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doward G. Naciklillan, Jre.

AGGRESSIVL BEHAVIOR ANONG MALZS
OF Tik PaRADISE rISH, mACIOICDULS

CInRCULAN IS

ABSTRaACT
It is generally known that the male Paradise f[ish,

wacropodus opercularis, exnibits aggressive benavior. This

study was Intended as an analysls of the activities involved.
It was discovered that certain sets of pair-mates fought,
while octhers established a dominance-subordination relation-
ship without fighting, and a comparison was made between
theme

The flsh studled in thsse observations were obtained
from a dealer. All laboratory work was done 1in the
Latural Scilence Building of Michilgzan Stgte Universlity
during the spring and summer of 1957. rifty-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 1nvolving the pair-mates. and reactions of

the fish to their surroundings. In those observations

where no flighting occurred, this was replaced by & period



prior to the establlishment of dominance. The period was
terminated by the first retreat by one of the pair-mates.

Periods of actual fighting invclved the greatest
amount of activity. Mutual exchanges of bites and lock=-
ing of Jjaws were characteristic only of this stage, and
actual physical contact between the pair-mates cccurred
with greatly increased frequency as compared with the
prcceding period. righting ended with a retrecat by one
of tlie palr-mates.

Following surrender or the establishment of dominance,
similar activities were noted,and 1t was assumed that these
stages were egulvalent to each other. Certain obvious
differences were observed, however, when winners were
comgpared with losers. The winners and dominant fish
were more aggressive wnlle the losers and subordinates
rerained motionless, reacting only when approacned by an
aggressor.’

A brilef and generallized comparison was made w ith

tire beravior of the Slamese flgnting fish, EBetta splernderns

(braddock and Draddock, 1955). 1t was found that the be-
havior of the Bettas resembled that of the Paradise fish

in many of 1ts detaills
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I. INTRODUCTION

It has been known rfor some tinme that the Paradise

fish, lacropodus opercularis exhibits aggressive behavior,

but this 1is the first formal study to be undertaken.
Several papors have becn publisied c oncerning the
aggressive behavior of other species of fish. Braddock

and Braddock (1955) reported that the female Betta
sélendens displaysvelaborate fizhting behavior. Another
study (Braddock 19,5) described the dominance-subordination
relationship In homosexual and heterosexual groups of bothn

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 (1946) discovered that in
these fishes, heirarchy represents distinct levels of
aggressiveness while territorlality results from a balancd
between almost equally aggressive individuals. iLewzman (1950)
found that a relatively compllicated dominance-subordination
relationship occurred in two specles of trout. The
dominant individuals of botn 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 possiblz, the various aggressive
behavlioral traits characteristic of the Paradise fish.

A comparison was then made between those fish that did
fight and those that established a domlinance-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. opercularis and B. splendens

which could be used as criteria in future experiments

involving these two speclies.



II. METHODS AND MATLRIALS

All observations repcrted in this paper were made
in a laboratory located on the second floor of the
Natural Science Bullding 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 under t 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 738° -
84° F in water temperature was unavoldable.

Tap water from the building was used after it had
been aerated for several days.

Tr.e 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
tliese containers at all times. No gravel or plants were
present. Vaste products were siphoned cut every seven
days. During observation periods the fish were placed in
an aquarium whose dimensions were as follows:

3045 x 26.5 x 20.5 cm. This was filled to a depth of
10 inches. No snalls, plants‘or gravel were put in

tiils aquarium.



Small pleces ol finely ground, uncooked shrimp
were given to each fish every morning. This dlet was

supplemented with live vestigial Trosophlla once a vweek.

The fish observed were all adult males obtained
from a dealer. Their exact ages were not known. When
individuals were paired, their relative silzes were noted
prior to each observation and an attempt was nmade to
match them according to size. Thirty-three individuals
were used 1In this study, and fifty-nine pairings were
made.

Before the .f£1ish 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
cne after the other, as quickly as possible, and placed
in the aquarlium. This never required more than twenty
seconds. OUbservations lasted a minimum of thirty minutes
and, if longer, were terminated only when mutual behavior
ceased.

A record of all observed actlivitiss was kespt for
each observatlon period. This was accomplished by the
use of symbols representing difterent activitlies.

At the end of each observation period the fish were
rlaced in their respective containers. & small amount of
salt was added to the water in cases where a fish was

Iinjured. ivo indivlidual was palired again before 1ts wounds

were completely healed.
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vor convenisrcee in reportin., The Sequciice Oi ©voilbs
in cach palring was divided into toe [ollowing scctiovwus:

le activitics prlor to fi iiblng, or btlic establish-
ment of dominance witiout fI1 nioluge 1wis period ia-
cluled all activities that cccwrred from te tize both

fish vwere gplaced 1n tue aguarium witll actual [

be,.an or
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ceiinitez

dorinance-subor

1
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nation relation-

shilp vwes establisned in 1ts absence. In thoss instances

in which ro actual 1.t toox place, this perlod vas Judged
to end with the {lrst deflulte retrczv by wine of tlie
palr-nates.

2. wctivities durin. fichting. TIThis period Leqan
with the rirst exchange of bitcs tel'ore dominance was
established, and terminated with the [irst definite retrcat
by onc cof the palir-iutcs.

2. activities subccouent to fizhtin: or the ectablishi-
awent of domincance without fil nting i1.15 period began with
the first dellnite retreat by one ci the palr-mates wihethsr

vlace

and ended when mutual



III. ReSULTS

l., Activitles prior to the establislinent of

dominance without fignting. A dominance-subordlination

relationship is not established immediately after two
male Paradise fish are placed together in an aquarium.
f'irst the fish react in various ways to each other and
to their surroundings. These sccinl recactlons rsosult in
fighting or t he establishment of a dominance-subordination
relatlionship without iighting. The following concerns the
nature of this phase in those 1instances where no fighting
eventuated. iLe period varied in duration (lable 1).
TaBLla
Lurations of Periods Prior to the
wstablisnment of Dominance

wlthout iishting
(34 tairingss)

Time wO. of
(siin.) Pairings
0-2 o000 0000000000000 0 13
)_‘F;“% @00 00000000000 0000 000 2
0-8 @0 e e 0000 0000000000000 2
U-lo @ e 0000 000000000000 0000 O
10-12 0000 cec 0000000000000 2
12- ! 0000000 e0 0000 0ss 00000 2

. -10 @00 000000 es 00000000 l
1\-10 ® 0 e 0 @000 00000000000 1
10"20 e 0 0 s ee 0 s 00000000000 O
20-22 @0 00 ce 0000000000000 l

)

Among the pairings the longest such periocd lasted 21

minutes, the shortest 0425 minutes, and the mean was

5.2 minutes. In 22 of the 2l observations tiie duration
]

was 4 minutes or less. Un the besis of the freguency

classcs employed in Table 1 the mode was C-2 minutes.



