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Synupsis

Sounds were produced by the males of two species of ¢ichlid fishes while courting Temales, Each courtship
sound consisted of a series of distinct pulses occurring in rapid succession. Courtship sounds produced by
Treunitichromis cl. intermedius and Copadichromis conophorus were significantly different in pulse rate and
individual pulse durations. For C. conophorus calls (n =127) the mean & sd number of pulscs per call was 10 +3
and call duration was 181 + 59 ms, There was a significant positive lincar relationship between call duration
and the number of pulses (r* = 0.912, p < 0.001). The dominant frequency of the pulses in calls was 471 £ 50
{rampe 372-5394) Hz (n = 40 calls). T ¢l intermedius also produced a pulsed courtship call; data (mean + ad)
from two male . cl. tnrermedius: 9 +2 pulses per call and duration 199 + 44 ms (n = 20 calls). The linear
regression between call duration and number of pulses was positive (r* = 0.463, p = 0.001). Pulse rate within
salls of 1, ¢l intermedius compared to C. conophoerus were significantly different (p = 0.018). Individual pulse
durations were also significantly different (p= 0.043) belween species. However, interpulse intervals were not
significantly differcnt (p = 0.177). These cichlids produced courtship sounds that were distinet by individual
pulse durations and by pulsc repition tate in a cull,

Introduction

The cichlids of Lake Malawi form a closely-related
species flock of more than 500 endemic specics
{Fryer & les 1972). These fishes differ greatly in
their behavior and ccology, moderately m their ex-
ternal morphology and very little in their molecular
characteristics (Klem er al. 1993). Mate choice be-
havior as a mechanism for maintaining species iso-
lation is a central feature of hypothescs explaining
cichlid evolution (Dominey 1984, Ribbink 1986,
McKaye 1991, Stauffer ot al. 1995). Courtship difler-
ences among related sympatric species may have
been selected for as hybrid offspring would presum-

ably have reduced fitness (Uzendoski & Verrell
1993). The role of mating behavior dilferences act-
ing as a species isolating mechanism has been wide-
ly recognized in many animals (Ayala 1991).
Sound production is, perhaps, the most poorly
understood aspect of cichlid courtship behavior.
Only 9 of the 936 publications cited in Keenleyside
(1991) refer to cichlids producing sounds (see also
Nelissen 1991). Even so, it has long been thought
that sounds may be important as a means of specics
recognition and mate location in cichlid fishes
(Fryer & Tles 1972). One reason why cichlid bioa-
coustics has been neglected until now is that the
sounds of cichlids and many other specics of fishes
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cannot be easily detected by human hearmg under-
water and, therefore, have gone unnoticed (Lobel
1992, personal observations).

Tconducted this field study in Lake Malawi to de-
termine if specific sound patterns were associated
with the courtship or mating behavior of the sym-
patric haplochromine cichlids: Copadichromis co-
nophorus Stuaffer, LovVullo & McKave, 1993 [syn.
C. eucinosiposms (Regan, 1922)] and Traminchro-
mis ol intermedius (Trewavas, 1931). The reproduc-
tive behavior of these fishes, particularky of C. co-
nopfiorus, has been extensively studicd (McKaye
1983, 1991, McKaye et al. 1990, Lewis et al. 1986).
However, sound production has not been previous-
ly reporied tor either species. In this study, [ com-
pared the courtship/mating sounds produced by
these two sympalric cichlids to determine whether
quantitative differences in their calls could be iden-
tified.

Methods

Synchronous audio-video recordings were made
underwater using a Sony V-9 eight mm video cam-
cra coupled with a hydrophone. The hydeophone
had a frequency range of 10 to 3000 Hz and a sensi-
tivity at 10 psi of - 162 dBv/uPa £ 2.0 dB (BioA-
couslics Inc., Box 549, Woods Hole, MA {J2343).
Acoustic analysis was performed using the seftware
SIGNAL (Engineering Design, Belmont, MA
(02178) and CANARY (Cornell University, [thaca,
NY). Additional details arc given in Lobel & Mann
(19953).

Audio-video recordings were made of fishes liv-
ing directly offshore {depth 3 to 8 m) of Lake Mala-
wi National Park at the site of Golden Sands Camp-
ground and the adjacent World Wildlife Federation
Education Center, Cape Maclear, Malawi, Africa.
Boecause the site was located inside a national park,
collection of specimens was not permitted. Instead,
close-up underwater photographs were taken and
species identification determined by comparison of
my photographs with descriptions in Eccles & Tre-
wavas (1989} and Konings (1990, 1995) and by ad-
vice from 1. Kornficld and J. Stauffer (personal
communication). Copadichromus conophorus was

previously recognized as L. encnostomus by many
authors (Stauffer ot al. 1993). J. Stauffer (personal
communication) also notes that Tramitichromis is
under revision and that the species T, cf. infermedius
located at Cape Maclear will likely be reclassified.

