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Because o f pelagic-larval dispersal, coral-reef fishes are d istribu ted  widely w ith m inim al genetic 
differentiation betw een populations. Amphiprion akallopisos, a clownfish th a t uses sound p roduction  to 
defend its anem one territory, has a wide b u t d isjunct d istribu tion  in  the Ind ian  O cean. We com pared 
sounds p roduced  by  these fishes from  populations in  M adagascar and  Indonesia, a distance of 6500 km. 
D ifferentiation o f agonistic calls into d istinct types indicates a com plexity n o t previously recorded  in  fishes’ 
acoustic com m unication. M oreover, various acoustic param eters, including peak frequency, pulse 
duration , num ber of peaks p e r pulse, differed betw een the two populations. T h e  geographic com parison is 
the first to  dem onstrate ‘dialects’ in a m arine fish species, and these differences in  sound param eters 
suggest genetic divergence betw een these two populations. T hese results highlight the possible approach 
for investigating the role o f sounds in  fish behaviour in  reproductive divergence and spéciation.

K eyw ords: sound production ; Pom acentridae; geographic variation; dialect; spéciation

1. INTRODUCTION
Changes in  behaviour can be a stage leading to  spéciation 
(M ayr 1989). A change in  com m unication  signals provides 
a prezygotic isolating system in w hich receivers are the 
selective force on the evolution of the signal (Higgins & 
W augam an 2004). G eographical variation  in  acoustic 
signals occu rs in  n u m e ro u s  taxa  in c lu d in g  insects 
(Sim m ons et al. 2001; H iggins & W augam an 2004), frogs 
(C ocroft & Ryan 1995), b irds (G ran t & G ran t 1996; 
S labbekoorn & Sm iths 2002) and m am m als (Peters & 
Tonkin-Leyhausen 1999; B azua-D uran  & A u 2004). In  
b irds and  m am m als, geographic variation in  repertoires has 
been  a ttribu ted  to  adaptations to  different environm ental 
p roperties (Bjorgesaeter & U gland  2004). Local dialects 
m ay also lead to  reproductive divergence and potentially  to 
spéciation. In  birds, geographic variation in  reperto ires has 
been  partly  a ttribu ted  to  genetic differences in  populations 
(Baker & C unningham  1985; C atchpole & S later 1995).

L ittle has been  published  on behavioural and geo­
graphic variation in  sound  p roduction  in  fishes (M ann  & 
L obel 1998). G eographic variation in fish sounds were 
exam ined in  the toadfish Opsanus tau, w hich has no 
pelagic dispersal stage; its boatw histle advertisem ent call 
varies seasonally and w ith location (Fine 1978a,¿>). In  the 
dam selfish Dascyllus albisella, two populations separated 
by 1000 km  (H aw aii-Johnston  atoll) h ad  sim ilar call 
param eters (pulse rate, in terpu lse interval, dom inan t 
frequency  an d  frequency  envelope; M a n n  & L obel 
1998). A borderline difference in pulse duration  was likely 
due to  cancellation effects from  reflection and  n o t intrinsic 
to  sounds. Sim ilarity is reinforced by the lack of genetic 
difference betw een the populations of D. albisella in  these 
regions (M cC afferty et al. 2002).

* A u th o r for correspondence  (e .parm entier@ ulg .ac .be).

A bsence of variation is likely due to  the dispersive ability 
o f the coral-reef larvae (Leis 1991, 2002). Larval dispersal 
is dependen t on the duration  of larval life, cu rren t strength 
and direction, sw im m ing behaviour and  the m ortality  rates 
o f the larvae (M unro  & W illiams 1985). S upport for 
w idespread, long-range dispersal o f Pacific reef fishes is 
derived from  genetic studies. A num ber of pom acentrid  
species have no  significant allelic varia tion , even in 
populations separated by as m uch as 3000 km  (Shaklee 
1984; N elson et al. 2000). However, a significant allelic 
differentiation occurs in Amphiprion clarkii over a 1500 km 
range in  Japan (Bell et ál. 1982), in Amphiprion ocellaris in 
the Indo-M alayan region (N elson et al. 2000), b u t n o t in 
Amphiprion melanopus over a 1000 km  range on the G reat 
B arrier Reef. In  the la tter case, genetic hom ogeneity  could 
be due to  the absence of barrier, i.e. along the reef.