In 29 of the 34 observations, the rirst social
reaction occurred within 0.5 minutes, and in 13, one
or both flsh reacted sccially es soon as the second
fish was placed in the aquarium. In the other 15
observations the maximum time before the first reaction
was 4.2 minutes, the minimum 0.25 minutes, and the mean,
0.9 minutes (Isable 2).7 on the basis of the frequency
classes employed in Tabkle 2 the mode was 0.0 - 0.25
minutes. The maximum time of L .2 minutes was exhiktited
by one extremely passive palr. Not including those fish
that showed immedlate reactions, the greatest number of
pairs (8) showed initial reactions at C.25 - 0.50 minutes,
The other 5 pair-mates explored or remained motionless
pricr to their first sccial reactions.

TaBLE 2
Time Llapsed before rirst Social heaction.

Prior to the istablishment of Dominance
(34 Pairings)

Time _ No. of

(tiin.) Pairings

000‘0025 e e 0o s s 0 ees s 000000 21
0025"0050 e s e 0000000000 8
0050'0075 e 0 e s 000000 00000000 O
C.75-1.00 cececseerrsecscssans 2
1.C0-1.25 ceeccesssssessesene 0
1.25‘1.50 e e 0o s es 00000000 O
1050‘1075 00000 s eec 000000000 l
1075-2000 e 000000 e 000000 1
ly .C0-l .25 Ceteeesereesecasease 1 )

In every case the first reaction observed between
pair-mates took the form of challenging. In 33 of the
34 pairings Jie first challenge was Individual, while
in one instance it was mutual. Individual challsnging

i3 a stereotyped reaction. One flsh approaches the otaer,



Lholds its body in a rigid pesition, and spreads 1ts caugd
fin. The glll covers mzy or zay not be erect=d. 'lhe color
of the fins and body usually becomes more fully saturated.
Individual challenges may be of elther short or long duration,
and may cr may nct occur in a rapid series. The total number
of individual challenges for the 3, observations in which no
fight occurrsd was 750, an average of 12 per individual.
Eoth pair mates exhlbited 1individual challenging in 29
pairings, and one only in 5. The maximum number per fish
during this period was 55, tne minimum O, and the mesan 1ll.
For contact palrs these figures were 1C4, 1, and 22 re-
spectively (Table 3).

Mutual challenging occurs when two fish challenge at
the same time. The two fish apprcach each other and stop
in a head to tail position. <Thelir bodies become rigid, and
their tail fins are spread. The gill covers may or may not
be erected. rrequently the bodles of both flsn vlbrate
rapidly, and they sink slowly to the bottom of the aguarium.
Mutual challenges varied slightly in duration, lasting from
approximately 3 seconds to 10 seconds, but unlike 1Individual
challenges, they did not occur in rapid succession. ire-
quenfly an individual challenge became a mutual challenge 1f
the original challenger maintalined his positione.

Mutual challenging occurred throughout the period
.prior to the establishment of dominance without ighting.
The total number of mutual challenges was 1C0, and they
occurred 1In 22 pairings. Cohsidering only those pairings

in which this activity was observed, the maximum number per



contact pair was 16, the minimum 1, and the mean 5 (Tlable 3).
when mutual challenges are considered.as individual
challenges of each pair-mate, the maxlimum number of all
challenges per individual was 69, the minimum O, and the
mean 1lj. ror contact pairs these figures were 130, 3, and
23 respectively. oome sort of challenging occurred in all
experiments with a total of 950 challenges. Only 3 of the

06 pair-mates did not challenge at all.

TABLE 3

Frequencies of Various octivitiecs iricr to the
rstablispnent of Lomlinance without righting
(34 Pairings)

, Lance
Indiv. Mute &all Chas- bit- . for
Chal. Chals Cual. ingi het.i ing# Explors Pos ™
Totals for _
all Pairings 750 100 950 15 11 6 57 100
Noe.Pair-wates
Involved 63 Lk 63 2 2 6 20 A
NOe.ralrings
Involved 3l 22 34 2 2 5 12 22
sax./Indiv. 55 16 c7 11 13
Nin./Indiv. 0 1 C 1 1
V/Indiv. 11 5 iy 3 5
vax./Pairing 104 16 136 13 18
Min./Paliring 1 1 3 1 1
V/Pairing 22 5 23 5 5

sevaximum, minimum, and mean figures apply only
to those pairings where activitity occurred.

Chasing 1s the pursult, elther rapid or slow, of one

palr-mate by the other. This occurred 1in only 2 of the 34
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palrings, . and only 2 individuals exhibited thils behavior
giving a total of 15 instances for ali palringse -
Retreating occurred only as a response to chasing.
It took the form of elthier rapid or slow movement away
from the other {ish. &leven retreats were recorded.
Biting was noted in 5 of the 34 pairings. 1In one
pairing both fish bit, while in four, only one of the
palr-mates exhibited this activity. The total number of
bites recorded was ©, 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,
usuallf 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 thgt
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, 1, and 5.
Laﬂcing for position is a behavior trait involving
both fish and was observed in every perlod 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
occure. tanciﬁg for position was observed 100 times and

was noted 1n 22 of the 34 pairings. . Based only on those



palrings 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 1n Table 3, challenging was the most common
activity during the period prior to the establishment of
dominance without fighting. Dancing for position was
second. bExplorling, chasling, retreating, and biting followed
in order. Actually, biting was noted 1n more pairin,s
and more pair-mates were involved than was the case for

chasing and retreatinge.



2. Activities prior to fighting. In those pairings where

fizhting occurred the activities that preceded it re-
sembled those noted in the observatlons where dominance
was established without fighting. Also the range of
variatlion in duration of the 1nitial period was similar.
The maximum was 16 minutes, the minimum 1.5 minutes, and
the mean 6.3 minutes (Table h). In 17 of the 25 pairings
the duration was 8 minutes or less. Un tne basis of the
frequency classes employed in Table 4 the mode was ©-8

minutes.,

TABLE L

Turations of Periods Prior to blghting
(25 Pairings)

Time Noe. of
(Min.) ' Palrings
c-2 ceescesrseesesctcesscenn 2
2'% ® 0000 0600600600000 0 00000000 6
)-}.' @0 0000000000000 00000000 }4,
C"g 0000000000 0000000000000 7
b’lo 00 00000 s 0000000000 2
10—1? I 1
12-14 T 1
T 1
10-10 S 1

In 19 of the 25 palrings one or botn pair-mates
reacted to the other as soon as the second fish was placed
in the aquarium. In the other 6 the maximum time before
the first reaction was 2 minutes, the minimum 0.33 minutcs,
and the mean 0.8 minutes. On the basis of the frequency

classes employed in Table 5 the mode was 0.,0-0.25 minutes,

12,
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the 25 pairisgs the first reaction bebtveen
the peir-mates took the Ilcrm of challenglng, winile the

otner initlial rsaction was dancing for position.

