chasing and retreating were recorded

in the Betta observations and were absent in this study

during the period prior to fighting. Biting was much

more frequent in the Betta study. Exploring was noted

in both but instances were not frequent.

In both species some pair-mates fought while others

did not. The period of actual fighting among the Bettas

was of longer duration and seemed to involve greater

activity than the corresponding period among the Paradise

fish. The mean-time for the Betta pairings was 51.5 minutes

for 35 pairings compared to 6.6 minutes for 25 Paradise

fish observation periods.

Similar activities were observed in both species,

anj although they were observed less often in the Paradise

fish study, this was probably because the mean time for

the period of fighting was approximately 6 times less

than in the Betta observations.



The types of bites were analyzed to a greater re ree

in the Betta work than was done in this study. however,

single and multiple exchanges of bites were frequent in both.

Locking of jaws occurred only during the fighting

periods in both studies but was not characteristic of very

short fights (less than 15 minutes) among the Bettas.

Since only 5 pairings of Paradise fish lasted over 15 min-

utes, it is significant that for them this activity was

relatively common.

Like jaw—locking, jockeying for position was observed

only during the fighting period among the Bettas, but its

rough counter-part, dancing for position, was recorded in

all periods of this study.

Injuries were extensive among the Bettas due to their

savage biting while very few were noted among the Paradise

fish.

Definite dominance-subordination relationships were

estab ir
—
J

hed in both studies with or w’thout fighting. In(
0

In both, the dominant individuals were more aggressive and

had a much greater freedom of mO'ement within the aquarium.

The subordinates tended to retreat or to make way for the

dominant fish.

No indication of a revolt on the part of a subordinate
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was not d in either study.

nelative size of the pair-mates was a fairly reliable

basis upon which to predict the winner of a fight, but there

were exceptions in both studies. based on 22 Paradise fish

pairings the larger fish won 13 times and the smaller 3.

- / o a '1 o

in o pairings tne pair-mates were 01 equal Size.



In this study, as in the Betta observations, a rouei

comparison was made between the relative frequencies of the

various types of challenging both during the periods prior

to fighting and the periods of actual fightinr. This was

done by dividing the total number of instances of each activity

by the total duration in minutes of the appropriate period.

The sum of the durations of all periods prior to

fighting was 159 minutes, while the corresponding.figure for

the fights was 216 minutes. The average number of individual

challenges per minute for the periods prior to fighting for

all 25 Paradise fish pairings was 6.5. The equivalent

figure for the fights was h.O.

This situation was reversed in the Betta study, the

corresponding numbers being 0.9 and l.h for 21 pairings.

Among the Paradise fish mutual challenges averaged

1.7 and 1.5 per minute respectively for the periods prior

to fighting and of actual fighting while for Bettas these

figures were 0.9 and O.h.

It is doubtful that dancing for position amxngPara-

dise fish is the samet;ype of activity as the jockeying for

position of the Bettas in that it represents a tendency to

replace mutual challenging as fatigue increases during the

course of a fight. This was suggested for jockeying in the

Betta study. however, if it is assumed that such a relation-

ship does exist, one may add the totals of dancing for
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Betta study the correspo.ding figure involves the fighting

period only since jockeying did not occur at any other time,

and the average was 1.9. On this basis the bettas showed a

marked increase of the frequency of mutual challenging

during fights while the Paradise fish did not.

These data indicate no increase in the.frequency of

3

‘11.H
-

mutual challenging during the fights of Paradise f

OJockeying for pos iti n among the Bettas and danchqgfor

position among the Paradise fish are probeably not comparable,

and this may he one of the causes of he difference.

1he Bettas had a complex sysstem of color changes as

compared to Paradise fish, and a comparison of the changes

in relation to various activities would be extremely

difficult. The most noticeable color changes in both species

occurred at the end of a fight when a dominance-subordination

relatiorship was established.
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IV. risotssiou

As was stated previously, the primary purpose of this

ous activities involved in theHwork was to discover the var

establishment of dominance-subordination relationships among

Paradise fish, Kacropodus gpercularis. also, a com risen

F
“
)

m

 

F
"
)was made between the activities of this fish and those 0

Bettas (Braddock and Braddock, 1955), with the hope of

finding consistent differences that could be used as criteria

in future studies involving these two species.

The periods prior to fighting resembled the periods

prior to the establishment of dominance without fighting,

The maximum and minimum durations were similar (Tables 1, h)

as were the mean durations which were 6.3 and 5.2 minutes

respectively.

