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exa:m.:fune::-.aspects of ohorus ott:qanization in si:x:
species of anurens , By utilizing acoustio playbaok

" "." :1.. (1 ',' ..,

experiments the exact' rlature it! call timing' in, five species
was determined.' ~t)'U): specie~, each exl1ibi ted one "of three"
distinot:: types Qf chozus organizatioh, while in one sp~ci.es
it. was not possible to demonstrQ.te any chorus organization.
The distinct: t.ype Qf ("chorus organizatidh that a species

• c;. -" < . " ,', '.

~hib:l t;s . was shown to be a function of '"call duration and 0

behavioural refractory period.
Go' . c' .~

The Significance of oall intensity in male~male
'.\.

interactions and female mate choice was determined in
fU:t;"ther acoust,i21 ~layback experiments. ':Males"exhibited a.
g.t,-,d",ed·type of'" r.esponSe, with the perc~ntage of ,.'aggresSive

;:, .

caitn~,\~pc:r:easi'1l9with increasing intensity?f the playback. 11
Althou~tf females wer~ unable to compute absoltl,te intensity / '
they We,'~.1{:;l pr~fer~ntiall.Y attracted to thE! louder of two
calls in simple" two-choice sitl,:lations, but their
q,isc;riJninatory ability was impaired" in more complex
situations ..Males of H. marmoratus. were ;found to call at

;f:~~~ c;

coflsi:stentl.y different tepetit~on rates and :females
l) preferE:mtiall,y selected :faster r~tes in simple two.;ochoice

I;>
experiments aSq~ell as in +,.1;ief;i.eld ..
This study prqvides va~uable~' insigllt into t'~

" 'dynainios of several species, E.f;!.ab.l4J)'ij<' '8
understanding of the 'function· and signif Lcance
ubiquitou~ phenomenon of chorus organi.zation.
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The approac/:t tothepr6blem' is rJ:lbfe imporlanttlrlln the
problem itself...... foryourpreJudices, your/ears, and your
ihopes(wlll colour it.D The correct relation resultsjrom a ..lucid
approach. without selection. b
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PREFACE" \\ (l "
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"These t'oul and loathsome animals are abhorrsnt'b$cau.se of
tb~ir cold body, pale colour", ca:ttilaginous s~~leton,
f.3,lthy skin, fie-rce a~1:?ecti caJ:culating Ceye, Qffe-.asi ve

. .-. '., l,I ...f. . '.'_ "' .... ;-J.... <x

smell, harsh voice I squalid h~b.i~atiQn., and terrible venom:
(1 ....;;

'and $/p' their Creator has 'not exerted his powers, to ;make
a

manyof. them;;"

Cq!"olus Linnaeus (,1758)
\' 0

o

"Frogs h~ve comical expressio;ns
fascin1hte young and old people al'ike.

I)

that never fail ~o
Th~yare'clmusin9 in

act;lons and entirely harmless, having no teeth nor",.claws. '!
a

\) c , , ,v
'::Rqbert' Eroal "(1937 )

(The American Frog cami'in<j COi"llpany)

~\
cs )\[

f~OFrq~the above "quotes it can' be seen, that it \\~OOk~earl~
490 years fo~ frogs to evolve from despicable 6reatures ,;to

\ 0 (f9iVfl~leanf.maLs \~fhatnb homeshoul,d be without ".-, ., , ,;
\ i}\q"r~~'i; ~"S1; :L~,\i'O,••' 20 :ear~" there has ~e,(;)n~onsi.der)Jle
\\ :lnterest a.n th~~')d&;)mmUnl.catl.onand sobl.al bel'iavl.our..of
c arnnrans, Despi1f~_,this interest there are many aspects of
" their life <l~isto£l.'~S.that still need to" be investi.gated.

with" the r~c~ltt observat,tons that many specie~~of al1urans
are dis~,ppea:t'~f191II It has become of utmost imp(';lrtancethat
future studies are' planned and executed before too mapy of
th~ specie~ di?sappea:,rforever ~ Frogs"are iaea::Lanimals tg
use as mOdJlj~Sfor' yarious ()theorieS as tbsy oarS relativeJ.y
(\:!a.sy.to~~t.g~Yl they do not: move.vast distal1c~ls in ~ilor()~'

.o §paces-'of timaf' paren:tage is usually unambiguoul$I and .they
are extremely't;glerant",o:t the humanobserv:er.
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GENERAL INTRODUCTION

':[11.. Preamble

o

The cacophony of sound produceq. by l;;:\1."gebreeding
G assemblages of ;f,rogs is well known to most peo~le. il Flew

people stop to WQl14~,r why these small animals ex~eJ"ldf,1g;o
()" _. ',__ '-"~}i\. _,'<: __,",',-. _" "_,,'. _ ·\,':!::)_,~ijor.;-:r.

much time and e'nergy'()in producing t.nis very }')l,f,;i).q'1':>4usk
,,) ..~<r

chorus. Sound production in ,most animals is prim~x;';f.i;t. t:;,he
means by which members of the same,,$pebies c advertisei:~heir

o

"presence to one another.."
MOst species of anurans

1.1

have well developed vocal
"structures and are capable of'producing very loud sounds

(.: -,'-,

that Eferve to advertise species type, att:.r~wt mates I

defend territories," rel;?el' intruders and e~{press distres$
(Lit tIe john and Michaug, 1959; Bogert, 1960; ~i'nYder l;t..1!ld
- , _, 0\,
Jameson, 1965; Allan, 19173; Rosen and Lemon, 1974; FellElrs,
1975; garton and Brandon, 1975; Wells, 1977a, b).
As j; anirrans are, biparental animals a fundamental
pr~~equisite of reproduction is. the,bringi\tg,tJb~1:her of
conspecific mat:s. In or:r.ier for an ±pdividual tc~ obt~~5'110:-""
conspecific mat~tit r£~eds to effef;:tively comnl1ll~icateits

ill' .

physical posi tion ~o ~,emalr~>.(',\~IDue to, cOIls~raini::sitaxerted "
by the environment t an,urantS"llave· evolved a communication
system which relies 911 th~' producti.,pn and rec~eption" Of.)

.: . _ _ _ _ _ ',__ __ _- __ . _ _ ,_ " :t.-:> , _". : ,- _ , __ :'" _ _,' .; - _ ,'_ ',:"\ _ ~"'C

auditory signals. 'I'her,~ are many advantages in. utilizing
an' a~ii tory communioation system r- for example I' acoustic
Si\llla, can 11" useg. at night, thay~(,nan,be transmitted

\ ,

1 ,)\
/) \\

\l\,
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o

around 9a~rie:rs suc!I as vegetation in structurally comple>t'
envi,ronment.s ( they can be turned off rapidlY a,nd can be

II'" ~ - - r>\''',,: Ii

tr~nsmJ.t~ed •over lon9 <,d±stC\rces . Howe""erf acou~:tJ.9
signa:s all?o h~ve d~:fadvari]a;es ' such as increased
ccnspacuousneas to. predat.ors (Rfan and, ,Tuttl~, :1.983) I the
repeated production o:l{~signals"" is en~~getic{:i)llY expensive
(Wells and Taigen, 1989) I and acoust,?P signals 'can easily
be interfered with or obscured 'in a highly noisy
environment.

,1\

Most ve1.ltebrates poss'ess behavioural repertoires
enable information t.o be conveyed· to oother animalr'~

,_, ,,' "." _. ." " '. ,·t,\" -;,. or

take the form of "displays" I and altho~gh there" a.r.~/'many<o
differ~nt types qf displays, only' a' limited .number of"

1(:,-

messages are being conveyed (Smi,;th; 1969,) •

wli.,ich
~;

()

.:.Anurans
transmit J:nformation as a set of distinct messages in the
form C);t vocalizat~~ns. In geliarnl, the message enables" ;t?J'l:t,;"-~'
behaviour of the communicator t? be more prediotable by the [,
r~;Qipien~ of the message, a?Q~t~e .1nformaot;J.on.conv~y:~ by
the :messa9~ permits the rec'1pl.ent to tak~, approprl.ate
acbi0l1.

lj .

Most anuran vocalizations arre aSSOCiated.
and the fallowing qaaSs~fication'", of

l<1i1;h.reproduction
calls 'and ~their r
o· .~) .•

messages I as propos'Fd :by I \d (1988), is used throughout
this thesis~-,

J_)

(j

A. Advertisement ca'i:a.s. C'

',_ ' f) .'.... . . _

~1Vertisement ca(1:ls a:fre tl' e primary" calls 'of anurarts ~n9-
(" .

are the ones most commonlyheatd by human obs~rvers. They
l'1)

are emi,'K!:.edby sexually reproductive males I often a.n
conj.unction with other calling males. These calls are
usually repeated at regular intervals and most sp~pies

C: t :

continuously produce advertisement calls for several hours
" . 'i

at a time (e.g .. lUeutherodaatylus coqHi, 'Marins, 198aa~
1:lyperolius marmoratU$, Passmore e'b ale r 1992) t 'They serve
to attract gravid females' to the calli1'lg male I~and
advertise nil'\ position to other competing males. These 'j

calls are eithl.,;+"followed by successful mating, ~ggression
\~

2

{~ .. ':.:::!J
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o

>::>

or °more advertisement', 'balls _c' other males in cloSe
prox.imity are often stimulated" to ~roduce advertisement or

,\ " ,;')

aggress~ve calls in response to a' Calling male _ The main
in the adver,tisement call 'is that' ofmessage encoded

species Identity_ (/

B. Courtship'calls.
The male changes from advertisement ca'lls to courtship
calls on :t5~'rceptio'~ of "an approaching ,:female. Often males
reduce the interval. betWeen calls (~Olost£;thUS ~ollar.is I ';,',

ooie and Durant, 1974~, 1Jyperoliu{;J marmOX'E!;p.usI "Telford and
Dyson, 1988) o:tg increase the number of notes per qFlll grQup

(1 •. _. -':" _ • '. ..',.', .. _ . ',' ..... ',' ..~\.. '. ~,,'. :;',' "" __• '

(Colostethus trl.n.J:.tat.J:.s, WelLs, 1980~ .Hyla 'faber, Martlns,
,

1993)'. These calls all'e Usually tOllowect by amplexus-
. " ((

c." Ag9rer;rsive calls'~
I."

These calls are usually given ,when a male is interacting
aggr'essi veIl' with competing c(jnspecifi~ males (and', to a.
lesser degr~', het'f1rospecific males e.g. Hyla ,eb:t:'aooata and.

e
U.miorocepbala, SchWartz and. Wells, 1984a).. -~Thecall.s are
sometimes emitted by male,s>defending nest sites (Towpsend

il,Q

et ,al. t 198(~). Aggre~isive calls are usually followed by
pursuit, combat or siJJence"....

)\ ""yy__;;:::-_;::_c:::,~,:::;;_:.... t.;,

i, if" ,

D. Release C1iIS' '
These ,call'S. ~{le given by a clasped j_nd;~vidual either a male
or an }it \~reph,~: temale during an amplexus attempt.
Releas'9{' ','+6 a!!ee 'often acc.jmpanied by distinct vibra.tiorls
of the( fay" Vlail and may also be produced by frogs which"

"/ _', /_\ I;' , :,_,_", Q

lack an \t\d~,~rt(l.lL,'.ment cll!l (e~.g. Bufo spinuJ.ost1s t Penna and
Velo'sor. :1981). They ax's usually followed by the initiator

,;

releasing the calling i:ndividual and moving away.
, v

~. Distr$.$s calls~.
Distress, calls ,are emitted by both sexes When"seized by, or
esoaping from, a predator.. trhese calls are' usually ~
$mitted witIl the mouth open and it is unknownwhether thes~
\; ~
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o

(I

[

calls convey inf,?l:lna'\=.~oii)t6, otll,~t,'\on~p""i:fi.CS .
c Q ~ I"~,

\ • ,~t':~l:'::la;:p~:~:~r;anam;;i:=:~.xz: :,;:r::~r~r:~9~~
to an ext.ensive seri,{as of.. vo~al si9nals (:~las in
s:e!ltb9l:cdact:yl us ooqu i ("e" lIppendil)' ~) • , , .

o

.{/
\\ ','I1\ .

,. ' ,ii , l'
In most. oases" large, numbe);;'so'l anuransi,! Gongregat~'i at the"
breeding ~ite and vocalise together &niiunison. j Earl:.:i.er
workers or}' al'limal, voca.li~atir.:ms termed .!/these aggregat;ions~

'I q

of calling males a "chorus,'1 (e.g. Goin, ;11949; Alexander and
, ·1. '

'.,MOore,. l:a58). 'By definition a chorus jjS "any simultaneous,
\:' . , (] o

utterance" (The Concise Oxford Dictiolfary, Sixth edition,
1976) • On first impression thiffo appeaz-s tQ be a
particularly apt description. of the! caoop.hony· emana.ti.ng
~-" . ,}

from an aggr,egatiolt,of bre~din9 anurans, ChorUseS tormed"oy
vooalizihg male antirans may appear t(~ oonsist of o randomly °

n ::> \)

produced oajls but" upon' closer. in~pectl:on, t;.bEfsecalls
',< .-

have been shown to be broadcast in" a\very sr~i;ematic Flnd
11''0.,

organized sequence.· I) The preoise t6mptll:'~.;ti'" chorus
organization of several speoies is examined in detail in "
Cnapter two and the fol.,Jowing cha.pj:ers investigate various
iss\;J,es which arise from the findings (If Chapter t,~~p.

o

'j!~

1.2

The folJ.owing six species of anurana were studieQ ill this
thesis:-

';\

f..i

1. At'rixalus :fprnasiJ'lii
2. EleutherodactylusiC6qui
3 • Hyperolius marmor;!itus
4. Kassina macula.t..a'

4
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,'I\.,
/I
II

II
I

\

(;.\' (I

G
() 5 • Kttss,ina senegalensi.s

o. " C ...._. "'"

6 • Si:l'nw.oClaot:ylus wea.1d.i
\'i Q c, rs: til

G

,", i ,r[.) .' ~o o 0 Ii , ." 0 1:1_ o .' • . f"
Th:' ~~$earCh D ip .tl1~,~ ~}1es~,S ?ent~eos aL-oul}d oporusJ.ng ",11' '
~ehaYiqur a~d f (~a~~bt~is . is em eSI~ent:~a): at~d~)integral part?Y
of anu~an bv~;:;'<ding,behaviour,'" it is, °necegs~ry to, outline

.' :':'. " ,0 " __ ''' " .>0'",:", "_ " - <'_, ." _', :._ ',. __ " __ ,_,'.". - -, ",._\

this ~c~ivity and des'ciribe the adv~rt'i,t:i~i~ent~call for .e~Ch,
of the J~p~cie$studi-ed.. Only a,."brief desc;r'iptiol1 is given,

,l:>u:t. fUl;thsr 'data.il may: "be. pbtain.ed" from toe l~,terature
eitel'", and Appendix B. '!

\3, . "'

»)

SPtacd.es description: A large AfJ;':ixalus trlitha body"
n

length up t.o 41 mm (Poy,nto:t10 'and Broadley, 19B7). The(\ -- - 'I
g(,>,ound"colpur varies, with the ,il'1c.iJkn.t, l[ight from a Cream
:, .... ',,' ·~o 'l ," __ n. ',', - ,"_ l\ _ ,', _ '_ \~" ., _ .!),". ,;".

colour to a dark,. qrey--:brown at Wh~eh poLnt; 'l;h~ meaJ.an
g:Qrs'a1..band becomes dift1:.cult: to" <!i~tinghish ("Fig. 1. i) .

o - "oJ

Breeding t),~ha'ifio~r: "This s~e@ies i~ f~l,-~lycOll1.mon(
prq,dl1cing large chortlse's 'iin l)eceml;:)I~rand ';january. Tb,e

'i - _ _ {I --' v> _ '), \) (' ,

mates call ~,rorn eleVated (P9Si tions t often ~pre than 1 m 0

from tq.e w,~:terfs,' sur:f~,oel on, broad'_lE.H~;vrdveI?et?:~ion s~~h.'
~- _ Ii __ () _,',,_ ;, ,' _ ___,' . ' _,'__ {J\,- \l. _ _ _ __ -', '_as saw-grass (cyperus':Lmmensus), reeds (Phragmites sp ..) a1\ld"

1,' " -__ ,', ' ,', _ _ <,' _ _ _ _ __ ,\. (! _ ",' -

bUlrushes (Typba lati:folia). Males bidqin callj.ng $hortly"
. _ _ _ _ _ _ _ " _ _ _ _ ','. _ _ . _ <I .', _ ,. - __ ',', _ .. '" c,after sunset andconj;.illue until approxima'tely 23.0Q'h, ~ith

c. ,') """ . ." <'." "., V I,

,(;a peak, ~t,Qllnd 21.39 h. onca a male l'ias~\attb:toted a
~:1.. :" . '_ :"'~''~/-" _,_"),, '. 'J _ ,'", ~- " . ' .. '

~'.'female r, ovi'pos;!;,tion takes plat:le out of the water with the
,:1__ i)" -_' t

,~5JgEt.~eing qeposij;.ed in .fplded leaves above the ,water
.." "'. -o

level.

o

5
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I) Advertisement. call: The pall? has a mean duration· of
2.17 s (range 1.5 ....2- 9 S ,(\ 11"= 53) and Ls described as lla

r.~Pid series of l.oud and repetitive percussive notes. About
twelve l'1otes per second" (Passmot'e 9-nd CarJ:'uthers, 1979) .•

On uver~e the calL is repeated 4~.3 times per minute (range
'ir- .. , . .. _. ... _ _ .. .. . .: .. .. .. ..... , . _ .. ..... .iJ

:t" 4 ....6.1). ,'lltie centre frequency .of the call is about 2. 5
0. . . ... .,.. e:.

kHz (Fig. 1.2) and it exhibits a c8nstant degree of

~::~!t~::;::r.d:\.a:::;..(::7J~{U.:..:~:t::::'of :~" c~~:>:sP~::
dB (range 103.•5 ..;..109 dih (passmore, 1981)~" oetailed

\\
parameters of· the ca.ll are given in Table 1.1. (' /)
c

1..2.1.2

medlum...sized E{leutberodactylus 0

~. t, :;

of 62 mm (Loj?ez and" Narins, 0

,1

to !;grey-Orown with

Species description ~ A
.teaching" qj maxinl'Q.mlength

'-\

1991) • The d.orsal sl}rfaceo is grey
.",. ., ."

seatterect darK ~ott.l ~ng (Fig" 1..3) •

.Breeding' l:fe'haviour: Male frogs call:" fr'Omexposed sites
it j

within :3 m of, 'the ground.. ,Calling m0~nesdp" not form dense
aggregaticms Ii ! •but are. ~idely p di~rpersed ":hroughout the
forest. Mal:~s vocaLLse from sl..l,ttset to' around midnight,
throughbu i'I" Il1IGlst" of tbe yea,_r. 'The favoured c~l iing ,
foraging, re1;j::,e~t and !'lest si"Ues occur in areas in which
P:testoea mOl?t:(JlJl(l (sierra palm) predominates. vihen a male
attracts a fern.ale he leads her to his nest slte and after a
period of pre ....oviposi¢,doqp" amplexus t. tp-a pair 0 adopt a

,/. II

):'everse hind leg clasp (Townsend and S'ce'wai't, :1.986).

Internal ffjrt.ilizat;i.on occurs '~nd the eggs are laid in the
r:

:male's nest. The l\\ale remains' 'with the clutCh .and protects
them from conspeccific egg ca'nnibalism and desicoation.

o 0

There is direct development and small frog-lets hatch wi+'1in
o··L>·q) \I

],7-26 dats.

7



TABLE 1-~1 Can parameters for 5 species (±standard d~

SPECIES CALL
DURATION

(ms)

A. tomesinl!
(n == 11)

2173±312
R = 1500-~~906

H.,mermoretus 111.3,± 14
G (n ==to) R == 81-150

K. macalata ,_:;
(n - 10)

'r;::l
56.?± 9 ~
R ,..:::.56-93 i:~

K. senegaJensis 146.7± 23.4 ->

c: (n = 6) R = 11.2-193
-» . S. wea.1ii

(0="11)
341 ± 116

/,:,

R == 131",562

UPPER
FREQUENCY,

(kHz}

3.11± 0.13
R = 2.88-3.5

, - \)

LOWER
FREQUENCY

(kHz)

REP.'BATE
{CALLS/MfN}

o .

1.89 ±O.2
R= 1.6-2.3

4.at 1.6
R' .'1.44..6.'

3.4± 0.2 2.73t 0.2 49.S! 12.3
R = 2.92-3.76 R - 2.24-3.12 R = S5.1-7~

O.7t± O~05 17.S± 8.5
R ='0.64..0.84 R= 4.6-35J

,~..~; ,_c •.~yi":'·'.'/:

'O~67>-c±0.06
A '. 0.5-0.8

is.7± 12..9
A "= 2..4..39.1

/?"J
2.83£0.11
R 2.64-3.24
(

2.140.2I

R =\~ .8-2.32
~I,
}J2.82t-- 0.12

R == 2.6 ..8.0

"

1.97± O~15
R = 1.68-2.24

9.8±4.6
R"= 3.t-19.1



Fig. 1..3 Male Eleutherodaotylus Gaga!
(photograJJ,h taken. by M. M,.··Stewart)

() "

",kHz

" 3

~

"1 ..
....,,\ 0

0.2 0.4 0.6 0.8

TIME (s)

Fig. 1.4 Sonagram of the advertisement "
" call OfE. coqui

o
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Agverttisement "call: Males produce a t;W6-not~call ("0.0-"",
qui") ~ The "call note durafion is appro~imately 100 ms and
is a constant tpne with ;:i" centre frequenc.y of 1.15 kHZ.
The !'quit' ndte has a duration of a.pprqximately 170 ms,'and
is frequency nfQdUlat~;-;~om about 1.8 to 2.a kHz (Marins
and Capran;L,ca, (1977) (Fig"", 1.4:). Tl1e two-note, call is;=~::t::r~5s:u~:e:~m:~~::ut~e;L "o~t t~~e t~~~~~ ::::.ew::e::

dBI and tfi'9' "qui" note 97 dB at a distanoe:. of 50 em 0 (Marins
and Hurley., 1'982).

o
Rapp, 1842

SPecies description: A.medium-sized Iiyp.1?rqlius with a
mean body length of 2&).5 mm(Dyson etual. t 1992). The adult

))

COlour pattern is 'extremely variable and, at" the breeding
sites used in this study, the adults were usually patterned
with yellow and dark brow.h irregular stripes w'ni~1hare
sometimes broken up, into spots o,~oolour (Fig .'1.5). Q

BreeF'{,f,lgbehaviour: This ~pecies was the mos± common
frog at the breeding sites I wi~h very large dense chort,ses
forming after the first good rains and continuing until 'the
end of the rainy season. Males usually' call from elevated
positions (mean "elevation ::::;liB, ,Gm, " Telford, 1982) c, ~\n

\i o· ....~,

em~rgent vegetation. Preferred elevated call sites were on
.!_i

sedges (Eleocharis limosa anq Cyperus papyrus) and
bulrushes (Typha lati.folia) althoJ,lgh they wer~,?often seen
calling nearer tlle water's surface on polygonum pulchrum
and nlJ:.{Jwigia stolo:n.i:fera and sometimes on waterlil~fs
(Nymphaea ctap~,ns.i.sand Nympboides indica). Males call from

,,~ . r;>

just after dusk until ar9und ll"ddnight and then usually
return ,:1:.0 their daytime reflige in the canopy of the
surround~ng trees. 'once a female has\!been attracted to a
male! she{)normallyin;Ltiates amplexus, and the pair descend
to the water to lay eggs.

10
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,~dV(~~~~Sen~~l'l't:CooaTl: 'rhe nlales produce a tregtienc
modulCited oall approximately 3,.1'0 ms long (range 81 - l.,!
8 " . . ':.,',,;', " " ", _, \,,"J " , '" 1.'-P"" " , .." _', _ _ _... '.. "', ',' ',"," _".'" " .'

ms). The ca,llosweePr'from about 2.7. to 3.4,.kHZ (Fig.l.1
and can ,be describi3& as a very' loud 1 pie.rcing whist:

r;
(Passmore ,and Carruthe,\t's I 1979);. The <call is normaL
'"repeated about S.o ... 60 times a minute. The. mean peak SPl
at a distance of 50 cw, i~, ,103."5 de (range 102.9 - 104

~ 1,1

d:S) (Passmore;,1981)" O'.ktailed I?,srame,ters of the call ai

given in Table 1.1. (r

Il' II

Kaj"Sin?"t maculata (Dum~ril, 1853)
II . D

o J. "

maj=~~i::.~t:ii::i:;(P~;:!:i tz; K::i:~l~::;~~=~,
ground::cOloJ,r' is replaced by a brilliant scarlet in tl
axilla, wais~~, and inner thigh regions (Fig." 1..•7).n .i ~-" '.' ..' \~

. . Ii

Breeding "I~ehaviour: This species forms fairly ama.
choruses du~ring the rainy season (:November(.'Zo Februar~

Ii -"
w~~h two dis.;tinct peaks in calling behaviour. The malE
are vocally'Active from about 16.30 h.bnwards, forming 0]

chorus peak ,at about 18.00 h and another, between 02.00

and 03.00 h. Males called from very concealed positions (
veget.ation whiCh had collapsed into the water, USu~f.:

, c

hidden underneath 'overhanging, reeds and saW'~graf
(Elebcharis limo~a. and Cyperus .imIllensus). occasiona'll~
males were found calling in the middle of clumps of 'sa'ii
gra,ss about; 50 em from the water's surface. Once a fema:
has located a male, ampLexus is initiated and .,the femaJ
deposits her eggs in the water.

AdVertisement call: The call has a very short durat:i.c
of appr()Xim~tely 67 ms (range 56 - 93 ms) and is repeatec
011 average, ,-,1..7 times per minute. It is fr~quem
:rrtodu1ated from about 0.7 to 2.8 kHz (Fig. 1.8), and is bes
dCtK.:.141bed as a very loud, exp.IosLve , incessant quacki.r

(i

1.2
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Fig. 1.7 Male Kassina

, II
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2
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Fig.1.8Sonagra~ofthe advertisement
call of K. mac;ulata ..



o

) f ' "," .".
(Passmore and CStrruthers, 1979).; The me'an pea.k S,PL, at a

_' : - -- '1:» _ _ _ _ _,' _ __,' _ _ __ _ __ ,'_ !{ ,__,_ _" ___ ,~

distance of. 50iscm,. is 114 dE}, (ranqe' 112 ..0 .... 1l.~.O dB)

(Pat:lsmore, 1981). o Oetailed,' pa."rameters, of tin'€. ..,call are
e . '.~/ r

given. in Table 1.1.

I " ,". "
K{;%ssina senegq,lensis" JDume:r;il. and, Bibron,_ 1841)

Species description:" A"medium'slzed Ka"ss.ina reaching a
maximumsize of" 52 mm (poynton,1964). The groqnd .colour
varies from yerlow., through ol~te, to dark' brown" (Pig.. 1..9).

13reedillg behaviour: This .species f,onus' d~llse blus1tets
of cal.lingp nh='k,;J.esduring the "rainy season .(;November 1:0
Fel:;iruary) , The males begin balling .:frOllt .coh'healed call
si t'\'lS away from the water" s edge before dusk. Around dusk
the males ~ove neareY' the wat~r's edge and begin chorusing
:from, fairly' e~pq~ed "call si.tes" i~ grass tus$ooks. Most

tI ." .' ~ '''''".'~

males stop calling bY,:midnight, althOUgh sporadic calling
is heard throughout; tAe n.ight. once a :female has located a
m~le the pair enter into amp'Lexus and walk to" the water
wh~re the eggs are depositeda

AdVertisement ca],;t.: The 'call is fairly short with an
average duration of 147 lUS (range 11,? -::193 me), and is best

1,( ,

described as a loud, clear 'quoip' (passmore and
carrut~ers, 197Y).-J' :tt is frequency modul~t;eQ :from '~bo1Jt
0.7 to 2.1 kHz (Fig. 1~10) and repeated about; 17 't;.i:mp.$ per
minute. 'Oetail~d parameters of the call ar~ J:tV'kn in
Table 1.1. D

1 :.1.6 Semnoaactylus W_ELaJ,ii(Boulanger I issA)..

species deso;ription: A small to medium. f>ize(i member of
the Kassininae reaching a :ma~imunisiz~' of 44 rom (Pointon,
1964) • The g:l:'oundcolour is usually a silvery-beige 90lour
and the hands and feet are yellOW J..Fig. 1•.11).

\\

14
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F~g.'1.1.1',.~~aleSemnodact}:1us wea/if
(ph6tograpQ taken by V.C. Garruthers)
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Breedirlg; behaviou~: Ma"It?s form mode:t-ately dS11'Sta.=-
.1 ~ II 1t

choruses ~:t:',?mNovembe~V-6 F~b;rua:t'yM As w~ith the <;)'thEj'f:

members of: the Kassinin~e ~;tudied he~e I the !i~a~es.of thi~
o il

species a.lso began c;al1i1'lg, from conceal}.i~d positions I
n 'j

befo:r;e du,s]c,," ,)Aboutan houz a.fter dusk the m~i1eshad taken
up their" call .sites fpr the evening in the vegetation
~urround~I.~g the dam. Th"ese ball sites:' varied from
'"~ \) f'" ,
conceale/A pos:itidns in the middle of grass tussocks t.on
(,ex.pos~ed}:positions, somet,i)l'leSclimbing' up gtass tU!o/'<::fb(!ksto
a heIght of about 40 mlli. Males were sc)metimes found

~ I

calling front sites located at least 30'0 m f~~omtoe We'I,ter's
I c>

edgE!. Once a female had loc.ated a. male I, amplexus Waso I .. •

init~~ted and the pair walked to" the water 'to deposit the
eggs.

Advertisement call: ~he call is long J~ith) an average
duration of 341 ms, (ral1~1e 131 - 562 ms) ~(nd can best be
described as a coarse" loud rattle ....(Passmore and

f "')

Carruthers, 1979),. 'llhe call can be Q.!~i3tided fnto two
dist,inct parts each with different degres\s of amolitude
I •... . .... .~. \')
moqu:Lat.1on. 'I'he first part consists of about; 8. pu1ses

• _ _ ''' ', ,'_ _ _ _,' __ ",} (I _ _ .:» _ _ - _\

'V1h~ch "have been compressed together and t;:lle sec~ond,part
usually has 5 pUlsef~ which are widely spaced (Fiq. 1.,12).

(J -- - -- n

The centre fregue'ncy of the call Ls :a.. 4 l\:~z and it is
repe9!ted at a .,)~ate of about 10 calls 'Per mihute.' Detailed
parame.ters of the call are given in Table 1.1.

1.3 stugy areA~

1.3 .1 Twinstreams F'qrm, zul ula:CH~

[.>

This "study site is located at the southern extremity of theQ _.',_,','- -.0

lJtozamb.iguecoastal .:p}~~n, .near,-.the town Of Mtunzini, on the
northY'coast of Nata!, South Africa. Twopon~s on this farm, . {

(Matatiele and Mavu:ngweni) were used to cctrry out
o

experiments on lL., ;eo:t'llBsillii I H.. marmora;tths.l and K

17
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!J

c

o

ma'lulata. 'The phofiotaxis expe;r:ill'\ehtsc~with 11. mar1noratus
were perforlU~d at ~ site situated about 3 km (:;)quldistant
from the ponds (Miqk's park conservatiqn a~ea .... 280 5B' 52·!
S 31(.) 44.' 13y, j!!). The :me~n. annual rainfall for this area
was 1215 :mm .•

8.) ,,~atatiele pond (29000' OS" S, :31043' 02u E). This
pond i.s a natural coastal? "pan" (a natu:t.'al shallow (,'
deprE!ssion whicQ) .had filled up with water), sitllated in the
coastal dune forest., It is a semi-permanent body of trlater

11 .. .;:;;;;

approximately 'aoo, m long t "30 In wide with a maxim1U\tdepth of
1 m, The predominant vegE!'c§l.tion of· the pan "is C• .i..mmeflsus, L.
stoloniiera (,lnd P. pU1Ch:t'I11lz, "fith denSe c~umps of p}.p:'agmites

.< • ('::

reeds at the' I'southern end. often during .the winter, and

(>

part.icularly in dry years, the Pan dries up cOmpletely ..
b) Mavungweni pond (:280 5B' 04" S ::310 45' 06" EY.