Dam selfishes are prolific callers th a t p roduce a wide 
variety of sounds (M yrberg 1972; M ann  & Lobel 1998), a 
behaviour pa tte rn  also shared by at least 10 species of 
anem onefish  (T akem ura 1983; C h e n  & M ok 1988; 
Lagardère et al. 2003). T hese fishes p roduce aggressive 
and courtship sounds th a t differ in  the num ber of pulses, 
pulse duration  and  dom inan t frequency. Additionally, 
males can p roduce a g ru n t sound, w hich consists o f m any 
irregularly, spaced pulses, after a fem ale enters his nest 
(M yrberg 1972; K enyon 1994; M ann  & Lobel 1998). 
‘P o p s ’ an d  ‘c h irp s ’ are p ro d u c e d  d u rin g  agonistic  
in te rac tio n s  b e tw een  conspecifics o r heterospec ifics 
(Luh & M ok 1986; M yrberg et al. 1986).

T h e  sounds of Amphiprion akallopisos from  Indonesia 
have been  briefly described (Lagardère et al. 2003). T he 
fish lives in  groups consisting of a large breed ing  female, a 
breeding m ale and  a num ber o f non-breeding  males 
(Fricke 1979). T h e  female develops from  a breeding m ale 
th a t changes sex, and  she defends a territo ry  and  controls
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Figure 1. D istribution of Amphiprion akallopisos specimens. Circles are localizations given in Froese & Pauly (2004); arrows 
correspond to the localizations of the specimens used in this study.

po ten tia l m ates. A n opportun ity  arose to  record  this 
species on the w est coast o f M adagascar, a distance of 
6500 km  from  Indonesia. Because of the large distance of 
open ocean betw een the habitats (figure 1), we hypoth­
esized th a t acoustic signals from  the two populations 
w ould vary geographically.

2. MATERIALS AND METHODS
(a) M adagascar
Ten A. akallopisos (male total length (TL): 3.5-4.5 cm and 
female TL: 6.2-7.4 cm) were collected by scuba diving in the 
lagoon in front of Tulear (Mozambic canal, west coast of 
Madagascar). The anemone host (Heterachtis magnifica) was 
carefully removed from its support and placed in a bucket, 
and the Amphiprion couple followed its host. Host and fish 
were stored in a community tank (3 .50X 0.7X 0.2  m) with 
running seawater. Recordings were made in a smaller tank 
(1 X 0 .5X 0.6  m). The host and the anemonefish pair were 
placed in the centre of the tank, and a second pair of clownfish 
was introduced after 15 min. Sounds were recorded for 
15 min., after which the intruder couple was removed and 
replaced in the community tank until the following session.

Sounds were recorded with an Orca hydrophone (sensi­
tivity: — 186 dB re 1 V pP a-1 ) connected via an Orca-made 
amplifier (ORCA Instrum entation, France) to a mini-disc 
recorder (JV C, X M -228B K ). This system has a flat 
frequency response range ( +  3 dB) between 10 Hz and 
23.8 kHz. T he hydrophone was placed above the sea 
anemone.

(b) In don esia
Twelve A . akallopisos from Indonesia were held in an 
aquarium (3.5X 1.75X 1.4 m) at La Rochelle, France where 
they colonized two Heteractis crispa sea anemones (for further 
information, see Lagardère et al. 2003).

Sounds were recorded with a H T I 16400 hydrophone 
coupled with a preamplifier and connected to a mini-disc 
recorder (SONY, MZ-R37SP) or a Sony TC D -D 8 digital audio 
tape-recorder (recordingband with: 20-22 000 H z +  1.0 dB). 
Sounds were recorded when other fishes approached the sea 
anemone. Although the methodology is not exactly the same,

sounds were recorded in both experiments when the fish 
defends its territory, the sea anemone.

(c) S ou n d  an a lysis
Sounds were digitized at 44.1 kHz (16 bit resolution) and 
analysed with AvisSoft-SAS Lab Pro 4.33 software (1024 
point Hanning windowed fast fourier transform (FFT)). The 
resonant frequency of the tank was calculated as 2560 kHz 
using an equation from Akamatsu et al. (2002), and a low- 
pass filter of 2.56 kHz was applied for the sounds of 
Madagascar. Temporal features were measured from the 
oscillograms and frequency parameters were obtained from 
power spectra (filter bandwidth 300 Hz, F F T  size 256 points, 
time overlap 96.87% overlap, and a Flat top window). The 
following parameters were measured: duration in ms; num ber 
of pulses in a series; pulse period in ms (measured as the 
average peak to peak interval between consecutive pulse units 
in the series); num ber of peaks in a pulse and dom inant 
frequency (see also figure 2).

A f-test was used to compare data between Indonesian and 
Madagascan fishes, and a one-way ANOVA followed by a 
Tukey’s test compared parameters in Madagascar sounds.