Tebon 5

Tire slapsed cefore rlrst Cocial reaction
Prior to rightiong
( ) Pdirinbs)

T'ime Noe of
(min.) Pairings
0.0 =C.25 P 19
C.25-0.20 P T S T TS 3
C.£0-0.75 tesececcssssecsensnens 1
0.75-1.50 Sheeesscssscsesecssans 1
l.uU 1025 ® 06000 000000000 seesos e O
1.25-1.50 Cececess ettt ceesnen C
10;0‘1.75 6000000000000 00000000 O
107")‘20@0 LR R R A A LI R I B B R R B ) 1

ceven of tune 1Initial challerges were mutual, and 17 vere

lhe total rumuer of individual challenges for all
25 palrings was 1034 . Both pair-mates exlibited individual
ciiallenging in all pailrings, and the maxiium nunsber per
individual was ¢2, the minimum 2, =nd the nean 21l. lLor
contact pairz these fliures wers 118, ¢, and 41 respectively
(lable ©).

mutual chiallenges were cbserved in &«ll of the pairings
and totalled 203 (Table €). The maiiiua Lumber per contact

1NN T S -

FORE S

o

pair was 23, the mininuam L, &nd the wean 11, Like

A

1dual chiallenges, mutual chaxlen&ps WEIrG MOPe NuUrercus

L&
=
(@]
£
i
>
a
-
Q

rrior to fighting tnan In the corresgonding

-

no fignting occurrcd.



TaBLL 6

irequencies of Verious Activities during the

feriods ’srior to righting
(¢5 Pairiags)

indive Mut,

Chiale
Totals for
all Fairings 103l

No.igir-iates
involved 50

wO. rairings

Involved 25
wax./Indiv. 62
sin./Indiv. 2
V/Indiv. 21

wax./rairing 118
win./Palring 6
V/vairing L1

263

50

r
Ul

11

All

1560

62

1

12

Lxplor.:

8

J.’—f‘ L]

Lance
for
Position

207

o O

ro

c o +

wwaximum, minimum, and mean figures apply only to
tiose palrings where activity occurred.

If mutual and Individual challenges are comvined and

treated simply as general challenges the maximum per in-

dividual was G, the minimum 7, and the mean 31.

Corres-

ponding figures for contact pairs were 12, 1, and 62.

The total for all challenges for the 25 pairings was 15CC.

Biting occurred in 7 of the 25 pairings and invclved

12 pair-mates. {nly 14 bites were recorded (Table 6).

Consicdering only those Individuals tlat blt, the maximun

per fisn was 3, the minimum 1, and the mean 1l.

It vas

also noved that biting occurred more frequently during tnis



perlod than in the corresponding period of the non-{ighters.
The mean per pairing was 2.

wxploring was considerably less prevalent in the period
priqr to {ighting than was the case winen dominance was
established without fightinge In the rormer it was observed
in only 5 of the 25 pairings. ouly 7 pair-mates were in-
volved and tune total number of instanccs was 8 (Table 6).
Consldering only those individuals that actud ly explored,
the maximum per individual was 2, the minimum 1, and the
mean l. The nean per pairing was 2.

Laacing for position was observed in 2 oi the 25
palrings agd a total 207 exampless was recorded. Lthe maximum
number of instances per contact pair was 2, the minimum o,
and the msan 8 (Table 6). This activity also occurred more

of'tan than in the corresponding period where no filazuting

I

followed.

Table © Indlcates that cnallenging was the most
frequent activity during the period prior tc fighting.
Lapcing for position had t he second greatest frequeacy and

was followed by biving and explorlug In that ordvr.

d not occur dvring tue

[

- A
o
Z G

Chasing and retreatls

-

observations of tlie periods prior to actucl flghting.
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3¢ =nctivitics durings the period of fipnting.

iils perlod began with the first exchange ol bites Ly the
pair-mates. In the 25 pairings ia which iguting took place,
indivicdual challcenges immediately preceded the £ ights in 15,
mutual challenges in 7, and daaclrng 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 rccorded,
10 such periods lasted 2 minutes or less. On tie tasis ol
the frequency classes employed in Table 7 the mode was
O-1 mlnute., 1in 3 pairings fighting had not ended at the
termination of the observation periods, and the actual
durations were not recorded. r'or consistericy with t he other
observations a 1limit of 30 minutes was given to thezs 3
Instances when making computations concerning the various

activities.

TaBLL 7

Lurations of rights
(22 rairings)

Time w0e Of
(min.) fights

Uc—qOﬂanunJHCD
]
IO o=~ ONFo PO

-1i0

WHHOOOOHHFOOF MKMW

1c.



Certain activitlies chiaracteristic of the rreccliling

[

Esrliod wore als0 ncted cduring fighting. These were indiv-
idual and mutual challenging, biting by cne pair-mate, and
danclng for position. =xploring was not obscrved. In ccn-
trast, multiple exchanges of bites and locklng of jaws oc=-
curred only during fighting. All actlvitlies during the
flghting period seemed to be accelerated, and both iish
generally moved very rapidly at all times.

Individual challenging occurred in 23 of the 25 palrir
and a total of 058 such challenges wsre recorded. The max-
imum number per indlividual was 121, the minimum O, and the
mean 17. ror contact pairs these figures were 230, O, and
34 respectively (Table 3j.

mutusl challenges totalled 333 and were otserved in
20 pairing.s. The maximua per coutuct pair was €5, the
minimum C, and tihe mean 13 (Tlable &8).

When Individual and mutual challenges were combined
by counting thie mutual challenges as individual challenges
for each of the rair-mates, it was evident that some sort
of challenging took place in 24 of the 25 pairings. [here
was & total of 152 challenges for all pairings. rforty-
five 1ndividuals were involved. The maximum number cf all
challenges per individual was 166, the minimum 0, and the
nean 30. Corresponding flgures for contact pairs were 380,

0, and 61 (Iable 8). Ia one palring neith

[©)

I pair-nate
showed any type of challenging, and in 3, one izl did

not challenge.