This "pon~' was constructed in 1~82 and lies" between the
coastal dune forest: and" a '~su.gar cane ;e,ield. The

"., ,c, ", .. • 'i'.,'. . 0
predo:minarre ?yegetation is L~· stb16J!li.:e~ra'l P.. pulchrum ..andr' ..._. . .. ;~\ '.) . ..- . ... . .'.. .. ,..... .. -. . ' _' . ',_,

T. lat.i:tolia. "The.pond covers an area of approxima'tely 150
'L . . ... _ . \1;; . ... ,_..... .'. .... . ... ... .. .. ';,-

sq.'i.lare. :metrra~ and. ~xtends qt the southern end into a
" nal;'.ufal wetland swa,mpovergrown with Pbragm:i te:s •

c

L 3.2 Rineta Saw Mill. dam"
Ixopo (300 O'4'42\''' S 300 02'00" Ell

~ ~
This study site cOnf:;ists of a well estabiished dam in the''c,

r;r ., I)

:N.atal highlandS; I near the town of Ixopo (South! Africa).
The dam wall runS due'north and the stream enters the dam

J
at the west ,end. Puring lAlet seasons the. area 90ve:t\:;~d by
the dam was approxlmatelY .. ,1.,000 sq;~~;):'e'metres~~-" .The. ,
ptedomin§tnt- V~getation" ar.oul'ld,\th~ '~~rime,tEtr qf "tl,1e edam" 'wa~

(, ... _.. .. \..1, ,;i..e. p;~imosa!, ~nd the, 'll'bt';~h"an~ ,,'!$outb. ,~1:',)an1b~,'o~ l:\'{;;.;1:1e.d9.~
hort'fered 'onto to gral)}s pa'stt.ures. The banks of thg'\strealtt

r;'.-' ....• ' .. _.. '., C~~ 0 ". . .• u ;;.,U

befo1:~; J.t entered the qqm wer.e" 'oov~~req \~J.th "l:!;Lackwatt;,l~
(\ tre~s a)1d':~aruntlilies. Pla:yback studlt¥s" 9~1\.", sen,.egedells:i}s

and s, weald:i wer~ C\a)t'ried out at thi.s site'. .~" ".0 ,
c'

o

1B

(I
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1.3.3
{>

caribb_s!an,National Forest

This study ..site was situated in a subtropical wet forest
surrounding the EI Verde Field ,station of' ,;the center for
Energy and Environment Researoh (lS0 19' 33" N 650 49' 19"
W) a'~ an altitude Or 350~460 m in the Ltlquillo Mountains of
northeastern Puerto Rico. The pro':minent trees in the
forest were CeCl;,(Fpia peltat(¢€iaryodes exce.7.sa (tabpnuoo) f

and Pres toea montana (sierra palm). The forest floor was
C'

littered with;. fallen leaves and covered with a typica.l;
herbaceous or shrub uhder story vegetation whicl'), varied

o. ,;.~ c

tram 0.02 - 2.5 rn. The canopy of the forest var~ed from 7
• }i

ra~nf~rl \Vas....20m" (stewart I 1Q85) and the •mean annual
3456 mnt (t~opez and Nal.~ins, 1991.).
p~flyback ~~perLment;s were conducted on :e" coqtii: in the

" secp:ndary growth rain forest adjace:nt to the E1 Verde :field
station.

II

1.4 Scope and ()bj~qtives
( !

q •

This thesis" is "principally concerned wiuth the extentG..of
chf~rus organizatt~bn. occurring in ;9g;rega:ti(5n~ of C~lli~g
nulle frogs and determining its siC;mificance in mate
attraction t mate selection and social f)''behaviou.r.

('\

Chapter two examines the existence and e~tent pf temporal
Chorus org.aniza~ion in five species, utilizing call
playfjlack 1p91·iments. ,The results of t~is chapter. clearly
csl\ow that.f most species :exh'lpit 'p:t'ecisep t~mporal' ct?ru;3,
o~.gani~Jati9n. ,,'r.Dhe,t\li1<':!tianai..Eii~nifiqflt1~e of ~hi~ "ty'i6~ Ot\;'

organigatioh "ana how" it relCltes to 'spatial qorga)n)-Zi3-tionis (J 0

addr.essed i~ "Chapter three. ' n ifj ,/;d!
, ' l...,/ If //

III chapter ewo the importance of call' iJi-c'6nsity , is
o ~i9hlightea and t.he role this, plays in spatial organization

\..,..'. .~_ 0

of the ohonus is ,'examined in Chapter four. Its impprtanqeo .,
i:r:=~~male discrimipation within a chorus (,Is exattlined!O'in

/
)
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Q

Chapter five. A detaileCi study of the :natural callin.g
\' . . . 0 0

behaviour of one species of frog with particular reference
eo the" impo;rtance o.f .call rate. am~ female choice is

prese~ted in Chapte~ six. l. ."',.. ...
The fl.nal chapter :re",:"evaluaf~schorus organ~zatJ.on in the
light of the data pre$ented in the previous chapters ...

"
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CHAPTER TWO

\\CHORUS ORGANIZATION
o

2.~ lntroductign
o

2.• 1.1 General"
(J

It was highlighteC\, in" Chapter') one thatc. the most, I)

charaoterist,io feature of anurans ,is the" proQ.udtipn of
aound , These vocalizations play em E!>ctremely iJnpc;p:-tant
role in thei]: reprodu9tion by maintairting territorie,s" ana
.~d"itracting conspeCifics as well' as, being us~d in' many
social 'interact:i.ons. The most well' ..'known voc::l,lLzation'f and

'" -(.:' \>

the most commonly b,eard'f has bean'telhned the advertls~~ment'
call (Wells, 1$)77a)", By using this ..term, instead of·",th<ff

\~i

term "mating call ", the assumption that the
recipient .of the call is known can be aVoided.

C! _ • _ _ . _ !.), ., _ ,'_ _"..

("1960) prov~ded a Jltentatlve" o1assl.flcatl,on of an~~ran
sounds" which served {,as the basic plaS'sifiy,ati:on .fo;p.

o " ."

further studies._ In mote recen,t ~!~ars th~ names" of seve,ra'1
'-' , " ,._- ,", ..,:0''' _ .i.~ :'-

other-O oateg&ries have also beerl' 'chap,ged e.·g. _,t'erxi to:r~lal
- f' .'

call" ch~nged tOQ encoantiez call" (McDiatmld and Aale:r ( 19,,)'4 ;
Wells", 1977a) and later to ~ggre~~$iv~ gall (Rand, +9fHl), "
(fOx,. reviews see Littlejohn, 191'7; Wells', 1977a; Rand,
1988). The ctassific~tion of pa..1.l,s"u~frad throughout thj~s
thesis has alreadY,j been dd.scuased ,il~ Chapter oila.
i'-.dv\;)rt,iselnet) call'S,) :r:ange widely in structure from almost
pu,re single tones", e. g. 1{. marmoratus o( 'see Fig. 1.6)", to

o

intended -,
BoWert (J

,)

\\ o

21
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very 6Qmpl~jt calls, e. 9 .. c #yla 0 ebraccata, (Wells and
schwa,rt~, 1984a); E. cO(;{,ui (see Appendix A); and
Physall1.emUs pustulosus, Drewry €It al., 1982.•

These highly stereotyped signals are 'Usually repeated at
regular intervals ,and Lofttus Hills (1974) Pt'oppsad ..that a
cent:t"al pacemaker exists in anuz-aris which initiates the
beginning of eacho ca.l;l. A similar central paoemakez; has
been suggested for acoustic or photic signalling in insects

("). - '.' . - . . . .- )

(Huber, 1962; Jones, 1966t Shaw, 1968~ Walker, l,969;
ltanson et a1. I 1971). This leads to' airfairly constant
repet.i ti011 rate which can be modii ied by internal or
e~ternal CUes. Sch:nddt (1971) identified areas in tne

,/

.frog's brain wbich were invQlve<;l in calling and were
affected ~y hormonal a ·inputs. FUrthermore, the repetition
rate and p.tase rate of certain species has been shown to be
pOSitively correlated witb ambient temperature (e.g ..
Bomb.ina variega.'ta, Zweifel, 1959; BU.!o amer.icanus/ 'Buro
we dh6tUda., zweifel, 1968 and H. marmo.ra"tusI see Appendix
C) •

/J

Frogs voca.lize in breedirng agg:r-egatiol'ls and tbe sp~tial
distribution of males around the a):'eCi: ava.ilabl"e ;for
breeding ,tiS' se,,l.dom,zandon (salthe and Mecham, 1974~

.' 'V ."
Althou.gh this :maybe thoUght of as a response to availal:lle
calling sites or localized areas of sui table" vegetation"
it has been shown' that ,even in apPal;tently homogeneous
areas, there is ~t:il1. a non-random distribution of calling

\ 1 I)

males (e.g. PasS~ore and Carrutllers,f 197.5; Whitney. and
, ' ,. . I) \\

Krebs, 19?5b)~

J

Defitli,tioh Qf cborusing bebav.,iou.r
'J \')

A t:t"ue chorus ~xists when ma11Y Jndi vidu(",tls aggregat~ at a
r,J' . -. ".; n

breeding site and produce vocal'izations. Greenfield.,. and
Sbawo (1983) defined cnoruslnsr as lithe, sing:i.rl(j of ,;two or
more conspecif'ic :males for rel,a.tively long peri.ods of time

, . 0

during whioh' there are c statis1\::..icallly sign..ifioant; temporal
~. ,"
\J 'i7

\\



\\

illteractioXlS involving the aCO'lstJc si~rials of nei'gho()urs".
As anu:r-ans,usually vocalize\ in mixed spec.i.es assembJ.a(j;fes

\.\" " . ,~ .;

and there have been reports of spedies" whidh call w;i.:thout
any statis.tioally signifidant. temporal interact:a.ons, this
ver#c sped4.fio definition may on.ly be relevan~ to the ,7

Orthoptera. In this study, the t~nnCho:ru$ing'is used in
a muchmar,eflexible sense referring to two or io.o.redalling

o ... _,

individuals, in fairly close pro~dll\ity, 'Without in:ferx'ing
=~ any s~ed'ific tentporal relationship between 'their calls)

Functional significance of chotusi,ng

Chorusing is a fairly well knownphenomenonand there \~p.ave
, been. many hypotheses erected to. explain why ma~es should
come together to produce choruses ...\ In an early study of
frog 'vocalizations, . :Ellnlen(1968) '\fouPd that female .Rana

. \catesbeia:n.a "were more attracted to\, a chorus of breeding
f; ,

conspecific jnales" than the calls pi a sOlitary male.
Choruses have al~!.) been sugge.sted to 'at:i;:.raotmaleS asll w~l:t'
as .females (oldhaml ~966: Blair, 1968 i Salthe and Mec~am,

1974; Whitney and Krebs, 1975b; Green, 1990') and there :may
.also b\) a reductiOn .,of·predation risk (Rxan et. "ah 10 1.SS1),
Lar!lJecnoruses,%re thought t~ attract m;re femalEn~from a
wider area (Wells, 1977a) and pe.rh(;\p~ large Choruse'1?
provide females with a b.etter range, of .potl~nt·i'al"lnates from. .' II
Which to choose (Alexander I 1975; Emlen and oring', 1977;
Braqbui'Y, 1981). E\~perimental testing" of these ideaS is
needed before c:t,nyq,~n?),.u~ioncan ~~. drawn concerning the
functional $ignificance of ChorUsing behaviour~

"

o

, Aggre-gation cif V:R,cd.,~~i-ousfualys iQ_ro" choruses w~uld be
expecteXi to pro'CliiesSub~tantial cali overlap and ncous't::ic o •.

,~,~, (, -. ", ,,' "'" ", " '.,' , ,(''(,

interferenCe. 0 Sev'era~-:authors nave sU9',gested that thi~
would be detrimental "to tile ,:locaiization of a "caller l)y an

'~:, >0

approachirtg fe·male (e, g. ti ttlejohn and "Martin, 1969:
o

o 23



o.
Whitney :~nd
1987) . ~One

Krebs 1 19}58., b~ v7ells 1 1977a T ,1;); Schwartz,
methorl of avoiding -the pro)::)lemsof acx:iustic

~:;-'-...,? .. , ..... -, _'-' ,-._ -;
Interf(:!r~lnce is to telliPorally .space the' calls with those of
a neighbClUr, in tI1e form or call alternation. Lemon (;1,9.71)

LI I"

proposed .'that call ,alternation could occur by chance aLone '
(J

i.f the jlnterval"s. between the .calls were' equal to', or"
l~nger .than I theU calls themselves and 'i£;:~b.e frogs weJ;'e
(7Alling at slightly, different t-epetition rates.
(~onsequentIY, in very small Choruses, call alternation
~\nd"~ithel::'e,fo~ea cOnsiderable reduction in acoustic
:I;~\erference.) may~be a chance occurrence I although periods

~':,- ,\,,:;:1_1 _ ~ 0

of overlapping' calls would still exist. However, anuzans,
do llpt usually call /f;r~very small chorUses, and some fo;r:-m,

<cF " _ _ - ,1;', ' __ ., "

of ~:·Jprec;lse organir~j.(tt9n is necessary to facilitate
.J : - ,l/; - o·~

temporally separated calls." Obviously if call a.lternation
, is .occurring" by chanCe tItan as the llumber of" partiCipants

Ii

~.ri the'choru$ ingrE;!ases, so will the nUmberof oVerlapping
calls.
Goin (1949f':'was per,haps the first" !)el.~sonto deScribe a
st:pcifio typ~ of 6n&l1'\1S"ilorg~ia-ationoccurring in anunana •.
He recognis'ed ~hat th~' overarl dhorU$ con~isted "'of various
subgrouPf:?of three interacting incHviduals . He suggest,ed
tna~ each {:;>f,these subgroups alwa,ys began' Ln-. t,he same

•. . "!" : (.'_ ,'-" '" -. '.', -' - , ' -,' ''__:. ',,' ':manner.. Even when the chorus was dense, it could still. be
bro.ken down into subgroups of three individuals. His work
suggested that t;,his kind of organization was net simplY a
chance oc6ill:renue but a specific social interaction. between
calling males.
Chorus organi?ation was first cate.gorized by Duellm?-n in
196'1. ae divi'ded chor1l.s organization "into, two groups:

/i

st,1at,i~l orga~izat~o9l cl~nd tewporal organi?ation. These
groups were furtn~r su~~ivided into three categories each,
as, ~hQwnbelow: ....

I...' G.. ;OJ
t).) (~,~.1/ c:

cD o ()
;:,

spat;i,aloorganizatiofl.
~I)L-;'

A~ Indivi("ual .... 110 aggregation of calling males
temJ?oral oJ:;'ganization.
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B. Non"'(j-ggregate '"7( no aqgregat;Lon of calling indiv~duals r

althbugh some form of duets or trios are. present.
c•.Aggregate ....individualS congr~gate at the breeding site,

. . s
and -the nqalls mayor :maynot be temporallYc.or.ganized.

Temporal organization.
A~ Completely organized - individuals call in a set. pattern

f)throughoqt the ch07us.
:8. InitiallynOr~~Zed - the chorus begins in a set pattern
but as more indi~iduals join, organization is lost: ..
c. U?organized ~ no organization at all.

As Duellman 's classification" lilas based put-ely on
ob~erV'ations, it is possible 'that the organization Cpreg;ent
in u~nitial1Y or~ranized. choruses" was .1pst to the observer
Whe!1.mOre" individ.uaas joined, rather tl¥~ the chorus losing
or9anization per se. The work of Gain (1.949~an.d Fost.er
(1967) suqgest that organization lltay still e;)!:istin ;;mall
subgroups within'the large chorus but is obscured by the

u

complexity generated by many, individuals. calling -Ln close
proximity.';;? salthe &ndMeCham (191'4) .also suggested that
bUellman's division .into "compJ.etely., orga:nized'¥ and
"initially orgarfizedrr was artificial as it Wotaid seem that

.. 0

these two ca(;tegories depend upon the number 'of. ;l:l'1dividuals
pa'l,\ticipating i~l the chorus. Prior to Le:mon's detailed
description i:n 1971 of call a1ternation ,.in
EleutheroCiactyltxs martini~.:~nsis, ~he1ewefe many publiShed
obser'(,atj.ons of temporal chorus ~'oL-g€inization co/hieh lacked
experi:menta~ confirmation' (Goin, 1949; Eib{"'Eibesfeldt l

12154; Anderson, 1954; JameSon, ).954; Martot and ThomPson,
1.958; Harqy,I, ..1959; Bogert, 1960; Brattstrom, 1962.; :§chmi:dt,
1.964; ",capranioa, 1965; Snyder ana James<~n, 1960; Brown and
Pi~:tce., 1967: Duellman, 1967t Foster, 1967; Scnneiq.er,
1967 I 19G5; Stewart, 1967; Brattstrom and Yarnel::~, 1968;

"
r-; He:i.nzmann(~197(»)'. j

By 'presentiltg ,rr,ogs with broadcast ca'lls of different
t~petition rates, Lemon (1971) demonstrat.ed '!!.hatmale E~

o

25

;{)



[I ma.rtinicensis. can p:t'f,)oiselyalternate their oalls' with theo
broadcast calls indioatj.ng t11.i.s to" be a 'true sooial
interaotion a~d no-t)a chance occurrence. oHesuggested.,that
this alter!1at~m:t is achieved by a short term inhibition ot
l:;11.eproduction' of,' ca'lls ao that each call fits into the.
periods of Silence ..pErt-ween<! the calls of;,the broadcast (or

1,,~::-.;-:(

noighbouring ,frog) . His wor~ stimulated other authors to
examine the precise nature of temporal organization and 0

propose mecnand sms for its oCcurrence.

Loftus Hills (1974) presented a variety of acoustic stimuli
to calling male Pseudacris streoker'i in the laboratory. lie
concluded that a. central padelllak~,.r.existed with a cycle". . . .. n t

lengtl]. equiValent to the spontaneous call period. The eall
period could be divided into three· phaseS: a refract;ory

" ;}

phase, an eXcitato:t'Y phase and an activation phase. He
II

/~o\lnd that only when an acoustic stimulus wffs presented
'dtt,rlngvthe $xcitatory phase did" it evoke a response.. As

,,,I .' " ""

several. of his ~:subjects seemed to be triggered .by I;?the end
.' It .. E1l . . .

of the acoustac stimulus and one individUal was
consistently triggered by i;.he onset of the stimulus, he
suggested that there might be a comp1ex.' .interaotion between
t;heG onset and the termination of the stimulus in evoking

i.1 qtJ.;l.eresponse.; 6

Rosen and .Lemon(1974) complemented aooustid~ broa.dcast
e:x:pe:r,imentswi'l::hre90rdings of two individuals naturall'v
alternating their calls .. ' They concIuded that 'the
alternation of calis in IHy1a crucifer also fits into the
excitation ....inhibition model proposed by l.emon (1971} and

j(

Loftus Hills \r~971, 1974) ~pr frogs anq;by'Shaw (1968) for
katydids.
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i .~, . . I~:'
Marins, lQ82a-"._)Zcelick ai~qINarins I 1f98~}) Px\ they. may

1~;;?_,' - " _ -_ ,_ _--'')l'
~lcti vely try to ov:e:r']J~p.....and illtevfe;t;:e with their

, - - ,,: -. '- \\ ,,'. ',- - - c; <)r"O

~eig-h.bour's calls (Whitl'l:ey I arid II:Krebs, 1975a). Awt5rey
<~;;(1978) tes~ed both these ide~.s by, pr~se~tin9. ,f;fy:4a. Q;egil~a
males with different repetition rate broa~cast~. The

,i - :~"- !'-'"- .

results were cQnsist:enb with the In..•··•in:i.mum in'ter:f.erence- - i:\

hypc)'thesis and the" acollst,ic pacemaker "hypothesis of Loftus
Hil\J.s 0"..974), as H. regil1a males a~tiyely shifted th~~r
C'alJ.s. to avoid simul taIJreous calling with the tn:'o:adcast

; - - -.' - ',' - - - - _(./

calls. (/ Lemon)1and' ;~trug.er (1980) suggested th,at
broadca~ting a <~'~Ula.:r; r~fPet~ii6n rate of s.tipluli t~ a, ffl)(J
~::i:t~~::;:::s::t:r~;Sc:::J;:~e:~l: :~~:h:::dt~~

o Po""tion •.f.i ca.11.s, .....en."~i.~n.g;.{.J~1.·.•.e..lli to tsse.ss.,.<ilrec., ...t~y.tile
effect of a single. 'sl~imulll(;S((\I'0}1th~ pla~,ment o~~ the
fQllowing call. From It-heir .r&sults" they sug£"ested~ that,

Q .. .~. " b
th:ba.e oscillator model~;"of signal interaotion lll(),Y opc-qr .•
Fit-stly, \Jndiv±dual frQ~~smay only pe. sensj:':tive to c~~il1\uli
vlhen their motor ,~~e:fraci~oryperiod is oV~F (this lllodel. is
similar to that, SU9,~st~~d by Loftus Hills t 1974) •
secondly,. they propose!W that frogs maY ):>e sensiti veO to

I .." . . '.' . .,
stimuli thr()ughout' thd: \jaJ..I., period and the respons~ is
delayed t.:mtil. the ltlotdr rE~f.raotory per'iod is ~~er (this
modsJ. :ts
thirdly"
decay" of

sU1;>potted b~.:.·.··th.~~".res.U.Its they pre.sented) I an..d
. .. :. (:. ~ -. : - - -- _--_ -- _- -

a. s,imilar md'del t.o the ,second but without the
the~ eXCitatory ·effects 0 dUring the refractol;;Y

per-.iod. This last model WI$lS cons~dered unlikely' aa there
,': \ t- A\

was a con~l~ct '>be.tweenproQ,ucing equal spacing betw~'an~the
calls of individuals and PX'oclucingthe more cha:t;~;i(~teri$tic

,; ....

leaqer-follqwer arrangement. They concluded that their
first and second models may both be in .operation during
,parI al terna·tion, at differen.t times, within tIle same
species." An important ~i11ding of Lemon and stru,ge~ (1980)
was that (Unlike P. st:r~Cke'J.~iI 'Loftus Hills I 1974) males
Rf this speci~s ,were sensitive(,to stimUli presented, not
only dultling tl~eir refracto;t:'Y periOd', but alsq dUring the

v > ))

prOduction of a call.
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"In order "to test/ the hypothesis £ha-t~the a.bifity o~, a frog
to precisely,;positi9n its call with r~spec1;: to>a stimul'UsJ

':'.l. '. ".0 '_'_ . .' .... .... _. . . .: _.' ..' ..' '. _ .' _ .:: _;" /F"}

is a function of the tinting of .the stimulus relative t'}j 'tite
call period r Narins.( 1982aL;;~t·hd.'i~d·'the r.espol'lses ~f'".E.
t) .. ; fl . '." r\

c:oql1:l,;f,and H. ebruaaet:« to brol.idca.st s'ynthetiO' aCOlJ~f...jc,ii "

t ..jJl ~ , ,.-:'i',. ;;_"._:. .' .. , .. . ./~'/'=J,. c;:::::'\
otini:c17t.i. cis resul ts sugge:!rt.~dllthat ,there was a .,dommon,,("J
""mecb.anj.sm)underlying th~?' ((prOd1.lcti~n of timbXlock~d:;,

~~P;::~c:~,.,~,•.h;:,:,11/~=:,:"i~:,.~,'it~:~:: ~:~,aYt::tw,;:~,.,::{:,.son:t,'
increased then th, prohab~lity of achj.eving 'a time-loc](ed
response also incrlc:ased. Narins p.982a) suggest,ed that the

() . '" .,r.,'!.: . ,. . 'L\ '. \,

production o:f time ...locked responses" cql.tld,be th6\J.gt:ttof as
" ' ",', G \\

a two-stage process. Firstly", a delay fol',~.\o~dng.the
acoustic sti;mulus, and secondly" a triggef."able Cp,ll
generator tvith ,memory. 'l'he two species, he stUdi~d d~ffered
in the length dfc::~fhedelay fOllowin~"th~ acoustic stimu).lls.
T,his delay was 1133 ms i11 "E. ooqu i: and 210 ms in If~
ebracca:t:a and tlarins (19a'~~l) correlates' this di:Efer5nd;~
with di.screpancies in l'learest"'neighQopr distances .,of the

-: , ' .. '. . '. .. . . . .. . _f _ <';,':., ' .. 9
two speciesj suggesting that '·it il? adaptive in minimising
acoustlc overlap. Wells, and schwartz (19'84a) foun.d a

I) , ,'....... r-, C:f
similar d,elay (140 ... 200 Ins) in their studies of voe~l
CCillmunicationof n~ ebraccata.

))

Besides ~shiftin9 the t:.~ming{W~f'their calls ,relat.ive ,to
(r

'stimulb o:r:, other qalling frogs I thel.~e.,are" several other
, "0 "

,ways in ",hieh :Erog.c:;"have be.~.=mreporT.:edl'to change their
" ' ./1

calling behaviour in response to broadctig;e~t~muli. Males
of B.uIO wd'odh&usei (Sullivan and Leek, 'J.98G).( Geocrinia.
victoriana (Littl'ejonn\\ and Harrison, 1985.), Hyla ,ve1.'sio()lor
(Wells and Taigen, 1986), and Rana clamitans (Rameretal.,
1983) actually decrease their eall repec.ition rate in

,~:;;" l"~, ....."."

reSponse to broadcast stimUli.. ,.,)G.. viotzord.an« and H~
t)

versicolor also increase the dura.tiLcnof ,their introductory
notes ,,(Littlejohn .and aarrison, 1985; WallS and '1.'aigen;

I'

\
i

«

1986 re~pect~~~~}lY).
Capranica, 1ge4~ but

it

However, BUIo ameri.canus CRose and
see Sl~llivan and Ileek 1 1986),

II
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Jlyla ebraacata (Wells{'and Greei, '/1981; welis .and"Schwartz I

:V9.B4q') and. 11. phlebodes (sch1artz and Wef'lS,.. f9a4b~ ha'<le
~;<_,._,:" " _" _ 0' _.-.->'_ ~ .s.
.Been .s;t;Iown to (l;'lncrea$~ their call repetition. rate in
response "j:o broadcast stimuli. Several spectes of,;'"frogs
respq,nd to broadcast stimuli by inoreasing the complexi ty

(j ,\

of their call Ccrinia ge01;;giana, .l.yre ,at al., ,19~4; Byl.a
ebraccata, W;llS and Greet i. ,1.981: '~T~ll$ and SOfllflart~"
19·R~; 11." mio):,ocephe.la, SChwartz, f9~6t H~ Phl~bod(3S\
"sC».wartz ~pd c~)e,~lS, ~-J~84b; ~yp~r?lJ.Us tUb~r'ilingl!is,~\
Pall~tu and Passmore, ".19881n"" PbjJ;lautUf l~ucorb~nu's\l'Arak,,~\
1983b; Physalaemus. pustulosus, ~and a.nd Ryan, 1981: I?rewry ~
at a,l", 1 lQ,82; Ranaoo141Ilitand, If{ameret at, I 19tf3). "

'\\

(I
i\

2.1:.5
o.

"

. . ,\

-s MartYworkers have ''Presented purel:y- "Q&servati.ol'l~l data
;::; 0 :~",.

concer~ing chorus organizatJon and there have Ipeen
1\

r~lativeJ;Y few detailed, ejl~perimental. studies. MOS, of
these studies I)~eport a" obange. in ."the. timing .•Qf the =v:
response to an" acour:rbic" stt:mulus but some species have a~fo

:I:l:ri:n~~rt:a:~C;l:::i!~:ll~::~~~i:~~::a;;::~=a~!v;"~:t
cPe'~pO~rOlI.tl.J:ceUntatl'O.~l<plaill,th<j ~stf~11n.alctl"iaO~k~nOgf.cn9t'1,'fses' b'U\\\_"~..",' ." coni'irmat,:i:on,is _.... ....... _

o

2.1.6 -Ail!\ti'? D ,," "", 0 \~~\ '

UtiJ.~zing ,."acoustic playbaok e:x:perimentsI this cb,,,apt~r
, ',I

examines '''i:empora].? chorus o:t,'!,ga:nizatiol1.-Ln five speoies of 1~
\\
\'.anurans, lJ?he.. 'extent and form o~ chortls 9rganizat:lon is

¢orllpareC{ among" the spaol~s stu~ied al'ild a p:aoposed
c,

reclassification of bhoru.s· OrganizatIon r wnich eno,ompasses
o

all previously studied "speoies, is eut forw'a;r,ao D
f:"/'

(j,

"'I
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2.2 ~~thOds
/;/

2. :3 • i;~ Stugy si i::es"and species
\~

c

r,O

Broadcas,t, experiments on" ;cM+"ixalus fornas.inii 1.'=0
;"~(:' () .,

Hyperofiqs 'ma.rmoratus I and, Kass.ina. m~oulata were carried
Qut, between 0 the lttCmthS2;"of September and March at tw~
shallow coasta~. ponds" (MatatH~le and MaVtJ,ngweni) on
'l'winstreams Farm, \) M.tZb.n~ini. ;.rhese species' voC'alized

'-i_._ '.' _" _" __ "_ ' .. i- '. ."_ () "_".. . ... ~';..,betW,een the, hours of 18.30. hand ,,23 ".;30 h. Broadcast
<.-'

exp~rim~rl.ts an 1(.. senega.lensis and, Se1(l.nodactyl.us wealii
Wet:'a carried out at Pineta sawmill dam between the 11months

'0 ()

of November to January. lJ:1hesetwo spec;t~s ,~r,ocalized
betweerl' 16.30 h and ~03~OO h. For det~iled desarfpt,ions~[iof

o o ->

, the, speoies· and,'.study ,sites"see &'~!F\pterone and Dppendix '~,.
o

C_'

\ 2. 2/~' P:r;:ep,arpt:i.,onof stimYl;g~ broadcast t.~C

',1 I,
'lndi\ddual calling males of Ki;hsfive species studieCl were

IJ .. r. 'I

recorded under natural oond~it:lon$in the field using an AKG
" '.' '., ., J', t ,,"D900E directional microph:ohe and ""either' a N~gra IVS or

Na~ra III tape reoorder. 'rhe tape speed, was 38 cm/I~land
~

speed fluotuation was' n.egligi~,)le. High quality· magnetic
o

tCiipewas used and. ;r~c:!Ordingson the Nagra IVS were made on
one track only.. 'j) Additiona:h data pertaining to air
t~mperature , .-wats1;." temperature I SUbjects I reota.l.
telnperature. and snout-vent length were oollected. One call
for each species was selec!.:,ed to be If jed in the preparation
;'of the stl,mulus tapes. The oriteria. used for the selection
of this oal.l were call durat,ion I upper and Jower limits of
emphasised frequency and , in the case of A. ,fornasinii"
pulses per dall. (!:Che,call chosen for the" s,~imulus was a
norlt\a.l call with. parameters olose to the mean determined by
the analyses of approxi,mately 10' .individuals for aach
speoies (minimum30 calls) (Table 1.1).
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once "an appropriate ~all had been sel,J9c't:edit was located
by hand on, a, .stuger-Revox B77 o tape recorder ~d the
beginning "and the end qf the oalldwe:t~ marked with a wax

J

penciJ.~
To,'prepare .?l sti:mulu~ tape with a specific repetij;tiond::·ate,.
the call was cut; o out and spliced into a 100I' of high
quality magnetic tape of an appropriate le~gth. ,:For
stimulus tapes whicl'i required more thane one ca;1.l pe~ loop,
(e.g. the d<,?ubleand triple broadcast tapes u,sed in the K.
senegalensis experiment) I the same call was re ....record.ed
se'lveral times. and spliced into t.ll€! loops at precise
intervals. For the random stimulus tape :for'S. marmor-atus,
the selected call was recorded onto a tape with
intercall intervals provided by a table of random numbers.

The tape loop WaS then analysed 0:0 a Uniscan II spectrulIl
analyser (Multigon lndustries, :rhC., New York") tl, ensure
that the correct.· i1:11;:eroalli interval had been achieved. If
any of the" splioes produced an audibl.e ol.ick or hiss then
the loop was discarded I and' the above process repeat.,ect.. In
this way the ,resultant lOOp was a period of silenceiwith
one or several calls, with the required interva.l" 'I'his
loop was then playe<;lon the Stpc1er...nevox B77 or Uher Report
Monitor stereo tape recorder and recorded for 15 minutes
with a Nagra III or Uhe:r R€lport Monitor stereo tape

,)

recorder onto high quality magnetic tape.