The fishes studicd were primarily sand dwelling
species that construct a characteristic sand mound
which functions as their breeding arena. These sand
mounds have been named a ‘bower’ in analogy Lo
bower birds (McKaye et al. 1990), However, the use
ol the term ‘bower’ in this case is not appropriate
and the word ‘nest’ is best used to describe the ci-
chlid sand structures (Tweddle et al. 1998). These
nests are used for courting and spawning but not
brooding or rearing ol ollspring (McKaye ot al,
1990, Tweddle ct al. 1998). The process of nest con-
struction and the mating behavior of these fishes,
especially Copadichromis conophorus, has been
described (McKaye 1983, 1984, 1991, McKaye et al.
1990, Staulfer ct al. 1995, Stauffor & Kellogs 1996).
Bricfly, the male builds the nest by gathering
mouthfuls of sand and depositing the load on the
mound. When a female approaches a male in his
nest. he actively and vigorously responds by spread-
ing his fins and swimming in circular paths around
the fomale leading her into the contral arca of the
depression located on top of the sand mound (nest).
The male poses in a lateral display, fins extended,
and with a body quiver simultaneous with sound
production. The [emale enters the nest, deposits
eggs and then immediately sucks the cggs into her
mouth, where they arc inseminated (McKaye 1984).
Afterwards, the fermale swims away with the brood.
Males do not participate in parental care (McKave
1983, 1984).

The nests of specific males were identified and
recordings made by situating the hydrophone along
the rim of a fish’s nest with the camera set aboul
2-3m away. Once arranged, the camera-hydro-
phoene was activated and left to run autonomonsly
(no diver to cause disturbances) for 30-45 minutes.
Five recording sessions were made of 3 different
male Copadichromus conophoruy and four record-
ing sessions of 2 different male Tramitichromis cf.
intermedius. All recordings were in open sand flat
areas,

In the rock boulder habitat at Otter Point, male
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Figure I A series of courtship calls produced by a malie Copadichromis conophorus displaying toward a conspecific female. Top panel is
oscillogran shuwing cotive acoustic sequence. Odier puuels show dedails of individual calls with a sonogram {top) and oscillogram
(bottom): a- male courts as lemale approaches, 14 pulses, 272,10 ms; b- fomale enters nest as male civeles, 10 pulses, 210 ms; - female begins
to exit nest after mating, male respands by making sound with fins spread, body guivers and zig-zag swimming, 9 pulses, 196.2 ms. The

dominant frequency of this male was 517 Fa.

C. conophorus occurred in greater densitics than
congpecifics in the adjasent open sand habitat.
Here, the hydrophone was placed between nests
near 3 or 4 males, Five recording sessions were
wade at live sites. T2 ¢f, nermedins wils HOLPLeseILL
an top of the rock boulders but was found in the
adjacent sand arca.

Recordings of . conophorus were made from
two groups: one at Otter Point and another in an
open sandy area. Since T ohtained the most data
consisting of scveral calls from each of several
males in from the Otter Point group, T used only this
data set in the following analysis. The statistics be-
low are most robust when based upon a data set
consisting of multiple recordings from each of scv-
eral males so that individual variability in sound
paliern production is incorporated in the analysis.

Pulse rate is defined as the call duration divided
by the number of pulses which gives: ms per pulse,
Because of the difficulty ol acquiring acoustic data
on fishes in the wild, the sample sizes for the num-
ber of calls from each species arc uncqual. Also, the
sample size of T b intermedius calls (N = 20) is

small compared to the number of samples of C. co-
nophorus calls (N =127), This precludes the use of a
standard analysis of variance {e.g.. Dunn & Clark
1987y and requires instead a nested design. The sta-
tistical sipnificance of the difference in the rato of
call duration 1o the number of pulses between the
two specics was assessed using the following rando-
mization test (Manley 1991). Suppose that m call se-
quences are recorded for Group 1 and n call se-
guences are recorded for Group 2. Under the null
hypathesis of no difference belween the groups, all
possible partitions of the overall set of m4n call se-
guences into subsets of size m and n are equally
likely. There are (M+n)!/(M!n!) such partitions. For
cach of these, the difference in mean duration:
pulse ratio can be caleulated, The significance of the
observed difference can then be assessed hy com-
paring it to the distribution of differences over the
sel ol partitions, An advantage of this randomizas
tion test 15 that, by randomizing the entire call se-
quences, it takes any serial dependence 1n the data
into account.