Multliple exchariges of tites were characteristic only
of the period of actual fighting. These were most Ire-
gquently directed at the mouth, but also lnvolved other
parts of the body. oirce tiis activity was very rapid,
it was lmpossible tu ccuint tie numver of single bites that
took rlace, and only the number ol exchanges was recorded.
Tiie frequency of these multiple exchenges varied greatly.
many times several occurred without belng interrupted by
any other type of achtivity. lore often, however, a
multiple exchiange took place and was interrupted by some
other activity such as challenging or darcing for positinn
before it occurred again. rrequently multip]e'exchanges
of bites were terminated by lockilng of jaws. 4he mexlicuu
number of multiple exchanges of tites per contact pair
was 52, the minimum C, and the mean 13. & tctal of 317
sultiple exchanges'were recorded for the 22 pairings in
which they occurred (lable &).

Lancing for position was a common activity Jduring
fighiting. 1hiis was accompanied by otlier activitiles s uch
as cuallenging and btiting. Llancing for position varlied in
duration. Certain‘instances lasted only a few seconds
wihile others continued for several minutes. It was ob-
served 24l tines in the 19 pairings in which it occurred
at all. Considering only those pairings, the maximum per

contact pair was L5, tihe minimum 1, and the mean 13 (rable &),
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&ctivities

rreguencies of Variou
of rignting

Curlng the reriods
(25 Yairings)

Other
Challenges cites asctivity
Zance
_ Fult. for  Lock
indive. ute Tot. Indlv. nxch. Pos.it Jaws*

Total for all

Falrings 636 333 122k 797 317 24k 173
Loeslalr-iates

Involved L2 Lo Ls L8 inn 38 3%
lo dairings

Involved 23 20 b 25 22 19 10
wax/indiv. 121 65 16 73 52 L5 3
min./lodiv. 0 0 0 0 0 1 1
V/Indliv. 17 13 30 16 13 13 10
wan./Peiring 230 €5 3800 137 52 L5 32
win./Fairlng 0 0 o 1 o 1 1
V/iairiug 34 13 € 31 13 13 1C

#maximum, minimum, and mean tigures apply only
to thouse palrings where activity occurred.

Indlvidual biting was also characteristic of this

period but with much grevater frequency than in the pre-
cedling period (Table 8). 1lhe maximum number per Iindividual
was 73, the minimum O, and the mean 1l€. For contact pairs
these figures were 137, 1, and 31 respectively. lhe total
number of bites for the 25 pairings was 777. wrorty-
ight rair-nates were involved, but In two palrings one

of the palr-mates did not bite,



Loculng of Jaws occurred only curirg the periocd of

E -

ites

o

flghting. irequontly a multiple exchance cof

v( 1
¢

5 activity. Locxking of jaws invclved mutual tuggling

[N

ceded th
and pulling while the pair-mates turied over and over as

tiiey slowly sank to tiie bottom of tie aguarium. 1lhe bodlie

cf the fish were rlgid and the fins spread as 1in challenging.
N0 accurate record of the duration of this activity was

made, b ut some instances lasted only a fevw seconds whnile

.

others lasted &3 long as €0 scconds. Considering only
thiose palrings 1In which locking of jaws was observed, the
rmaximum per contact pair was 22, the minlaum 1, and the
mean 1C. It occurred in 18 of the 25 pairings with a total
of 179 instarces (Table &).

The Cighting period involved tie greatesst amount of
activity in thie segquence, and the actuzl phLyslical contact
tetween palr-mates was createst then. In comparison tc the
period prior to fighting, ladividual chellenging and matual
challengling occurred with less frequencye. JIndividual biting

ra

was much nore frequent during tie i 1ghting perica, winlle
thie occurrence of two rnew activities, multiple exchanges of
tites and locking cof Jaws, gives further indication of the

vigorous actlvity characteristic of tnis reriod.

o

Ine acn pairing the lIntensity of color satwsation of

both [ish was (reater during this period than in tlhe otiwer
vericds of tlie same peirin The intensity frequently varie
&

e



witih respect to a particular fish, btut during lociing of
Jaws, both pair-mates werec as dark in Iuntensity of color
saturaticon as at ary other time in thes observaticn period.

L. activitics followingz the ectabllsiient of dom-

inance without fisnting. In tue absence of £ ignting, dom-

inance was considered establlished when one pair-mete re-
reated without subsequent aggressive beheavior.
in 26 of tne 3l observations individual challenging
immediately preceded ths first retreat, while in one, mutuzl
challenging was the precedlng actlivity. Eiting precedsd the
first retreat iIn 2 peirings and dancing fcr position in 5.
in every case retreating lamediately followed sonme type of
aggressive tehavior by one or both [isnh
at the moment of the ftirst retreat all of the subordinate

fish quicxkly tecame less saturated with regard to the color

of both btoldy end fins. Tlise cclor saturation of the dominant

individuals became less much more slowly, if atv «ll.
During tiils period dominant Individusls differed in

many respects fronm the sord S 'avle e 1he forne
many r cects fronm thelr subordlnete (Iatle G) Y ornr

1

cixallenged 1207 times in 3h pairings while the latter chal-
cnged only LO9 times in 26. The means were 37 and 10, re-

o
a

dual chiallernizes ex-

[y

spectively. In néarly all cases, indiv
Ahibited by the subordinates were defensive 1iIn nature, and
occurred only when they were approachicd and cornered Ly tie
dominant Individuzls. The dominants bit tie subordlnates during
2l pairings and reglstered a total of 113 observed biltes com-
pared to O for the subcrdinates. 1he dominant inaividuals

did not retreat at all wt chased the subordinates 1110



times, while the latter retreated 1208 times and did nct chase.
rxploring was recorded 225 times in 31 pairirgs for the dom-
inant fish and only &1 times 1in 21 palrinegs i{or the sub-
ordinates. JIhe means were, respectively, 7 and L. Thus the
dominant fish had a much greater freedom of movement within
the aquarium. iutual challenging occurred L1 times in 9
pairings, and dancing for position occurred LO times in 7.
MNutual reactions were not as frequent as 1lndividual reactions
during this perilod.
TaBLL 9
Activities Following the Lstablishment
of Uominance VWithout righting
(34 tairings)
Tance
Indiv. wmut. for
Chal., Chal., EBites hstreat Chasing wxplor. Pos.,

Cominants 1267 L1 113 0 1115 225 ;0
Suvordinates 109 L1 0 1208 0 61 Lo

5. Activities following surrender sutsequent to fishting,

The periods of active fighting were followed by periods thought
to correspond to the periods following the establish ment

of dcminance where no fighting occurred. They began with

the first definite retreat by one of the pair-mates. 4after
this the individual that retreated exhibited little or no
aggressive behavior.