"0

Ii.

At least tHt,'ee diffet'ent s'l::imulus tapes t all with differ~~m·t
intercall in.t:ervals (ICI), were broadcast to each specie.s.
The s1:;.fmulustapes were broadoast to da;Jling males usir.v~
either a Nagra III ~')rNagra :rVStape J;'ecorder and a Nagr,'.\
PH speakl8r-amp]'j.fier or a, Po:rtamon speak(i:!r-ampl;i,fier and a
peerless G50....MRC3.2 ohm spE1~lcer(10 em diameter j \l7;lth a
flat frequency response within the t'anqe of 1 - '1 kHZ).

" The (J:tder jot ;presentation of the stimulus tapeS was random.

"
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The stimuli w~rFlbroadoa~t from a distance" Of approxim.at.ely
50 em from the subject at the. m~an SPL for that
particular species (see PassmoreI" 1981) • ,peak.~J?LS were
measured using a Bd~el and Kja~"t (ll & l{) 2209 precision

J

sound level meter used in conjunction with a E St, K 4165
micr~ophone, a flexible 0.microphone extension rod (B (~ ~
tJA(196) and a nlicrophone dehumidifier (l3 & 1< UA0308). The
microphone 'Wasalways protected, from t~""wind by a B & .l<
UA0237foamwindshield •. Intervening' veg~'tation be.tweenthe
broadCast speaker and the subject ",,'lasprune~,'awayJ"and"any
cql1specific individuals within 1 m of the SUbject were

'~\ - - .remoVed. The speaker was placed at the same height above
the water level as the subject.

The broadcast was recorded on the left vchannel of a
'\ ~

second tape recorder (Uher Repox·tMonitor ,42QO), ifnd the
response of th~ subject was .zecozded using an AKGD90QE
unidirectional microphc>ne on the right channel of the
~econd tape recorder for later analysis. Additlcll'lal data,
including water and air temperature and the subject.' s
rectal temperature were recordel~ using a Bailey's

.~

Instruments BAT-12 digital thermornete~equipped with a PT-6
U . . . '. (1_:~", ',\::~~:O::~~i:~":~~i:~~~~ctts~1I0'}t;;"""\"Il(!th wasmeaslll'ed

"

~.2.2.5

'rhe data 'tapes from t~,e broadcast experiments were analysed
using a four-channel :Harvard Universal oscillograph. FOl:

"m.0~t analyses,. the chart paper was set at a speed of 10
cm/s and the Uher Report Monit.or 4200 tape recorder was,,,.
played at half the recording. speed (i.e. 9.5 cm/s). The
:t:'ight and lef~ channels of the ·tape recorder w~.re fed to
two adjacent channels of the oscillograph whioh enabled the
relationship bet\\1een the stimulus and the subject's
response to be determined. The following parameters were
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mea.sured= stimulus-response J)1terval.l irltero§h l' interval,
D .: . ":::;;:~_""'1; . . .. ',' . -, _', G

stimulus interoall· int,e;t.~val·and repetition rates (see Fig.
". - - -- , ',- - -, ,'f:j

:2. ~ for ;'~n.,explanation of these terms). ~more aocurate"
measurements .such as gall duration 'cmq pUlses per cal.l:, a

:f (.I _ _ _ _, _ _ _ _,' _. ')" _ ; __ ,'-. '-', _,' __~-::" _ __ _ - • -j

Unl.~can Il spectrUln anaayser (Nultl.qon Indnstries t r Inc . .I

..NeW York) or a Kay model 7029A" spectrum analyser (Kay
~ p

ElectriC COPlpany, "New Yo;r.k) 'Were used.

CJ

()

\

I.) 1\
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a

\\ c,

33



A

STIMULUS INTERCALL ~
INTERVAL t

(
I'
I

BROADCAST
STIMULUS

"

TU,,1E ..
o

I " f
I I c-;

!) I 0 "

I• ,STI"1ULUS.. I 11.. f>/

RESPONSE I 1~.!JSP.cALLINTERVAL
: iNTERVAL !; 0

FROG'S
c RESPONSE

ONE
CALL

o

{}

Fig~ 2..1 Diagramom;atfc explanation of the. terms used, in the text
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2.3.1 .M..;r:;J.'XalU<St01:'basinii '\. \\

'.ren A.o ;f01:'nasini:i.. were ,presented", ~!~th three different
broadcast sti:mul i • "These stimuli wei.\~rlt'!,tmaladvertisement
calls . at differellt repe~ 'rion ra:&ts (,;I.0 , 15 and 20

stimuli/min). With thS/ presentation ¢~, ail -~these
," _- . - - ',,- - - " \) - "- - " - - - -- -,'. - - .. - - - - - - \-( ,;

broaq,casts a general. [t1'~~d can be seen .." 'The majority
'(74 •.3%, .~ =. a?S) Of. ball'. )l;()d1.1ded .••..dUb.•.tng tn.'" l>r6ad6a$tf!.n
"* 374) overlapped with a stimulus (for example see ~q.
2.2), and more than half Qf the subjects' calls wet-e
.init:i.'ated less, than 800 ms ..from ths onset of a sti.mulus., .,

Most ,sl.lbjects to calls were therefore still v·on air" after u

the stimulus had ended. 0

Furthermore I there we;r·
square test· X2 =,,' 73 •9~

.ignificantly more oalls (Chi-
< 0.001, elf ::: 1) in the first

s,ec~mdthan f""l, the last secondoof the call period (1'tEl. the
'\ - - , - - '''_''''',' :' - -' - ~\,

sec().~ldirnmed:i"a-tely'p:t,;;i.orto the next; stimUlus", see Table
2 •1) • As th,El'broadcast stimulUs was 2. 5 s in duration"
most of the s~;bjects' calls overlapped sUbstantially with
the stimulus (Fi9lt 2.2). AS the distribution Of the S;"'R
interval$ was 'skewed, the 'median S"'R interval (0.1 s for

1\ ". .' .'. ..' .: 1.1

al,l, broadc~,~st experiments) was more representative of the
data than ~h~imean,!.With the broadcast of 10 S'bifmuli/min,
al't:hqugh th~ ~~.ir$t '$,econd of a stimulus only aoc'burrted for

,,'0. \'~ • \\~::l:f(:h~;J\~Ut:r!\~r::;~::' d:~~~%t::;~eQ~m:!~a~~
" 0.65 e , Chl-~g~lare test, X :.;:: 44.81, "Ii! < 0.001, <if = 1)

t,.. .' .,' . " .: . " .'. . . J) . . _, '. .... (j

(Fig. ~.3). fJ'4milarly, with the 15 stimuli/min broadcast,
':-'. .' \\

the first second of a stimulus accounted for 26% of the
, :)' " . ,

~\ . '. ,'" - . '. . . . - <.. '. . .. '. . '. "stimUlUS call p<.yriodand 65.4% (n ;= 87) of the frogis calls
(ll == 133) were "tl)iti~ted in this. portion of the stimulus
call perio~-{~\~(til·~~i;-!:'i?l}';Q-:.;613, Chi....sq:uare t~"lst., x2 :::;42.'65, p

'; -< '~.' . " •. \> ". ,,-._;> -'.'

< 0.001, df :::;1) (~ig. 2.4).
j' "
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'At a repetition _ra't::,eof 20 Si;::lin.uIi/rnin, the first second Of
,_j :'

a stimUlUS corresponds to 33 .•3% pf the ~stimulus <call. p{;:riod
o

Eil)q. 65% o(cJl~;== 87) of the r.esponses. during this broadcas'F (Jl
== 134) wer~ initiated within this time period (m~dia.n= 0.8
s , Chi-square te~'t, x2. == 24.39, J? < o"oe)1, df == 1) (Fig.

1\2.5).
There w~s no signifioant' d.J=fferenoe in ,oall' repetition
rate among ~roadddst sequences (FriedlD.?p P,.NOVAI F :£ 5.91,

UJ? == 0.12, df == 3).

TAaLE a.a.

~he distribution of S....R iri.tervals with" different :ra.te
(."\0

broadcasts' to 10 A,., fornasinii
1../

st il'I1U IUS
rep. rate

$-R Intervals (s)',

0-0.9 1"'1•.9

2o/min
i5/min
lO/min

B7,

87
77

32
14
7

)1

15
11
5

19 "
3 26 16

I,'

IJ

Hypercd:1.u$ mal'):noratus o

Hyparolius. marmoratus mqles we,re presented wi tl;l three
I' ))

different repetitio~<'\ ra:ee broadcasts (40, 55 and, 84
stilllUli/min) and one""broadcast with a random sequence of
stimul us (/ in'teroall intervp.lS. (J The sti:mulus....,res1'onse
intervals \\and the subject's ihterc~ll intervals 1 befol."e

,;) \' _,. - ~and" d\lr~ng the, broadcasts I v:;ere recorded for 10
il:-"'Uvictuals. '

40
'1:<,



,Iii
" 11

I fo ~b
c' " ,'.' . " . .. .;;. 0". ,ill

~:t7:n::e:~:l~o~rro:~;~rbe:~::i~:a:~~;uo:::~'";:1·~~~fl~
intercall int,erval dUJt~ng cthe broadq,ast dt '84{p.?5 anq il/'o,
s1;imuli/mil1" (Fri:~dman ANOV/!.., 11 =; 0.22" P .; 0,. a~ r d;E == 31J p

(Figs,. 2.6, 2.7, ~'.a':al1d 2.9). ..... . ...... _" :1 ,"
If call, matching,. or" ~~omaother fo'r:mof preoisEZ call" timil{,91}l\ 0

had occuzz'ed one woUld'\l expect. a shift in the mean interca:/rll',"
interval (for exampl@~,see the distribution 01:- .interd'al,l
intetvals of S. weali+ylring broadcasts I l'igs. ~. 2f3 ,!!~
.2.,30) . The distribut¥on of "stimulus-reSpOl1F<e intervaiJ·s
dur~n~) the three ..differrnt repetition rat~l brOa(~cast~ ~ke

,:;".ill~trated b1t Table 2'& and Fi""'ures 2.10t 2.11 a~ld 2''''llrl!., \ ~. .;

\ •• 0
0

'0 ~

r"\ ~~!/ -. <>,.;. illl 0Q
~'hedistribu,tion of $-R int \rvais 'wj.tn diffe;rent_rep~tit~/~i;t\, rat

\ '\,. ~ "";
broadcast~,t4~P 10 H,. '.l,;irmora :ps, [; '0 " :I -

o ~,\\~,;y ';~:?r I~ D

o 3;_stlL1S ;:)" it
O-O •.l 0.4-0 ;;)5,0 0',.8-0.9 r: i~,.2-].".3

0.2-0.3 \ 0;-%-0.7 f.O .....l.'~F,,,,,
__ ,_,"_-- --....',l) .,> it;: (l :;lr-. '_o_~

!(

\~;r"
II
I

o stimulus
r:ep. rate

\1

84/min 138 J.02 63

o 55/:min
40Lmin d.J'. ·~t,j, \., i.:T

88
64 38

60
38

80

39

72 0

70
49 0

56 68
!/-----_._----...,.-----(,'_. ' --------....-=---..,....-~~---_"..,:~-~

'0 .,: II";'
If a precise timing \~echanism"i~a$l('in operation theh\lion~
would ex~ect to see") a suB:::> tantial incr.;:.ase in ~he

-'-'/1 ' :, ' ", ,"'. ", , '" ,,:

'\,occl,lrrence of one 01~ more stimu:tu,s ....r1sponse: interv~ los':,
HQr'lev~r,"it is ver;y 'difficUlt to asc~rtain, any reg-~lar
pattern i7_l the dlstrik.\1tiqn,) of stimutus-l1espon~~ :~~~~j~als
and 'they \Y do not; l2,d~:ffe:r.r"<-signi~,~cantlY fiom. a 'j 'lil\tear

II .', , ;~ ~~ "'~:i 'j/ 1\
'" '...: (I

'\ d, ), !t:il~i c-
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I,>

-::P

distr:i.bution (,ppearmanJ''Sqprre;J.at,ion coet'ficient, stimgli @
ii, '''''''' , " ":;_' ,-.' ,_(l, ' ,"_j, '~_ ," - ',',,',:' ' .: "'>', .- '. en.'., ',Cto _, I! • '>. • ,_ , "

84!ml.n"r s ~ 0«57, 11'= 7 t P ~ 0.02; stl:mull. @ p5/ml.!I, rS =
(i _ ,)} I"~;' '" ',' ,J) _ ' _ ,. ',_', , " '" ' ' ,'" ' ',' ' .,',' , ' _' _ ',' " ,~0~10, 11 = 11, po= 09.75; stl.muli ,@ 4:0/min; rS :;:::'(),..,2€l",.n =
15.,<{z?? := 0.34)." In eIr.c~ccase the mean" intercall:" ihterval (,
was very 'Close to ha.:tt:Ythec::stimulus~call pel;'iod, indicating

~ . . ", \\ ',; . '" , ,'~

a siluila!' n'UmperOf, ~;'esponses<on either side of the mean.
1,1 , '\'" ", ',"', _~ , a

Figu!'e,.2 .13 show~.te(~ position'" of the c):111s,of eight {,H"
",' \, ~ t;" - 0 \,', ' !,' , , , -

.:ItU~rmdratLls :ttl relatiqn to the position of a broadcast
~e.~uei~ce,fiof" random Int~'fct\;tl interv~ls. Aga.'in, there is no

",.'. i,\"",., . " " " ',', '\ " ' ' " l)" ' t.alter~\tion in' qall pa'c$:ern or intercall interval. It.
\\, .: ,', \- _, " , ' " ,0marmor:f3.tus continues ~al1ing at its own" set pace

irresp~~qtive lb,f l:;!roadcaJt-stimuli (Ft"iedman ANOVA, F =
-::-:_),_ " ':t", " ",,', ';

0.18 t p\> o ; 9Q, q,~ = 2) .,,' The catl repetition rate of six
H. mar,~~orat::us ~a.s not significantly. altered by the~ " ' . .
d.itferen~ repetition rate brqadca$t.s when compared with
rate~ .bei'ore and after the broadcast sti~~li (Friedm.an
ANOVA, F ;:::-4.44, P =: 0.221 df == 3)..

.')

2.3 kB.ssina maculata'

Kassina ma'CIJ.1,{;ata males were presen:ted with three' .different
~,,(

1fep~'tH:ion+,fte. broadcasts (20, 30 and 40 stimUli/min), •.
A commonfeatt:J.re 0; all proadcast experiment.,Swas the delay

.~

of the respOnse until at least 0.6 s aftet' (,the 'onset of a
.: . /1 , '. '. ~'L Q(\ _. . <: ......" ". - .':' _ .". •

st~1lulus (F1g. 2
0
.14). The dl.strl.butl.on o:e,)S-R l.ntervals

i" \ c: 1.

was alsb skewed with ollay three oalls (0.3%) produced in
" () Q,

less than o. (5 s from, the }?eginning of a stimuius (apart
from simultaneous .,calls) • Sixty-one percent (11. := 559-)\";'01:

the" total number of evoked responses (~ ~'"9'09) fn all the
broa\lcast experiments occurred between 1.0 and 2.0 S after
-the onset of a stimulus (se,e Table 2.3) (meddan S-R

interval' = Q 1. 4 s). The" distribution of ~~"'R'lnte:r:vals
II ,,' "-",,'" \

duri,ng all broadcast experiments was nigl:lly significantly
,;'different from a ~Jniform distribution" (Chi,-square teR!:,

I> stimuli ~ 20/~in, x2 ::;:2~l. 85" F < O. nor r . t(!J ::;:"39; stilnhii
@ 30/mirt~ x2' ==,\o344~41,"p < 0.001, df ;;_"207 stimuli @

40'/miu, x2 = 304.6'2, P < 0.001, df ==13).

5.0 rl
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An interE!~ting resul~ was tb~t, as the repetit:i:on rate of
the broadpa-st incr.eae;ed t the frogs decreased" theJ.r me(lfan

c 5.trR int~rV'al. " In °the ~bl1oadcast (1St. 20 stimaii/min .'the
median .'.'S"<>Rinterv~'l :as 1.'8 J.. (l!":tg. .2 •liS) .and /this
decreased to 1.5 S during th~ 30 stimuli/mi\;t'l broad.cast
'. (Fig. 2•.16). and to 1.,~ s wit,h the. 4Q st;i..llluli,lmin broadcast

) 'I

(Fiq. Z.;:l.7). However, .·this appazent; decreai?e was shown .to
> .... .... . . !~. . . .~.... (_>.. .. . . . '. a

be, an" artefact' of th~ decreasiru;J call peldod of the
" sti:mu~'9s ft.e c' the.,; tIme between consecutive" stimuli) ~ Wh4?n

. )\~l%~:ty(b, <l'! •• . " .. ,r" . .the lll~a:~lj_u,g:..;)?", l.ntervals, are correcte(i'--' for st~mulus,. call
period ..and comp;;l.';r:edthey' are not significantly different "

., '.. ";;_l . •

(.l<ruskal Wal:ti's ANOVA,KW #: 3.63 f F '= 003.6) •
\.t.};:> ';:0

The call repetit.iol'l ratE{ 0,£ nine". oull,' of t.Eln subj'e<;ts
,inoreaE:1ed.during" 'the broad~:~t (13$nomiak«,Jtest, ,P, < ~~~(5) 'i"
'(Table 2,.4:J,r However, repetition. rate does ..not provide ..a
gooq ttteasui'e ';'Of iB,teraction because" although the subj.ect:;
may )~e~reci~~t§ t>ositioning ij;s"calls with respect to .the
stimulr, it need ~ot be'produoing the'same nuntl:le_fof calls
per minute as the broadcast .c, Tije subject" :may ma:coh his
cal;ls' to every seco;nd or. third '.st.imulus I. .'t::,fiU:Sresul t:4Pg in
at, r,e~etit~on ~ate otle-h~l~ .or one:th~~d of the. broadrast,
,l:atE; ., 'rna mean»: repetltl.on .rate "of callS before the
b~dJdCast commenced' was .15.6 p~':tls/min and there Was a
slightly non-significant increase to~) 17, '2.0 and 3.8
calls/:min:(~/' during the broadcasts of" 0 20 I 30 and 40\,
stilnuli/min r~~pectively (Friedml:fn ANOVA,E; = 7.11, P ==

O.07! "df = r(.}able 2.4).
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2.3.4 'Kassina sen.eg:a),ensis

iJ'

KasSint:i. senegalens:is .:males w.ere' presented w;i,th four
~if.ferento '!:'e)?etition rate broadcasts of a "i;osingle
-_) - (j II

C(mspeC~lf.icstil£tl.llus (12, ;ao .:. 40 al)d 60 st.imul£/min). lJ.'hey
we:r~, also pres~X1ted with two.. multiple;"'stimulu=:.i broadoasts ~
The first;, lItul.ti.ple-stimulUS broadoast consi.sted of two

I_ ,,-

9onsp~p;\fio palls separated by an interval of 25 "ms
repeated 40 times a minute. The sed'ond oonsisted ".of
t.hree c~ns,pe'C:ifio oalls separated by i~t.ervalS· .of 25 ms

,;f~)

;repeated 40 times a :minute.
Wj.th.•. the repetition ra:I":.Elbroadcasts of single S'~imuli, :Ko· " . ~" .

senegalensis eXhibite<f' an extr.emelY skewed distr:iJ:')J.l'&ionof
oS-I{ il1t~rva1.s and produced most of its ealls withilt 0~.,2 a ,
after a stimulus. Theria were" sigrdficantly mo:r;'.~responses

I) ~ 7/\,.,

produced within the.! 0.•5 s perl,od immediately after a
sti.lllUlUs than. during thee remainder of t.ne sti~u.l.us call
p,er,iod:, (.C,p.i.-square test, :!:rtimu,;!.i @ 60/min, .f2·= 134.19;
stimu.li @ 40/min, 1(2 ,=;,,; 136.00; "st.imuli 0 :2d/min, x2 ::;::
133.33; stimul.i ,@ 1.2/min, X2 ~t 35,.04; for all broadcasts

o p. -< 0.001, dt =ji1, see Table 2.5).. Du,~n9' the slow (12
stimuli/min) broadcast sequEince, 93 ",6:;;of ,the responses

,-,' .. __\_,' "-_ ,-f; -.-, _,-' . '."!

o¢currea ~~thin this 0.2 s pefioQ. (Fig" :2 .l8.c) • qverall,
of. the. 1281 r~,sponse~ which ()O~_E~d durin.9" all ,the single
stimuli repetition rate broadcC!:?s 76 ..3% (n = 97,7) w~re
prod~~Jd within '0.2 s fl:'~m the beginning. of a stimulus
(median S-R interval;::; 0.2 s) (Figs. 2.18, 2.19,·2.20, and
2.2,;l). When the repetition ra.te of the ~roal.ilca~t stimuli
was 'faih"J.y slow "IS:. g. 12 stimuli/min the 'oall timing exhibi.-
ted'.) by K. senega)'6ms.is was extremely precise .with all
e~cept 3 evoked responses (n == 47) tiilli:qg within'this 0.2
S period after 'S, stimulus (median' S-R i.~ter~al ,:;;.0.:2 s r
Fig. :2.le). Whemthe repet~tion rate of the broadcast was
Lnczeaaed to 20, 40 and 60 stimUli./ntin, the oa.ll. timing was
still very precise with a mean of 75.6% of all calls
falling with:i.n the 0.2 S period after a stimulus began.
The trend.~ with respect to call repetition rate was a

II,I
S8



() o

It
; l
\ ~
11

~(; \1 sigttificant increase in t.he rate with increasing b:roadca~t
repetition r~,tes (Friedman ANOVA, Ii' =: i06'*28; P -< (,0.0001, Qf

= 3) r although matching of repetition rates was nato very
;::> .. "

o

p:recise ~ith (;\the higher rate brQa~casts -e

.'. . '.' ;,' ' ~\:, ' . . _ ':'.. . 1\ ' -'~.', '. . .. '. _ .'. . .'. . _ _ . •... . . '

mul1riple stimu.li broadca.st there were .signi,~ic~ntly more
responses in the 0 ",2 s period after' tlis fi\\::'s1: stimulus 'of

tbe multiple sequence th~m would be eXPec,ted in a uniform
aistributi~n (Chi"'squa.re test, x2 ,,= 46 •.09 {double

-- .": .. ' . "'." " c;

s~imulus}f 25.99 ~triple stimulus}, 1? -< 0"1)001, df ::::1).
"\,:1. :\,. 2~\ .... _ , .... . '. .' . ,0_ .' ., . ," .. _ . . . ...' . .. .' _'.' .... ,- > ~<-",/l. ';'~~~hQ,Ughthere Wel:'esignificant:ly.less ,responses in theO,o .2
)~'?i~Cq;~perlods,immediately aft?r the s.econd a,nd t.~ird, stlmur~(,

"0~i;J.lan ,would be. expected 1.11 a un1.f·orm dl.strl.butJ.on (ChJ.-

S'qtaare t;.est, X2 - 22.56 J 'P < 8.001, elf t::;, 1) I fhere wer!a o

more responses 'dll:d.n9 this period than j,n the,)r~hn&ind:.~~"of"
'- " .' '.:" Ll .. ' ._.,'

tl1e 'intercal1 interval (Figs .•,2 ~22 "and 2..23).

During'" the

"The di.str;iput.ion of S-R"intervals witfl'diffSrel1t
rate broadcasts to 7 K.osenegalensis

TAB:D:E
"

2.5

stillilll:Us
rep. rate 0-0,.5

S-R Intervals Js.)o
f',':\\

1.1 ....L5 ,}.•6"'2.0\!ic 2,,,1-2.5 2.6-3.0
a

-::'i

t.~!)

60/ntl.n 305 78
40/min 329 45

H
20/min 336 11
12/min 44 0

(\ ...
45

19;
D

1

" 3'4ii£

o
17
1

15
1

59
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2.3 semllodao.tyius wealii

Sem.nod~qtylus .w'ea.lii.
a different repetition
conspecific stimulu.s

males were pres<$nted with
b d t .e'Grates z-oa caar S 0.1." a

(6 t 12 and 20 sti'J.tlUli/ltt:i:n).

tbree
single

The
o

overall 'bre.no.was,'.a skewed distribution of 'S'-R interval.s
withe a very high number of reSpQ.nses occurring wi.t~in the

'....... 'i···.: . ',/..!!

0.•6 s periocl after the stimulUs began. There waS a,"highly
si:gnifica,nt number of responses produced within 0,,5 s
after the onset of the stimulus ,i(Chi--square te,~tJl
"sti~uli @ ;ao/min, X2 = 7.5$, ;P < 0.(n, df == '1;" stimuli @

'1.2,/miu, X2 = 12.63,1:' <: O.O(Jl, df = 1; stimuli @ 6/min, X2
== 17~82" P < o.cpl., df = 1_1 (Table :2'.6).

TABLE 2.6

'.I'hedisfribution of S-R, intervals with d'~fferent
~ r)

rate br-oadc'aststo 9 ,=~,. w_eal-:f.i (l

Stimulu.s
rep~' rate

S-R IntervalS i~lF~
1.6-,2. 0,2 .11~. 5

. ' )
0"'0.5 0 4 6-1. 0 1.1-1. 5o

(\'f (

20~.min
, )

1.2/min
6~n»«:

177
217
98

78
1.7

3

12
4

22
14 17
7 7

(J,68 13
10 18

7

()

-Z -= mean tor all 5"'1.<intervalS longer than 3.0 s
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With ·;·abroadcast repe~:i.tion rate lof 6 stiro:uli/min, the"
median S....R interval" was 0.6 a and, of a total of 246

evoked responses I 46.'5%;, en = 114) fall within 0.5 S aft~.r
the begirl~ing of ~ stit1tu~us (Fi<1• 2•24b A 0•5 s 't~
interval only accounts f61- 5%of ,the "s·tiroulus call periodl~
Wh~~the repetiti~n rat,~~·'of the broadcast wasr,\iklcreased to
12 stimuli/rnin (~1ig. 2.25.and .T.able 2.6) the 1iI;r;ldianS-R
interval was o. 5 .s and the numbez'of e~:"bkedresponses Whigh
fell into' this 0.5 s period" immediatelY after a stimulu:s
rose t<>(l 56.8% (262 ,;responses I n = 461). When the
repetition ra'te was further increased. co '20 stimul}lmilcl,(
-the rneaian S-R interval was 0.4 s with 70.6% (tn ~:)2~Q};' at"

\)

the total responseS (n = :no) being produced Within, the, 045 "
s period illU\lediateiy after a stirnul:us (Fig. 2.26 and. Table
2. £5) • In .;Jallbroadcast experiments the number.,>of responses
Which occurred between 0.40 and 0.49 s after the beginn~ng<S-;;_;jT. '. _. '0 ". (,'j '. '. _ ". _ _ \:, ! C}Cl

of the stimulus "w~re(;,at least,3 fold greater th~n the
number' of responses. occurring." ~t any other 0.1 s inte~val
aft~r a JtimulUs (]:<"'igs.,2.2~" 2~2'5, and 202'$1'). \)'
..' . .... .. (, . ",

o

t,

Figf~. 2..28· ... 2.30 derllOTIstrate how S. weal.ii attempted to
match the stimulus intercall interval. with their own

o
~.;-. '. '. • '. .... 0

interCall intervals. Durir;.,~ broadcast 0:1: 20 stimuli/min,
~chestirnulus interoall lnte):-val is 3 s , From the hiert.ograrn
(Fig. '2.30) itl(Q.{tnbe seen that there was ", large ~~mber of
interoall intervals,.,pf 3 .s duration (mean =', 4.6 fi.;J Also
there was a ()srnal?~jp~ak<[at 6 $I illustratitlg that;, .if (~om~

mates fai~)ed; to resPQild .t" o:n,~"stimulus, then" the rle:lct
stimUlUf?,'\ prodUced a response, yielding an interca~l

,,J I •

interval\;Of'twice that of the broadcast (i.e. 6 s). With a
repetition rate of 12 stimuli/min I the stimulus int.ercalJ.

;.',

inter'tal is 5 s and again peaks occurred at 5 s and' at
twice the stimulus intercaJ.l interval (10 s ) (FiSf. 2.29).
The mean £nterq,~Jll interval at this repeti tron rate was·.4':5
s , Wh!n~;=;fepetition rate Was as SloW as 6">~timUli/rnj:rh
with f fltirnu~us inte}:call interval of 10 s (~i9'. "2.(28)/'8. f!

wealli !!ltlatche\:~this interval but, during this broadca$t
'\\
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o

" sequence, no intex:ca+l in't}Elrvals we.x:elonger than 16" s.
'[ 'p

In,' all the bx:oadccl'st sequ~nces, th~ longest: intercal,l
interval w~s 1$ $ (Fig. 2.29 h ~lhioh :mayaccount; .for the
reason Whythere 'Wasno doubling of. the· stimulu.s inter ....call "
interval (i.e. 20 s) during the 'slow repeti'tion rate
broadcast. The :mean intercall interval of nine subjects

(,' I' - _,'".' (t1. ' ' "

before the broadoast commencedwas 4.55 s and" the longest
interval measured from these 9 subjects was 1.4 s (Fig .•

o

The"nlEli::chingof the \,repet~tion rates of individuals to the
different repetition rates of br,oadcasts was not;.. very

!', ",:' ',. (J" ' .. _,,' ,,', , -', ' , ' ,', ",' , ,_. , ""', ' "",' '._, .. "~~'~t\:,:~
'precise and showed only a slight significant in®eas'~,) tilth

",' " , ' , , ' , (:) i' ' , h' "\;

~ncreas:ing repetition rate of the broadcast stifllUli~ "': " " ': \_\

(Friedman ANOVA,F~' 9~4," P 0.02, af ..== 3)
'r

The temporal relationShips between the stimulus and the
response are shewn in 1"3.g.2.31.

c
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Fig. 2.31 S. 'wealii ..Oscillograph tracing of
". ..'/. C:'"'''\

responses to conspecifi,9 broadea$t$':
(A,.. brQagcast calls, B~.subject'a response)
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2.4 Discussion

2.•4.l General
If
\'

The species studied in this chapter showed,rour different
types of responses to the broadcast stimuli. These ranged
from 110 apparent form of organizatiol1, through sinn,1.ltaneo'us I)

and antiphonal respon$eS to very precise ~rigg~red
responses~) From the data presentc=d 'here a ,new
classificatiol1 of temporal cnorus organiZation ..is proposed
and 'all" otl,1er species previously studi,ed by other au.thors
are placedwitll,in this new framework.

Class~fication of temporal chorUs organi~atiQn

category 1: Call triggered responses

During acoustic .broa.dcast e"periments two species' exhibited
a remarkably similar respons~. oBoth K. s911egalensi$ f.1ldS. 0

wealii respond.ed to the broadcast stimUli by placing their
, . . ()

calls almost inunediately..after the end .of a" $timulu$. In
natural choruses males are fairly widely distributed and,
since this type of temporal organ.bzeitj,on leads "to a
triggering effect, the dall of one individual sets off a '

«:

Chain reaction with other individuals and the calling
appear's to spread in a $equential' fashion {see Figs. 2.3:2
and 2.33). This typ.e of chorus organization is best
described as aCseries of call triggered responses (see' Fig.
2. 34A). In the acou~tic broaclcast' experiments a, .stimulus
~as }lSually fOllowed immediately by an evoked response.
This type of .;temporalorgan.ization,. although involving an
al ternation of le.ader-follower calls t is not considered to
be antiph(,1'IY.as this ter,ltt is generally used to describe .a
reciprocal altern.ation of calls. In a.nti~honYt a ;rog (the
initiator) produces a call ana after an appropriate delay

i') 77,
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a;nother frog responds. FOllowin.g a si,miiar d.elay the
initia,tor will ca).l ag~;d.n and there appears to be a

c . cY-·
reoiprocal interaction~between the tw-p:frogs, each of Which
waits for a similar time period tG) pass after the other's
call, before producing its own c~ll. With this type of
interactio,n the time intervals between all calls in the
sequence are ~.;i.mila1". RoweverI in call triggering, it is
not; necessary to have a reciprocal response. One frog
calls immediately after another I s call., irrespective Of
when.the initiat,or produces it's call (Foster, 1967; Eosen

c-

and Lemon, 3,,974).~ - This type of organlz;~t.ion results in one
individual becoming a leader and the other a follower. It.