Measurements were also made ol two other
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Figure 2. A series of courtship calls produced by a male Tramitichramis of. intermedins displayving toward a conspeaific female as she
prasees hy hic nedd bt docs nat erap 1o mares Top peinel iz owcillograph of the entive aconstic sciuence. (ither panels show details ol cach
corresponding labeled calls with a sonogram (Lop) and oseillogram (battom]), The number of pulses per call and call duration were: a- 9
pulses, 195.0ms; b- 11 pulses, 252 2ms:o- T pulses, 122,77 ms: d- 11 pulses, 231.5 ms; e- 9 pulses, 189.9 ms. The dominant frequency of this rale

was 345 He,

quantitative {caturcs of the cichlid sounds: pulse
width and the interpulse interval. All measure-
ments were taken using the time-amplitude {oscil-
lographic) sonic analysis. Interpulse interval is the
blank space between pulses as defined by relative
amplitude ol the signal. Pulse width is the time from
the start to finish of the signal as defined by the am-
plitude, Background environmental noises and
clectrical interference can obscure the precise lines
of demarcation between the onset and completion
ol a pulse signal, For this analysis only the clearest
sound recordings werce used so that the most precise
measurements of interval and pulse durations could
be made. Thus, not every pulse or interval of every
call was used.

A two-sample separate variance t-test (Systat
7.0) was applied to test the null hypothesis of no dif-
terence between the interpulsc interval durations
and pulse durations for the two species. This statis-
tical test does not require equal variances or sam-

ples sizes (SYSTAT sofltwarc).

Resulis

Male Copadichromus conophorus and  Tramiti-
chromis cf. intermedius produced a distincet sound
while displaying courtship behavior toward a con-
specific female as she approached and entered the
nest. In general, upon a female’s approach, the male



swam above the nest and toward the female and
produced one or two strong and distinct sound
bursts. Sound production was simultancous with fin
fluttering and body quivering, If the femalce contin-
ued her approach into the nest, the male descended
to the substrate spawning site, quivered against it
and often produced another sound burst. Mating
then occurred in quick circular swceps (see
MoKaye 1983). A male sometimes produced addi-
tional sound bursts in-between spawning bouts
when the female was present within the nest. The
sounds made by one male L. conophorus while
courting and mating are shown in Figure 1. The
sounds made by ene male 7. ofl intermedius courting
a female who did not enter the ncst or mate are
shown in Figure 2.

Although I can not be absolulely certain, it was
my impression from having observed these fishes in
the field and careful revicw of the video-acoustic re-
cordings that it was the male producing sounds dur-
ing courtship in these two species. This assessment
is based upon many observations of cichlid and po-
maeentid courtship and mating and that sound
production is usually accompanied by a body quiver
or jerky 1o exaggerated swimming motions. My im-
pression 15 also based upon study of the videos and
my interpretation of the relative intensity of sound
when the male in his nest courted a [emalc as she
approached from a fow meters away. If the female
was producing the courtship call, the sound intensi-
ty would have increased as she approached the male
next to the hydrophone.

Sound was always associated with courtship be-
havior, The films made of C. conophorus al Otter
Point contained 127 calls during 62 male-female en-
counters made by about 20 males. Forty-two of
these calls were identified as produced by 10 males.
In these cases the sound was clearly due to a partic-
ular individual but when maore than one male was
actively courting, Teould not be certain as 10 which
male produced a call. This data set also includes 22
malc-male aggressive encounters and these too
were associated with sounds, The films of €. cono-
phorus in the sand habital, where the malc bowers
were spaced 1-2 meters apart, contain 8 calls made
by 6 courting males. There was slight variation in
the colors of Copadichromis conophorus as shown
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Figire 3 Underwaler phiaisgrapls ol wale (s, a- Copedic fra-
mis corpphorus on the rock boulder habitat at Otier Pointy - €.
conophorus in open sand habitat, ¢ Tramitichromis ol interme-
diusin apen sand hahitat.

in Figures 3a, b, The films of T ¢l intermecdius (Fig-
ure 3¢}, also in the sand habitut, contain 20 calls
made by 2 males during 6 episodes of courtship,

The courtship call pulse patterns of C. conopho-
rus are summarized in Table 1. There was a signit-
icant positive linear relationship between call dura-
tion and the number of pulses (+* = 0.912, p < 0.001,
Figure 4a). The mean dominant Irequency of pulses
measured in 40 calls was 471 Hz £ 50 S (range 372—
594).