In 12 of the 22 pairings, individual challenging
immediately preceded the first retreat. lNutual challenging
preceded it in 2, as did individual biting, while locking of
jaws occurred in L pairings. CLancing for position and
multiple exchanges of bites each preceded the initlal re-

treat iIn one pailring.



ine changes In the Inteusity of

(e

olor saturation by

totlh the winners and losers were very slzmiler to those snown

e

irn the corresponcing periods where no tiunting took place.

in every instance the vwinners were cI a darker

o’

clor sat-
uration than the losers.

{he winners challenged the losers in 20 palrings witn
a total of 19 individual challenges. The loser challernged
only 65 times 1in 11 pairings. The means were 21 and 0, re-
spectively. Iost cf the losers challenges seemed to be de-
fersive in nature. Ihe winners bit tie losers Lo times 1in
12 pairings end were not bltten iIn return. The winners did
nct retresat but chased the losers 515 times. The losers
retreated from the wlaners LL§ tines and 31d nct chese. The
winners explored 86 times in 10 pairings compareq to 22 times
in 7 pairings for the losers, Indicating a freer movement on
the part of tne winrers. <I(he means were § and 3, respectively.
The mutual actlivities, mutual challenging and dancing for
position, were even more noticeably absent In thnese periods
tnan in the corresponding periods without fighting (fablé 1C).
Tnere were 6 mutua{ challenges observed in 3 palrinss, and

only 2 1nstances of dancing for position, both iIn the same

pairing.
TabLz 10
aActivities rollowing <urrender
Subsequent to righting
(22 Palrings)
Lance
Incdlv. sut. for
Chal. Chial. Cites hetreats Chasing wxplor. ros.
V.inners 419 6 L6 0 516 ob 2
Losers 68 6 0 Lha8 0 22 2
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6. Iatensities of color saturation. No truly objective

system was used to classify the differences in cclor satur-
ation. The fish were merely identified as dark, medium, or
lignt. An individual identified as "dark” exhibited vivid
blue and orange alternating dorso-ventral stripes along the
body. The dorsal and ventral fins were bright blue, while
the caudal fin was bright orange. "kedlum" indicated that
the fish clearly showed the blue and orange stripes along
tane body, but not as vividly. Also the fins were less
saturated. A "1lizht" fish showed only falnt 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 varled greatly
among the individuals, and the classification was not used
to describe the exact intensities of all the fish observed
at all times. It dild enable the observer to make a com-
parison of the relative color saturations of each of the
pair-mates during the varlous phases of each observation
period. Thus, both were consistently dark or medium during
the perlod prior to the establishment of dominance or fight-
ing as well as during the period of actual fighting. Iummed-
lately after dominance was established elther by fighting or
not the winner was always darker than the loser. This does
not mean that the domlnant flsh was always dark and the sub-
ordlnate always light. Instances occurred in wnich the winner

oif one paliring was actually lighter than the loser of anotuer.
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In most pairings the winners and dominant fish retained &
darker color saturation than the losers and subordinates
until the observation periods were terminated. In some
cases toth pair-mates exhibited the same intensity after

dominance had been establishned for a period of tiluec.
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7« Comparison with female Betta splendlrise

Braddock and Braddock (1955) gave an extensive account

of the azaressive behavior patterns of the Siamese fighting

=

fish, Zetta splencdens. The data gathered in the study of

thie Paradise fish Indicate a marked similarity between the

two specles,

While many of the activities were escentlally tne sams
for Bettas and Pcradise fish, there was ene outstanding cxi-
ception. Dancing for position was noted throughout the
entire observation period in this study wnile 1its rough
equivalent, jocieylng for position, was observed only
during the period of actual fighting among the DBettas.
Frior to actual fizhting there was a perlod where
the fish reacted both to each 5ther and“to thelir surround-
ingse In both studies the durations of these periods prior
to fignting were similar., Basz=d on 35 pairings the m:zan
time for the Bettas was 6.0 minutes compared to 6.3 minutes
for 2% palrings of the Faradise iilsh.

The mean time that elapsed belore the {irst soclal
recactlon of the Bettas was 33.h seconds based on 25 palr-
ings and 48 scconds rfor the Paradise fish based on 25
rairings. Individual challenging was the predominant
first reaction 1in both stuéies. among the Detlas this
cccurred in 22 of the 25 palrings; the other 13 were
initiated by mutual challenges. In 2L of the 25 Faradise
fish peairings, soclal reactions began with challenginge
Seventeen of these challenges were individual and 7 were

.

mutuale.
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A comparison of the relative fregquenciss ol aggressive
activities throughout the periods prior to fighting
indicates that individual challenging was the most commnon
reaction In both studies. Thls activity occcurred in
nearly all of tne Detta palirings and was universel among
thiose ol the raradise fish.

liutual challenges occurred in all pairings in both
studles and was the second most frequent activity.

Instances of chasing and retreating were recorded
in the Betta obscrvations and were absent 1n this study
during the period prior to fighting. Biting was much
more frequent in the Betta study. wmxploring was noted
in both but Iinstances were not frequent.

In btoth species some palr-mates fought while otliers
did not. The perlod of actual fighting among the Bettas
was of longer duration and seemed to 1lnvolve greater
activity than the corresponding period among the Faradise
fish. The mean time for the Betta pairings was 51.5 minutes
for 35 pairings compared to 6.6 minutes for 25 Paradise
fish observatlon periodse.

Similar activities were observed in both specles,
ani although they were observed less often in the Paradilse
fish study, this was probably because the mean time for
the period of flzhting was apprcximately 6 times less

than in the Betta observations.
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The types of bltes wz=re analyzed to a greater de ree
in the Betta work than was dons in this study. IlLiowever,
single and multiple exchanges of tltes wers irequent in toth.

Locking of Jjaws occurred only during the fishting
perlods 1n both studieé but was not characteristic of very
short fi:hts (less than 15 minupes) among the Bettas.

Since only 5§ pairingss of raradise fish lasted over 12 min-
utes, it is signilficant that for them thils activity was
relatively common.

Lixe Jjaw-locxing, Jjockeylng for positlon was observed
only during the fighting period among the Bettas, but 1ts
rough counter-part, dancing for position, was recorded 1n
all periods of this studye.

Injuries were extensive among the Eettas due to tlcir
savags bitin, while very few were noted among the Paradlse

ish.

Lefinlte domlnance-subordination relaticrcihiips wore

[&]
@]

cstebllisized In both stucles with cor without fiznting. 1In
In voth, the domlnant individuala were more aggressive and
had a much greater ireedom of movsment within the aguarium.
The subordinates tended to retreat or to make way for the
dominant fish.