D

has not be~n demonstrated. in this study that. a leader
consis-cently leads although 1 from p~;rsonal observations I

switch~n9 of'leadership in K. senega1.ensis is a relatively
common occurrenCe. This is very different t.o the

>;_") i

'~j arrangement: found in antiphony where'the calls of different
.individuals are separated. by very· similar time intervals.
consequetltlY I with an antiphonal sequence it is impossible

r; . .

tp decide whj:,ch frog is 1eading or following (see Fig ~
2.34B) •

f; (I

(}

The results 'of the broadcast experiments with I<. maculata
(;

shoW that this species responded to tht;{ broadcasts by
al ternating their: calls with the., stimuJ.i. ~'here was an
inl1ibition Of ;r.esponses within 0.6 s from the onset of the
st:ixnuJ.us, with most of th!= responses occur,ring halfway
through the stim1.1lus .c:!all pel,:'iod.. This tyP(;\ of call
al ternati6n probably exists as true antiphony bet.ween two

hi)category: 3.: SynchrcnOll.1i.responses

Alth9ugh {!. :tornasin.ii produoed most of their evoked
o 0

responses ,,,ithin 800 ms :fromthe onset of a stimulUS, their

81 II



()

II
,f(

o
callS'r were relat.ively long (x = .2.2 :r:;, ± 0.3 s) 1 .an~Fthere
was /considerabl, ?v.J,rla~ "bet~~~n tire' stimul.~s .a~d. evoked
response.s... Nearl~J~O% of" the cal~/s pl'oduged du.r~n9 tne
broadcasts overlapped, with a stii~u1:us .., 'This type. of

" \1
organization is ".termed synchronous o!alling. 'l'h!s should be
differ~n:l:iated .:from the use of tbe term synchrQ.nous in
descr~J~ing the responses giV,-en b:i some fro'(Js such as
E.CQQ(i:1. (Narins, 1982a.), H.. ebraClcata, (Narinst 1982a;

-, Ii. .. .: 'WellSjjand Scl'1'wartz.,1984ai Sch.wartz and Wells, /.~~4a), H.
phle;joCles I (Schwartz and Wells, 1984b) and H. inicrocephala.
(Schwartz. and WellS, 1985). WhiCh, ~Uthough .fsynohroni zed"
to the stimulus (i.e. a precise tempo,ral rela:'£ionship
'exists between the sti-mulus and the lt~sponse), are de~inea
as,',responSeS tolhich occur within 1 ,:s' of the stillJlUlUSonset
(Wells and Schwartz j 1984a) ant'\, 'occasionall.Y exhibit a-
small amount of overl.ap.

a

.r!ateg.Q#Y4: urlQrganized respons!',;)s
ifn

o

Of the five species studied, only Sine f&tJ.~d to exhibit any
forlJ\ of temporal relationship wi,tlh the stimul;i,Jt7~ simple

: ." o ., '.', V It U

aco1.lstio broadcast experiments edt different repetition
rate,s pto Hyperoli,us marmoratus f\i~iled to identify any
:t'esp~~nseto the broadca.st~~ ['empor~\l relationships ".between
the, ,Istimu1us and the s}1bsequent 9all Of, the.. f1;'og were

, .d . . .. ~

anal.~~sed and, ~di$played a fairlY u~liform distribution, of
stimtLlus ....response interval.s. Lemon (1971), pointed out
'that/ if alternat!ion were preoise, 'there "shoul.Ct"be a mode

I!

in the distri,buticn of stimul:us""response interval.s, This
was illot appaz-snt; in the broadca~:ts to H. marmora.tus,~
Furttlermore, when the 'intercal.l int\~rvals tecQcrded b~fore
tlae experiment, during the broa\p:cast al)d after the

. (.)

experiment were oompared, no signif1~cfant I:differences were
found. The ifrogs called 0 at i~heir" initial rates.1

\\ \:
irrespective 'of 't.hG;,P-qoustic broadc€l\f3t. '].1heonly response
to t'Q:gular repetition ,rate broadca~\ts was an ag<:rressive
inter~\ction when the SPL of the ~~oadcast surpassed ~K

~\ ::_::!/ \"
\ '(I";~ ..

\\
\\

\\
\\
~I

\\

\\



o

certail)\"threshold (see Chapters 'three and fOUl;). A.random
... _ (, - - - D

:t'epetition0rai:e broadcast was presented to H. marmoratus
males in a ,'further attempt to determine whether a ..,tenlp6ral

~... . . .' u

relationship existed between the stimulus and tbe frog's
calls. Again the animal,s continued to pzoduce.. calls at

o I i'

apparently unaffected, by the -randomly
',lack of 1;,emporalchorus organization
t,o th.~ acoustic behavioul:' of 1£. t,

their l.1l'itial rat.e,
;)

place¢{stimuli. lJ.lhe
(~"

may be at.tributed
ma.r1l1oz:atus as, well as the ·,nature of their spatial
distribution. Tl~,ese frogs call" at very consistent (.

\ II

repetition r'at'es and, "if unc:tistupbed., ·call continuously I

with very few pauses (~ee ,Chapter' six. 'for more details).
'Each~,frog calls" a.t its own. intrinsic rate, 'whiCh is
independen1;of snout-vent length, but positively c!orrelated"

n 'with ambient temperature (s~e Appendix C). This ratei$'
Probably set by a central pacel1.takeras sugge~ted by LOftus
Hills (;tJ7'4), who presumed that the central pacli~makerwas
influenCed by exterIlal cuessSUChas :temperature. +A"Io order'
:EOI' consid~rablQ'" tempora).('ove:tlap to pcour be:tween;,"the
calls of neig!lbquring frogs t they would have t:o call at

~. '.

'e,~ac~ly the' same r~te ana start at: the aame time.
obv,~buslYI in natural populations I this.is a: very unlikely,;:;

tinder natural conditio);'lsI fl. marmo;ratus
" ... i."."

ofter\> appear to '.'call in an. an,tiphonal seg:u~nCe:qut. this
would be due to chance alone. As pointed out by Awbrey

(;

(1978) t call alternation can occur by chapc~~,if .poth frogs
had similar call rates because of similal;'; body temperature.Ii"
Also Lemon(1971) proposed that alternation of calls ..can be
expected to OcoUrby tlhance alone when intercall intervals
are equal tq '()r longer than the calls themselvet1, e\)an if

1\ 0 !.l

the frogs are I;:!all.ingat slightly diff~l!'c;nt f"flj;es.(~=I:f,this 8

J.,s tll,e case t l~eriQdsof altebn~tiop "fol).(iwed,;,by periods '~:f§

oyer-lap I .and then .a>~eturn to: ~lt~;n.a£Lq'i'll d !'Wouldl:;)s
c:' .... '.. . ", .' .' . \:.\~, ." ,,:, ", o ~'I O. .E,' .,'" 'i .' ,'0~~: - "e

·'hE!!a:rcd.,o In 11~'.. marmorat4,s6' the .eall ·d.~ about;· 10'% oof the
average' intiti)lX;Oall ;inta~r.va.1 arl&\.lpon e,x!~ptining stimulusJl

o . ) ,

tespon~e int~l~vals it can be see'n~'t.)J.a~ 1rhe" temporail
relatioriship regulJrly drifts from a bout of 'Jalternation o

iJ

,','

occurrence.

o
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through overlap back to alternation.

The central mechanism of chorus organization

o

Although there appear t.p be ttlree distirfbt categories of
chorus organization e~hibi ted by these, four species (call
triggering, antiphonal calling and synchroncue ca:Lling) J

these should b,e :regarded as three arbitrary "divisions
within a cont£hvum.
The commonfactor underlying these three types of· chorus
orgariization' is the d,elay between a frog head.ng anothe:t-
call at an appropriate SJ?L and responding tdth bis Qwn,

\) .. . . .. . . .. '

(;lc)UI• Depend.i.ng upon the delay and the length. of the
call, yarious types of chorus organization can be, ~;i~hi~v~d..
For example, if the delay0 is fairly \'short. (e.g:' :>'00 tl\s)
then" this. can give rise to either call triggeri11g (in the
o t>

Cq,se of species with €Iho:rt d'l.lrat~iorl calls h. CS1~e F~~-1.
2 .35A. i) i or synch;l:on,pus calling. (i~~!)~~~.eries~lth fal.rly
long dur.at'ion ca.lls) (see ,},ig. 2. 351i. iii)')).If the' delay ds
equal to the sum of the call :atirc:l"i:ion and half thr"

') (/

int,ercall interval: to t.hen an ant:i.:ehQ1'lal,sequence" wi101 exi"st
(see, Fig. .2 • 358. i') . A" species wH::.h' a long ¢a11 as well a}::

:)' ,'j . .', . ';, ~)a long delay will eXhi:l:)it a type ('f organization which"was ,
not found; in the;~species incl uded in ;this s'tuay. If the
) j}. '" ", ;,i ',' . .... . ,',. _ . ". .. " .• c,

delay and the intercall inte;r;val were both equal to one
call duration" then a type of antiphonal call triggering
would exJst where the leader .... follower status was lost
(see F,i&V2.l55. ii) • This type of chorus organization may

//" "

e~ise/ in some south At1',ic:an speci.es of Bufo and
PhrypObatfacnus (perSO~al o~~ervqti.Q;ns)"b~t further,; st~die,s
aJ;:'e nose(iea. to" eluel.date the °aQtual (i forlt'", of ..chorus n

ofg:a.nizat.l:on"e~q~b.i{~a;;.bY~~t:h~S~,,&'~p~cies. ~"d ')' t» I,

Based 'I\\~im~st(J n'entivelY '.'on cpbservaticn, %uell~rn il (1967) "
offered a basio Gategorizat.ion ,.of tempol:'C'; ,,~Ao/~patial

, .. . ",' I, _/,(/ ."

chorus 0organization. This has been widely aC(';lep.fedby many
a ,5tutho'ts althGugh it has not been"tested experi'mentally.
cThis cha.pt,er is, primarily concerned ,wi.th. the temporal

(.0
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org~nization of chorus structure and t;he spatial
relationship betWsen calling frogs is not addressed' here.
Duellman (1967) suggested r. that his 'ca.tego.rization was
SUfficient until our knowledge ot0the calling behaviour of
frogs had peen ex'tended. Since Ouellman's study ill 1967

"..there have been ,.new reports on the temporal choxus
Brganization of at least 45 species" of anurans aneL-.it .is

" ...• ..•• 0 \)'now necessaFY to recateg.orize temporal chorus organl.zat.ion
of anueans in the light of these findings. From the
results presented in this chapter it is clear that firstly,
chdrqses are either\\ temporally organi2ed or shoWno active
form of ,temp(:')X'alorganization. sedon¢ily, if choruses
are temporally organized ..then the type of organizat~'on fits

\/ .." , co>

into three arbitra.ry categories depending upon the delay
'.' v o O

"be.tween the onset of the stim;ulating call and the
ini tiation of th(€,;,response Q

There are published reports o~) the form$ of chorus
organization of at least 85 species.' of frogS I all of which

", c:,

fall into one of the cat~9,'ories proposed above (see 'l'able
2,.7) • (j

'l'he different types of chorus organization exhibited by
species previously stUdied by ot:her alithoX-s.

/j

Bttffo spp (various)
D 'i\

COllostethus tri:nd.tatis

i/ /~~/ ~

.J1Il~~lmanl 1967
~ells (. 1'98\)

..c>

/)rifnarobates bis'tr.ionlcu~:, Silvel:'st~ne, 1973,

Elev:f::he:r;odact:ylus fitzi:n.geri ' Duellm.,~nI 1967,.
Gast;rotheca cera''l;op,lJ[Y{1
1.typerol;ius mar.moratu}i'~"'·
Leptodaotylus labialis

Duellman, ;1.967

Bishop, this stuqy
.0 ." I.• ))

Duellman, 1967
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o

Table 2.7 (CQht.)

DuelJ,.man, 1967; )3rattstrOl'n and
o

Yarnell, 1968
o Duellman, 1961
Weygoldt, 1976
'Wahl, 1969
Duellma.n, 1967
Duellman, 1967

Leptodactyl.us mela.notlatus

Pllyllamedtlsa spp (various)
Pipa carvalhoi
Rana· .espulenta
Rana palmipes
Rbinopnrynus dorsalis

('L~U tniggering (29 species) ,=

Crinia georgiana
D~.ndrobat~s pumilia
Eleu7;heroaactyius.coqui

o Q, r)

lneutberoaactylus diastema
El1-)utqeroaac,t(.yJ.us

Cl:rtllliaensis
" . ."

Eleutllet'Ddaatylus
portoricensis

o

Engystamops ~ustulosus

Hyla arporea
1J.y1acruc:i;fer;J

a

By-Is. elaecu:inroa•
o Byllf meridionalis
Hy1a miar.ocepbala
Hy18. pb1.ebodeso~~------,~------------

17

'r\ 0
\.1'(",1

':J,

Ayre at al., 1984
Bunnell, 1973
Marins and Capranica., 1978;
Narins, 1982a; Zelick .and
Narins; 19821 ,..1983
Duel,;lman, 1967

Le.nlOh, 1971

zelA,ck and Narins, 1983 ' "

~:~~:;~s!:::1a~:e~~::~l~'
1968,
Eib+ ....Eibesfeld'l:., 1952
G9in" 1949; Rosen and ,~emon,
19'1'4;: Fellers, 1979a; Lemon
?l,nd~Struger, 1980.

c _ ._ _,...) _"Narillsi 1982;3.; Wells and

()

(; ilS(£lhw~trt?I 1984a
Oue11man°, .*967

opai].lette, lJ)76
Schwartz and Wells; 1989

v
Schwartz and Wells, 1984

()

o
(l .
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Table 2.7 (coUt.)

II

o

\\ U

()

Hyia regilla

8yIa rosenberg'i
Hyia versico.lor
Kil:sstna senegalensis

Limnodynastas dorSalip
;

i~hrynobatraohus na:talensis
Phyllo,bates' Iugubr.is
1?hyl16ba"tes vittauus

/1 '

pseudaoris 'nigritii.

Pseudacris streckeri
Pternobyla rodien$,

c

:Ra.na oatesbeiana;'
soaphi.opus bombirrons
semnodaotylus wealii
smili~~a sordiaa

C'

SI;lyderand Jamesofi 1 1965 ;1

Foster, 1967; Whitney anal l<:r:ebs,
1975a,tcAwbrey,1978
DueLLman , 1967
Wells and Taigen, 19S1S

1)

Wiykler and Seiht, 1974:r

Bishop,this study
(',Loftus Hills, 1971

stewart, 1967
Duellman, 1967
Duellman, 1967
Martof and Thompson, 1958;
Hardy, 1959
Loftus HillS, '1974
Bogert, 1960

o Capranica. t 1965

Bogert, 1960
o

\1

Bishop, this study
Duellman and ",]rue:6, 19f;i6"

c- c

o
Allhiphonal calling (37 specie"s);'

\'~ -

Aly-tes, o, obstetricans Heinzmann, i\~70
Atelopl1s ohiri.quiens:is Jas,~ow ( 3:97911

Bombinetbombina
Bombina orient~lis
Bll.fo regularis

(, Eu;fo 'woodbc::iuse.i jf
''-I

o
I)

:511:[0 woodhousi"i fjowJ.eri
centl"Olellel1a rleiscllmanni
*EleutherOdaotyl.''''' ....>

'-:-'

aagust.i:"i latrans

c

I{I

Walkowiak,. 1992
wa,~kow;hak(1992
Wickler .and Seibt, 1974,
SUllivan, 1982a"; 1985:,oSulJ.iva:n.

o (i

and ,~e~k,' 1986o '. . Q

G:l"tenI J-993
Duellmap, 1967

c/o B G

()

o

f/ \)

Jameson, 1954

o
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Table 2.7 (contt
o

'*e:!eutherodaotylus
oakencieni

Epipedobates :eellloralis
*Gast:i'ophryne (Mlorollyla)"

f1arolinensis
lIyla a. arborea
*Hyla a.' meridionalis
Hyla 'fa. savignyi. ,;
Hypell'O:!ius pictus "
.Kass.J~.Q,alru:t9ulata ,;",
L(p't<'.IdaatylU$ albi:r-:~f)ris

, , , "/ r/'''',
Lept<>aaotylus lllela:w:motus
*.r.epjcoaactYlus pentoaactylus
)?hil~autus l~uaorhinus
J?olypedateS maoulatus
Pseu,aacris'"t ~ triseriata
PI tya1haden.;tanchiet~e.,
"\ I \6,. ":"

r}

Pt,yohaaena lllossallwie:a
pt.yabadena oxyrhynch.us

\\

Ptya])adelia porosis sima
ptya:tJadena tae12io$oe11s
'*,Rana cl'>.illlitan:;;
*.Rana orassa
*Rana li.mnooharis
*Ra.Oa porosa b:psvipoda
*Syrr;h,ophUS lllariiook,;i
Smilisaa bauditli~/'
Smaiisaa pha(i3ota
s:mil1:saa "puma c

uperoleia rugosa G
o

o

DuellmaI1, 1967
[I

Roithmair I J.992

Anderson, 1954
Schneider, 1967
Schneider, 1968
Srzoska, at a1. I 1'982

Stewart., 1967
Bishop, this study
Moore e,t"al. , "1989
:fiiooreet aJ.,., 1989
Duellman, 1967
Araki 19831:>
}sarlama~iiat a1. I 1993
schmidt...1964
stewart," 1967; Passmore, 1978 ..

o 19tH
Pa'ssmore" 1978
stewart, 1.967;~Passmore I 1978 I

1981

\',

passmore, 1978
Passmore, 1976, 1978
Wells, 1978
Kanamadi e.t a1. t 1992
Arak" 1983b
shimoyamf,\,01993
Jameso:n" 1~54
Duel1man g,nd'Trueb, 1966
DUeilman qnd'TrUeb, 1966
Duellman, ail<i True:b, 196t"~ 0 ~

"u

RObe:rt~on, 1,984
Co le';

o

89

.() <:



o

Table:/2.1 (cont}
(1

SynchrqnoujScalling (8 species): [)
/ifrixalus ,.forilasin.ii BiqhoP, this study

"

BUI:o americanus Wells, 1977a
EUI:a cognatus,
13uro Ptlnctatus "_ I;

CentrOl$llella~nulosa
HYP61:o1ius pul(otioulatus"
Phrynomerus annectens
smilisca 5ila

BroWnand Pierce, 19'67
sullivan, 1985
Ibanez, 1993
stewart, 1967

a
channing, 1976
'ruttle and Ryan, 1982 (but see
D:uellmanand Trueb"1966)

Frogs markeg with an asterisk are on~~.which have not been
~.\~f "()

$uff,i.ciently Situdiea to asoertain the actual, cal! pa.ttern
in choruses, but have been stated to alternate their. calls
or exchange calls.

5.si1a has been placed in the synchronous ca];ling category
although Dtlellman and Trueb (1966) claimed :that "males

o . .". _ 0aften call in duets II • "The cQnfu,sion ,surround,ing this
\~\
species agaih highlights the problems of purely
observational data '. 'Altr,?ugh it. aplears~that s, s~la call
in du(;:!tsf experi:m~ntal ''investig~iol'l has shown that :most

"c- ., 0
of ,theb: calls actUally overlap with a l:>roadoast calle
('ruttle ana. Ryan, 1982).

o

A. common fee'ature of frogs which, lack temporal organization
is the short call duration and a regular repetition rate
e.g. t», tr.initatis has calls .which are 30 .... 5'!"l ms long
with ancinterca.ll interval of 0.2 sjtwells, 1980); R.
eeeul.entza has a call dUl?ation of 40.1._ 6:0 ms repeated at
regular intervalS (Wahl, 1969)1 :£).. histrion_icus produces

" C)
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1.1 () three calls per second (tller~,torla, necessarily of a sl1.9rt
duration) with a ... regular· repetition rate (Silverstone,
1973); 119 marmorart.us has a call duration of 100,ms and a
very regUlarJ~epE:cition rate (this, study).

1t appears that, in sp.ecies t,lhich l?:F0ducevery short
i~uration sounds at regular intervals, there is little need
for tempora.l organization as call overlap or interfer.ence
-Ls unlikely to occur to any gr!3at extent even in
unorganized choruses. 1/

\\

Frogs which exhibit the call triggering type of temporal
orga.nization have a very short ,d.¢.la.y from. the "beginning of

/;

the, st.imulus call to tIle initiation of their own calL.
'd

With the si~ specie~that haVe been stUdied in detail, the
delay between the termination of the stimulus oall and the

\\. . .. .:

frog's responSe varies> from 27 - 420 ms , (L~ dorsalis,
Loftu,s HillS, 1971,; H. crUcifer" Lemonand Struger, J.980~
li ". . ....~ . ~. .
H." regJ..lla, At~lprey,1978; If •. crucifer, Fell.ers, l;979a; E~

aoqtiir, li. ebraq,cC!l.ta, Narins , ;L98za~ c. georg i.ana, Ayre at;
a1. , 1984) • ROJNever, during the broadcast of fast.
repet~ tion rate stimuli to c. georgiana, Ayre et al.
(1S\84) found that, al·tl1ou,ghthe responses Were still call
triggered, they were also synchronous and Qverlapped with
the stimuli. T~ey concluded that this was probably nan
artefact of the alternation process" r Xloting"that frogs
woUldnot nol:'lnal1yencounter such fast. repetition rates.
TWOspecies 'studied in this" report' produced call triggered
re~ponses. Kassina senegalensis produced its calls within
200 ms1 and S •. 1'Iealii within 500 ms, from the onset Of the
stimulus. (J. I

Even with the" double and triple stimuli presented to K.

se:negalensis,':most of the calls ,were produced within 200 ms
from the ~>nset of the fir't:!:t stimulus. '.,¢~~1~1)results
suggestl; that im. natural chorUses, Qna f~<:tq:(±~~~~~-C~lland ."",

\"> ... ' . " ". '_;, .,~{ _ .'. ;.-'.:) ~~) '~,~,.:' ;~}'-,J.,? \! ~<~;:'::,:<:i>"

others nea"rby woulg re~;pq.q~~,~}'r~'\::t~l1l~~;;~,:.;.(ll:~?)~?\}~~SPo~ded
after the' aame call ..trig<J,area\~,~~~~!j~fr::.\~,~~~:~(,~~~~~J\r~dan a

.: It \&~~\lF'~\:,IJ/ 11\\s !J'I .~ j, ~\
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r·······\ '" "';
considerable \.a".lountof 'o.verla-p. From F~h 4.:32 it can. 1?oe
$e~n .that the ~a~Is of in~i V~?UfJ\S; ~lt a 6~atU'1:~J,och~tus I

actua.lly spread 1n a sequertt1al fashl.on w.lth veryol1ttle
.overlap~ However, the broadcast of two \r thr~e .~t;,i:mUliat
exactlY the aame"sound intensity, simula€e:s a,:o."'Unnatural

I) '.-' ji

si tllation where it' appears that the ,palls c alte ei thar
produced by one super-indiv:ldua'l "'or by, two or three
individgalS exactly tbe same"distanqe from the recipient.
N6rmally the,males of th,is species· distribuee themselves

r~:~:;:;:~:?!E:::~u;~!~:~;:~i::~~;~~:1t~:~~
when .'8. frog hears a segu~nce, "of two or three palls, one

" call will be, cons.~:aet'''l>iy:'-~<1'er...ctha, tne o~l>"r$and",~t is
this call that the frog', re~f~ol1JiStd'~ Th~i"e is ~,so a
slightlY higher numbez-of call\\ triggered respoi;lses to 'the,

, ' ,,;;' ?~~

second and third stimuli t.han in the remainder of the
stilnlllll~\ call peri6d.(see Figs.' 2.,22 ahd 2.23)~) This

\\, " , '", - "- "'. <_ ,,' ',_. ,', '",~," - - ",:, , ", , - - '
pt;,obably indicat~~ ..ttlat 0 the, first stimUlus. was presented to
a subject during its" ref):.actory period (Loftus HillS, 1974)
and the SUbJect was llnaNle to call until. 'after th~ second
,jor third st1mulu.s: ff o o· C

<. :..,~~,

Very few detailed studies' on antiphonal. callin<:r have been
car:l.·ieg. out., ~Y; Most authors simply re-por.t ~perf,ect
alternation 011 one frog calling in the periodS of 0 silence
between anothc;r frog's calIse. Arako(1983b), working on B.
Leucortiinut: I found that' the inte:qrals between tlle E';1ndsof

, \ I c'n

the calls of one indiviCiual and, the" onset of a follower'S
"calls were fairly consistent and always over :I. .• ~}/( s, This

, 1/
is' sillll.lar to the situation found "in K.. raaculata in this"

r--
stUdy whet'e the majq.rity Of the,"responses occurred betwe~n
1 ....2 s after the stimulus began.

,I!.:

The t~rm "synchronous" has been used to describe the~i,kind
"'i', ,~'" ," , -_._",' ",'. . .. ... .. ;',~7

of temporal interaction between the calls of ~several
o

spec.i'es of anunans (Well$/i\1977a,; Narins" 1982a; wellS and
o
$chwartz" 19f4a; SChwa~tz and Wells I 198.4a; ,1~85)•
HoWever, authors have U~\dthis term either' 'to describe

92
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, .d~)
1_ _.jr_i-<j

animals which" are acoustically active 'at the, s:ame fi'me?
(Wells I 19T7a) o~..animals which have<,~'::t:l;1,stil1cttime-lqqked
relatiol1shi,,'p ,.'between their (Jgal,ls atici -the stimUltig~\-<i'.e'~

., . '.' .• , '. '.... . ,f,', _" . ':, _",.-.

their calls are synghronizea,t,o/a'}.e~rtain.<,stimulus alth9ugh
r} _. 1/ . . ,'.', ,', __,. . ,. \' . . '. .' ... ' .. ' ',.. ,; . . '.... " ,',_ _. ," _ ,." .. ,_//
,th~Yl;'donot occur sfmultaneotl~l)O, (JJ?;ins,. 19a2a\; weJ.y\~a~ _
schttt&rtzt tL984a; Schwart'2 .?in(l;'Wfe:lis, .1.984a, b , 19Sf-'}. '!the '_)

,'_ ., . _ ." " " .' . J:)', -:'_" , ,~.' . .' i'. \':-:;-'\i::i:~e;:~~,1st:e~e:~~~~;c=;;~:::~:·:es~~;:~:~r:~
'activity of ,many~insects (e.g., Walker, 196$1; of:t~.,u 191'"7;
Greenfield an4 S ;;tW, .1,983; Greenfield and Roizen, 1993).

"Walker (1969) -r~l orted -ttie precise sYlJchrofiou~\Calling. of
i:qe' snowy i:re~ c~icket (O~fant:bus fu~toni) I Wh~f~' during a
sequence of 100 consecutive chir,I?\s'between tWe>r{):males,all
calls were ~ynchrpnous with one call just(~ f6+lowing,-~;..he
other I with an ~yerage delay between t&eo OllS(_;t of th~ first
and second call:t:I.1being 27 ± 17 ms., He also notep. tha:l:. the
leader changed T74 times with one ind\vidual le~din9 5].
times and th7p~her 49 times." h 1\ o

otte (1977) proposed a classification of acoustic
interl~ctions be twe,en male o~thop;era. 'he divided

o ,

inter~ctions betWeen calling males into two cate90riesf (A)
, ,,...,

Randq:macou'stic acti vity, wh'ere there was no eempo~p.l
relationship between calls of il'ldiVidUals, and c (a) non-

•. '. . . G Q .

rand.om.acoustic activity,. T:t!.is latrcer category "has been
'" .' '. \:;" jJ;;'

further" divided into'{:,\1nsYz14ihronized calling" .."synchroni I
n

alternation and spacing,.. ...." a , -
True synchrony, as, ,gescribed, above, :iis ;y..~areamong anur~ns
~Tuttle and Ryan, ;1982) 0 Although syn~lif~ou~ calling has
been repo:r.~ted:-;'in at least 8 species of "anurans, in m09t
Cases the extentw,0; synchrony ~'1asnot f'\tl.ldied .anu may be
the resuit of individual's bei!l9' acti V'¢ at the same t:tm~
and/or the chor1.l,Sbeing unorganised. Rov-aver, Tuttle and

«(
Ryan (1982) I d.iscovered th.at {jlen $milisaC! sila is

fl' . . iP·. ' d
presented with a t3imple call therl;l is a tendency fC,r males

!-"

to pt'od1,lce synchronous. rather th'an as.ynchronouS responses ~..
There"may be !5;'.')i)el~ctive ady-antage in producing synchronous
calls SU'C,1 bats (Trachops ai:r;rhoSu.s) l,.lhich prey upon s.,
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~:J.la lQJ.::~te'them v:La auditory cues, ana are less likelyc to
°respoc? t.O .synchrqnous p,~l;t.~ than lOP"aSynohrc>nous' calls.
Atr:J.xalp.s :forllas~ni.i also produoe' synchronous> Q~11s but it
is unlikely that tlti.s .,haS any benej::i.t wit~i)respedt to
predation as there 9re no ,,~nowripredat~:is which' locate them
by aooustic, cuss alone. The significapce of this >t~'>peof
organizati6'ri ic::,.(,Uscuss~d in Chapter th~e .• 0 .'

, II.2.4.4 Summar~t:) !

C:q('.~rus,organiz~tion exists in most. species Ilof anurans and.
C) should. be viewed as a contJ..mlumentbraoir.g alit" catego);:'ies )of
), orga'hiza~iton. Ii The type ~f or<1an~\zation ~~Xhibit~d by a
spec.tes(Jldepends upon th@ dur'~tion of the caih and. the time
delay between the onset of the stimula·t ..in~~call and the

..::::.tr~!e~'~;~::;~':;tslt:i:ns~h~C:es:~:sa*r:::~":::::
o . ' " " \1"

remaining ohapt,er.~ "!ofthe ,thesis. '~
" "{l d}, ~\\

'i.;~ s}'

\\
'~

? \

"\() .~

\..~
\\
'\~:

\i

t
o i

o

o

o

z' a

/1
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TliE FUNCTION OF eHO!.,"(USO:RGANlZATION

i\

o

() . C1

It pas lyren we.ll. dPQum~flted'fhat cmany species of animals
to:t'mla:t'g~ bt:eeuip..gagg:t'egations in Wpidh the m~llesl?:t'oduce
calls to att:t'act fem~les. (e. g. 0 Walker r .1969; Alexander p

1975; Wells 1977af"b; Otte andcLo:1.:tus:Hills t 1979 F cade and
otte, 1982; Greenfield,. 1983; pallett\and Pass,more, 19a5).
In choruses of anurahs, males assembl\ at b~eeding sites
using., phy:!.tiologioal ahu environment~l cues: 0 The
advan;t.agesof ttarticipa-cing' in a chorus ah,e: :1. ) a chorus

) ... \'

can advertise it~elf l!lore cont:i..nuously, ih both the sbort
and long term (Robertson, 1984) than can\,an i!!1dividual i

\\
and 2). a chorus can be perceived at a\ much greater:;
distance than a single calling individual (Griffin and
Hopkins, 1974). However, participating in a chorus has
two main disadV'antag~s: 1) co:mpetition amongmales. In "
dense aggre,Jtions, of calling ~l1les there is intjsnse

•.. • . ..... . 0_.. ", ;1,;competn,tl.on for poth space and' .femal.es • 2) Acoustio
interference. 'rhe sonic environment of choruses is
extrenlel.y complex and males have to comnunf.catseagainelt.
very high levels of alnbi~ht noise and acous-,tic
in'terference.