Tramitichromis cf. intermedius produces a court-
ship call thatis similar to C. conopheorus in that both
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are composed of a rapid series of pulses. The call
pulse patterns from two male 1. cf. intermedius are
summarized in Table 2. The linear regression be-
tween call duration and number of pulses was posi-
tive (r* = 0.463, p = 0.001, Figure 4b). The mean
dominant frequency of this species was 388 Hz
(range 305-480).

Therce was no statistical difference (two-sample
geparate variance L test at 5% C1) between the two
species in the number of pulses per call (p = 0.093)
or in call duration (p = 0.112).

The pulse rate is defined as the ratio of call dura-
tion divided by the number of pulses within that
call. The pulse rate was significantly different be-
tween 1. cf. intermedius and C. conophorus (Otter
Point stock) according Lo the result of the randomi-
zation test (observed differences = 3.51, number of
partitions = 55, and p = 0.018). Testing the same hy-
pothesis using the separate variance t test corrob-
orated the resull that pulse rate was significantly
different between the two species (p < 0.001),

Pulse duration, ms, was measured from individu-
al pulses within calls. Compuaring pulse durations of
C. conophorus and T, of. intermedius suggests that
there was a statistically significant species differ-
e (sepatale varianee Cest, p =0.043,n = 62 puls-
es from C. conophorus and n =105 pulses from 77 ¢f.
intermediug).

'I'he mterpulse interval is the period of no sound

Table 1. Copadichromus conopharus: descriptive statistics of the
courlship call

Call- Number  Duration/ Tnterpulse Pulse

duration, of pulses number interval. width,

ny pereall  pulse 1114 ms

ratio

[ 127 127 127 S6.0 B2.0
mean 181.0 10.0 180 161 6.67
moedian 171.0 10,0 17.8 145 6,30
range 576.0 25 R0 7AR 720
minimum 78.0 3 14.4 8.1 270
maxiniim 6540 30 225 349 5,90
variance 3506.8 7.9 27 405 2.38
S 59.2 2.8 1.6 64 1.54
SE 53 02 0.1 0.9 0.20
skewnoss (G1) 4.2 31 0.8 1.3 0.34
kurtosis (G2 303 18.9 - 0.3 1.3 - 0,02

CV% 0.3 03 0.1 0.4 0.23
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Figire 4. Plots of call duration versus number of pulses for a-
Copadichromis conophorus on the rock boulder habitat at Otter

Point, - Tramitichroniis of Intermedine in apen gand habitat.

between pulses within a call. Thore was no statisti-
cally significant specics difference (separale varia-
nee ttest, p = 0.177. n = 56 from C. conophoruy and
n =93 from 1. cf. intermedius).

These results indicale thatl the pulsed courtship
sound patterns produced by C. conophorus and T.
cf. intermedius were different in pulse rate and indi-
vidual pulse durations. There was no difference be-
tween spocies in interpulse interval, number of
pulses per call or in call duration,



‘table 2. tramdtichrorus CLontermedigs: deseriptive slalistics of
the courtship call

Call- Number of Duration/  Incerpulse Pulse

duration,  pulses uumber  interval,  width,

ms per call pulse ratio ms ms
n 20 20 20 93.0 105.0
mean 169.2 9.3 215 14,7 6.2
median 199.0 9.5 20.4 13.6 6.3
Tange 1840 6 16 26.2 78
minimum 120.0 6 169 a1 31
maximum 304.0 12 32.9 343 10.9
variance 19169 2.5 14,1 22.4 1.39
SD 43.8 1.6 KR 4.7 1.18
SE 9.8 04 0.8 0.3 0.12
skewvineas ((571) e — 03 14 1R nIR
kurtosis ((G2) 0.6 - (37 a3 3.1 292
CV'% 0.2 0.2 0.2 0.3 0.2
Discussion

Acoustic differences between the courtship sounds
produced by C. conophorus and 1. cl. intermedius
were [ound in the mosat basic temporal elements of
the signal. This analysis does not prove that individ-
uals pereeive these differences nor that they neces-

Table 3. Cichlid bioacoustie studies.
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sarily use sounds to identity conspecitics as poten-
tial mates. However, 1t does demonstrate that the
possibility for acoustic communication cxists and is
worth further study. The results provide evidence
for acoustic cugs in C. conophorus and T, cf, inver-
medius which the females could use in the mate se-
lection process. It was my impresston that doring
this study only the male C. conophorus and 7. cf.
intermeding produced courtship calls, The dom-
inant frequencies of courtship sounds recorded in
this study are within the [requency range of cichlids’
learing (Tavolga 1971, Fay & Popper 1973, Yan &
Popper 1992). Interestingly, 7. cf. intermedins and
related species possess large sensory pores in the
lower jaw which are appearently inked to the lat-
eral line system and presumably function for en-
hanced sound detection (Konings 1995). Tehas been
speculated that this enlarged sensory pore mor-
phology is an predatory adaptation for specialized
hearing of aquatic invertebrate prey burrowing in
sand (Konings 1993).