”he t’mes that elapsed before the first social reactions

were similar for both periods (Tables 2, S}. The mean for

the periods prior to fighting was 0.3 minutes while 0.9

minutes was the mean for the periods prior to the establish-

ment of dominance without fighting. There was no significant

difference here. Therefore, it was impossible to predict the

probability of a fight on this basis.

In both periods the most common initial reaction was

challenging. In both, individual challenging predominated

over mutual challenging (periods prior to the establishment

of dominance without fighting 33 to 1, and the periods prior

to fighting 17 to 7).
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evident that fights were much more likely to occur in those

pairinus where the first reaction was an initial challenge .

Similar activities were observed throughout both

periods (Tables 3, 6). Individual
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Lancing for position occur'ed almost tWice as often

in the periods prior to fighting as in those prior to the

establishment of dominance without fighting. The fre-

quencies per minute were 1.3 and 0.6 respectively.

Taken with the relative frequencies of both types of

challenging, dancing for position may be reparded as an

indicator of fight probability. The nature of this activity

is such as to suégest a relationship with challenging and

it may also contribute to a building up of general

aggressiveness.

Exploring was observed in the periods prior to the

establishment of dominance without fighting with a fre—

quency of 0.3 per minute. It occurred so seldom in the -

periods prior to fighting that a determination of its

frequency was not recorded here (fable 6). Although this

activity was infrequent as compared with challenging and

dancing for position it involved more time per instance.

Therefore, its presence in the periods prior to the

establishment of dominance without fighting in contrast

to its general absence in the periods prior to fighting

has significance. Exploring prooably is the result of a

lack of aggressiveness between pair-mates.

Biting was observed so infrequently in either period

that an attempt to compare frequencies would have no

significanCe.
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in the peri .xior to iitnnihi-. .eiploring, which may

be associated with a lack of aggressiveness was mire

characteristic of the periods prior to the establisnmert
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cuercy oer minute was ‘.3. The correspndiné irequency

for the fights was t.c.

There w re no significant differences in the fre-
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qu'nccis of mutual challenging and dancing for position( (
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when the two periods were compared.
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tcompared .ith peri ace of ac
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would be expected to be at a high level, while the in—

dicators of aggressiveness, mutual challenging, dancing

for position, and biting oi all types ither remai12ed t

same or increased in frequency. Ihe decline in individual

challenging probably indicates its replacement by aggressive
)

activities of a higher lave; namely jaw-lockinv and biting.

If, for purposes of comparison, the average per

minute of all aggressive activities are totaled for the

periods prior to fighting and for the periods of actual

fighting, the results are 9.b and 12.5 respectively. This

H
o

9
7+-

U V
)

a
.

ind c s, in a :eneral way, the presence of an actual

C

increase d‘ring fichts.

hxcept for a few instances of chasing and retreating

“b3 crved prior to the establisn1cnt of dominance without

fighting in two pairing8 these activities were recorded

only after dominance was established either by fighting or

not.

fter dominance was established by<;ither method the

winners or dominants were observed to have complete free-

£
1
1

on of movement within the aguarius. This is shown clearly

by compar ing the frequencies of exploriné for the dominants

and winners to those of the subordinates and losers

(lables 9, 10). The mean per pairing for the winners was

S.h and fort;he losers 3.1.

1

Corresponding figures are 7.3 for'the dominants anc



on the behavior of tne pair-mates

the frequencies of cnasin5

observed instances

but they chased frequently. Also,

were not observed to chase

Lit in5 was also displw

instances.

and retreatin5.

of winners or dominant 1

ed only by the des

U
.
)

can be shown by compariax

There were no

[5

retreatinglsh

losers and subordinates

but retreated frequently.

pot in

Challen5in5 was a frequent activity on the part of

winners and dominants.

were observed

when

The losers and subordinates

to challenge but less frequently and only

approached and cornered by the a55ressors.

Mutual activities were almost absent in the periods

subsequent to fi5htin5. Six mutual challenges were

observed in 3 pairings and 2 instances of dancing for

posit ion were recorded in one.

These figures were Sii5n1ificantly

periods followin5 the establi

fi5htin5. Mutual challer1n5

/ . .

an avera5e of h.o per pairing.

recorded in 7 pairin5s with an

The very low frequencies of mutual activities durin5

the period subsequent to fi5htin5

result of stron5 don1inance~s ubordi

between the pair—mates.