<1
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'0

AS.anurans do no'trt possess sharp spectral filters with which
they can .,extract biologically relevant information :f.r.om the

!: . -> () - - - ,)

bac:.!>ground~oise, it is necessary for th~m to ut.ilize the
time domain in order to' cort1lll1lnicatespecies-specific
information (Marins and Capr~nica., 1980; Narins f 19~:l~.b).
As") discussed in Chapter. two, .'an effective way of avoiding

o fl

acous+Lc 4,nterference ~or jamming is for. an in'dividua~ t.o
~D - ~"

produce its call, at sr> a fixed time" int,e~val after a
nefq~)bour's oall, thereby .producing 0 a dilStlnc.t call .with
an"increased chance of det,ection. 8y tenlpol"ally organ.izing
t.heir calls l\la~es llre able to miniluiza. coinpetitien and
acoustic interference~
The.. consequences of \ tempor~l ca.ll ot(janization are:
firstly I their calls m£iy:, pe more easily located by females
i •e . their calls are mor.e acousticall y conspicuous p and
sec!Jndly, their cal.ls may be more conspicuous t9 other
males;. Males cQuld then -space themselves acco~d:im91Y:which
may· ~ncreas'e their spa;tial c~:mspicuousness to fema!lf.ls (Arak," ,~J(g
at 13.1., 1990)~

3.;L2

suggested that. ii j~e:mporal.
. " I·

acoustic int.erfe:d,~~lce and
c • :1

increases a male's locatabilitx (e~g. Cody and Bro~~i\),1969;.
Loftus ijills, 1974; Rosen and Lemont.1974; Wellf=l,19778., b: 0

Awbrey, 1978; Narins, 1982a.; Zelick and .Marins, 1983;.
II

Sohwartz and Wells 1983a, b, 19J~4a";ROsEl~,<abd capranion,
1984), there is Verlr little experi:ment~l evide.nce to
support this idea. Passmore and Te:t~ord (1981) showed that
female eype.rol:.Lt.1s marmoratus located speakers" broad~asting
simultaneous calls as aocul'ately as those broaddi'tsti~9
alternating calls_ Thoy demonstrated that' temporal
separation of calls does .not; increase the locata.bility of
:males i~ this speoies. Schwartz (1987) also fo\tnd t.hat,
in three species of eyla, te:illporal se~'aration of signals
did not increase the ease of local~~ation of' males by

Although ,Jtlany authOrS have
erqatdzatid)n of calls reduces
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o

,females. In cont:t'ast t :rllafi~z (1993) found ,that female
"oentrqlenella granulosa act~allY, prefer, alternat:i;n~t galls
to overlapping "out-of....phase caJ:ls t but not to over).apping

\)

nearly in-phase calls.
\\u

3 .1. 3 $patial c~nspicu~usnes:t( (acoustically conspicuous
1:0 other males)

Q ~

L~mon (1971) wa.s perhaps first to sugge~t that male
anurans alternate thei~ call' .in'order to maintain cartai'n
spatial relationships with ~fl~~ther. Al though' PassmOre
and Telford (1981) SU9}ldted that call alternation may be
rel.ated to male spacing it, has only recently been
d.emonstrated that male anur'ans 'avoid call overlap because
it impairs their abiH..ty to ass~ss the intensity of their
neighbours calls and the'ir a,.b'ility to transmit information
to potential nlates (Schwartz', 1987) •
In order to assess th~ fllnction of the temporal separation
of calls l.t was necessary to b;roadcast a' conspecific oall
at el{actly the same tiD'li3as the cal.;t.c- produced "by t.he
subject. However,.'\tliAi:stask was surrounded 1;>yteohnical

,;. . tl

problems. Howdoes.,o~&predict when the frog was going to
call and then init.ia~~e a broadcast so that it exact.ly
co:ii'~,aidedwith ,the '\'!fr~\g/s\call? Furthermore, if one is
b:t'oadcastillg to a \ 1f\{~09 and ,. recording his respJ(~nse
simul taneoUsly t how\ :& \"7he problem of acoustic feedback
avoided? These d\iffit~ulties were overcome using a

\ ,\ 'XI i

soph.istiaated e.xperimel;)tal de$ign (for dstaLt'~ see
Ma'terials and Met.hods of this ohapter) enablin~ the
\I

broadcast af the frogts owncall. at varying intensities, t.o
be initiated at the instant of call production, without
being obscured by acouscf,c fe.edbac.k. utilising this

, " 1/
procedure, and another one in'\l'o1.ving del.ayed broadcasts 1

the answers to the following questions were sought:~
1) Does a frog' behaviourally ackno~\fladgea conspecdr ic
call .broadcast at the exact time of its own call
production?

}I
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'2) If not, what delJay 'is rt"""ssaI'Y, :ftom,l: ¢ndc
:ma~e~.:::;:}~('ca11 .to the ,be9·inning of -che broadoast oall t to
produoe a. ,behavioural response?

~""".

An investigation into "the fUl~ction of cl,horus organizatt ~.~'Tf.. . ._s"' .... ,."'.""_,··,

w'~s conduoted by examining a) the res.ponse of males. of
I, ... .. ,,' '!) "v

threE! specfes to broadcastti, of .their own calls at the
preoisE;\ time of "call> production, .and b) the re'Sponse of
WaleS 6f on!;) speoies to ~'roadcast$ of ;'their own calJ,.s at.
varying delays after oall produotion."

{j

Ii

} \,.
I.

c
o

o

I'll

a
\~

i)
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3...2 Metbsds,
o .,

species

o

, 'l'he species used in these experiments 'I were
Eletltberodaatylus aoqtii: I lfy)?ero.lius marmoratus, and
Senlnodaotylus wea1.ii. For a detailed descript:thn ot these

c> species and the study sites see. qpapter one and Appendix ]3,,,

113.2.2 Simultaneous broadcast experiments -:
,J)

A di~g:r:;J.rnmaticrepresentation of' the equipment used for
simultaneous broadc~stJ3 is presented in Fig. 3.1. The
experiments involving E.•aoqui: were performyd in Puerto
Rico, necessitatinq:: the use of di~ferent equipment (the
differences are presented in Table 3.1.)4

Once an isolated calling male had been visually located t.he
o

response and :t1elaymicrophones a.nd loudspea.kero(or speaker ...
,II ." :0'0

amplifier in the case "or E.ooqui) Were placed as cIosce as ~
-~,

possible without causing disturbance (1.0-1.0.0 om). A
c;,

natural calling sequence was reCorded on tl:!e relay tape-
recorder for 4 min, or for 1 min on ,§l/Con~Uiuoustape loop

\',--~for E.coqui and was later used 0/ as the unsyrrchr-ond.aed
(

broadcast sequence. .('
simult:~neou.s broadcasts Were achieved by connecting the

(J -:--". ,,"speaker"'a.mplifier direqtly too t.he sourcszt:,monitor'output of
the relay ta.pe"'recorder. "The relay tape~recorder' was set'
to the re~cord'modeand in 1~hepause position.. In this, "way
t.he signal received by the rela:v' microphone is dir@ctl'Y
ttansmi~ted through the tape-recorder to the ~pe~ker~
amplifier.. t\ hypercardioid microphone was essential in the
role of ,the· relay microphone in order to ~void. acoustic
feedback. The direct;l..onal nature of these microphones
prevented the Signal frOm the lO'Lldspeakerbei'ng racei ved

(;

When the lO'lJ,dspeaker or speaker-amplifier was placed
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direotly behind the microphone (see Fig'. 3.1).. The tj.me
", Co ('

delay from the. produotion ',Of the sig-nail· to its subsequent.
arri val at the sUbject' ~as 2 ;;- .3 InS (Fi'9. :3 .2) 1i:t1d was

. 0 ',"

Cl,e'pendentupon t,he distance ¢~1" ''}:.l;le ,loud,speaker 'from. the
.,<:>~" /;-'.'-,subjeot~ ;~':,,(>' .

'The sPt of the broadcast w~~:n~;;i~~9reasedin a' step-wise
fashion and, whan there 'was',.nd"op.ange in behaviour of the
subject, tl1e BPI.was increased to tIle. maximumpermitted. .~~
the phy.sioal ,.constraints of the equipmen.t.. " All peak \Sl?L·
measu*>:,l;mtswere made using a Br{~eland Kjaer (B & K) 2209

s~und level meter in conjun6~ion with a B &,,(1 K 416!f
(;

mi',::'" '9honet a rniorophone d~:hu1l\idiEiel:'(B & K U~0:308~ and a"
f()a:l~,.,~indshield'-fB & K UA0237).. The calls prot;Iucedby the
frog duri1"1qthis broadcast sequence were recorded on the

(J

response tape-recorder. () . ".'
The broadcast was then stopped and tb,e frog waf:) allowed c

"settlingll time ('approximately 5 minut:es) to resume. its
o 0

prevtouW1 natural calling pattern. The ~nsynchronized
01:" ' ~st sequence as described above was then presented to
th ....~,;ogvia·\the relay ·tape-l.-ecorder and speaker-anlplifier'~
'r:~e frogs'" C~~ls during ~h.is broadcast waree reoorded via
~i ~the .responsa.m\oroPhone and tape-reoorder. The sP,t. Off)the
broadcast sequ~nce was, again increased in vf,{ step-wise
fashion ,until a~~ressive calls wer~"°evOkedorna change in \)
calling pattern fbserved. .. ",' ',':
Whenever there ~Ias a ohange in calling pattern the S:et of
the broad9ast was .notied and this lvas later dom1?irled"with
the analys;\.s of the respol1seiltape~ on a trni.scan !X spectrum
analyser' (:Multigon In?u,strie£t, lnc:\~ Net·,York)G\I

r.~
\) "'''',

3" 2 .:3 n ~Qro;;;.d~st J"perim~nt.s'

o

o

I)
The equipntent was .identioal to that used in the previous
e~periments with cH ..marmoratus 'and S.wea11i except that "a
Roland SOE 2000 digital delay line was plao'ed bet~een the

'.' v
':':;;,l1'.j:;~ay tape ...:tecorder and the porta:mc)n speaker"'alllplifier (see
:" ...'>,":~:<;',,,:-,;,.,": ;_\()" ';J

I," :£Iiig. ;3.:3). Tlle broadcast signal was delayed by 70" ... 210 nis
(I

Ci
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I)



o,

II
c

in '°10 ~ms increments. Aftet. the eguJiptdent haa been placed
(,._ . '-'., .' . . ".I c' ,',.' .. G.··;.. . '. . .:. . . <

in ,pos:.i.tion and "the digital delay set, Q the signal intensity
was gradually increased. until ..either the maxfnum intensi,ty
~.permi tte,p., 1?Y"the eqUi'pnlent, was reaoh~d or" the 'subj ect
produced aggressiv(;,1 calls. The signaJ. broadcast to the
sJ~::bject was its own l>reviously prodUced call. 0 The
subjects' own, dalls 'wer,e, recorded with the response

~.' L.'>. _ '.' . . ' .. ,!{ ..' _ (\ . '. . I} _.' .. .....> ...0

microphone "and tape:-recorde;' :tpr later analysis .0£ ,Call
dUration on, a trndscan II sJ:{)ectrumanalyser (Multigon
clndustries, Inc ..I New York). The spe~ies used in this

!.i

e~perin\ent wa~ H~ marmo:r:atus.

Differences in equipme~lt used :for )sinlultaneous "broaf.ieast
expe:r:imen.ts

°spec;j.es
p \\

:E.t;;:oqui
ell

$.weal1.i/H.lllax:,moratus

(l

Rel\~Y,tape-recora'er
,speJk~tl:f-anlplif ier

o

AKG-0900
Beyer Dynamic":M6J5
Uller Report
Monito}r ';i~,,200\\
\'TagraIII '

Portamon
l?eer,l.~s$G5.0"""MRQ

\ /__ --~1 ~ __ -- ~-- ~_,~~ __," -,C
" ,:;--

o *Channel Master
AKG~OE8

channel" Master

,ReSpOn$emicrophone
ReHfymicrophone
~e'IPo~*e :tape ...:teoo~der

"

sony TC"'P5M
, '\

Calrad 20"\~57
\.
\\
\~,

* The m±croPh6nJ' used here was" ttte built:. in" condenser
microphone of t:t:.eChann~;tl-laster t(;ipe-reoorder. (\

u Q

o
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RELAY
MICROPHONE

LOUD
SPEAI{ER

SUBJECT

RECORDING
MICROPHONe "

RECORDIN'G
TAPE RECORDER

RELAY
TAPE RECORDER

Fig.3.1 Diagrammatic representation oftti~ equipment
used in the simultaneous broadcast experiment
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SOURCE
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o

D

c

o

'"SOURC6 SIGNAL

JJ
() DEl:AYED SIGNAL

L-J
Sms'

.) '\ "

Fig. 3.2 osciilogra~to Showth~del~Yimposed
upon the sigQ:~1by th~~,equipmentduri.ng the
simultaneous 'a)lp,delay~dbroadcast experiments
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RELAY
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LOUD
SJEAKER

RECORDING
MICROPHONESUBJECT

RECORDING
TAPE RECORDER

RELAY
TAPE RECOR~ ;R

·Fig. (_3~3Diagrammatic represenratlon of the equipment
used In the delayed broadcast.experlment
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3.3.1 Simu.ltaneo\ls broadcast1i?
,0;:.::..;;, '

e..)" BleutheroCl'{lcty.1.U$coqui: When presented 'iNith a
simult,cmeoo.sbroadcast (often at very high SPL) prny one
out of 44 frogs responded with'an a9gressi~e call. The
other 4'3 frogs pl6duced ndrmal advertisement. calls as- they

'II '

had done before thebroaddast.
Before the !~imultaneous broadcast E. coqui males (11" == 12)
only· produced "coqui" and "COi~ notes and the mean call
ra:tio, per' 120 s I was 39 "cogui" notes'\)to 3 "co" notes
(Table 3. 2) • During tile siluu'ltaneous broa~ast the mean
call ratio was unchang~d (38 "coquiO to 3 "coh not~s)
"(Wilcoxon test, Z = o. 2j,''6 t P .== 0.32). Whenthese frogs were""
presented witth their owncall~ in a unsynchronized sequence.

o .... . 0

there was a .dramat,ic insr(~ase in the number of nco.. notes
c,

and a decrease in th,e number of ,ltcoqui" notes produced.
1;:)

ThEj!-change in "coq~i" to "co"(\ ratios dUring' the
,) '" _ - __ _ .,- -_- _ \':>~,«. _ -' - _ - .' ' .. ' _- . ',,: _ '

\lnsynOhroni~edbroadcast ),qassignificantly different to the
- IJ _ .. ' .. F. '<:, :', : _. .' _, o . _ . ,_ , .. _'. _., _ ('

ratios b~fore:' the broad&-1tstand during the simUltaneous
Ii

broadcast (F\piedmano,ANOVA,F == 18.17, P < 04001, df == 2,.;,
u

post-hoc cQmpari~p:riS;before vs simultaneous 'Pi 0.05;
before "iTS unsynchrpnized, P '.::; 0.05; unsynchronized ()e "
s imuitaneous, P < 0.05)'. ,~urthermore t fou,r of the :122
indiV(,iduafs produced "coqui +" notes I,," which were, thought
to represent h"""h~yaggressive callS' (see AppendixA). The

, .., I)

mean call rat~xowas 5 "eoqtli" notes to 16 "con nones to one /(,;
r'(/ . . .' '~;~

Ci coquf -+ 1, hote (Table '3~~t)• When '}esented wl th the
unsynchronized broadcast sequence, one individ.ual stopped
call)~ng completely and six indivlcluals moved towards the

"'\ -,

loudspeaker. Howevel;",whenpresented \h til the sintult~\neous
'It

broadcast all subjects relhai.ned wher.e they were and
co'tltinued calling with normal advertise!J\ent calls.

~
()

i)
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11
%) Hyperolias marmor,atus: The' mean Sl?L of the
\lnSl'rI.Chl:on~,~edbr,?,adcast ,w.hich evoked ~g9reSSiv~ calls in
2.1 males ,;wa$ J{09 dB at the subjectsi' call sltes. When

.:'0., .. ,' . . !. (0' ,;:;," ','," ..,_, ' '," ",', ~

these frogs wel~epresented. with., sim.ultaneous broadcast;:s, at
\,) , " "" "'I),,., ,,' " ,,',._ , ," ' , , "', '_"'.'" "'" ' _',.- , _'.',::) , _ il

t.he same or higher SPL (so,metimes tllere, than twio!? as loud,
s<1,fi! subject no. 8, 12, 13, 15, 181 19c1 'and 21 in l):lable 3.3)
t}?ey, continued to prpduce normal advl~rt.isement, ,palls (Table (J,/'/ " ' " , ' , " "

'3.3). [J 0 0

"
t.{:hemean SPL of the unsynchronized
aggressive calls Was significantly
11, P < O.q01)" than the m("'~:o. <'BPI,

\,.,

broadcast which evolced
lower (Sign test, }2 =

"

of the isi:multEmeous
broadcast"
c) sem:no~~ctYlUS weal1.i: 'Xeil out of 11 male,S Rfoduced
normal aOcY~ltt,isementcalls in:' respons~ to the.' sil1~ultaneom;,

o broadcast ~f a mean .SP!. of 108 dB at, th~~"sU:t!je.ot"s, call
sit~ •(see T~ble 3.4). ~Ihe one subjedt. wbl~h'prOdu~ed an
aCJ<:j).jess±,ve:ccil1, durin~)the simult;aneous broadcast diet" so at
the oeqJ.r).nl.ng of the ',broadoast sequence and then' resu'med
w.ith npr:mal adyerti'sement calls. ,It cannot be e:ompletely

!, "';'1. 'I)

ru:ied 'bu,(l'f.,. that th.is may have been .a response to the
t~" -I.I • . n

broadcast, ont considering the responses 'bf all the other
subjects :i,.t is mOre likely that this response was du.e 'ca 'an

.~ ."_ . .:. '. -_- ;J

extr(l,neous iacto:r. The :mean SP!. of the ~:}synchrollized
broadqdst''' Which evoked ag9'ressive caJas was significan'fly
lO\;,7er (Siqn t~s.t, n ;::::~oI J? ;:::: '0.OOl) than the :nt:.)an SP!. of
the simultaneoqs b:roadcast~ r,. l~

o

!)

c.
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H. rnarmoratus ~ results of simultaneous ,b:coad.cast'ex:perimE?nt
dJti

I)

Subject SPL of unsynchl:'Qni2:ed
broadcast 'which .evoked
aggressive calls (dB)

I::\SJ

Max.Sl?IJof simultaneous
no. t. ,_

broadcast and type of
call produced (dB)

~

2
4

5

7
8

~O
11

12
13
14
15,
1(l

1'7
18
19
20
21 '.' ~-'

22
23
24

120
120
ioo
~OO
100
100
105
100

113 'adv
120 adv
116 adv:
120 a.dv
120 adv
113 adv
;1.200adv
113 adv,
113 adv
113 adv
120 adv
~13 adv
~o adv
120 adv
108 adv,

&dv~13"1;:A

105 adv
0 113 ady

108 adv
103 adv

(1

100 adv

108
\\

i20

120
120
103
120
1~3 "
10.;3
100
120
100

n == 21

;1:AJO_")1
/r
x == ~0'9

c

x == 114
-----,---

(adv == normal advertisement calls, a.lLSl?:t. are those measured at
>/::~':.~: &'J

'the subjects' call site)
a
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.';1---------------~.~Q~--~-~--~----------------~-----------
Subject
No.

Sl?L.,.Qfc unsynchrbnized
broadcast wh:boh evoked

-\\

agg:ressive calls (de)

Max.SFL of simultaneous
broaetcast ana ti~pecof

call produced· (dB)

2 108
103

ldl
lOle

100

l04.~
104 o

10.4
100
J:03

103

11Q adv
101 adv
107 adv
106 adv
'"106 adv/agg

"1,07" adv

24
25
26
30

31

32
34')

35,

104
109
1Q7

.adv
adv
a~v

115 adv
112 adv

_n 1_1__~ a X_=_'~1_~" O._,, __ =-~X~~~i_d_8~ ~ _

(adv = normal adve;'~~sement call, agg (~ aggressive C~ll.,
are those measured at the subjects ,0 pall: sit,e)

(1

I(

()

\) 10&
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"

Delayed broadcasts

II
Oelflyed broadsasts were presented to 22 calling fl.·
11larm~ratus males. The abs~lute delay (i.~" the. ,;time de'lay

,-, i

between the "beginning of othe subject' IS 'cc\).J. and" the') cr c.;.

beginning of the stimul1;\S r see' 11'ig. 3 •4 ) ."was".vari~d from
D' . \.."';- ,

70 ....210 ms. The period of silence between the' end dt, t.he
sUbjeotts call axei the beginning of the stimUlus was

;;,i)cal~ulat~dby deducting the subjec,~t/s 7!lIeall"call duration
, _ .' '. ". .. .'. _. _. '. _ . . . n .'. ": . \':':-from the absolute delay and adding \,t,b.edelay imposed upon
the Signal as it passes tl?-rou:ghthe equipment (3 .lUS) • '.i~~h,~1

~~:;;ultant time period is referred to ~s the inter-si'~ra.+'\':'
interval (lSI, see FitT. 3.4'). <Whenfhe sUbject ohanged

. . ~.~. . ,.

from prod1lcing normal,A:idvertiselnent calls to aggress~.ve
calls', the absolute delay was noted. The mean call,
duration. was\:determined and deducte&~,>J;'J:6mthe.~absolute
"delay to'~yield the lSI. R~i'$ultiS' are summat:izedin Table

:,/ -. .
Ii' .... .'. .: .... _... <) ,

3.5. The mean call duratiqpijWa~ 93 ms (±.22.7,fu'ns., range
51..;.+.,q7 "ms I n = 22 ),. Thr~~ subjects b4.dJ'fairly IQng calls

::J,~,:>; _, ". ......~' " v" ',,' _'_:"~~~'.. . :,'

and. tbe first absolute dela,y ,)that the~l ,were pr7sented wi1:;.h
Was shorter than their. call ~atif..atibn(i ..e.. EI. negative ISI).
Consequently the broaaca~:t ',.began whi~st the' s'~bject was

C\ i~

st~ll calling and" none of th.eee subjeots produced" /'~ _ - \)

aggressive calls to this osbort,. 'delay.

~ DWhen th~) ~)s:r was loW (,0-15 ms) six out; of twel ve
,indiyiduals pr'qduced aggressiVe c<:\,11ssand the minimumIS!
which evoked"aggressive c',arlling was 5 ms, Generally I as
tpe ~,SI increases ~or~l and more, subjects pro~uced
aggr~ssi:v:e ,~af'is. 'All ,the" subjects responde,q. with
aggl;e$,~i~r~odis ,Whentlie iSI was (]J;:eater t11an50 ms. The o
,~, .' ."' '. . ,-,'. /

,,.;tean rsr wh10h produced agg:ressi VEl calls \v'aS ;32 ms•
\) ..' t_r

There was a significant cor:.....~lation between the lSI and the
..proportion .of ~;ndiv.idll~;tst~?respond with aggressive calls
<;Kendal's corre'la1;ioll ooeffibient., T '= "0.73, P = '0.04) •

D

co 110
(J

"Q



o

o ~ , ~, " 6' 'i))
ReslJlts tof delaY:,ed broadcast9"to H. illl!:tmOra.tus

Inter....Signal
In.terv~l (lUI.?)

NO. of
subjeot~

}ITo. of subjects
which.:r~sponded

with agg-ressive 7a11s

3, 0

12 \) 6

7 4

9 '*6 PI 5-
0

3 o 3

H

()

f) ~)

c a

o

o

\1

.0
o

\\ o ..,j

o

"[i
Ii '

(,
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FROG'S
CALL

; ABSOLUTE DELAY. i
I I
I [
I o I
I I .~

I
o

o

I
I
I
I
i '»

I( (I

TIME,.~

(I

4t;;c.

INTER-~~NAL iNTERVAL (lSI)
,:>. ~:<

c>

Fig~··3.4;Diag(?lm"tOQshowtOE:}"relaUonsqlP eetween aOs.olute 'delay,'
(0 - "q:~llduration,and"intep~al !n~erval .'
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Discus~:ton3.4
.0

General

Temporal and .spatial chorus organization in anurans has
/; ;' . . . (1- h

be~n fairly well doctlmellted v(e.g. Ouellman, 1~67; sa~the
and Mecham, 1974; ,\~eIIS., 1977a; Awbrey, 1978; "'Narit~:s,
1982a, 'b; schwartz and Wells, 1:,984a,b; Wells and S~hwartzl
1984a) .• In' Ch~l?ter, tWQ u:i.t was demonst~at'ed tba,t malef? of

" ' ' .. ',~..., ,

several~i\specie~'.iB.ctively.·,organize thei,r calls' £:n s.:uch a way
as· t.o aV-g.id aC.Clu~ticoyerl?1P with d.ne another. J:n tnts

, ,'; 0 , , ' " ,[J

chapter tn,!? <'lata show that male frogs do not. respond
behaviourflly to a call whiCh is prod:gced at the" same. time"

~) . L ' co

as. "their owt} ca~ll. frhis. has importctnt .repercussion!? ~V'ith
'I 0 " .", "~

regard 'eto the ;function and evol ution of telllPoral
'Qrgunizatiob, .and rais~s <questions, regarding tb.e d~'JJlP~ng
mechanisms invol.ved during call production.

'0

o

r'·':' .t.:g:'~ jf
;. ',' \'

3. 4 ~:;2"';; FunctiQn and evolution OfyJtempol;'faiorqan;i.zati'on
~ ~ 0

o

Pc'.:SsmorENaJld Telford" (1.981) I Schwartz (1.9'87), Dyson and
I. ~Pa$smore" (~98BaI 11) Dana .•Ibanez., .(1993, '# see footnote)
" ~rovide the only experimental pro"of that in r;>honotaxif>

expcari:mentssimultaneou~ stimuli are as easy to locate ai:;/
!:J ' () ", , '" j

c::,\._ait'elrnating,stiJRllli. Dyson and passmore (198Ba1 b) have
V . 'i

shewn that female H. ma:r11lorg_tusprefer the leader (Jof "two
C~lls placed =' ver;y clcse together, irrespectivE: of
freiguency and ihtensity differences r wi thin the nozma),
~anj;Je.. This is };)lfObablydue to the relative effecti veneas

oof :t.hecalls on' the female's" auditory system rather than "a
, \

:J~f'. ' " ,.:"",',' ' '" ",' _ , __ , ""'" "",'"" "~lbanez (1993)"found that although feliiales dld not show a prefel\"l,lncefor' alternatlng calls ovel;
overlapping nearly inupbase IhCctUS, they did sho~ a prefetence tor \\.alternating calls over
o ' , ' " " "\\

"overlapgingoout"of"phase calls. Ii
)i

o

o

{! l~

o it

r;/ 0



If .~?
deliberate active choice'" by' the 'female. The first 'call a
f.t;lJ1ale .receives causen a .neurophys;Lological response

., () . . \'1 _. J)

which probably masks any response elicited from abothep
"

cciII recei v~d in quick succession.
':'::://

The "fact that females can just' as easily locate speakers
broadcasting simultaneous calls and alt:ernating calls, '0

n '.;;:1'

together' witIt the evidence, that many anyrans temporallY
ol"gGltl.ize'their calls (see Chapter two for references),
suggests' tpatllcalJ. alternatio~\ p~r; se' hat! not ev51ved as a
resul.t of ('selection" pl:essure impd~ecfby the constraints ofo ,:_,.
the fe;J{lales' aUditory system. Ho~ever the fact r!Fmain,s
.that I in the species studied. here, no males., were able to

,. . . .. :3.... " Co G

behaviourally t~,>pond to a calhpresented at· the; ''exact -C-ime
o,f cail prgduction, even in species which do not exhibit

!f 0

t$lnporal (Icall" organi~ation "~tHo marmoratiu$ see Chapter two
:for detail,s). Telford (1985) has shown,that, in phonot~xis
~yxperiments r f;em~le Ihmarmoratlls', };}refer calls that are
spati~TI.ly se,parated to those that a're q,lose together.

i\.' ...;' s;

Temporal call «( organization has prObably eVQlved from
selection presst~res exerted by female preference for squl1d

,)

source,s 't;!1at are spatially Separated. ~1t males activ;i~lY
share time and avoid 1I1askingeach other'~s' calls r .thenl.1they o

, . , . Ii ,',
can asse~$ the po.sition of nearby neigh;bours and space
themselves'accordingly. It may also enable them to detect
anothere male impinging upon their active SJ;taClleand
lmtet-fering with their access o to p.o·tent~al mates."
Consequently, te:mporal call organi'Zation ll'lay;,be viewed 5lS a

~;

mechanism used by ()maLe anur-ans t.o ~ffec1:" SPji~l
.organizati.on Whic~ may, in turnl, J.:qcre~se,(),o.;;n,s).r
reproductive succes~,;;(see Arak et al.", 1990). i"

The data in this c~apter. c.onfirm the sL1gge~·t,~on;made by,
passm.ore and Telforp (1981) that the widespreacl '.occurr~!ld~
of call alternation .is related to the equally" widespre.1iCl." en . -:,
l>hellOmenonot' ncn-erandem male spaoing ratih6r 'than ',the

{i . I, .

ability .cf felt!ales to locate' rna,les. Whythe:rr, ..~o some
speci,~s fail to ~xhibit any form of cOall organization? "It"

c r.('\
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has been suggest;.,Eiidthat "the" rhythmic oa,11.1n9 ,pattern ,,'.,of
.' '.., 0· '. .. .... ('

frogs Is governed by some kind of interni1l oscillator' (S~e

LOf'tus '!i\£lls , 191A;" Lemon and stru'ger" 19ao : Ze1i o,lt 'and
r- ". -, (1,:,.;'" :; . ','. '" .' <.' ,. ','. .". o

c ,Narinsi~ 198$(1). " As pOinted out by,. Klump and qernardt
~J_992\} if the ~Pt~;rnal" oscil'5;ato~s of" two, individ~als are
very similar i~ thei:t':' frequency". and constant in" their

.,t ..•;

relati va phaae then <0 it WQbldnot, be necessary to" engage ifi
"... ".,." ,ex. ,c:,

direct .interaction' to pr-oduce constant interc,all· intervals
'':), ., . " ,," ". " '. , " ' . , -,in '9rder tQ" av:oid overlap. 0 HyperolJUs ma:r;,m'0ratushas a

very)":r.;egular call repetition rate I a- relatively short carl
(approximately 100 ms) and a fair'ly lon.g intercal1 lnterval
(1000 Ins)., As "~ ",result,. even 'if individuals do not
inte:ract, there wou]r~\still be very ~,2w' calls that overlap.

" "" \t ____ ._ _.', __" ____\(p D _In order to effectl.vely space themselves from one anQthe!:",
o males of this species must produce !lon-o'V'erlal;>,pingCClllS~'
S±nq.e this is, aclitl.eved by chance alone (see. Ch~pter two)"

0'"

it is, not necessary fOl() males to actively j avoid, call
D

overlap.

~
=o~3.4.3' DampingmeGhanisms

:r,t}\:, mammalsit has been d$monstrated that, dUr:4ngthe self-
pr,qdub,\;ion of ~OUhds/ ther~' is an a-Etenuat±on which takes
pface. 't:~ia I)wb s;s.ara1;:,e pa~Jlways (He!lson., 196%; Borg an?
Zakr±sson., 1975): 1Firstly', >, there is an acoustic rt0Elex in

,'l

r,eaponse to high-level s.ourtds.,which, causes contra.ctibn Oll,'"
- - ",-~

\t
I[
"

th~ rnJl~,cles of the middle ear thus att~nuating the, sound
:E"eachinS'the \ inner ear. Seoondly j there is a central

/7 (;:~ _ - _ _ 0

act-i v'ation of the middle ear muscles whicn contract
Cc immediately prior to vocalizat.j.on CHenson1965) .'\:.,=:, Q

Wever (.197~I 1985) sUggested that, in 0 amph:i,J)l.ansr there
q

is a ,,"look mechanism·' that pratErcts" the ear against
,Fr' -,' _ _ ~_, _ " _ _ :~ __ _ '_ _ - _,'',___ _ ; _"' .......... ',:' . . Ii

exosss,ive sounds I' particular,ly the frog's own}ce1i. III
c;,\ -, , ". ,,':;;:' t) 0

.;;\.:!1esponseto loUd' sounds the' colUInella and oper6ular muscles
l0 ,0

~~orkas an antagonistic 'pair ," locldng the" pars. interna an~~
operculum togJ9t:ner, thus restricting the 1tl()vE!metd:'of the
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colume,lla.
1-(

He also
(\

this methodsug,gestBd t.hat of
protection agcf:tnst excessive sounds is far mo.re effec.tfve

'.

than that achieved by ..the contraction. ot )I:he mC'vC.leusand
st.apedius mas~l'es o.f m~mmals. Howeve,r( b&th the exi131;ence
and. the function of t~.e colUlllella muscle. in mo~t an~rans, ±~;
"a cont~!:l:tiau(tissue. I{ Jaslow et al., (1988) have suggest'~d
that th~re l1l~Ybe a i'passive damping sl~fsten{in ~h~ anuzan
middle ear. The~,R~.g.aO$edthat, during vocallza££611f the<oCCCI

(/

increased pressure in the buccal cavity \ .exerts a
concomitant increase in. preSsure .on the midd+e ear via the
.ppen Eustachian c1;;ubes. Marins U,992) has discussed another
\.I,ipossible methoq in which the !£inrter ':ear may .be p,rotected"
from· 1'a+ge d.ispl.acements. of the. co1\lmella (caused by loud
sounds) . ae po:i.bted out /f that, as frog's ears act ,\as
pre~.~ure-gradient r~fei~S (Rheinlaander et clal. I :1.S7Qt
Pinder,:'>and palmer, 1983; ,Palmer ~nd Pinder., 1984) sounds
produced bY their 6'wncalls wouid arriv(:J simultaneously. a,nd
in phase on btJtJ;l.Sid~s of "the tympapum. This alone '~buld ~
r.eault> ,in reduced tympa.nic movement. Using laser
vibrOlll.etry Narins (.19.;92) measured the ty.mpanic membrane

~\

velociti~s of calling E. coqiii; malei:(.,, He concll.l.'ded th~,t
there was a. strong mechanism operating ~,n the frog ear that.
dampens the "movement of the tyinpanic membrane durIng
vocalization.. He suggested that tbe increase in" buccal

, .'/

cavi ty pressure during __vccaj Laat.Lon exerted a pressure on
,<'. . .. , -. <:' -:»

the tympanic membranes via the Eustachian tubes. The data
o

presented in this cbapter suggests that frogs have a
damping system which reduceS the i' damage to the il'mlkr ear

c and has the effect of rendering the frog unable to perceive
sounds at the time of call' prOduction an.d shortly
thereafter. In contrast., Lemonand struger (1})80) thought

cs

that, ih some cases 1 11.arucl:ter appeared. to pe sensitive
to random playback calls even, whil~ they wer~~~~alling.
As male 1I" marmor~ltus only respo'hdeci to calls broadcast
with an approximate delay of 132 ms from the beginning c(f

their call (mean delay from end of call [32 ms] plus ca+l
. , JL,

duration [100 IDS]), this delay represents tIle t;lme taken

<1.16

o



I)

iL

for the aUditory SY.selem to" return to normal and is
i\ '/:"'" '1'",

analogous wi t~' the a.bsoiut.e b~haV'io~,l;'al refractory perj Po.
.~ " _.•. ,,' .. " ',',' ",,' , _ "" -f).. _'.',,'._, , , " -:,.I, - ',_ ,',_,",.'. "'. _ '.'"