Sonic behavior has been previously described in
16 cichhd species in aquavia (Table 3), However,
aquarium recordings can be misleading when inter-
preting acoustic details of fish sounds because of re-

Cichlid Courtship Aggression  Sound producer Relerence
saund sound
male female

Aequidens portalegrensis % not known Brown & Marshall 1978
Cichlasonma centrarehus X X X Schwarz 1974a,b, 1980
Cichlasora nigrofusciatum X b3 Myrberg et al, 1965
Huaplochromis burtom X % X X Hirata & Ternald 1975

Nelissen 1977,1678
Hermichromis bimarulalus X X X X Myrberg ot al. 1963, Rowland 1978
Hateratilapia multispinosa ¥ x Brown & Marshall 1978
Prerophyiium sp. not known Myrberg el al. 1965
Sarotherodon galilaeus x X x Brown & Marshall 1978
Tilapia marine % X Albrecht 1966
Chreachromis mossambicus X x x Rodman 1966, Marshall 19711972,

Lanzing 1974
Orecchromis nilotious X X Bauer 1963
Stmochromis babaulil % X X 3 Neslissen 1978
Simochromis diagramma X X X X Nelissen 1975,1978
Tropheus brichardi X % b ¥ Nelissen 1978
Tropheus duhaoisi X X ® ¥ Nelissen 1978
Tropheus moorii X X X X Nelissen 19771978
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flections and reverberations (Myrberg & Spires
1972). Ambient aquarium noises also cause interfe-
rence that can obseure the fine structure of a fish
sound analyvzed sonographically (Nelissen 1978,
Rowland 1978). Another difficulty of aguarium
studies Is thatit is possible that a fish’s hearing could
be damaged or altered due to background noises in
aquaria generated by pumps, filters and other vi-
brations (c.g., Banner & Ilyatr 1973, Fopper &
Clark 1976, Ha 1985, Cox et al. 1987, Myrberg
1990a,b). The effectl of raising cichhids and other
fishes in caplivity (usually with young separatcd
from parents and in heavily acrated aquaria) on
their development of hearing, sound production
and behavior is unknown.

The sounds produced by African cichlid species
range in mean number of pulses per call from 9 1o 43
and with mean call durations ranging from 181 to
1110 ms (Table 4). Cichlid courtship calls are similar
tev the piilged calls produced by other fishes, espe-
cially reel pomacentrids (c.g. Myrberg et al, 1978,
Lobel & Mann 1995). Playback experiments on po-
macentrids have shown that these fish can belayv-
iorally discriminate between conspecific and inter-
specific calls (Myrberg et al. 1978, 1980, Myrherg &
Spires 1972, 1980, Spanier 1979). Geraltd (1¥/1) dem-
onstrated that pulse rate within a call distinguish
Lepomis (Centrarchidac) species, Winn (1964) de-
veloped a conceptuaf model of the structure of fish
sounds showing that pulsc repetition rate, pulse du-
rations and sequence patterns are simple ways by
which different species’ calls could be identified

and used for species recognition (see also Fine et al.
1977, Myrberg et al. 1978).

Fryer & Tles (1972) predicted that sounds might
play an important role in ¢ichlid reproduction he-
havior. The simplest information that may be com-
municated by mere sound occurrence is mate loca-
tion and readiness to spawn. The next level of com-
plexity in communication mavhe acoustic recogni-
tion of male size. Male size is correlated lo the
dominant frequency of his sound and femalcs may
be able to use this cue for mate assessment (Myr-
berg et al. 1993, Lobel & Mann 1995). The spectral
basis [or specics recognition is unknown but prob-
ably involves a combination of acoustic and behav-
ioral features possibly including pulse repetition
rate, pulse amplitude variation, ¢all repetition rate,
number of pulses in a call, eall duration, plug ealor
pattern changes and swimming behavior, Conclu-
give demonstration ol acoustic commumication will
require experimental playback of male sounds and
guantitalive measurement ol female responses.
The relative role of acoustics to other factors such
as nest size, male size and behavior in the mate se-
lection process remains 1o be determined.
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