3. RESULTS
S ound p roduction  occurred  w hen other fishes en tered  the 
te rrito ry  (the sea anem one) defended  by  the pair o f 
clownfish. Since the small m ale usually rem ained stationary 
in  the sea anem one tentacles, sounds w ere likely p roduced  
by the female w ho displayed charge and  chase w hen 
ano ther specim en approached  the host. T h ree  different 
sound types were identified in  the M adagascar fish and two 
in  the Indonesian  group. M adagascar fish p roduced  chirps 
and  bo th  groups p roduced  two types o f pops, designated as 
sho rt pops (SPs) and long pops (LPs).

(a) M a d a g a sc a r  s o u n d s
(i) Chirp
Chirps had  an average duration  o f 89 ms and contained 
5 -1 2  pulses (X  =  8.7 +  0.35) (table 1; figure 2). Pulse 
period  averaged 11.2 ms and pulse durations ranged from  
1.7 to  4 .8 ms ( X  =  3.0 +  0.07). Pulses were com posed of
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Figure 2. Oscillograms (a) and (b) and sonograms (c) of 
chirps produced by Amphiprion akallopisos from Madagascar. 
Characteristics measured in the signal: (1) train duration, 
(2) pulse length, (3) pulse period.

two or th ree cycles and dam ped rapidly (figure 2c). Peak 
frequency was 665 +  11 H z and  m ost sound energy ranged 
from  abou t 350 to  1600 Hz.

(ii) Pops
B oth Pop pulses were longer, contained m ore cycles and 
presen ted  a lower dom inan t frequency than  chirp pulses 
0^2,313 =  588, p < 0.0001; figure 3).

Short pops
S hort pops (SP) occurred  as single or m ultiple pulses 
(2-15) w ith a period  o f 57 -98  m s ( X  =  69.5 ±  3.3 ms,

« = 1 2 ) .  Pulses consisted of 5 -1 0  peaks ( X  =  7 .6 + 1 ,  
n = 52; table 1, figures 3 and 4) and varied in duration  
from  7 to  10 m s ( X  =  8.1 ±  0.1, « =  52; table 1, figure 4). 
M ost sound energy ranged from  700 to  2600 H z w ith an 
average peak frequency of 1096 H z (figure 4).

Long pops
LPs also consisted of a pulse or a train  of 2 -15  pulses, b u t 
they  h a d  a g rea te r n u m b e r  o f cycles p e r  pu lse  
(X =  10.8 +  0.2, t = 7.3, d.f. =  196, pC O .0001), a longer 
duration  and  a lower peak frequency (Ä’ =  8 7 5 ± l l ,  
r= 8 .9 , d.f. =  196, p < 0 .0 0 0 1 )  than  SPs (table 1, figures 
3 and 4). Pulse periods were betw een 20 and 90 ms, and 
its average (51.3 +  20 ms, n  =  65) was lower than  in  SPs 
(r=  2.7, d.f. =  74, p < 0 .0 0 1 ) . M ost sound energy ranged 
from  200 to  2500 H z w ith a peak frequency o f 875 +  
11 H z (table 1, figure 4 ) .

LPs were divided into two subgroups: LP1 and  LP2 
(figure 4; table 2). T h e  position of b o th  types o f L P  pulses 
in a train  was highly variable w ith no obvious order. Pulse 
duration  was sim ilar in bo th  sounds. LP1 had  a greater 
num ber of peaks per pulse (r= 3 .6 1 , d.f. = 8 9 , p < 0 .0 0 1 )  
although there was considerable overlap (figure 3 b). Peak 
frequency exhibited alm ost a com plete separation being 
h igher in  LP1 (r =  15, d.f. = 8 9 , p < 0 .0 0 1 )  than  in  LP2 
(table 2; figure 4). Oscillogram s of L P2 sounds also 
possessed doubled peaks indicative of high frequency 
energy (figure 4).

(b) In d o n e s ia
In d o n e s ia n  so u n d s w ere co m p ared  w ith  th o se  o f 
M adagascar.

(i) Chirp
N o chirps were recorded in Indonesian  fishes.

(ii) Short pops
S hort pops from  b o th  localities had  sim ilar waveforms, 
peak frequencies and pulse periods (table 1; figure 4). 
However, the pulse duration  in M adagascar was longer 
(8.1 versus 7.4 ms, t = 3.5, d.f. =  87, p  =  0 .0006), b u t 
num ber of peaks p e r pulse was higher in  Indonesia (8.2 
versus 7.6, r= 2 .4 , d.f. =  87, p  =  0.015).