(BR.P) (Na1;"in$., 19S2a). 'I'hi'I:f'i'~ a very small ab~olute BRP,
>.' ••..•• •.. .11

when compared .to E.. coqui· and H.. ebraccata f 1,13:3 fus .and
210 ms respectively, (Narins, 1982a); P. st:redkeri, 107
ms , (~oftus HillS ..., 1974); H. cri1.c.i:fe,r, .329 .... 950 ms.,

'(Lemon and struger I 1980)., 0 The...result. Confirms Narins.t
(198.2a) suggesticm that a short absolute" BRP is associated,_,. . " ..... .....' .. . (.) ... -

'with a·<~~.~:f,)l«;i~~'an.distance between. call~?3~ .ma~e~ (as fgund
in H~ r;om~mo'r€ftus). The absolute BRP 1S usually
considered. to be the t:tme period after a oall in which a
stimulus will not evo:K~ a response. C However, witr~. t.he

-:::: -_~....- - --c

v"rying time delayst, ut~lized in the ~:xpel:iUlents pre~e1,lted
here t ..it .oha,f3 been sl).own-that tlle call duration shol1ld •.lhso

.j)

be part of the abS.olute 13RP. As the abs.olute BRPbegins. at
lln!

o the moment (>f Call (fproductio~, it., .~s possible .that this

:=::~i::r:~::~~::!!~:~??~~~:~~:~~:~:~:
. stimulus, and the absolute Bl<P end~ The "absolute ..BRpf?may

C\

in 'fact be. the perIod of time, require~ for the ope:rat.ion.(,lo;E
the'd1fPing $yste)1l." ) . ". > #

o

(I

\)

'.-j

,}
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CHAPTER .FOUR

\\

4.1.1 General

Anurans produce surprisingly intense vocalizations and
several authors have sugge~t.ed ·.that thesel\'play an important.,'

" . '. '.: . /'i'

role in inter-male spacing (Br~nowitz et al., 1984;
wilczynski and Brel'lowitzr 1988; Rose ..and Brenowitz, 1991).

cr

Loftus Hills and Lit.tleojohn' (1971) wJre probabiy) th¢ first
. to measU:t'e SPL o.f anuz'an calls. Due' .to the very slow
response of sound pressure le-v-el meters navailable at. that
ctime, they utilized field record.ings. and.' an osail19scope to
oalc~late the inten'sities of anuran vocalizations. They
discovered that la:t'ger species of Australian frogs produce
louder vocal.izations apd the maximumreading obtain.ed was
from Limnoay:na,stes tasman:Lens:i.switl:t a peak SPL of 103.1 dB
at 50 em, Other authors have also reco;tded very high

levels from anuzans (e.g. Ra.na.virga.t.ipe~/113 dB peak at 50
, . '. _' ... _' . _ ':.. . ,:';, . (( '. '.' '. .. "~"~I _"" .

em, "Gerhardt., 197~) Tomopterna krugereiis~s l~O dB peak at
50 em, Passmore, 'l.981; 'H,yla versicO;:j.or ).09.3. qB peak at 50

om, Wells an~ Taigen, ~.~a?) :put have fail~d to find a
rel~tionship be.twee~(~peCi~~" body siZ,e anq callrJ·~"tensity.
How&ver,many authqrs have shown. that, within a species l

larger individuals d.o ~roduce slight.ly lllore intense signals
(e.g. Gerhardt, 1975; Wilbur et a.1., ),978; Serven, 1981).

118
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(!

~lthollgh" the ene;r.get;.i~"'cost. Qf P:tOducing}very intense
\'.... . .' '. (,'

signals wil~.be high"signal int~nsit~Plays,a pivotal rQJ-e
in spatial' distribution and the maintenance of. territory
and active space , 'lYhese factors associated" with call

o '..~' d

intensity are outlin:tid Ln'; the following sections.
{) ,

4;,1~2 Costs associated'~\witb ~the producti,on of intensf'a'
signals H·'

The .energetic cost of prod.~•.t~~in~yery high ca.l! intensities
are likely to ,be i,considerk\ple. MacNally (i9'84) suggesrts
.,that there are two lllajol~:llJ;ost's to be conl?j;4f~r~dwhen
advertising by sound. FirJ~l~, th~re6are the/~~etabQlic and
energetic costs of calling!' and secondly' 't:p.~re is the
.. ". , .. . _ .'. . ,.' .'.... . '. . 'i _, • jJ \~) .' , ' -,. .:..., ;__:-, >.. .' I~, j~; .... " .. ' •~

l.ncreased rl.sk, of predatl"pn \by:predators who ar~ loca'tl.ng
th:ir prey items. bY. $ounch ]\Although Ryal}",at al. (1981)
s.l}.ggestedtha~ increase ir! pr~~dation ,risk w~s a major cost
to Pllysa}aemus pus,tulosuS: <,;it appears that with most

, .. ~ . '..•..•• .•. fl.<, . ,.. . '. .•. •. ,.'
~pecies ..the'; m~Jor .cost .'uinl~r~!J~;~.dia. comm~,~icating by"" s~t1pd
a.s an energe;t-l-c and metaboii.e one (f.facNally, 1.9J34:~1Tal.gen,. /\ tn "
and,W~l~s, 19B?,; P~$.t.~1ich,eb;::~(n.1 1'989). Th:i.s major cos'b c,

cart' 'be' seen 'to bJ acti11g upon breeding males as 'tb?y otten
" 0"" i'

experienc.e considerable weight loss during t;lle ,breec1.ing
season (Wells~ 1978a; McfcNally, 198.1; Arak 19'83a;
Robertson" 1986a)", as well as redti6tiQ,n in body lipids ana
the mastsof energy storing organs (~er).ssen, ;1.972; Macl'fall,y,
1981.) \
Several authors bave shown that the res1;,ing)metab9~ic rate

C':-_ _ ' " ". '" _ ........• r". , ' 0
of frogs: und~fgoes" a xive-foldt"elevation during 'periods of
vocalization (.Bucher et: al ,', i, J.982; MaCN~11Y,"1,984) and'
'l'aigen and Well.s (1985) indicate that in ayla versicol.br f a
frog, witl\ a 'partiCUlarly higb intensity call (G~rhardt ~

'i"\', .
1975),] acoustic ~.~;ayertise~,~nt is one, of . the most
energetically expen~fve activities regularl'y undertaken by

'.i

any anuran. Hence, most; anurans produce particu:tarly
\\ , \'~

<~ntense sounds for their sizia at an appreciable" energetic
cost.
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(i

spntial distributj:on and "signal intensitYS~~\
a , \

l!,J

Brown (1975) pointed out that. the basis of a~ll social
behaviour of a speoies Ls qep'endent upon tlb:e ~patial

,',

distrilJutiol} of tbe indi,~iduals in their pre:fel2resihabitatlw
,-. - :::tj

Ralldom distributions of animals ''in natur'e are rare,
usually they are evenly d'i.stritJuted or clumped together: in
small groups.

" Q

O1.1eJlmal'l(1967) reported that most pond. breeding frogs
formed a9'gregation13 of oalling individuals", and many authors
nave shown that the .spatial distribution of' ca1.:1ingmales
within thes~ aggregations Is seldom t'andom 04&itney ant/
Krebs, 1975bi Wells, 1977a:" Passmore, 1978; Srzoska,V7

o

19 S2 and othe:r:s). At first i~this was thought ~o be the
'resU'~t of the heterogeneity.of the vegetation oausing small
clllstersc 'Of ..vocalizing' animals arou~d '$ui'tabl.e call· sites.
However, (,uponcloser :tnspection I the spa:tial distribution
of calling frogs was found .to be independent ot vegetation
with a. rel,?-tively organized arrangement (Whitn~Yand KreliS" i

1975br' Wells, 1971]a: PasslUore".,J.9?S;
oth(ars) • o

O

It has vbeen ~.,re,1.:1 documented ..:t;:.,l1a.t" most culling frogs'
.:- - - -,-- -,-,' jl

maintain a c: faj~t'iy rigid inter-;:.(nale spacing in breeding ii
_/,/ ,) ,'(

choruses and the :r;ole of Vocalizations .in maintaining tb:ese
spatial patterns has been. the $.lu~jeot· ·of several" ;,~Udies
(e.g. Allq.n., .1973; Rosen ~nd Lemon, 1974: Fel1e+,s"

," ~"-J

1975,1979a~ ",Whit.neyand KrebS, 1975b.f Br.zosl~aat al. t

l:,982f oTelfotd, 1982; J~-obert:Son,1986a). X.1:. has ,~,tso beah:
sa9g:~sted that t.he distance between callil'l9' .£'rogs is
related t:~ ":the s~~ o(~ aaoh . i~dividU~l's cally" p~'ellerst
1979a; Brzoska at. al., 1982; '! Wilczynski at ,i al. ,.1982:
Robertson I 1~j>86a). c

o

o

()
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,
Althot'.gh 'the cQ.nv~nti.onal,c,de-fini t±qn of 'terri i:t6try as a

J .j. . . ',' . '. ' .' .." "" " ,', _ ,II It, """,' ;.''t, '_.,', ,'" ~ _ G

"defended area" '(~ob+a, 1939) was wl.del~ used,. l.t was very
simpliJltic as.. the meaning:Of the term "defended1t 'Was not
speoified. airide (1956) redefined te~ritory as i}1.1

topographically localized, defended area and this 'excluded
regions def:i.nedby reoference to a :movingpoint... Brownand
orians (1970Y;"Suggested. that there are three essential
characteristics Of"a terri.tbry and if one\\of these was not
satisfied then the area could not be classified as a
t;e~rito:r'j/. The characteristics are:
(1) a :fixed area., which may change Slightly over a period
of time,
(2)" acts of 'terrj. t.orial nefanye by the possessor· which
evoke escape and avoid,anceo,in l;'ivals, and
(3) the area be,pomesan exclusive area with respect to

(/' ;,

rivals.
/J

~~r!:ltoriali-tY has been reported. in many a,pecies of frogs
dk~:r.tQf, 1~5 3 ; Sexton~. 1.960 ; E:mlen, 1968':i ,.1976t
Wiewandt, 1969; Lemon',1971; Allan, .1$173; BUm'l€!II, 1973;
McDiarmid and ,Adlerf 1974; Whitney and Krebs, 1975b:
WellSh 1977a; Howard, 1978a; Fel;Lers, 1979a, 10; Ryan,
1980).", Observations on the speqies studied in this thesis

!f" . " '.1

'1;howedon'ly one (E. coqui) ,to have a rI!'ixediSite attaohment.
;' '" '''...• ''';) \'

Hyperolius 1llarmoratus ana s~ wealii tend +":0 vocalize from
~, elevated reeds and grass t:ussocks respectively and once~

mated move to t~e water to spawn. Therefore. the only
\\

'species studied in this report which satisfies all three
charac;tteristics is ;E,. coqui.. Thesrafrogs defend an area :in
which they have a call site, a r(;:ltreat site and van"
oviposition site and !~nsome cases these sites are one and
the. same. llyperolius ma1:'11l0ratus" and S. wealii fall into
the category first proposed by Conder (1949) p~ individual
di$tanc~\ / In these cases, 'when another conspecific
prqduces a vocalization closer -tinan a certain tllreshold
distance (individual distance) typical;,ly agonistic
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behaViour will result. ,Thefact that several, aurhors 'have
"

repoJ:ted the occurxence of silent satellite males in .close
proximity to a voc~:fizing male is stro;pg evidence that
.indivip,ual distance in anurans is vocally mediated.

\..~i ,!,

In some"species the ,advertisement call was thouqht to. ;." .' " . . ",~. ' .,..

convey a :maie's spati~l position to other males as well as
~ttracting mates. Bogert (1960) used the term Utert.'ito:t:"ial
callO; to describe a specialized call that appeared to"
functi.on in '••th~ maintenance of spacing. This@'term was
loosely applied to any agonistic dall produced by :malesand
has since "been,replaced 'by the term aggr~$si V(;t call (see.
Chapter one for the classificatIon of cal);s used in thi's
thesis) •

o .
, 0 ~

Generally :malasproduce aggressive calls during sl:io,rtfangEl,
interactions uS}lf-lly When ~heir indiv:idual distance has

" ." ,_ \l,;-:'been vl.ola,ted 'by a '''vQcalizing conspecific." If the
aggressi ve call is ignored thEmU physical combat will
usuall,y errsue; ~his graded escalation of ,social inter~:ction

., .I
bas been repori:ed for a; number of; ~nut·a.rts,(~a:rin~"and
c~prani.ca, 1976; Whit,n~y,119ao;., Brzos~a et a;b., 198'2;
Arak, 19l},3b; Robertson, 1.9~'4T=wells and schwartz, .19841:>;

>- - (I

r..ittlejohn and.'Harrisont 1980; Telford, 1985). A.'tthoUgh
ther,€!has 'been cOllsiderable attenti,pn paid to the role ot

(J ••

vocalizatio11S in. spatial organizat~pn of arturan choruses I,

not".many ~uthor~!,have highlighted. the .importanoe of the
intetlsi ty of 't.hese vocalizations and its effects on the

,_) U .',

spatial distribution of calling ind,ividuals. As inter-male
spacing Ls vocally :mediated it would be expected that
il!qiv,idual distanoe is positively correlated with SFt. of

(l
tne adVertisement call. Furtherll\olf'eI a~ ntany'authors have
.found that larger males(',produce :moreintense vocalizations
than smaller lllales (gerhardt, J_975; Wilbt:L'et al., 1978;
Servant 1981; but see Robertsqn, 1.986a)~ it would also be
"expected that larger males have larger individual
distances. Arak (19S8a) found that there Was"Et significant
relationship between a maleI s SVL and his distance' :from
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other callers over" the breeding season. He SlJ9geste~ that
, " -_'", , : :' ~

this might reflect that 'larger males were mor~ successful
c '~ 0

,in figh,ts for calling $ites. It could", however I equally
n . .. '!"~-\0

reflec,t th~ il11:eortanceof' tb,.e ~li9her S1>1.qf larger males ina ". ,,-' . - ~
n\a;i.ntain~p.9"greater individua~, distances.

The area in whi'onincHviduals are intol~~nt of trespassi;!rs
":may.be .?eScr;i.bedby the termJ_'lllactivespace!", This term was

first used by Marten and Marler (3.977). They sug9'este~
othat: 1 in" q~der to detep.mine t.he active space of' ac vocal

'. . -' . ,,-1 ..• ......." . " .\l
signal, tine following parameters. must be known.:"" cV the
Psource intensd.ty of the ~'ignal," b) the; aUdlt~:ry threshold
of the li~tenel:, and c) how th€ list:ener'''s .~ari,0iscapable

,.. .. (t" ,',

of hearing that, signal abov~",the .background noise. They
estimated. that. the maxl.m:ul\1."distance .at which another canary

t~

(Sf;!T.inus ..oelnar.iu$) could hear the .$Oi'1g of a male perched at
I. .... . - . ,> . ')" .'. .... o· .:;

10 m was 416 m, This te.rm wall;also used. by B:r:enowitz
(1~,e2) with his sifudies on red.;;.;winge~,)Jlackbirds (Agelaiu$

npbden.ioeus) and Bretl0witz at at- (1984) i'n~he~r studies on
spring :p~epe:rs (i1'yr;la CI'uci..ter).n: All "these ..authors used
this' 'term to describe a linear· distal'lCe from 0 tJ'leosignat
source over whioh t}ile ;intensi 'by of'.the sign~tl remains above
the hearing thresh9ld of p®entia:l .receivers. Bre~¢wiez
(1982), pointed out toat the terlln 'space' .implies a ,three

()

d.inlensional quality." AS lltos1~ anurans studied do not
\:1:) . c.

produce totally directional caIU~, active space in anurans
Sho~,l~be"used to describe a thrl~e dimensidnal area around
the. ~lgnaller. Active apace of an anuran can be generalfy

\,ltedefined as- the area surroundin9, .a calling incUN'idual
which is gelimited by the distance at wfiich~the signal
il1tenslty is above, the audi tory thres.hold L,e • the
d.et.ect.ionthreshold I of tJ;te recei \r~~r..

\\
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Problems associated·mtb.SPt. measur~ments

r.l:he,previous section~ in this chapter big-hlight the
importance of !~c6urate meas'l:l.rement;sof SPL of vocalizing

" I,

animals \'lhich have been recorded in tl1e animal '"S ' natural
environment, at the" time of day that ehe an.imal :normally

, .' . . .' . .. . ". .'. . . .. • ..•. i) "J~vocal~zes f and under nat.ural condl.t.l.ons .. of temperature p

hUmidity and air movement. SPL measurements in the
lape>;ratory Or anaacaof.c qhambeJ:will revaal a,bsolute levels

\»L bt\'~\mq]l not reflect "the true propagation of these signals
I,."~" in,Qthe f iel. d , !." .

,.)'"'\ \'j

\'(~~ major problem surrounding the measurement of El:l?Lis the
aq;curate positioning of the microphone rela~~~e to the
vocalizing anill..al. ~he microphone" should be placed c:i8se
E!l'1oughto the animal in order to minimise thE7, effect\. of
excaas attenuation, but" not so close as t.O render
meal:;ureme'rits inaccurate due to near field effects. The
microphone distance used by most workers" in the :field ofo .. I) . . • ()

))

anuran vocalization is 5'1)em.
Ano~ther important problem invQlved with Sp~.,measureuerrca is
the complel(ity of the acoustic environme.nt. Tne
propagation of an animal's signal is affected by the

c.

= frequency and SPf.:. of '.'the signal, temperature gradients I
!j~l

humidity 1 air movement, density of 'vegetation and ground
at·tenuation (~Jlrze and Beranek, 1971.; piercy at a1., 1977;
f;lichel$-el'~'~1978; Zimmerman 19B3 I Cosens and l"'alls, 1984,

II

Waser and Brown, 1984, Nishimura at al., 19~1# Jrak and
I " • HEili,iksson, 1992; Romer and l,ewald, 1992) f, I

4 •1 •7 Ai.lru2. ~
I investigated the responses of three species 0;E f(~ogs to a
broadcast of a normal conspecif1i;l call at c; adually

1 increasing .inten'sd.ties. "The answer 'co the fo~lowing
question was sought:-
Howdo f.rogs respond to a conspecific call that gradually

\\

~ets louder, simulating an approaching neighbour?
By presenting frogs with broadcasts of normal cE\lls, at

()

()
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o

gradualiy :b:,creasing inten$ities I tl:ii~\chapter shows that
the eapalatinq agqDessive 0 re~PQnses are a· function ofo 5'

'Perceived 81'1.;,:tndre~at~s this to 'ter;ritori.ality and active
\1
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4 ..2 ",Methods
o

o

4 •..2.1 o

B,):'osdcastexper,intents were carried out on three species of(,
anurans ,,(.Eleuth~rodactYlus aoqai.,
and $e11'l.r~dactylus w~a1:i_i).

_ 11' '-'

.Eleutherodactylus Coqui wa.Sstudied. during July 19.84 in
-puerto ..Rico and wa~ vocally active ·cfu most. nights between
the hours .of 19.00 h" and midnight, a1though so'~lte
individuals call throughout the night (Drewry, 1~J70).
,flyperqlius 11'I.a.rmoratus was ....stu<iiad at two shallow coast'$.,l
ponds (Jiatatiele ancl Mavungweni)neal:' Mtu;nz.ini.,s.. Africa
between the months of September to March in 1983 and 1984.

,'-"' ' i:, " '.' '" ' ,',

o

l1yperol.ius marmoratus I

This species was mainly vocally aetive between the hour-s of'
n ';;

19.30 hand 23.30 h.
SelIlnodactylus 'Wl3l".!ll.iJ:.was stud£ed" 11t. an a.rtificial darn

() 'II . .
between the months ,of "Novemberto .:Januaryin 1983 and 1984,
15 km nortp. 'of :txopo in the Natal high1ands~) s. Africa.
For a detail.ed descri~tion of 0 these speci,!9Sand the study
sites'see Appendix B and Chapter One. ~

o
)i \~

4.2.2 prelJaration of the stimulus broadca:;:t t~p-es

o

The stimulus j:.apeused in the broadcast experiments with E.
ooqul: was prepared by Dan Townsend at the Department of

n

Biological sciences, state un.iversi ty of ",NewYork. at
Albany. It consisted of 20 natural advertisement calls
)::,eeor(ledonto a Rea).istie ocmtinuQu$ tape loop of ()011e
minute dlJ.ration (repetition rata 2o/1uin.).

i.;;

,
rrhe stimulus broadcast tape
marmoratus was a synthetic

D
(\

48 calls/min. This cfill was gem:;.rated on a MUle oomputer

used in the e)Cperimell'ltswith H.
•.. . , .q.... ... I.··.call wlth a repetlt~o~ rate of
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o

o

in the" section ,of q,N'eurobiology and, Sel'iavlo:ttr, ubl:m,~)ll;;
University ¥ rtllaca; New York by ,Gctl?ry oHa:itr)ea.. "It$'
paramster~,' were very similar to an average, natu;a+ cal}. and
a.re .as follows:-

~' .:')

starto\Fecfuency
stop freqaency
Total durati<;,>n
Rise time
Fall' time
R.epetition rate

, J)

2,850f/"Hz

3350 HZ"

80 ms
"10 ms

25 ms
48/min.

The prepar.,ation of "the, stimulUs broadca$t" tape for S.
o - - -_ 0

Weal.i:i. 'has' already b,~en described in Section 2.2.2 of
Chapti'e:r'.two. The stimul us tape used fOl;"this, experiment
had a repetition rate of 12 stimuli per minute.

\', o

Increasing intel-usiu¥ broadcast experiments
\\ (I

~ )1 '()
In. the case of H.. mar11loratus and S. wealii the stimulus
tapes were broadaast tG.> calling' males using either a{):Na.gra

D

4..2.3

"Ill or a Nagra IVS tape :!Secord-el:",a por-tamon speaker-
I', , '17 ,... , ..' ,. .r'a)!lplifier and a Peerless G50-MRC3..2 ohm speaker (10 em

diameter, with a flat .frequency response within the range
of "1 ... 7 kHZ). With Iff. doqui the st'im.ui;lt'1stape was
broadcast to thra :palling males with a Channel ~M~tster
cassette' tape recorder' and a' Calrad 2,0....257 port~~--a
speaker ....amplifier. A calling .ntale was selected 'for the

- -- .-- (\ 0

,.experiment and all nearby males that might intertere were

()

'(1

removed.
!n a:t.;:1J the experiments A;he speaker-amp)'ifier was"placed 70-

;",).. ...;, f,)

200 em ~ront the frog and ail' intervening vegetation Wl:,l,S
pruned away to give a dj,rect linE? of sight from ,;the speaker
to the frog. The stimulus' was broadcast at a particular
intensity for two minutes, then turned off and played at
the n~xt intensity level after a:Otwominute pause. This

J.27
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, ~\

f}

o Q 0,

procedqte owa,~ repeated until,' 'eithe:t'lc the SUb.:J~Ort:'°Sl,~.9Ppeq,'-
, 0 .c

calling "or, the, maximum sP;t. of the equiIDm~r:t ;,wasTea~lleg:"

"o Peak SPLs were omea~ur~d "using a' B~8.el an~<t"Kjae~ !(~uSc>,;)- - , cr c- _ ,_ Q

2209 !freci,sien sound level meter ti~ed in ci::>njunctidl,(Jwi,th '%.r,
B & l( 4165 l!licrdphone, a flexible :microphoneo extens;ton rod

,""~Ic: " 0- Q _. _ 0-

(\(B & K U~0196L ,and a, mictophone d~~umidifiero, (8 - &: '1<
'lIA030!:tJ.::."Themicrophone was aJways protected frpm Ehe~wind
'> ) --.._~ '-'~~, - \' (,' -, D

"by "a B 0& ,~ll\uAoa37 foaM ..wi,;pdshi~ld. When "the exp~}'imentaj~()
,procedure hl'\d been comple·ted for one individual, 't11e,.peak?,?'

- . e

SPL of the brQadca,st w~s()measured ~:t ,the subjecf',~' cafl
sit,e •. , Due to differing spea~er'""frog distances, there "'i!!!9-Se ' 0

'considerable '~rariationC\ in the gEL at the";;csubjept's ;call
s,ite and this necessitated" pooling the data (or analysis"
inte .J~riotls SPL oat~gQ):"res. 0, if

o

" ~
,_,0 :j, /; 0

Tp:e bro,adcast std;mu(Lus was recorded (in-line) on the" left
~) !I ..) (.'_ ,;' \\ - ...,,;. f) !)

cp.&nnel 'ipf a ,~econd\)o;~'Pe r.e9prder (a l.1her ~eport Monitor" 0

(/ " - ~ " " (I '.l'

4:200 in the case of, H.. U fIlariizoratus and S. wealii t and a Sony '0

,,' \ \~ , > ' c 0

TC....P5M stereo casse,tte reoorder with E. coqui) '0 -°'l'~e"
o .!) _, • I," _- U . - -- , <;i'

~~spon;se of ""the' SUfJject w,p.s reqorded, on to the ,riglJ,t: '
I;!hann'e1. of the sebQnd"~ t5111e r~oo,rder using an "AKG D-;-~lQa
i'\lni.directignC;llmict'ophone,c" By recording the stimulus "and,
t~~"'~Ubject/s".res'PQnse ~n differ~nt chann~ls" of the sa~e"Q'
tape , recorder, "the tempo-raPl re1a,'tionship' between the
stimu,lus. and respO!1se waf?,.p;teserved for? later anaIy,',$is

(J
Q llQ

o .'

Temperature and )lu:midity were a'Lao recorded using a Ba,iley:
InstrulIlents' BAT-12"digi1ia:l therll1.o~eter equlppeg .With a PT-6

'" ~, ,) [ ) _' (J

thermooouple and a whi.rling ,hygroIneter~ The data was
"analysed on u a unisoan II speotru~;J analyser (,Multigon
Industries, Inc ~I New York.). and tbe sonagrams were pJ;'ep~:recf
using a KaYolllodel 7029A"sp'ect:.rum analyser'.. (>' <S

;::J .
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4 ..3 Results i ,

o o

:?

Broadcast'°,,~~m\lli o~ v?lrying intensities between 76-,107 dB,
at the SU.R~(61,~1:/9call site, were, presented ~o 31 Z -e-i/coqui.
Ther~ ,wa.~-'a~4~era~) trend for :the SUbj~,q-'t~[\/eod€t~reas°f;'the
nqmber of ,,~fCbquiII resp~9se$ ~ndto ind-fease th~ nuIi1Per'of
"co" cnotes w'ith increasitH{ intensity 0+ the broadcast
~timuli (see Tabl~ 441 am:l Figure 4.1). Al;b,. it was no~eq.
that sUbjE\:ptsresponded too stimuli of ,increasing intensity"
by increasing, the propor,tiop of m1l1i;i~note calls. These
are aggressiye ~'Call$.lf,~Rdare i thoU~hb"to plaY .~ role in the

iJ ') ~~intenance ~f s~t~~,ng,(~te~art and RanCl r 199,1 I • J.,~94;
stewart and Bishop),.,.1!1994)' '(.for a detailed descrl.pt~on o'f
the voca,1"repertoire of E. coqui. see Appendix A).

"
During the l'lormal.calling sequence of 2,,) males I before anY
o

brQadcasts had been pr~sented t the 'mean call types
p:t~oducedin ~ two minute period were 31 "pogui'll notes, s;j..x
"co" notes, and 0 ..0'4 multi-note ca.lls. A noticeable

')

departure !from this sequence was' observed when the
:',; ..... . () ". . ,. '.. ' __, \(i;intenslity of the broadcast SJ.gnal was between .83...88 dB at

the subject'~ call" ,site. l~t'>~lhis intensii?,Y there was an
increase in the" mea:n numbelt ,of "CO" no'tes produced ahd a
slight decrease in. the fu~an number of IIcoqui" notes

d

pr-oduced ,;.e. ~5 "poquin t 1~! "COli .and one multi-n\ lte. The
Ucoqui" notes dontinued to decrease while the "co" notes
inc.reased with the incre8.se in the intensity 0 of the'
broadcas.t. At intensities; between 95....100 dB there were
almost the same mean number of Ilea" notes as,. Itcoqu.i" notc~s
(i.e. 11 "coqui" and 10 "co" notes). :Enaddition the mean
number of rn~lti-notes givEm during the two. minutes of
broadc.ast at this intensity increased to four (range 0"'10).

(I' "-,_)
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\e TABLE4.1.

i:l.;::':--:-,,, -,_" "~ Q

The ccha)'lgein response "of maLe E •. doqu.i." to. increasing
intensity broadcasts (23 in<?J.ividualsr n g 3881).

SPL of broadcasi;.
"(dB at subject's

call s.ite)

Ratios of
"coquit' "cogui+"

Before broadcasto
< 77
77 ,,82
83 - 88

89 - 94
\::,

95 1bO
>. 100'"

8.2.9%' 17.0%
7.2.7%
75.3%, o

67.0%
55.7%
48.5%

o
.27.3%
23~~%

10.1%
o II

1-:1%

2.5%
7.8%

30.5%
36..5%
40.•6% 10.9%

u

43.2% 56:8%
I,

(]
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As 't.h,(? intensity ,Jo~ the broadoa$'t was increased, the c

percentage ·of s-upjects which, were inhibited f;rom'callingby
o . . ~ .. ._

t.he broad.oast. stimuli a~sG increased. At intensities 1<t~3$
than 83 dB::'nosUbj~cts were inhibited fro1tLqal1ing,. but" at
intensi.tj_~ b'etween 83-8P dB ,18%) (4" out Of 22)". stopped
call1~ng'~' At higher intensities significart'ld:lY more and

, !. ) '. , ' •\_. .l ":
more ~ubjeots were' inhibi ted .from call ~~g i. e. '.'}~'89-94 dB
qP}%~~(6 .out; of 12), at 95-100 dB 66.7% \'6 out of 9) and at

..~100 dB and"above 75% (3 out 9f 4) (Spearman1'5 oofrelat.ioi'1
coefficieii):, .t's ::: 1, P S 0.02, 12 == 6, [2 tailed] see !l'able,,~
4 • ,3 ) ~ Th~ 19 frogs which WE-'re inhibited fGomr,,~a.~t~#9',
either remained at the call site in a "low" Pos'ftion o})r
m~yed away from th~ir call site. Nearly all the frogs
Which moved away t'rOll'!..their call s'i te moved towards the

c

loudspeakel1'::l''(S'ri,oU,tof 9 individuals, Binomial' test, P =
0.04,.[2 tailed]) W~J.,l,e one i.hdiv~,dual moved awSiY from the 00

.. ~ ".::, ()Q

lOUdspeaker.