No indlcation of a revolt on the part ol & sucordinate

L)
[ N
43}
—a
-

was not-d in eitiier study.

Relative size of the pair-mates was a fairly reliabls
basls upon which to predict the winner of a fisht, but there
were exceptions In both studies. kLased on 22 raradlse [ish
pairings the larger fish won 13 times and the sualler 3.

/. . a2 o 'Y
in © palrings tho palr-ma2tes were of equal slize.



In this study, as in the Letta observations, & rough
comparison vwas made between the relative frequenclies of the
various types of challenging botn during tihie perlods prior
to fighting and the periods of actual fighting. Thls was
done by dividing the total number of instarices of each activity
by the total duration in minutes of tie appropriate period.

Thie sum of tine durations of all perlods prlor to
figzhting was 159 minutes, while the corresponding figure tor
tie [lghits was 216 minutes. <The average r.umber 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 l.0.

This situation was reversed in the Letta study, the
corresponding numbers being 0.9 and 1.} for 21 pairings.

among the Paradlse fish mutual challenges averaged
1.7 and 1.5 per minute respectively for the perlods pricr
to fighting and of actual fizhting while for Bettas these
figures were 0.9 and 0.l.

It is doubtful that dancing for position auwung Fara-
dise {ish 1s the same t ype of activity as the jocxeylng for
»031tion of the Bettas 1in that it represerits a tendency to
replace mutual challenging as fatigue increases during the
course of a fight. This was suggested for jockeying in the
Betta study. Hhowever, if it 1s assumed that such a relation-

ship dces exist, one rmay add the totals of dancing for



tion to tnose ol matual challengling and ovtaln an a verage

(=N

pos
per minute during the perlod prior to Iigating of 3.0. sor

tl.e period of actual fighting the iigure 1s 2.C. 1n the

&
~

Letta study the corresponding figure involves the figiting

period only since jockeying did not occur at any ctier tilne,
and thne averaze vwas l.2. oJn this bLasis the Lettas showed a
markead increase ol the frequenicy cof mutual challenging
durlng fights while the Paradise fish did not.

fhese date 1Indicate no increase In the I'reguency of
mutual challcenging during the fights of Paradise ficlie
Jockeying for position among the Bettas eand dancing for
position among the Faradise fish are probably not comparable,
and tnis may bte one ol the causes of the difference.

The Dettas inied a comwplesx system of color changes as
compared to raradise fish, and a comparlson of the changes

in relation to various activities woulc be extremely

difficult. The most notlceable cclor chanrges in beth species
occurred at the end of a fizht when a dominance-subordination

relationshilip was estatlished.
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IV, DILCUCSIOH
As was stated previously, the priairy purpose oi this

wory¥ was to ail

i

cover tne various activities involved in the

[¢

establisument of dominance-subordination rclationships among

Paradise [ish, Macropodus opsrculuris. also, & comparison

wa3 made between the activities of this fish and those of
Bettas (Eraddock and Eraddocw, 1555), with the hope of
finding consistent differences that could te used as criteria
In future studies involving these two species.

Ire perlods prior to fighting resembled the perlods
prlor to the establishment of domlnance without [igliting.
ine maximum and minimum duratlons were slmllar (Tables 1, L)
as were the mean durations which were G.3 and 5.2 nminutes
respectively.

Ihe tires that elapsed vefore the iirst sccial reactions
were similer for both periods (Zables 2, 5)¢ lhe mean Ior
th.e periods prior to fishting was C.0 minutes while 0.9
minutes was tne mean for the periods pricr to tne estaﬁlish-
ment of domlnance without fighting. 1lhere wes no signilicant
difference here. Therefore, it was 1lwmpossitle to predict the
probability of a fight on thls basis.

In both periods the most common initial reactlon was
challenginge In both, iIndividual challenging predominated
over mutual challenging (periods prior to the establishiment
cf dominance without fighting 33 to 1, end the perlods prlor

to fignting 17 to 7).



Therefore, the occurreance of individual challenging

as tne initial socilal reaction was not a criterion of the
probability of subsequent fighting or its absence. how-
ever, those pairings in whicn i, hting later occurred dic

show a significantly greater proportion of mutual challengcs
as tne l'irst soclal reaction between pair-muates, ani 1t is
evident that fights wsere rmuch morellikely to occur in those
palrings where the first reactlion was an Initial challcnge.
Similar activitles were observed throughout both

periods (Tablses 3, ©). Individual challcaging had high

thie perilods o»rior to figuting. It aver-

iregquency durin

[KJ

aged 6.5 per minute as compared to 4.3 Individual challergcs
per minute in the periods pricr to the establlshiment of
dominaiice without fighting. Alsc, rnutual challcnging had
greater frequency 1In the periods grior to Ii“utin~ 1.7 as
compared with C.0 for the periods prior to the establish-
ment of dominance without tighting.

cvotn types of challenging were more common in those
pairings in which fignts followed. Individual challeagling
sccurrsa one and one-nall times as oiten and mutual chal-
lengling more than twice as often. This clearly indicates
a reclatlonship ketween the f requency of challenging in
gencral and the probabillity of a subsesguent right and
sugzests that thiils activity when repcated freguently enough
may bte a mechanlsm tlhat bullds agzgressiveness In the pair-

matss to the point where actual fishts are possible.

w

o
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Lancing ior position occurred almost twice as oflten
in tue periods prior to fighting as in those prior to tue
establishment of dominance without fighting. The fre-
quencies per minute were 1.3 and 0.0 respectivelye.

Taken with thie rslative [freguencics of both types of
challecnging, dancing for position may be rszarded as an
indicator of [fight prebability. The nature of this activity
is such as to su.gest a relationsnip with challenging andg
it may also conbtribute to a bullding up of general
a gressivenesse,

Lxploring was observed in the periods prlor to the
establishment of dominance without fighting vwith a fre-
nue:acy of 0.3 per minute. It occurred so seldom in the -
periods prlor to fignting that a deterwminution of 1its
frequency was not recorded here (lable 6)e Although this
activity was infreguent as compared with challenging and
dancing for poslition it involved more time per instance.
Therefore, its presence In the periods prior to the
establishment of dominance without fighting in contrast
to 1its general absence in the periods prilor to fighting
ras signiflicances osxploring preoably is the result of a
lack of a:gressiveness betwsen pair-mates.