Mutual activities

of a55rressiveness in

decrease after dominance was tablisn

shment of

occurred in 9

hi5h3r for the

dominance without

pairin5s

Lancin5 for posit ion was

avera5e of 5.7 per pairing.

must have been the

nation relationships

which indicate a hi5h level

both pair-mates, showed a sharp

with or without

v; i t h

\ .

I

O



hihtin5.. Individual a55reessine behavior was lar5ely

confined to the dominants and winners, as was the non-

a55ressive explorin5.

then the a55ress’ve ”ctivitics of individuals that

have won fi5hts are compared t those of fisn that havb

established dominance without fi5htin5, certain imilar1ti

and differences are apparent. The winners of fi.511ts avera5ed

21 individual 011a lle ngjes per pairin,5 while the dominants

avera5ed 37. The winners chased 23 times while the

dominants chased 33 times. These differences may have

been due to simple fati5ue on the part of the winners or

m'y reflect a str0153r dominance-subordination relationship

established by actual fi5htin5.

O

Bitin5, which is characteristic of the periods of

actual fighting occurred with similar frequency in both

irstarces. Also, there was no si5nif'cant difference in

the frecaencies of explorin5 when the winners are cor:Larsd

With the dUlhlIlants.

n similar comparison between losers and subordinates

10 achieved this status without fi utin:

to data come: rr1inn5 individual ch‘ lelbin;

since bitin5 did not occur amon5 them and

too infrequent to have si5nificance.

it udeiuo si511ifica11t that the losers

clallen5od on the avera5e Oi only 5 times

uhil the subordinates challen5cd lo times

suuo1u1nates retreated 35 tiexes compared u

must be confined

and retreat1n5

explorin5 has

. “-.1 fl: ,1 L‘

OJ. aCtLLOL+ 4.1.5.11in

O O
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per pairing of 20 times for the '13s are. Thus the losers and

subordinates appear to reflect the behavior of winners and

domimums, and the same causes probably underlie the differ~

ence in each case.

Many of the same activities noted here were also

noted in the Betta study (Braddock and Braddock, 1955).

Both individual and mutual challenges were observed prior

4‘1

to and during ih‘ting.

The Bet tas di“fered from the Paradi fish in that

individual challenges increased from 0.9 per mirute to

l.h per minute during fighting while among tile Paradise

fish a frequency of 6.5 per minute during the periods

prior to fighting decreased to u.0 during active fighting

Unlike the condition among the Paradise fish where

mutual challenges had a mean frequency of 1.7 during the

periods prior to figrtii.g and 1.5 during actual fights

the bettas showed a decrease in these activities from

0.9e0.h over corresponding periods.

Individual bites were more frequent among the bettas

prior to fighting but vmre not as fre«uent during fighting.

,
1
)

Based on 33 fights the Bettas showed 0.3 bites per minute

prior to fizhting and 1.6 per minute during fighting.

Lased on 25 fights corresponding frequencies for Paradise

fish were .09 and 3.5 respectively.

0

h A

Mali .ing for position was observed both prior and

during figlting in this study, while in the betta study the

rough equivalent, jockeying for position, was recorded

vit’r wasF
M

only ouiing.iibnti.5. Phe frecquency of tiis set
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1.3 per minute prior to fightir: and 1.1 per minute durirg

fighting among the Paradise fish. Jor Bettas the_frequency

of jom - n5 vas l. 5 per n;inut e during fighting only.

in both studies locking of jams was observed only

during tre fighting period. ror the settas this activity

occurred 0.5 times per minute while amonb the iaradise

fish it occurred 0.0 times per minute.

In both studies exploring was observed prior to

fightinr but lot during fighting. for hettas this occurred

0.2 times per minute and only .05 times for Paradise fish.

By totalling the various activities per minute for

the periods prior to fi:hting and duri ng Lighting for both

vs activity:
J
o

species relative frequencies of ger e laagbm

may be compared.For Paradise fish 9.0 activities per mirute

per minuteHoccurred prior to lighting; 12.5 activit

occurred during fighting. Corresponding frequencies for

Bettas were 2.5 and 6.9.

L
J
J

Although the duration of fi hts was corsiJ a erably

1ongar amonb the bettas a comparison bette n the frequencies

of aggressive activities indicates that the fighting period

in the Paradise fish involved more such activ1ty.

P
k

(
-
2
]

:
3

C
'
?
‘

C
?

:
3

(
D

(
t
.

v
—
.

p
.