Figures 4. ~ ... 4.7 shoWhow t·ne" sl~b§.ects Change the ·'ten\poral
, .. .' -. . > . ()

posit,ion of their calls with increasing :i.n2;ensity. M:. a
low intensity of 76 ....80.,5 dB,;,1~.5% of the responses odour
within 500 ms from t.he J;mse~ of the s'til1lulus (Fig. ~\ 2) •
When the intensity ..of the~:b~"'\dcast stimuli wa~-'in8re~sed

~ l. .... rc-f .' . -_ _- (1

up.to 104 dB 62.5% of ·the responses occurj;ed within 500 ms
from the onset of the "stimulus (Fig.. 4.,1.)' _ (~>j3 _,the
intensity of t.he sti~~.....:tus increases there·- is -a sign'ificGlnt

() ;",'

decrease in the m~an s'b;d.mulps-res;:ponse (S-RY i,pt1j:'lrValq:if
Inco" notes ('Spkarman's correlatif]n' coeffiCient, "rs ::::-I,. p~

<. ~ (!

< 0.005, [,~~\t,ailedJ, n ::::6L and a" eoncomi. tant increase Lri'
'the mean S""R.<interval of ncoqui'l notes (Spearman's
correlatidn coefficient, rs = 0.829, P == 0.06, [2 t,aileq],

C' _.

n ;:: (5) (s.ea Table 4.2). Associated with this inorease in
ii

the number of responses occurring very shortly after" the::,
stimulus ras
0,CCUXrin/ in
intens;i..tl of

',- 'I

ms after the

a decrease in the percentage of Uo~quiU notes
this period (see Tqble 4.1). At a oro?dca$t
76~'" 80.5 dB 10.5% of the d,',)alls"-produced 500

\~,

ons'~t of the stimulus were "coqui It notes, the
~\
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'l:"emainder jl~ein9';''nco'~, notes. ,j ,.When the broadca~:t inten'sity
wa~. increa.Lfd td, 101 v - 104 dB only ·.3%of the. calls produged
in ~t.h~s pJ \ipd :»er9 IIcoquill notes (sp'earmant:s ,C,()rrelat.ior/'·
OOe:ffiCien~r' ,,1:'s 0.95-; PO. 02 ~)2...tailedl~ I .n =:' 6, ~.~~

c table 4..3) 1l !)

II
') II

II
Ii
Ii

~'4 ..2 i[
II

ii Ii
M.ean~;:;!~,i~~~;cvaIS. (± SE1 for lIc6" and "'Ucoqui" ~~tes during
'$"~c:t"easin9' iiintensity broad,?'tlsts{ to so .E. coqu:L (~ \:: 704).

c
\\

/1s!pr; or }l)roadcast
.',J c

(dB at SUbJ:~ct's
Clall site)

,.~ .. -'

"co:}' s-a l.nterval
(ms)

o

~,

c

"cog:u.in S-R.·'interval
(lOS)

II< 77 726.5 (+ 8S7.1)
('!

77 ... 82 538.6 <±e. 780.5)
83 - 8! 149~3 (±]29~.1)
89 ... 94 105 •.5~£:t 19 ~L7)

II·· .' ,f .: #"f"'--- ..
95 ...1'100!i j"CfJ 7 •0 .(,:!: '12. 9)

> lQO V,," "t?4.5 ,,(;t ~3.a)

o ',.n"'I" .." ~
(J ';,>:. !?~f~li 'Ii}z."''''''''

\ r
/'(/C"'?,:, (\ (;-' q
1: ~:i\
" Ii_..)

:-:)

o

1571~4 C± '15'2.7)
J.SOl. 13 (+' 731.1)
:30 0 3 ..5" (± 8:23 ..:2 ) 0

209SjP (± 73,2.3)
lS'1;·;~{t!4" (± 513.1) a

2J.28.3 (+ 76:5.0)
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TABLE 4 ...3

iI

J?ercentage of ncoqui" notes oocurring within 500 ms from t~!1i!a
(;beginnincl of a stinlulus and Jiercentage' of ma.les inhibited ~~om
cailing during increasing intensity broadcasts to 23 E'i co~pi ..

Ii "

Ii
Q 11---_ ..........,,_.........,,.._---------"',.)...' -------- ........------------_..._------';~

Iic

SPLof ,broadcast,I.

CdB at subject 's,
lUll ~)ite)

% cogui notes within
c 0

500"ms from stimulus
"ohset

% silen!t
,,' ,I

males

c

< 77
\)77' - 82

83 88
89 ~ 9-4,
II
s&, - 100
> rno

10.5
7.3
7.3

3.6
40.3

'"3.0

o
o

18
50

67

75
Q

\/

]I
u. c
Ii
u

o

,
i',)
Ii

!i
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Ten indi vidnals of H. marmoratus were pres.ented' with
() -, <.;:,

broadcast stimuli at (i,~~;,ying(!j.ntensities between ~4 .... 109

dB at the sUbJ'ect's call site. At low intensitit?s, of 94 ...
,;-, " .

97 dB the subjeots displaye¢l a sligl:rtly himoclal
distribution in their sti1milUs-response intervals (Figure
4. e) • The first peak is at 200 ms and the. s$cond peak vis
at about 1.1 s fro;mthe beginning of a stimulus. 'rne lat:ter
peak cOl:-responas to the natural inter-call interval and
would Qccur in this position even if there was no broadcast
as evidenced by" i:h:e "hist'bgra.m" of natural inter-call
inte~vals before the broadcast began (see Fig .•z\ 2.6 in

o
Chapter two).

As the intensity of the stimuli increases, slightly more
'J -, .., ... \! \':

responses are placed around this first peak .and l~ss
around the second peak (see Figs':;'.4.9, 4.1.0, 4.11 and' TapOCe
4:.4). However, these changes are not significant
(Spearman's correlation coeffiCient 1 rs = - 1, P >. 0.1 r pq] _=
tailed], n == 4, 'and I<ruskal Wallis ANOVA,KW == 6.59, II, P
.0 • .09).

\1 "

At the lower intensities (i.e. 94 - 101 dB at the>sub!)ject's
I)

call site)
degree to

4.6% of the subject's responses overlap in some
~;

a stimulus wl).il~ at the higher intensity
(i. e. 102 - 109 dB) only 2.1% of t1\e responsesbroadcasts

overlap with a stimulus.

There were no signi! Lcant; changes 'in th~ temporal or
spectral properties cfl the subjects I calls until 'the

b

intensity of the broadcast reached 103 dB and then one
subject changed to aggressive calling (see <Fig. 4.1;?,). The
nultll:).er·,of SUbjects whic~, produced aggressive.· calls during
the broadcas.t j.nOrease with' increasing stimulus intelJ,sity
so that, at an intensity of 1.06 - 109 dB, 50% of the

i~-i

subjects had -produced ag9ress.ive calls.
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Mean S-R
1
1,1,.y~,~ (.

(~-.~::~~.j...\tintervals

o·

.' c(± SE) for 9 li. marmdratus (n = 1485).

SPL or broadcast
(dB at subject's
call site)

_'.)

\\,

S-R interval
(m$

D

.94 - 97
98 ,->~~0l.-

102 - ~05
10.6 - 109

609.0 ± 1.t1.5

574,.8 ± 18.13~
569~2 ±c21..7
547.4± 230'

o

o
o

Q
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I) 'l'hree subjects corrcd.nued ; producing advertisement calls.
e:) _' '" _ ''''.- _ _ ,', _ ',', "" througl101.!t the experiment'.. The lot~.est intensity broadcast

which cau~ed a subject to cease calling" Was 101 dB, ahd a
n " _ __ >

:t:urther sUbject stoppE!d cal.ling when presented with a
l:)roadcast of 1'04 qB. At. 106 dB three' subjects were
ihhibited 'fr.olt\ calling and although all the previous
l;;llbjectsU which stopped ca,lling assumed a 'low' positiont
cme:?of thE;~sUbjects which' stopped at 106 dB remained in 'an
aot.lve po:sitoion witp. 1:he vocal sac part:i:'ally inflated.
~~his sUbj.act cortt Lnued calling. aifiter. the broadcast had
ceased, ':two J.rogs moved durJmj ,the .:broadcast' sequence, one'
moved away' from the speaker when presented with a broadcast
·of 100 dB'.. and the Jthei- mot~edtowg_rds the speaker {"hen
presented with" a broadcast of 109 dB. it Both subjects

,\

l:,esumedcCI,l.ling.-,after their .move ,

c

'Th~re ';i"aS no significant change in the repetition rate of

i;;he subjects j calls tbroughput tll~ broadcast s~quenoe$
(Friedman ~:~NOVA,C' F :;; 0.8',8/, P == ·0•.~3", df = 4). y / '.'

4.3.3 Se~lJodactylus wealij.
v

Increasing intensity broadcasts between 88 - 113 dB"itt the
su.b:1ect' $I call si te were pres,ented to nine s , w~alii. AS"

the intensity increased, s\lbjE:cts showed a gradual inc:r:ease
in the numben of callS prc.>duceCl.approx:i,'Ul~j;;elY500 ms from
the end of a stimulus. 'l'his resul t{;}d in a significant
decline in th~,~mean S"'R in1:erV'al with increasin(,i intensij:y
(Spearman's c()rrelat'ion coefficient, :rs == ... 1, ":f.' '< 0.001,
[2~tailed], 11 :::::7 I See Table 4.5). At: a relat'!i ~)ly low

,~ ':1 '. ,'. i j - . ;\

()

broadcast intenSity of a8. - 91,dB, '"(54·%(,6fall th~T~\l:es~o~ses
wer@ produced within 500 mS, froJ'Il."th:e ~lld,~oiE a ~;;tifuuius.' ,;

» .', . _', . ,_ '_., '" . . ';"_.' \_J, '.:;\.. . .. ' -, ';i,. __ ',_

The, nUmber.Of. ,.responses\, in ~his Pc,e,t,io~..s't:e(idilY..c,,$!ncrea~'e'a
,.,wi.th ihcrea~ing inten1sd ty f ":t-e.sUIti.n9 in s1% o \. of ethe, ,n " ..... t ,

respqnses o~.curring in",,this 'pe~i'()d a't all;;' br\';)ad9,ast i~vel(lof
", ',l .: (" " 1.\

98 ....~O(j~dB and up to 99~ at an intensity level oi~ :1.10
:1.13dB (see Figs.(J4e13 - 4.19).

C,'

o
l4~

()
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Mean S"'R interval.s (+ SE) for 9 S. wea.y.~
0, "=?

= 792).

SPL of broadcast
(dB at subject's" "
call .site)

S-R int~rval
(msf

0

88 91
92 94
95 97

;;1 ,~:.

98 101
101 104

()

105 109
110 113

c.

1224 ± 105
1090 ± 98
895 i 95

Ii'--------

:1

831 ± 7S
714 ± 46
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r'"~
Three sUbjeb.;.~ showed no, change in tihe:~pectral or temporal c

properties of their C~llS (I ~?{OU9hout °the 0 o'broa~casts
howeve:-.,. the. o.t:her subj70ts s~owed , n~~lbe;, of ~hanges.
The f~rst,. change to be n()t~d was' the :~roduct;Lcn ~Qf dpuble
response~. These consistAdof t.wo acivertiS:2ntent dall!?t

, I} ,~. . r." .. :;.')

sep~rated by an interva1 ·of 500 m9 (Sn<H .+ 100 ms, n ~ 21),
the first of whicbfolloweo. allnQstQ irnmediate~y after °a

rr .\>"

T1;lesecond advertisement-cal). was typicall~ 60
± 44 ms, n =(21)' shorter than :the flrs.t (Figure
DOUbV1 r'esponse~,," were f.irst· prodticed at~~~'••~anf!---' ( .'< .

intensity of",·; 90 dBDwlth ~J 'total "of nine double'" res onses
given by four subj}actso at broad()st fntensi Bies bel w '98

a _..' _ ..... • ,'. /J) G,.", ~,:) - {) "c', _ "' ' . /} _ ...,' -,
dB. Above. 98 dB Sl~ ~~ndl.N'l.'dualsprodu.ced a)icotal of 39

(J , " • !,t1;'.. cO, •• " '

dO~Rle te$ponses/w~tll 60% JJ1.LI·.t~~se0lcurri'~~ at 107i~~. and
abov~ -. One ind.ividual prJ~dJlCed a" triple. respons);?'": a£ II a

. ", \\ .. , '," ." , "

brcadcast l~vel of a07 dB and theh ceased to call in

stimu~S9
ids (SD is=:

4< ..20)0

response.to'further stimuli.
((

\\
Three SUbjects producEf~ agg~'essiv;~ calls' (~~9ure 4.21) the
firs:t being prcduced lti..p, response' tc ,a broadcast ,level.,' .of

,// cs

104 dB. oq¢Glsion~.llY Jrggressive calls w:r.e produoed "~s the
,\ seccnd call in "a deuble respcnse. Only one :$~bject was

.' "'- l'

inhibited "from calling and this was when it was presepted
with a ..hrO~d~~st .of 107 dEl. Furt,hermdre,. only on~ SUb\\ect
moved d.url.ng the.broadcasts. The movement was away fr.oll\

\,) 0

the 'dI,CBu.dsPTheae'"k:r:eerv.,.~aansdn~Ccc:uhrar:ge.d:'!rao~ntad("~:';.::~~Onuamdbcaersto.oil1;tensi 1iy of
113. ltv _" v ..... ". J. n.o~~s Q with

¢:l . \')

;i.ncreasinq"intensityof

o a

o
»)

157 i',;}

II'



j_)

()-.

li

o

Ri"'kHz BS

,:3

2

1

I I
100"mSr;

G

p (

o ()

o "

I) ,c'

() "

R2 n

o

A" e",k, (',',1i'lfJ (r JJi
." " ..~

("

(\

Fig.\~.20 The double response {l3t, R2),of S'~"'weqlil
to a broadcast stimulus' (B§).

o :J
158

(\



o

/)

/)

(\

/?

1\
I
\
.\ \)

\

\ "

kHz
;)
0'-'"

\ - :.i

" \~,

f.J

Fig; 4.21 ~
o

o

o

() c

(J

()

o

(!co
c'

L....::..I,
"100 n1s,,~'Fc'

o

Aggressiv~call of $. wea#(

j/

159

\\.;

!)

l\ 0'

II
I,d

o

o

I< u

\'/'



II'
\) o

"/74 ..4

4..4.1

the SP!"of

n

ad~ertisemerit cal 1,$,$ stimulates a change 'j in the behaviour
of the "recipient tBunnell,;~J973; T~'lford, 198.5;,Schwartz,

1:' ..,' -'.

19B7, 1989) • consequently, males' alter ti!lei,r vocal
beha'\t:l.our'"in response to ">the proximity of neighbours J'
Wh~chis judged"by 'th~ c,percei"ed SFL pf ,th~O~dvertisemeht,)
call. In tnis' study, ~~e vocal behaviour of"'t~e mal.es,of

n. . . .:-" ... _ -. '. ,'_ ,',.. '. "'~" . ,,_.'. . . . . G . . •"all three spec~es was shown to be affected by cbanges\lJ.l1.
I) {) Q

the intensity ,of ithe stimulus;., ~s the st.fmulus~:wa;:>overy~ "
'sim~lar to,~ a natural <;~1;J., the broadcast simUl~.ted Dadl
call~ng neighbour llH>yingdloser'i to t~~) SUbject.

n- .... .• .\, 0 1: \)

D "'\

~t 1'~~ ftt'oadoasl; int~sitie,s the,~gen,.'eral tPenl', tfl: .al~.
spe~{",as to "ontinu~" oal~in'1 in a pattern Si"i~}ar 1;0

th~t,; 'ou,ourring before the broadcast began~ }{o~'rever,
besid,es call alternation o.ccurt'ing ,',' by chance, \.SOfne/\ t
precise cal,l ...timing was exhil:dt,ed'"by- S. wealii a ae,\ low
broado~,st intensities. Althou.gh Matins and, a,apra::~ica.;
(1976, 1978) sUggested thai';, call ~lternation oocura in E.

~ 0

coqui §\t low intensity bzoadcaat.s.. this was not observ~,d in
u

this stu.dy~ 0

o ~~7 ,the ±nt;ensity of. the broadcast tc E. coqu.i and s. we,al:L.i
was 9tadually iqcreased, the nu~uberOf r())onses ,wllich were
time,,..locked t.G, the stimulus increased p:roportiont'~tely, and
the temporal telationship between the calls and tbe' stimuli
became.moreprecise.

Go: ,.- o

At vary high broa.dcast intensities, in all tht'efP species I

the rna'les produced a9'9reSSiV6 calls instec.\d of
advertisement calls. If the broadca,st persisted at~ this

160
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intensity then males Often became siient and many
approached the loudspeaKer "" This type of behaviour has
been describ~.ed in other anuzans (B:t::';zoskaet a~.I 1982:'~. - . ,.. .. .. ,-,. <,1

Robertson, 1984; Wells and Schwartz, 1984b) and cricket,s
c~ (Cade and ot;te ,;')1982) .' 'l'heo; silence evoked by cOl1.tinuous
broadcasts at ~h±'gh,il)tensities may be an arti'fact Qf the
non-interactive. nature of the experiment. The ~pntinuous
loud' stimt.llus is produa:ed by the loudspeaker irrespecti Ve
·pf the evoked aggressive re,sponses of" the subject. This
represents an unnatural situationr as only in rare
instances would', an individual contilllUe to produpe
ady.ertisement calls after be·;t:'ng 'continually.~ threatened by
a99ressive.calls.
Also, as shollmby ;Roqertson (1986a) the response to the
stimulus may depend upon the r.elationship of the s~,1bjeotto
the stimulus. If the' subject was the. same w~~ight or
nearvier than the .indi vidual" which produced the"-\~~tilllu.lu,.s
then it attacked. tn.e l,oUdSpea]~el;:'.However, if .Lt··were
llgfAter then' ~t wai~observed to ret:reat. [lhe results
obt.ained in this stutly were consistent between individuals
within a species" alit-hough..males varied considerably in
the'ir,j SVL~ '~Although; subjects Were not weighed, it is
·thbt\g'ht that. it is unlikely th~t~la subject's weight,
:t'ela'tive to that of the individual \Crom which the source. " ~
stimu:Lus was made, had any bearing on the behavi()p.r
opser\i'ed in these experiments.

y

!nt~ngti~l infQrm~ti~~
.~'v

Xi::. appears tha~,;·cal;l.ingl\\ales mayassess their neighbours'
pOl?itiona t r~Uttj,;ve to .,their own I by usillg intensity cues.
Th~'results of' this study confirm that ihter~tmal.e spacing
in :E. aoqui t IJ. marmorat:us and s , weali:i. are 'Vocally
111ediatedand this pas beeI1'isuggested in s,~vera:Vother
species (S~1hneiderI 1967I 1968; l?a~,llett.et ;('970;Pierce and
RaJ.in, 1972: Schn.e:lderand Neva, 1972; Allal1, 1973; Rosen

.,\ ;

and. Lel11(>n,. 1~74);F~llel:s, 1975, 19.'79a; Whitn,~yand Krebs,
,I
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1975a.; Br,zoSKaet. al., 1982; .t.re:}.fo'rd'j1982; Robertson 1,

1984; Rose' an,c1Br~nowit~, 1991). The yarit;.ttion Ln the
intensi ty of the advertisement call within an hidi vid~a.l .of
a species is qu:j.te sma.1 1 # seldom exc~edinq 2'" 3 d;B, while
thtl ,variat.ion :between individuals can be quite large,
sometim~s as much as 12 dB (Gerhardt, 1975; °Brenowitz ee~:
al., 1984; but tsee Lopez et a1. I 1988).
consequently ( when lOOking at the spatial 0 Qrganization of
calling males of a particular spe.c.ies, the n~p.:r.'est
neighbour distances will vary quite considerably refle~ting
the variation in the in'censi ty of different individuals I

advertisement calb'S.. Inter ....male spacing wit.hin ,a species
will be a direct effect. of the complex interadtions between
tile oalls of d~fferj\,ng intensity.
Telford (:1.985)provided the first experimental v€.t'ificat~on
of the functional significance Of. inter-ma.le spaoing. He

o

Showed that female, 8:. marmoratas were significaptly more
often attracted to lou.dspeakers which were separcrt;,1dby 50
em as opposed to 25 em in phonot?lxis experJ:ments. If this
were true for most species of anurans which ~~Xl?ibitvocally
mediated spacing .patterns then the selec:,l;iye pressure
acting UPO\l males to adequately space themsEllve::'lfrom their

o

near neighbours would be quite considerable.

As mentioned previously, E·. (.~oquiis the only sp(;~oies in
this study which defends ~n ,area which can correctly be
'term<§!da territ.ory (Hin'~eI 1956). E. coqiii: do not fOrln
aggregations (Marins and Capranic.'la, 1978) but call in
fairly low density choruses (M. M. stewar'l:, personal
oolllltlunieation)from distinct territor'ies in which ther~' are
defended resources such as oviposi tit,)l1 and retreat si'~es ..
However/ H.marmora.tus and is.weal.i:L cm1:y defend specific
individual dd.sbancaa (conder , 1949) wldch are compressib~e
at high densities (Telford and Dyson, 1988). E.CO~~l:L

II
"

/: ..'"
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maf.es re~dilY drop the ;femal&qatt.ractant note (* \~ee
(:,:~::':l"\\

footnot.e) of their call at broadcasts of fairly" low
intensi.~ies (i.e. 83-88 dB) suggesting t~~in these
territorial frogs it is moreo import'an.t to spend time"

) ,~,

defending thei:t: territories and ensurl.ng that the)ir
c

neighbours are SUffipient'ly well flpaced relat.ive }o
thelns;elves 1 rathE:)r"ti{an constantly trying to attract a
mate.

The., resul ts of the increasin,g intensity broadcast
u ~..,_

experiment$\ in this chaptel:'~ suggest\t that maJ.'es are
o V r,

intolerant of intrUders in their naotive spaceI'.
active space Of an advertisement call is deterl\1inedby (a)

r; ,\~ .... . .. "~the intensity Of the signal (SPL), (b) the amount of
att.enuatitin caused by vegetation or the ground and (0) tbe
auditory threshold (and therefore °the sex' of the
recipient'~ As 'the cal'3;s 0.1: most anur'ans are only slightly
directi.ona,l", the shape. of. the acti ve space in an anaech:q,ic

fi

Q)i),a:mberwouldbe mot'sor less spherical and the a~ten1~iiion
"tvould follow t;,he spherical" spreading rul;e" of. 6 "de per
({' .

doubling ·of distanoe. However",in the field the shape and
$i~e of the active space will vary tremendously,.depending
:upo~\vegetat:j.onf climatic conditions and the height of the

,\

signaller from the ground.

The

o

o

.0'

Due to considerable differences in the ttU1ingof auditory
fibres of male and female anurans (Narins and Capranioa,

/I

1976 ~ Wilczynski €It ,;11. I :4,984; but see Loftus Hill.s l~,~d
Johnstone I 1970) I the aoti ve space of a maie,f!~[)
advert.isement calJ;; can be div~cted into ,two categories,

. . -. ~ ~~
d.ependent upon ttl1 ..e* 'Of the :t"~i"'i:.nt' ,, ~

'* The "gui" note has been shown to play an important role In female attt'action, see Harins and
Capr.auica, 1918h·, cs
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since most anUrans produce every intense signals and femaleS
r

Q G

have. relati vely low auditory thresholds which are
specifically tuned to these signq_ls I the female active
space may be very large. Hyla. ewingi has been shown to
have an. effective' communication distance of up to 100' m

"(Loftus Hi.ils. and Littlejohn, 1971). In art anaecho Lc
chamber t.h£~ di~tance would be. equi "alent to the radius of
the acti va space. Unfortunately, the sex of the'

;Ii ->

indi'ridutl,~ .used to determine the aUditory threshold of
, H.ewil1.g.i ~':'iS not stated (Loftus Hills and Johnston~J 1970)

consequently this can only prqvisidnt:flly be called female
act.i va space, Brenowitz at a1" ' (H}U4) dli:l'iiCJns1.~:r,ated that
the female acti sre .space of a male IJ:yla '.dJ:'uci:fer

• ':::- __ _', __ - ,,: _ _ ',' ;: _,," ,', _ _ t'" __ ', ''-11,-''. ,_ ,"advertJ.sement. c.all may be as !~~xge as 70 m (1.n rad1.Us),
!\,hicl'i~s 6 times' larger than thie male indi vi.O\1;,~1. space (see
below) • Females are frequently found Ln. a different""
nabi tat from males (i. e.. in an eleVated position rather
than at the water" s sur,1=ace). The sig'nal will~)therefore

'\ \1 '

'\ degrad~ differently for ltlales and femetJ.esI producing
'\\ another sexual differ~nce between the~, active spac~s of
\;\( advertisement calls. J~~~c, female active space may b~ quite

o large it will SU:ff~F-;tfromconsiderable ?lttenuation caused
~,r \PY' vegetatiqn and~'gEound effects. Therefore, in mostn

aases female activ"7 rpace w~ll be"generally" ovoid
o
j,n shape,

with a discont1wl.;;)o.s bOJl!'derand a flatt~ned lower J.imit
~-, . " o

caused by ground atten~Jation. Hence a fem~le an an
eleva~ed position near 't~le boundary of the active space :may

'I

space simply by jumping

o

D A. F~al..~ i active space (female recipient).
()

o

accidentally move out of the ac·!:.iva, V
t.o the ground.•
At thf> boundary of their active space the females e"hibit
long-range phonota.xis and :movein the general direction of
the signaller. As they approach the Signaller they begin
Shol':'t-range phonota.xis which is characterised by a zig-zag
type of approach. The female active space of" an
indbridu.al' is not can ex.clt\sive zone 'and :may overlap or

164
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contain manyother female a.ctiv~ spftces and m~le .individual
spaces. The parameters which determine the $ize of ;female

, ~)

active space are fairly oonstant during an evening '~i,l~
r .' '. ", ,. ".,

consequently female active space .Ls an absolute value:.!"ii~d.~:
is not compressJ,slf>le. \, .,< .; \;',:L .

:;.,:.,', ",. "';'1

n
One of the~parameters determining{~he size of the female
active.space is the intensity of·thesignal.. Furthermore,
many authors have shown that,(/,\ within a' s.pecie:;., the

I ,
"intensity Of the call is posit.;;Vely correlated, with b04J~
size. The size of the ft#>;m9,p~ a!btive space of a large
ind! vidual will there·fore b~ :';,t :Bater than "ci:hatof a $maller<:>' - ,..0." ._ ,,, '"

individual. HoweverI the correlation between body .size
and the diameter of the acti ve space' wi11 not be very
strong, .:as other parameters such a~ excess attenua-\!.ion
will 'play a major role in restricting the size of the
female active space.

It ~~ .l1ale j.ndividual. spade r· .a r~ci9ie!1t).

II' ',\...
,within the femal;.eactive sF.Jacethere is a smaller, roughly
spherical volume surrounding the male.~ In this report. i.t
is termed 1;hemale ;ndividual space.
individual apace is 'd.ete.rmined by
source Signal, chorus density
thl:eshold of the recipient. rt;['s

The size of the male
the intensity of ther:' . ,:

and the behavicn.lral
a particularly dynamic

1\
~\,

o

space and is compr'essible with increasinq densi tie'tf: of
chorus participants s: It may overlap with or be conta:,ined
within oth~r female ~'cti ve spaces "and is a relatively small
volume in which other. calling. individuals are not
tolerated. As amutua:l1y exclusive zone, oth~s space will
be defended by a9cgres$ive calling and combat against
vocalizing c':'nspecificsQ

Whenan individual of either sex enters or callS within the
l'emale active spat7;:{~'i,.('~i,:~ir'\~f\;~~~~hdethe male individual space)

r: .r

.the behaviour of 'the signaller remains\~ ul;lchanged.
"~'-

~
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o
However, when a female enters or a ma..!e calls wlthi.n a
male.f s 3.11dividual space ~then there is' an ill'rlltediate responSE;!

- .. ,' . ",i :.:!.lco,' .. "

t.o the in€ruqer. Xf th~, intrudel;" is a fpmale I male's will II

either '~ncrease their ocal1 rat~, turn towards the female
ot'., sometimes a.pproaoh the fe111Cile. On the othep? hand if

, -,' - _. ,,' - - : " 0

the intruder is a vocaliziitg male, ~he l::esidel1.t male "will
switch to a9gr~ssivta calling ami if the" intruder persi'stsl

o 0 ~

the resident will move towards the intruder and enter into
cttmbat. , sometimes, Jsilent males are tolerated owithin. ther, "j

male I s individual space as satelli.te males, but are
i.mme,dia.tely attaoked if they· begin calli,ng. .on .warmer
nights, boith female active spac~ and male individl.l~J. space
t-lill be lq_rger as .1, the a.udi't,QrY tb.re",sholds of the
ind~;v£p.ua-1Sclecrea.se. with inerea!dng tempeX'atu~e~'

These. experiment.!. essenti~lay, simulated the" app~oach o{(il
I;

oaJ.lfng coflsp.eoiflc through the female. active space and
:male fnd;Lvidual $pa.c~. 'l'ogetn~:r they ~ave d~monstrat~d an;
illci~mental ohange in re~;ponse aocordinq to O~ll intensif.y."
'.rhat "is, as the in:tep.s;i.ty increa.sed, the frogs' behaviou:r"
changed from the nat~ral calling pattern, to ti:me....lo~ked

r, \1, "

responses and. aggr$ssi '() oalls, 'And finally to silence" and
moveme{l.ts t!'dWal:'dor away from the' loudspeaker..· A~9'ress.ive "
interaotions Q0111y occurred, once .th,._e:male indbridual spaqe,.' . . .' . ',. ~\

had been invaded. ;J:n conc1:usion'~ s,lJ. the sp~cies exam~necl:
in this osection eXhibited a' graded. escal:'at:Lon of tim~"..

o . .

locked a'nd £.l.9g;ressive responses /I l;i'nked wi tl1 increasing
cal.:!. intensity, and' hence invasion of active $pace,"

\ (

c

()
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INTENSl'1'~ AND DISTANCE DISCRIMINAWION SY l.t~~

1J.l(P1.{ROL1:C1SHA'RHORAPUS

5..1 Introduction
f o

'~
The,',distance over which colll.l1lunicationis effeo~ive depends
upon cf'lll intensity, call ;radiation pat.terns r :hearing
thresholds, call pro~a9ation, ahd environmental '~onditions.

!) r,

The previous chapter highlighted the' role of call intensity
in lnale..male interaction and this chapter disCltlss,es the
significanoe of call ,';fifltensit.y in ,respeot of female
behaviour.