Eiting was observeg& so Infreguently 1in elither period
that an attehpt to compare frequencies would nave no

signilicance.
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or the zreeat increase in total aggressive activiby and
phiyslcal cceutact betwecn the palir-mates ring tils

ceriods Lxzloring was nit Cbserved curlng tightirng.
most of the activities recorded for the periods

igiiblng vere also observead during fightlng

y per minule was €C.J. <The corrsspondlng treguercy

e
j-
G
o

for the fiéﬁts was {.Co
inere were no sinificant diilerences 1in the {re-

of mutual cliallengzing and dancing ior position

o

cuencis

wuern the two perlods were coiparede.

in swmiary, when the periods prior to Il .nting ars

conparcd with periods of actual [fighting it 1s apparent

that certaln actlvities occurred only duriayg [i.lits
Lhese were multiple biting and jaw-locking. Une activity,
explorlng, was recorded only during tme pericds pricr to
flolitinge all of the otuner actlivitiss, individual crsal-
lenging, mutual challepéiﬁg, inalvidual biting, and
dancing for position, occurred during cvoth poeriods. iow-

ever, individual viting vas typical ouly of tue i'ights

wizile there was a sipnificant decreass in the frequency
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date reinforce the concluslons
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drawn from the comparlison of the periodls prior to fighting

with those pricr to tiie establishinent of dominaice without
fighting. Thus, the supposedly non-a;gressive activity,

3
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exploring, decreased g g oine when initial aggressiveiic
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would be ecapectad to Le at 4 nigh level, whlle the
agoresslveness, mutual challengling, dancing

tor position, and titing of all types cither remained the
same cr increased in frequency. J{he décline in individual
ch:tallenceing probebly Indicates its replacenent ty aggressive
activities ot a hilgher levely, namely jaw-lucking and biting.

I, for rurposes c¢i comra rlson, the average rer
minute of all aggressive activities are totaled for tle
periods prior to fighting and tor tue pericds of actual

fighting, tne results are §.0 and 12.5 respectively. Tiis

|.Ja

indicetes, in a general way, thé presence of an &ctual
increass during fights.

cxcept for a few instances of chasing and retrsating
obs chu‘ prior to the establishment of dominance without
figzhting in two pairings, these activities wsre recorded
only after doiminance was esbtabllshied either by {ighting or
not.

After dominance was establishied by ¢ 1ther method the

winners or dominants were observed to have complete fre

@

o8

dom of movement within the aguarium. Thiz is shown clearly
vy comparing the frequencies of exploring for the dominants
and winacrs to those of the subordirates and losers
(lables G, 1C). Tlhe rcen per rairlrg for the winriers wes
Sy and fort he losers 2.1,

Correspunding figures are 7.3 for the dominants and
349 for suborainates.

lhe effect of tne dominance-subordination relationship
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on the benavior of ths pair-mates can be shown by comparing
the [requencies ol chasing and retreatling. There wers no
observed instances of winners or domiunant fish retreating
out they chased frequentlye Also, loscrs and subordlnates
were not observed to chase but retreated frequentlye.

Liting was also displayed only ty the despot in
both instancés.

Challenging was a frequent activiiy on the part of
both winners and dominants. Thie losers and subordinates
were observed to challenge but less irequently and only
when approached and cornered by the aggressors.

utual activities were almost absent in the periocds
suvsequent to figntinge. S51ix mutual clallenges were
observed in 3 palrings and 2 instances of dancing for
posicion viere epecorded in one.

Thiese flaures were significantly hichar for tle
pafiods following the establisiazent of dominance without
fighting. Nutual challeaging occurred in 9 palrings with
an average of 4.0 per pairinz. Dancing for position was
reccorded in 7 palrings wilth an average ol 5.7 per palring.

i.e very low frequencies of mutual activitics during
the period suvsequent to fi nhiting must liave been the
result of strong dominsnce-sutordination relationships
between the pair-mates.

liutuel activities which indicate a higli level
of aggressiveness in voth pair-mates, showed a sharp

decrcase af'ter domlnance wes cstatbtlisned withi or witlhoutb



fi:.ting Individuzl agy ressims behavior was largsly

confinad to the dominants and winners, 25 vwas tle non=-
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ve exploring.
when the ag;ressive activities of individuals that
nave won £l _his are compared to those ol [ish that Lave

esbablisned deominance witnoud 1 roalin clmilarities

and difilerences are appercente. The winners of fi,lbs averaged
21 individual challenges per pairing while tlie dominants
averagzed 37. The wirnners ciiased 23 times, wnlle the

doiinants cunased 33 tlacse These diflerences may have

ba@u due to sliuple fatl ue on the part cl the winacrs or
may reflect a stronger domlnance-suvordination relatlonsalp
estavlisied by actual fij.ting.

pitling, which 1s characteristic of the periods of
actual fighting occurred witn simllar Ifrequency 1n both
iastances. Also, there was no signiflcant diflference in
tiie frequencies ol exploring when the winners were comparcd
with e dominants.

a 3iwilar comparison bLetwecn losers and subordinates

ns must ke ceonfined

oo

who achieved this status wicthout i Lt

to data concsrning individual challongling and retreating

since bitln: <ld not occur among them and sxplorli., ves

ct

0o infrecuent to Lhiave signilicance.

S
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1t seens si.nilficaut that the losers o1 actual fi L
s oi only L times per pairiag
wille the subordinates challengzed 1o tiuis. also tic

Subordainatss retroated 35 tines compared with a ncan
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per rairing of 20 times for the 1losers. Thus the loscrs and

subordinates appear toreflect the behavior of winners and

dominants, and the saune causes probably underlie the dlffer-

ence 1n each case.
lsany of the same activitles noted here were also

noted in the Betta study (Zraddock and Eraddock, 1955).

[

Soth individual and mutual challenges were ocovserved prlor
to and during {ighting.

Tne Bettas differed from the FParadise fish in that
individual challengzes increased ifrom 0.7 per minute to
1.} per minute during fighting while among the Faradise

fish a frequency of 6.5 per minute during the periods
prior to filinting decreased to 4.0 during active fighting.

Unlike the cecndition among the Paradise fish where
rmutual challenges had a mean frequency of l.7 during the
periods prior to fi:chting and l.5 during actual fizhts
the Lettas showed a decrease in these activities from

0.5-0.4 over corresponding periods.

indlvidual tites were more frecquent among the Lettas

prior to fighting but were not as frequent during flghting.

based on 35 figlts the Lettas showed C.3 bites per minute
prior to fightling and 1.9 per minute during fighting.
Lased on 25 fights correspondlng frequencies for Paradise

fish were .09 and 3.5 respectively.

Dancing for position was observed both prior and

during fighting in thils study, while in the betta s tudy the

rough eguivalent, jocxeylng Ior position, was recorded

only during {'ighiting. The frequency of thls actlvity was



fighting among the Paradisz fishe. «or Celtas the {requency
of Jjocrueying was 1.5 per minute during figcuting only.