(
'
1
‘

f
—
k

w (
1
)it should be noted hat frequency 0
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cory in such comparisons. Luration of each instance of

U
)

F
1any activity should also he considered. n this case, the

bettas may merely have sustained many or all of the

ecorded individual reactions longer.

The effect f dominance-subordination relationship

L
)

on the pair-mates in both c* s was very similar. The9
,

L
)



winners showed coniplete freedom of movement within the

ag arium and complete dominance over 'he losers. inc losers,

in contrast, had little freedom of hovement and were

subject to attack by the winners.

The frequencies of the various activities of both

species and the types of aggressive activities displayed

indicate that both are very belligerent. There is, however,

a greater tendency for Paradise fish not to fiéht. Thirty-

four of the 59 pairs in this study did not fight. Ho other

explanation than the general nature of the species can be

“htins among Bettas causes greater damage than

occurs among Paradise fish.

it must be rememoere d when considerin~ the frequencies

of the various activities and when determining the relative

belligerency of the twosspecics, that male raradise fish

are being compared with female Bettas. Ii

species had been compared, undoubtedly the frequencies of

the various agrresssive activities among he be ttas wouldI
»

g

have been greater, since noble (1939) stated that males

are too belligerent to establish any type of dominance

(
Drelationship. now ver, noble, and omith (1937), indicated

that extreme male aggressiveness and rapid activity "ould

make a detailed analysis difficult, if not impossible.

tic behavior displayed by male Paradise

fish may be related to territoriality.e The dominant fish

may establish a territory which is def nded abrainst in~

truders. if a nest is built and mating occurs, the male
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Lominanc can be establisned without fighting. This

is an advantage in that fibhting individuals are subject
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increase in color saturation during fighting may actually

attract predators. also, the ifljufii:3 due to fightihb

migtt groutlv "pan“n one or been iish hus making them

more "uspectible to prclation.

There appear to be both ad“antaées and disadvantaies

when the adaptive significance of ascressivo hc‘,‘.ia\.'ion

of this tvoe is considered. It ma be ’udSibld the the
at“ 1"

“ .’~ A "" ‘. 'I “\ r \~ " ‘ j , .3 i '1 ‘ x -\ -' .‘1 L‘« ". f‘ w . y ‘ 1 ' '«

CotdbllohMUuu of 00mln&ubo is the adaptive value rather

a sressive ParadiSe iish, nhich are able to achieve this

result freouentl" without preliminary fighting are more

advanced in th s resm; ct than the Lottas, and the latter

should then be considereeltpehaviorally the more primitive

of the two Species.
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1. Male Paradise fish established dominance-subordination

relationships with or without preliminary fighting when

paired in a small aquarium.

2. There was a period prior to fighting consisting of

aggressive activities both individual and mutual, e.g.

individual and mutual challenging, biting, and dancing

for position, along with certain non-social activities,

e.g. exploring and restinz.

3. There was a corresponding period prior to the establish-

ment of dominance without fighting in which occurred activ-

ities similar to those observed in the period prior to

‘fighting, but the frequencies of aggressive activities

were less and that of exploring was greater. This probably

indicated a marked difference in belligerency between such

pair—mates.

h. righting began as a response to anzggressive act, and a

high threshold of mutual aggressiveness was probably nec-

essary if it was to occur.

5. During the period of fighting all hen-social activities

ceased. Mutual aggressive activities and actual physical

contact between pair-mates increased. This was indicated

in part by two new activities, locking of jaws and multiple

bites which were observed only during this period.

6. flights ended with a definite retreat by one of the

pair—mates. Initially the defeated fish lost much of its

color saturation but in some cases regained it later.



7. after the estaoiiShment of a dominance-subordination

relationsnip with or without fighting the winner and dom-

inant ”ish freely bit and chased its subordinate. Theb
—
t

frequencies of mutual aggressive activities were less than

those of preceding periods.

a. ho revolts on the part of the subordinates or losers

were noted.

Color saturation reached its greatest intensity during

6

Q

0fighting. This was also try i r Betta splendens,
 

(Braddock and Braddock, 1955).

10. Aggressive activities of the Paradise fish were similar

to those noted in the betta study. available data indicate

that in both studies, individual challenging was an important

mechanism for establishing a threshold of aggressiveness

between tne pair-mates.

11. Dancing for position among Paradise fishzand jockeying

for position among Bettas may not be completely comparable.

ihis might be a factor in determining the decrease in the

frequency of mutual challenging during the period of fighting

among Paradise fish, and the increase in this activity in

the bettas.
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