(iii) Long pops
LP sounds as a group and, L P ls  and  L P2s of bo th  
localities had  sim ilar pulse durations (table 1). T h e  
pulse period  was higher in Indonesia ( r=  3.5, d.f. = 9 4 , 
p  =  0 .006). H owever, the num ber of peaks and the peak 
frequencies were lower in  Indonesia LPs, LP1 and  LP2 
(table 1).

4. DISCUSSION
T h e vocal reperto ire  o f A . akallopisos is larger than  
previously reported  (Lagardère et al. 2003), including 
three different call types, one o f w hich was fu rth er 
subdivided. M adagascar chirps co rrespond  to  chirps 
described for o ther dam selfish (Am orim  1996). This 
type of sound is m ultiply pulsed  w ith shorter pulses and 
periods, and lower dom inan t frequencies (respectively, 
3 m s, 11.2 ms and  665 H z in  this study) than  in  pops. T he 
w aveform s as well as the longer pulses an d  h igher 
frequencies of short pops (8.1 ms and 1056 Hz) separate 
them  from  long pops (12.8 ms and 875 H z). Pops are
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Table 1. Amphiprion akallopisos.
(Temporal and frequency parameters of chirps, short pops, long pops combined and separated into type 1 and 2 from 
M adagascar and Indonesia, p-values are the results of f-test.)

Madagascar Indonesia p-value

mean +  s.e. n mean +  s.e. n

chirp
train duration (ms) 89+ 4 .1 47
no. of pulses per train 8.7 +  0.35 46
pulse length (ms) 3 +  0.07 117
peak frequency (Hz) 665 +  11 124
no. of peaks per pulse 2.6 +  0.05 115
pulse period 11.2 +  0.13 257
short pop
pulse duration (ms) 8 .1+ 0 .1 52 7.4 +  0.1 37 0.0006*
no. of peaks per pulse 7.6 +  0.1 52 8.2 +  0.2 37 0.0149*
peak frequency (Hz) 1096 +  26 52 1088 +  26 37 0.8388
long pop
pulse duration (ms) 12.8 +  0.2 146 12 .1+0 .4 61 0.164
no. of peaks per pulse 10.8 +  0.2 146 8 .1 + 0 .2 61 <0.0001*
peak frequency (Hz) 875 +  11 146 633 +  10 61 <0.0001*
long pop 1
pulse duration (ms) 13.3 +  0.8 46 11.7 +  0.7 31 0.1746
no. of peaks per pulse 11.7 +  0.8 46 8.9 +  0.7 31 0.0142*
peak frequency (Hz) 896 +  28 46 655 +  30 31 <0.0001*
long pop 2
pulse duration (ms) 12.8 +  0.4 48 12.7 +  0.5 33 0.8311
no. of peaks per pulse 9.1 ± 0 .3 48 7.8 +  0.3 33 0.0082*
peak frequency (Hz) 724 +  9 48 572 +  8 33 <0.0001*

generally m ade o f single pulses, w hich can be repeated  in 
long encounters (M yrberg 1972). T h e  pulse period of 
pops is longer than  for chirps (cu. 50 -7 0  versus 11.2 m s in 
this study). M oreover, long pops have been  subdivided for 
the first tim e into two groups (LP1 and  L P2, table 2) on 
the basis o f num ber o f peaks per pulse and peak frequency. 
Interestingly, SPs, L P ls  and  LP2s were n o t p roduced  in  a 
fixed order. T h e  significance of these different calls 
rem ains to  be established. In  addition  to  identification of 
species, sex (and m aturity) o r size, m ultiple call types may 
carry inform ation abou t m otivation, dom inance status, 
fitness o r be an a d a p ta tio n  to  in h ib it h ab itu a tio n . 
D ifferentiation o f agonistic calling in to  four d istinct 
types indicates a com plexity n o t previously recorded  in 
fish acoustic com m unication  (e.g. F ine et al. 1977).

M uch o f the biogeography and evolution of Pacific reef 
fish species have been  in terp re ted  on the assum ption of 
w ide dispersal via ocean currents, particularly  for those 
w ith long pelagic-larval stages (N elson et al. 2000). 
R egional populations, even w hen separated  by large 
geographical distances (up to  3000 km ), exhibit little or 
no  genetic differentiation (N elson et al. 2000). Small 
h e te ro g en e itie s  in  allele frequenc ies  w ere how ever 
observed in  two populations o f A . melanopus separated 
by a distance o f 1000 km  of open w ater (D oherty  et al. 
1995). This heterogeneity  was also reflected in  the colour 
p a tte rn  of this species. As a whole, these studies indicate 
th a t geographic variation depends on different factors 
including cu rren t strength , larval dispersion abilities, 
sw im m ing behaviour (Leis 1991, 2002) and the presence 
o f stepping stones (D oherty  et al. 1995). How ever, genetic 
s tud ies  have show n th a t  larval d u ra tio n  does n o t 
necessarily affect geographic structure in  coral-reef fishes
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in  F rench  Polynesia (B ernardi et al. 2001; Fauvelot & 
P lanes 2002; Fauvelot et ál. 2003). A ccording to  m useum  
records, A . akallopisos is no t found along the coast o f India, 
in  Sri L anka or in the M aldives islands (Froese & Pauly 
2 00 4 ). T h e  large gap (figure 1) b e tw een  the  tw o 
populations (East Africa and  Indonesia) correlates w ith 
the observed difference in  the sounds.