In both studies locxing of javws was cbserved only
during tre fignting periode. sor the cettes this acfivity
occurred C.5 times per minute while among the taradlse
fish it occurred 0.6 tlwmes per minute.

In beth studies exploring was couserved prior to

ficnbting but not during fignting. ror cLettas this occurred
0.2 times prer minute and only .05 times {or Paradlse fish.

By totalling the various activities per minute for
the perlods prior to fighting and during iighting for both
specles relatlive frequencies of general agy.ressive activity
may be comdared. For Paradise fil:hx 9.6 activities ber minute

ivit

e

(‘»

cr minute

'_J-

occurred prior to Ii:nting; 12.5 cct
cccurred during fighting. Correspording freguencies fior
Bettas were 2.5 and €.G.

Although the duraticn of fi hts was consideraily

longsr eameny the vettas a comparison btetwsen the rrequenciss

od

H

or ageressive activities Indicates that tue f{lghting per

In the raradise (ish Involved more such activity.

0¢ the entire

[,
[&]
o]

1+t should te noted that frequency
story in sucn comparisons. Luretion of cach Instance of
any activity shculd also Le considered. iIn this casz, tle

vettas may merely have sustaired many or all cf the

recorded Individual reactions longer.

()

Ine efiect of dominance-sutordination relationsnip

on ths pair-mates in both cases was very s imllar. The
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winners showed complete frecdom of novement within the
aguarium and comgplete gominance over the losers. Lue losers,
in contrest, had little Ireedom of novemncunt and were

subject to attacik by the winners.

The frequencies of the various activitilics ol bceta
specles and the typcs cif aggressive activities displayed
indicate trat voth are very belligerent. IThere 1is, howewer,
a greater tendency [or Faradise [1sL not to flzut. Thirty-
four of the £) palirs in thils study did not fight; nOo otner
explanation than the genersal nature oif the species can be
offzred at this time.

rishtlng among Lettas causes greater damage than
occur3 among roradise fisii.

It must be rememvered when considering the frequenciss
ol’ the varlous activities and when cetermining the relative
bellizecrency of the two s pecies, thét male FParadise fish
are belng comfared with female ocettas. I8 males ol bota
species had teen compared, undoubtedly the freguencies ol

thie various aggressive activities among the bettas would

]

Lavs beesn greater, since woble (1539) stated that malcs

C

are too belliierent to establish any typc of domlnance
relationship. Hhowever, sotle, and wmith (1937), indicated

5 and rapid activity would

Q
[ 9]
[N
[ &)

that extreme nale aggressilverne:
nake a detailed analysis difiicult, if not 1mpossitle.

Tae apgonistic beliavior displayed Ly rales raradise
fish may be related to terrltoriality. The dominant fish

may establish a territory which is defended against in-

truders. If a nest 1s built and mating occurs, the nmale
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(‘_‘.uaf‘ds tie noste Iris 15 aa lmportant Joector v ith resgect

to survival of the younge.
Another posslble advantace inhercnt in aigrcssive

~

Lenavior of this type nay coacerin succeds in wabling.

amoay cebtas matling doss not occur unlsss Lotk individaels
exnlbit certain cf the pattsras that occur daring Il oatlag
{(Zraddonck, e Ce--pcraonal communication - 1550). These
may be mutual releases for the varlous clements of the

<
[
Co
e
Y
=
[ %]
[
L
[¢]
wn
j@
@]

Coie
d
G
cr

is an advanta:e in that Ll htlig Indiv

to attacx bty other animals wuile Ilighiuling, and the

incrcase in color saturatlon during flgubting way actually
atiracy picdatorse alizo, the injurles due bto Il hbing
mi;’:t crcatly weaarn vne o Loblhn f£ish thius making thow
mors suspoctlivie to prcldaticne.

Thcice appear to be Lboth advantasss and disadvantaoss
viien the adaptive significance of ag.wcszive belavier

oif tlls type 1s considorcds 1L nay be pussible that the
establishnwnt of dominance 15 tiic adaptive value ratier
than the way in w.lchi 1V 15 estubilsheds I thls
stould latcr ppove to te tie case, then, the less
asgiesclve Faradlse fish, wiich ars able to achisve tihis

result Irequently wichouv preliminary i uting are more
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ct tlian the Lcttas, and the latier
should then te conslidered belhaviorally the wmore primitive

of tue two speciles.
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Ve SUMNMARY
1., ale Paradlise fish establisned dominarnce-subordination

)

relationships with or without preliminary fizhting when
paired in a small aquarium.

2. There was a perlod prior to {izghting consisting of
aggressive activities botn iIndividual and mutual, e.g.
individual and mutual challenging, biting, and dancing

for position, along with certain non-social activitles,
e.ge. exploring and resting.

3. IThere was a corresponding period prior to the establish-
ment of dominance without fighting in wnich occurred activ-
ities similar to those observed in the period prior to
fizhting, but the frequencies of aggressive actlvitics

ware less and that of exploring was greater. This probably
indicated a marked differeance in bellligerency tetween sucn
rair-rates.

i« rigrting began a3 a response to an sigressive act, and a
high threshold of mutual aggressiveness was probably nec-
essary 1f 1t was to occur.

5. ©During tne period of fighting all non-social activities
ceased. Mutual aggressive activities and actual physical
contact between pair-mates increased. 1This was Indicated
In part by two new activitles, locking of jaws and multiple
bites which were ovserved only during thls period.

6. rights ended with a deflnite retreat ty one of the
pair-nates. Initially the defeated rish lost much of its

color saturation but in some cases regained 1t later.



7« &nitsr the estaoviisioent of a dominance-subordination
relationship.with or without fighting the winner and doa-
irant ish Ireely tit and chased 1ts subocrdinate. lhe
Irequencies of mutual aggressive activltles were less than
those of preceding periods.

O. 1.0 revolts on the part of tne subcrdinates or losers
were noted.

9. Cclor saturation reached its greatest 1lntensity durlng

fighting. Tnkils was also true for Eetta splcndens,

{Sraddock and Braddock, 1555).

10. 4Aggresslve activities of the Faradises [lsii were simllar
to those noted 1in the cetta study. svallable data indicate
that In both studlies, individual challenging was an important
mechanlam Ior establishing a threshold of aggressiverness
between the pair-mates.,

11. Dancing for position among FParadise fish and jocieying
for position among Eebtas may not be completely couparable.
This mlght be a factor in determialng the decrease in tlLe
frequency of mutual challenging during the period of fighting
among Paradlse [ish, and the 1increase 1n this activity in

t.e bettas,
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