This study is the first to  repo rt geographic variation in 
sounds of a coral-reef fish species. In  frogs, b irds and 
m am m al, geographic variations in sounds are considered 
prezygotic isolating m echanism s leading to  spéciation 
(C o cro ft & R yan  1995; G ra n t & G ra n t 1996; 
S labbekoorn & Sm iths 2002). However, since the two

populations in  this study appear to  be reproductively 
isolated, differences m ay result from  genetic drift or 
selection for som e other purpose on the sound producing  
m echanism . Tem poral characteristics and  pulse grouping 
p a tte rn s  are believed  to  be im p o r ta n t in  species 
recognition in fishes, and could then  play an im portan t 
role in  spéciation.

In  the dam selfish D. albisella, two populations separated 
by 1000 km  have sim ilar calls except for a possible m inor 
difference in  pulse duration  a ttribu ted  to  the environm ent 
(M ann & Lobel 1998). In  A . akallopisos, differences occur 
in the num ber of peaks p er pulse and peak frequency in 
all pops as well as in  pulse duration  in  sho rt pops.

Proc. R. Soc. B  (2005)
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Table 2. Amphiprion akallopisos.
(Comparison of the two types of long pops (L P ls and LP2s) for both M adagascar and Indonesia, p-values are the results 
of f-test.)

L P ls LP2s p-value

mean +  s.e. n mean +  s.e. n

Madagascar
pulse duration (ms) 12.8 +  0.5 43 12.8 +  0.4 48 0.9451
no. of peaks per pulse 11.4 +  0.4 43 9.4 +  0.4 48 0.0005*
peak frequency (Hz) 9 3 4 + 1 0 43 724 +  9 48 <0.0001*
Indonesia
pulse duration (ms) 11.4 +  0.5 28 12.7 +  0.5 33 0.1268
no. of peaks per pulse 8.4 +  0.3 28 7.8 +  0.3 33 0.1666
peak frequency (Hz) 699 +  5 28 572 +  8 33 <0.0001*

Pulse duration  is the m ost variable param eter in  un d er­
w ater sound  analysis because it can be affected by noise, 
a ttenuation  and reflection o f the signal. Therefore sim ilar 
pulse durations in  the LPs allow us to  exclude abiotic 
param eters as a cause o f geographic variation. T h e  only 
o ther fish study dealing w ith a variation o f dialect was 
conducted  in  the estuarine toadfish O. tau , a polygynous 
species w ith m ale paren tal care and  no pelagic dispersal 
stage. V ariations in  call d u ra tio n  an d  fu n d am en ta l 
frequency were recorded  in  the field, along the A tlantic 
coast o f N o rth  Am erica (Fine 1978a) and  from  sounds 
evoked by electrical stim ulation o f the brain  (Fine 19786). 
T h e  la tter study avoids variation due to  abiotic characters, 
and confirm s th a t the dialects can be supported  by 
anatom ical structu res and  o u tp u t o f cen tral p a tte rn  
generator. In  adjacent estuaries, the toadfish populations 
are likely to  exhibit a high degree o f reproductive isolation 
in  contrast to  the case in  coral-reef fishes.

A lthough this study exam ined agonistic sounds in 
defence of an anem one territory, the results suggest a shift 
in  sound param eters th a t could also reflect a possible role 
in  reproductive divergence and  spéciation. M ore studies 
are needed  to  determ ine w hich factors influence the 
geographic variation of sounds. G enetic studies provide a 
baseline for in terpreting  differences. However, geographic 
variation could be an adaptation  to  abiotic conditions (e.g. 
different acoustic environm ent w ith variability in  the 
am bien t noise) and/or biotic conditions. Rice & Lobel 
(2004) proposed  the possibility th a t the pharyngeal jaw 
apparatus is used  in sound production . I f  this in te rp re t­
ation is correct, d ietary m odifications could be linked to 
changes in sound  param eters.
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