5.1.2 SPL and cQ:mmunicatiotlgistanc~

"one obvious ad.van'tac;;eof producing very loud oalls is
related tQ the distance over which an individual can
conununicate~ 'Pjheloude:r the calls the greater the, distana,e
over which communioation is effective. There is

1\

gonsiderab1e selective pressure for frogs to communicate
over long distances (Passmore, ,1981). Most frogs are
dependent upon surface' water for J;'eproduct.ionand therefore
cannot afford to, vocalize at arty great distande $)romthe
water surfaoe. Marten et al~(1977') sugg~sted that the lnQst
affial.ent way animals can indrease., t.heir Cefteo~:.ive

167



(/

o

o

communication range is to vocalize from a po~ition at least
1 Itt above tl;le ground, thereby minimizing excess .attenuation
due to ground effects. Consequently, although_,f:rogs are

, .... , " , ',' " \~,'"-,
limited by physiological Co:t1st:eaints to vocalizing" close to '
the ground or the water su:tfac.e, these '"'(;;:£1'intense
Vocalizations m'ay be an adaptation to long. distande
cOIGlllunid~tioni~ ClOf.:le pr\;timi ty to the ground. .
Measurements of :rtatural sound levels coupled with
neurophysiological data I . enable the determination of the
maximumdistances over Which individuals can communicate
effectively. Loftus Hills and Littlejohn (1971) estimated
that as Crinia parainsignifera has '~ mean Sl?L of 87.5 dB
(peak at 50 em) and a hearing threShold Of,::pO .•sa, .then"it
can only communicate ovet' a maximumdistancie of 4, nt, while
Hyla ewingi, with a mean Sl>t o-£>lOO.B itlB (peak atD!50' en)
and'a h~aring t:i1reshold Of 55 dB, can communicate ovel."a
distance of 100 m. Hyperolius marmora.t;us has a :meanSl?L of

') "103.5 dB (peak at 50 lam) (Passmore I 19B1}' arld a hearing
/( '. o

threshold of 71 dB (O'.:>elst, 1985) Which corresponds °to an
effective.communioation distanoe of 32 m.
The numerous applicatio'Cls of sound. level measurements
warrant the tedio~'1 efforts requited to record SPL
accurately in the L( field. In :man,y of ,)the" earlier
behavioural, experiments in which male ee .female anurans

, ,.'

werEfs\lbjected to broadoast calls, the level at which :'the
call '(Masi\roadc.ast 'was chosen subjeoti vely. Gerhardt
(1978a) demonstr~ted ·the importance Of broGitlcast level on
the phonotactiCl behaviour ·of :female Hyla a.inerea~ He
shewed that when the broadcast. levels were set at. 75 or 85
dB, females preferentially selected a call that was
entirely pul.sed at a Qepth of 50%" However, When the
broadoast level was only 65 dB, this preference was no
longer pre~ent. It is important to knowmore about the SPA
of animal vocalizations in di.f:ferent hahi tats; together
with sound propagation data, to enable us to predict the
e~~tent to which particular signals are adaptive .Ln
p,artioUlar environments.



would facilitate the calculation of energy expended, and
c.

therefore the cost incurred by the signaller during
<:;.;1

n
Call radiation patterns

c

In st\ldie:~ of female choice and phonotactic behaviour,
the call radiation pattern plays an important rOI&.
Licht (1976) noted that female .8. a11leri,r;anl1s were
frequently seen t.o bypass calling males on their way to a
particular caller, and he interpret.eq. this in terms ,of

<.'

sexual selection. HoweverI Gerhardt (1975) has
characterized male B. a.meri.canus as directional sound
sources, and it is pOSSible that fema.les only appear. to'
bypass males as they do not 0 actually ~nter the maleI s
directional sound field.
9all radi(at~on p~tt't.erns :may be obtained by taking BPI..

\\ o
readings at i;h.e saJ(l6\distance from the frog ~'s sn,out, from

9 1the front, side .phd rear.. SeV'eral authors' h'c1V€fIplotted
radiation pattern~» and have :foundaome species to be very
directional sound~ sourcws (Hyla ollrysoscelis, Buio

\_y . _" ."; _ _._ _. _<I. '. "_""_.oamericanus, Gerhp;rdt" 1975; Cac:osternum boettgeri,
H'ypercrl'4us pusl1Ji).s, H. argus I H. 'tuberili.nguis, passmore,
1~81; Phila.utu·s" J_et~,}orb:J.:rrUStAraki 1983b), while ot.hers
ac;rt,\>as olnniq.i:r;,eqtional sO~lnd\\sources (Hyla crucifer I

Gerha!;dt, 1975; Hyperolius marllloratyst passmore, 1981;
UpeJJ:/J>Jeia. rugosa, Ro):)ertson, ~984).
As excess at~enuation caused by .plants may be as high as
7.5 dB at :2 m (Wells and SchwaJ:tz, 1982), the above authors
madeabsolute measurementsof' dire'ctivi ty .by ei'i:het pruning
away ~ntervenil'lg veg~tation or having "line"'o;f-sight:.
clearanoelt) from the microphone of the SPL meter to the

c
calling individual. However, the, physical c~~aract~ristics
of the call site can have a profound effect~on th'~ so'Und
radiation pattern. Male Heleiqporus call from breeding
burrows and the burrow~ ijS\yebee~~b:1emonstratedto enhance

i .. , . ... .... _ _ '''' :' "c.<,\).;~the. pr~ncl.pal frequency')dort,po,rlent~;\of the call. by resonance

(,



a

(Sa,iley and "Roberts ~.".l98J.) It has' also ,be~n suggest;..:a~c
;that". the burrow. system, may compen$at;e for thE!"yc~of
vocal sac incHeleioporus spp, (Bailey. and Roberts, 1981.)~,
Greer and Walls (l980) !Suggested that as lllost ma..le
centrale.nella fleiscD11lanni call from thee under side of
('i

leaves, the lea:~ may act" as" a refledto:r affecting tn$
directionality of the signal.' Wells and Schwartz (l982)
demon$trated that. although C. fleischrrwni a~e not
directional sound .scurces., the dir.actional "hc::.aming"of the
c~ll was,a directt result of the physical natl,1;J;'e'of" the call
site. Nal',~'nsand Hu;r,ley (1982) also, ,found t.hat although
male E.. coqui usually had a uniform sound radiation
patt.ern, thr(;)e out of the 14 individuals sttid,ied had
directi9nal radiation Ratterns, with a front-back'i.ntensity

[' " ~
difference of (>t least 5 dB. The directional. n~\ture of
these\indi vidualS' c~ll$ was directly relat~a .to the
<Physic<\ "ll,,:!=ureof their call sit@s. An lmportant aspect
Of dire~1tion'al calls is that they have been suggested .,to
s~ffer l~SS excess attenuation than ,.l'lonrdirect!onai ones
(RiCl'lards' and Wiley, 1980).

5.1.4 Perception of distanc'~
)) '>,1 (J

II
~ ,

Man~rauthors have den(onstr&ted that the ~oullcl pressure
'\', "

levs~ ..of ma;ting calls ,in anuran$ is '.~OSiti \tely c9rrelated
with ,body size (e.g. Gerha:r'dt, 1975: \wilbur at al., 1978;

I!
Berven; )]98l; Passmore and TelfQrq., l.9al3.). Also, females
of some specie~J exhibit a preference for Ja~es with",louder
calls in ·;experimental situations (Fellers, 19791a;DRyah,
1980; Fairchild, 1981; Dyson, 1985). From t.he results of
these experimen1;;s, it has been suggested that considerable
selective pressures may be acting on large :male body size
through female preference for louqer callS. This is an

\ n
attractive idea .for' advocabes of sexual selection, theory,
but very few fitpugies have examined whether a female can ""

'.~' . ',~~, \,' \~,

dif£erentiatr;:! between quiet calls' th'at .£!manate from a
.neazby source and loud c.alls froln" more distant P(r~irits.

c

\\
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Perhaps females ~re re~p'onding' s~~pIY t? the ~:~oudest'~m~le,iJ :Jr
because. he is' tll.e:~.clo$est, and. not ,Checessaril,{ ~ecaU$~ ttff{ Co

0
'1t

.(ta.1Lc"i& ,intrin$~fqlIY one of ~Be loudest :,in 'ii~he"cboru~,h U H "C~
A:rax (19830) delllQ;n,~trat.ed thae fema;5:;'.,{' j3u.t-o;"2~ti£7;)f§1.}_i:tq! ~":lr':l';~~h

C ';'_" .' c.-
p~,eferred caJ3is which differed only by .2 dB. Howeve:r;;"Whel'l' !. I) 0'

I) .,1.)' .the loudspeakers were placea at different distan,ces fr6.m .
If 0,'

iJ "
the female release point, gthere was no preferenpe :("<lhil>~ted. ,Consequently i>yuI,Igest"d that females were" .J111

simply pass.i vely attracted to the ·call percel ved at the "
'hIghest il.l{tensity• H

In(~\'rder''' j'or t"l\11l1es to matepreferel1tia11l wit» ltIale$ that 'if
;:::::e t:,,:ed:~:::: :~I,1~~:l::::{~::d,~:;~~::nl>:a::~!.:: i/«
his ~~soJ.ute intensity. "\~; Ramer et al~" }1;<~83r %rq.gge(~~ted\!~:~:~:~ma:Z:y:~~~:~:tnL~~;:rmi~:~:~;;:i:o~:::ti~~:::.:1 ," II "

othet'IS) a s'ingle note adverti$~ment·\f'aj}l.(! .d~,¥hiscal1:·.cal'\:jbe I. '\ J(:. '.' ( .
dividec:! intrj~::,wo :erequency,) raI11e~~l)r '11/,i)a lo~ ;l5reque!lPYi
ral}f1Eb,{200,_ 450 liz) r' ~I,;d 2) an~Ul".::~~~~ency range (500 :

~;o:~~;~~~~:~~;'1:!:it::~~::~i~:J~v;~~:~;:~:)c:i~b::~l\
was obta~neCi by 'di\~idingl the, low f,re,9\.1,en~Yi~ilt~nsitY by (~he iT 0

mid fr;rp,~uency inten~d tY~:i .They:)fourld th~t EIn correlat~d. II:~::i::!yaw~:t: i:"R~:r:~:;;de.f::n:::~:~y4n::=~i:rl
low frequency ~jS cons'~de~~p,1.ysmaller than the aT~plitud~' \\
for t~e ~,0$t'b7intense mtd frequency.", ~)e opp~sita' is trueD \\
for large m~les. Therefone s}nall mal~s h~~ a 1ft more 1
e:}1~r9Yin the mid freguel1ey range thall the low,' :r;'i'equency:, ;
range while the opposi te 6ccurr.Ef(f:;>},"~la);'ge males. 'J.'hey

:-'- __-_ - - '..... . . . 'I. /. •. _. - ,. . ;.'suggested, that a" "large EIR scorecW'Ql.lldindl.cate to a female
3,,: .... _, _ .. ' . -__ . ,.10 . \1; _ '.' ....\

that '~he call was pzodnoed '~\Y a large al'1Q 10119 liyed Jnale,
and fem~J..e$. shbuJ.d b~ .·,lUO:re!attt:~cted to th~se' m~p~~.•
H.owever ( as high frequenq:i!;g~ ,"'penuate faste·): f;P.a.~ J!O\f
frequencies (l~o&j.Shi, ,J.91b)r, froli""a di$t:ance a l)'~mallimal~

l~ ) {

the female and, their inten,sities adjusted to be "the same at

,_,

/)

o
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(\ wouJ.d appear to" have
frequencies swings
conseque:rre1y females

a higher EIR, as 'the ratio of low/mid
in favour of the "low frequency ~

I)

could only use EIR as a' CU~I for large
:niales.at closedlstances.
As mo~t frogs" calls do not have separate eleme:rlts that

'0 \.!

degrade predic'eably with distance, the possibi.tirty that a
female could calculate ~bsolute int.ansi ty from differentiaL"
'frequency attenua.tion seems. J-fnlikely, and was .tested using
var:iou~\ bOmbiI)atiol1s of int:~nsi ty and distance in simple

I! two...chd~ce discrimination experiments ..

" "t·,-;-
Two...choice ·.•intensity \u5:scriminat;j.on e)("Qeriments

:0,,: ... -.

\i

~h~ .twe)Jl}hoiCe .dis'crimina~ion experiment was first
:J.ntroduced by Littlejohn and Michaud (1959). Tb~y tested
toe abili'l:y of gravid. felna.le Pseudacr-is strecker! to
discrimiha1fe ~~tween calls of conspecific males and calls
of a sympa:'tric sI{~cies., They l)roadcast either conspeoific

" ~,;J '"calls, or thqse of a sympatric species, through lOUd
speakers at eat!h end of, an enclosUre. Females were caught

i~'", ; '.. _ '". ", '..... . - . .' . _.-. .' •. _"

in"ample'~us and tested after being separated from the male
and "allowed a short period .to become adjusted to the
artificial enviromnent. Since that time, the two-Ol1c..\ice

.'. (I . c>:'
discrimipation experiment has· been' wid.ely used t,o tesb the
}p.references of :t:ell'l~le anurans to vario'i,1s,~syryjhetic and
natural. :mating calls ..
Indeed, many ,p:uthors hav~' ISxperirtientally demonstrEl'ted,

(j

using the two-c~oir:E:)discrimination experiment, that f,.,l!ma1"e
anuzana preferentially ,select the louder of tiWobroadoast
calls (Fellers, 1979a; Fairchild, 1981; Arak, 199!3c~Dyson,
1985) • Large :male R.. marmorat12s produce signif;tcantly
louder! calls than (small males (l?as$:moreand ,!ielford, 1983) (,'
and l'e~!ales R;r~ferentially approach ,.louder callS' in two,...
choice (.u.~ori:ndnation expe:t\ ~ents (Telford I M),~2; DysonI
1985). "HoweverI there seem~{60 be some confusion over the

I,' ,( '.'

differences in int;ensity that'a female can detect which 1n£lY"
he an artefact Of~"-tpe-~~perimental design (see !J~eiford,"

/i

'1\'\
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1982; pyson, 1985).

In this chap'(:.er I re-examine t:n~ pre,;ference and
di$crimination abillity of female ..f1~ marmoratus to
co.nspecific calls varying in intensity and dist.?-noe in the
sintple two-chpl.oe experimen.t"

5.1.6 trials

'.\

As mention~d above l' the results Qf simple two~chdice
discrilninat.ion exper~ents sugges,t that fem,ale anurans
prefecrent.l.ally select. the larger or louder male (Fellers,
197Q,g.; Ryan, 1980; '<lFairchild, 1981; Arak, 19830; Dyson,
~985). :tt"has already been mentioned,that large males of

"
H., 'i~narmCiratus produce louder calls than small males
(Passmore ::qnd T.elford, 1983), Cohs.~quently in nat'ural

" ",

populations ferl1ale·s t~ould be expected to exhibit a
preference/for the 'larger males~ However, inobserva.tions
of ,natural; pairings, of If. luarmoratus 0 females were not
influenced ieither by size or age in' tije seleoti.on of their
mates (Passmore arid Telford, 1983; Dyson et. a1., 1992)..
Alth<:>llghlarq~;t: male 1i. marmoratus oall l''Quder, and
.f~males are prei:erenti~.lly p.ttracted to ~uder calls ih
two....choj,ce discrimination tri~ls, t~!~se 'Pref~rences al:'e not

o reflected in ttatura.;l matings.' "
Gerhardt (1982) diso()ver'ed that when femalc' H;..,., "gi~ercea were

\l (.\ ;.t ,...i ',.

given a chcd.ce .or four Loudapeakez-sbroadcasting different
\,' '. .\

freQllencies, their perfQr:mance:wa.s somewhat reduced when
c

comparedto a two 'loudspeaker"choice. The two loudspeaker
choice is an unnaturally i:t:limplechoice for a female to be

j"

cOllfronted with, an.g.perhap~ more reliab:t'e d<tJ:acan i,?e
obtained from sr"~s of mtl_j.tiple lolidspeaker choipe~;
which are mor~erosely. alli~d t.o natural conditions.

o

In .this cbapter 1- inVestigate the effect of increasing the
, " t J -;I

complexity of choice on "the intensity :p+,eferenoes and
discrimina:tion ability of female 1ff~ mexmotmtxus , The

a
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o

,~esul ts" were then ••compared with those obtain simple
·:two...choide,. discriminatidn t.;Fia.ls. The ov~lE
this chapter was •t1 ,~et~rmine, if, female ..•u; ' .' ,, '~bo1.t~d
differentiate bet§'een ,,'the" con/fusing effectsO,of SPL and

c' .

distance I l;1nd. also to examine j.ntensity preferences j"n
(j simple and more' complex d.iscrimination exp~rim~'nts" . '
Towar.ds this maip (.)bjeotive the anSwers ,toto the (ol)~owing
questions were. SQUgh:t;"",

II"

1) Wben <, presented with two calls differing only in
intens.i'ty do female >1(. ma:plnorat0g.s px'eferentially approach

o

'the mos't: intense cCl>ll, and if so what is the smallest
t>

di:ffer.ence in intensiticas .that they can detect?
o f,} Is the bebaviou?;al prefereftce It shown' in (1).;'
s'i<]nificantly. alter,ed by, in9re~,sing ,tffe complexity Off'
choice in four-choice dls.crimination ,Frials? ~,
3) Call ..tehlaJ.e .H. ma;rmo:ratus dist:j;hgu:Lsh between qttl.iet calls

i .: _.. ' .' _' .. " ... _.: .. ':\ .... .... .... . ". ...• i} ..'. ". . ...11

t~at;;,l(I'\ell\a.nate from a nearby source and :tqud calls from more
~T ' " .

dis~l!\:nt points in s;ilnple tWO""phdi~e discriminat~on(( . ~,

experiments? o
o

C)

o
o

,)

\\

't-'

i(

174



,
o

5..2 Methods
l'!

General materials" o
o

o

o. .. .... _,,__ _ _ \~, """~' _ _,' _ ,_ _ __ _ _ _ ',' _', I

Amplexing pairs o~;;:)H. marmoratus w.ere collected fr,Q.mtwo
,ic , . . . '.'

shal;tow ponds l'lea'f~~:t.~g~i?i" ZUIUla_Ildduring JaIJuarY,,_1985,
(for a detailed des(ti!ip~on of the" stUdy site and species
see Chapter 11,~e) and Appendix ,B). u The frogs were

~~('}'.!'~'t. '''' - __ _,',",'" ,',-- _" " -_. _ ,',>
transported soq:n after capture·to the testing arena 'less
than. 3' km a\qay, and fe1i\ales wer.e"teste~ .witllin 5 hours .of
';apture. The testing arena) was ,~it.uateo. in an open outside
area, away fro~ allY buildings or large trees; and
consisted of a 2 .s "x 2.5 m fla.t canvas floor surrounded by:
low canvas" w,~1.1s "40 em high ,. 'l'he a:tena "~as provided, wit.h
Jlim illJlIDination by a single so, tv red bulb;'1 S'uspemled 1 m

\. ,}

.Aik- tex~perature tang-ea f:r;t;..l. 18.3 ....26.:3 C dUring the period
o »> .....•........ ' ... ~- ..• c>-' ~)

in which the$e experiments Were oondtScted.
;::)

Each female was gentlY sepa.:r;,ated from the amplexing male
u" . ~

immediate"ly b~fore tne first trial and placed at the
II, '. . '. . '0 . ,. . .. ..... ' . ,.. • 'releg.se point in the centre" of the °arena under a plastic

o " .. ._ ,(J

mesh release· caqe., The sti,mult were broadcast to the
'_. . . . ,"" - ;," .. '. ." . _.. . . . . .'. . .. .: ". I)... _ ,female and after two mlnute~ the re:tease cage was slowly

r7moved .without di!sturbi~g the fem~,le.. (~If the female
failed. to ;Vocate a lOtt'l:'tspeaker" within 19 min srfe was
discarded" and not; ;:used .again. A posit-ive response was

'~ \';

'scqred ,when -op,. fem,ale D a~r?roaohed within 5 om ,of a
lOUdspeake:c':'Jlor contact.ecl a It~:uds\peaker.' Once the ~emale()

~ •. ' 0 \>
had completed a" trial "she was rettirned to the release .cage

r'()

and the !'ipava procedure was repeated for the next
combipat:i.ol1 of stimuli.

:\ . \,\

The aQoustic ;;'sti:UtUll).Swas
\) Cr .c- ..:

Chapter .'four, <;" $e'e1::1on

-:.J '}

synthetic standard dai];ii' (see,
\\;,'

4: ~ 2.2.) 'that was behaviourally \i!)

o :,-,
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'i

r _ _ " __ " , ' ( j'Y' _ ,~ 0 -~

egui V;lal~t,lt to a' typical natural ca l.I (s'ee Dyson and
PgtsSlllore,.J.988a, P'; B':1okWeflet ~~''''f1\~y91 ) • Eaoh stimuil!s
had a 'repet.i t:b;m :tate of 60 callsj'lfiin which approximates

• t'. :f '.''''_ _o' _ _ ,',' _ - ',', - _,", - -eLf.) '" _,.,' " ", ,~

the natu.ral \\q;alling rate of lnales at ·the pond. The
stimulus, tape Ak~~ relayed °frem a Nagra III tape reoorder °to

" _ " _ 'J,n' ',_ _ _,' ,_ -', __ - _ - __ , _ _ ,', _ ',' ,CP

a :four-Channtn analogue sequence controller specifically
odesigne~l for ,this exps,"t;'iment. The aequence coni;;roller .was,
const;lXctdd .by J"' (;fNel (Central Electronic' Services,

""":' ... :".-:~ ... if. ()"

"unive:r:sity of the Witwatersrand)'. The sequence Qontro)"ler '
allowed the, stimulus to be routed to successive Porta:mon
spe(lke+:::::-amplifiel:'sin a regu.lar sequence. It was"imperat,ive
to 'ut~~Lise~toe $equenc'e cent"roller as variou~ temporal\J
relat,i nships between broadcast stimuli have b~en sh.ownt,o ,),
have 'a;, strong infl.uence on female preferences in

\ "
\)"disc~mination e~peril!\ents., If ~me stimulus ove)~laps or
shortly fol1~S ano:ther, females of this speoies h~ve been
shpwn to prefe'r="'::~he leadirtg' stimUlUS irrespeotive" c;f

6 '~•,,' " ,',,' ",, , "', , "" "'." .'_',', " "', _,' ", ,'. _,' , ., ,._,.,''~l\ vfrequency and/or intensity differ~nces .'(Dyson.and passmo':t;~
~98aa, bl;- conseq:uently, the aequence controller eliminated

V '. . '.'i:;

any possible 'temporal bias as the same .synthetically
':'. """, I), .' " -.,'_'. '. j)

gen~rated ~ignal was broadcast I;fro~ eaoh' "l0l;tdspeaker, with
an idel1t:~,cal l.ntercall illterv;al. ~;he number o~\ sequential 0"

G Q
outputs could. be varied from one to four depending upon the

o _, ' __ , ' ," _,,- ' " 0 Q

expl':'lrimental qemand. The loudspeaker whiCh broadpast ths
first call i'h a trial Was randomise.d utilizi,.,nq the "four-

\\ " ',' ,

channel sequence:,control ~i ~r.

peak SPLS"were measut'ed with a :adlel and Kjaer 2230
Preoision ititegrating sound leVel meter, used in

()

Qonjunotion, with a :a & K 4U,5 microphonet Cl flexible
. " ,', 1\

miqtoPhone extension rod (E s K UAO~96) and a microphone
dehumidifier (B « K "GM'J308},.

\\

Q

o

'l'Wd~chQiceintEmsity discrirqination trails

Female H.. lIUtt'11lQ:ratus were placed in the centre of" the arcena" a

','and presented with four different pairings b~'oadcast froltt

176 o
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.c:

lotidspeaker~ placed at equa:L distances ·;f'tom,the "release
o . (\

poin.t.; ,(tp.e arj:angement of loudspeakers is shown in ,Fig!~
5.1)". ~ne, "loudspeaker always nroa,doti$t a oall: at 104 dB".at
'~o 0111, 1hd again. to elim;nate 'any, bias, the ,enc~"which
housed this standard" loudspeaker tvas frequent.ly~ . . Q

alternated and the pairings ~ere pr~sented in an ''irregular c

order.

The standard" loudspea:kler was pailted wit;h o~~ of the
;fQllo\ving for· each. trial ~-

Trial" 1: standard" $peal~er vs .:Experi,lI!ental speak,er with a
..•.,' ,

broadcast ..call of ¢Ol dB (peak $]?L,at: 50 om11( This ea,~~,
\io . ',_ ,~~ ,,' _'__ ,'_: __ ,', __ " ,,' ',' ,,: " _', ,;' _ -

atte.Ouated to bel SPL of<'''93.(dB at .the f.ema:le,release ..poinj;' \
.~.. ,J -'f .. ,,_ 0'.

;).\_ 0
\.,' ,I}'" ';l.,

Tri.al·.2:,;' standard speaker n Experimental ospeaker 'with a
c\:'n ,,'_' , 0 !' _ .. _-,',,'_,' " . ' ' . __- ';~':,' . . _ .e ()

broa~cast o.all of" 98 dtt (peak. SPL. ,at 50 cm).. '~lns ,(Jal,
,:~t.t"nuated :0 .a SPL of,90 <ISat the 'female releas" l'Pint~" \. 0,

. "" '~

"~ti.~l 3: S'tandard speaK~r vs $xp.eriauental spea~el: with a
,~,-~:':;;;." . . ','. '. '. _ . .. _ . 'c, Q..'......;. . - " " IJ _ . _ u

brCladoast call of 92 d.B.,(peak ,Sl'L at 50 em)." Tn;ts call
,a~tenuated ,to a 'SPL o~ 05 dB at) the\~:~ni~e releflse .point.o
~.. . ,; e,

Trial 4F standard speaker vs Experimental sp9ak~r wi tli' a
broadoast call 'Of 104

0

dB (p~akoSPL at "pi) ant) •. J This call
attenuated to 98 dB (peak "SPL) at··the female reJ.easeopoint.

o Q N

Trial 4, represents a control pairing I as both lotidSpea~e,is
c. '.' . _'.' '. ...•...... ,'. '" . . __ . '.' '. " "._ .•.. ,0_ ' ,,'}are broadcastl.ng calls .at t,l1,e sante peak SPL (1. Cl. c. 104 de

at. 50 cm), anti, e.re equal 'distance/; from the f'ema:,le release
0- ~

point. /1
o.

o

o
e/l

(i
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5.2.3i1 Four-choice intensity discrimination'; :bit,blJ,S
il I)' '::1.':', ,-_ ',_ -", ""'"

.Femalen H e- marmoratus ~e&e placed inn the ~centre of' the (
o

arena and present~d wi trll eight trials of four calls
:.6roadcast at equal d.i,stances from the relp,.alerelease poil'lt ,~'

\l

(the arrangement of loudspeakers arid a dia.gral!ll1\atic
<::r

representation Clf the egyipmenta. is' shoWll,."in Fig. 5. 2) • In
each ,of the eight trials at least one of" the loudspeq,kers '(v - . ,)

'Y1as.·broadcasting a call at a peak ",SPL of 104 dB§at 50 cn,t;..
The order UJ1Whi6hthe eighit i\ triallS were preseiited to the

n • , , ' r-, ,., "" ", "", (!

female w~s irregular. to t=r:fCcl~ldeI~njt possible .bias.
Each (~ries consisted of the stanqard speaker linked with

, !. "(1

one Cif the,,1following arrang~ments:."'u o 0

Trial' 1:. stand.ard speaker Y§. three
'11 t::::'l

·b~.toadcaslping'callS at a SPLIt <)f len dB. ,~
spee-kers 'all

{f

Trial "~: standard' speaker VB three speakers all.
~ , ! 0
bi'oadcastingllcalls at a SfL of 98 dB.

c

Trial 3: Standard speaker VB thre~ 'speak~+s all 0 "

broadcasting calls at a S:PL of 9,2 dB.

iJ;ria1 4: ' stan.dard speaker vs one speaker broadcastin~ a
call at d,,/spt. of 10]. dB, one speaker broadcasting a ,ball at

j) - - J)::,'> /)

a SPL of 9S dB, the other speaker bro(;l_dcasting a carl ,at a .
,- - Q

C!PL(lo'f 9J;;;"""B'i), ::l "','" •
G

Q

~ri(~l 5: standal~drspeaker ~ one spe~ker ~roa~c~sti~, a
call at a 8PL of 98 QB, one $peaker broadcast:tng'~ja :aJA" ato
"a SpL of 92 dB, th& other speaker broadcasting a' "dap:,) at a ji

SPt. of 86 dB. '" IT

Trial~ B'! Standard speaker vs two speakei-s Broadcastir"g" 0
() - - - ; 0 ~

calls at a SPL, of 101 dB~ the other, broadca.stim~ c/ call at
,~i Ii .. 01

a SPL of 104 dB. ('
'] (!
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{} [;

a
(';:;."

speaker VB •..•two ~~kers broadcas£i)J.9
u

other broadc,q.stfng a call at a
Tr:ial 7:
c~llS ~~;;a Sfl't of 9,8' es I tb.e
S1?LoJ: 104 dB'.c"b ..' cs

~ri&I. 8: St:.an,dard speaker (;vs ;three speal'{ers allr?
brOagdast:i.ng•., .(J..aIls at a SPL of ;l5'\;14dB. This·· choice a\::ted

. . . \.~
,:1'

a~: tIle control c~o:Lce.
/?

t?" .... . '~'., . i,l 'i!; ·(~·.':W ~I

AI'~ SPLs quoted abo~rewere peak SPL (.lleasuredoat a d .~tance
Of °50 em, and. their oorresponding .attenuated va1.u~s at the
female release point can be seen in Table 6.2.
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o
o
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5.2.4 Di;stanc::eve:.rshs",intefi~i ty discrimination tXials
(I~)

The· fama,les we,re pJ:;'esented witb seVen ,diffetlent st.imul1.ls
pairings in .which ohe ];.cmdspeaker always Broadcast a caLL

L. .,. '.', .,,. ,." ." ',,' .c' ":, .

at, 104 dB SPL ai:, SO om and wa~ at a~~xed, position ,1 m front
the female release point (.standard speaker see Fig. 5.3'),.

_ .... . i, "' .. '.' .. " _ ,. . ..... Q

This call att,enuated to give a ,SPL of 98 dB at the fema.le
" 0' , ,,' \1, ,

rel~ase .p~in~,." '"In order to elimi?ate, ~n~possible' pias I

the ~~~~;(\,V.V~~~l1Q.ous{i1dthe stand,C1~;tX'~loUdspeake: was
\]fr,eguently changed, and "the order with Which a female was
presented" witl1 ;the sev~n .:)StimUlu.spairings .was. rand~is~d.
The, standard speaker was paired? with, 011'0 of the following

for ","chtd"l'~ 'f j.~
,Trial 1: $·tande.,rd·speaker VEl. ExperimelltaJ. speaker with a C'

0';;'\ /""" ' ,(I, , ,,',' ('

,),,!~oadcast call of 109 dB (peak SPL .at; 50 em)" ,placed 2 m
,;f'rom the" ,female release point. IJIhis call attenua~ed to 98

P dB {peak SPL) at the female release poiht.
:J -- ,

~'

Tr~al 2,=' standard" speaker 'IS ExperiJnental speaker wit~ a
broadcast call, of ~10 as (peak SPL "a'\';;"50" em), placed :2 m
from I'~he remale release point. This oall attenuated, to 99U ' C

de (peak SP1.) '~t;the female release point. \'J

U .

Trial :'3:. Standa.rd speaker 'IS Experfment~l g.peaker with a
bros.dcast caD." of 115 dB (peak SPL at. 50 em)", placed ~tIn
from the fe."llale release pOint. This call attenuated to 102
dB (pegk SPL) at the fen,lale release PQint.

()

Trial 4: Standard speakf!j!r vs E~perimental speaker with a
broadcast call of 1'04. dB; (peak SPL at 5Q" emf, placed'l m
from the female release point.. This call1(attenuated to 98

dB (peak SPL) at the :female' release pOint.

Trial 5>: standar.d speaker 'IS Experimenta}- spea:Ker with aU
r_;; broadcast. }.::all of 104 dB (peak sPt at 50 em), placed 1.16 -m

" - ji . ,

J) from the female release, point. This call attenuated to 95 ,~
] "
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Trial. 6: Standard speaker :z§. F..:'XpeJ::"imen.t.alspeaker with a
ti(-" .•...... ," _' ':' " '.'.-.- . - ., ',' • " _.,'" ,,',.'__ ',,' __ ,' "_:,broadcast call of 104 dB, (pEi~;l~)SPL '-',at'5{) em}, placed :t.4 III

(, " ) " ,. '.._"~.. . i.".' . '. . .' .. ' . ('

from the femp.ln release point. This call attenu,.,at,ad to 93, '0
aB (peak SPL) at the" f~male release $int.

D _ _!) _ _ _,',_ _ 11,:.' _,'-~-,'J _ ,">(.{ ',_ _.' _, ',' ,',' , _ '
~rial 7: standard speaker vs ExperillleI}~al f:>p~ake!'with a
proadcast ca,ll" of 104 es (peak 8Pt. a:'~,.('~'Oem);"placed 2.07 m

\) "

:C'rOlll the female release point. Thlfs ca;Ll attenuated t9 90
" dB (peak SPLl,at the fema,:J.e'release point. '

()

Tria:). ~,l;,"epresen\b.Sa con1::rol pairinb, .as both loudspeakers
af's broadcasting catis .at the ,s~lne BPI, (i.e. 104 dB at 50
em), and are equal distances"f:rolU the female release point,.

,'-_ "

The arrangement of thg>J~loudspeakersis n:Llustrated "'in Ffg.
',~:-;-~~':!!"<

5.3. ;0'

/)

5.~,.5 statisticaL methods;)
\ . .,

\)

o

With dis¢rimination trials th~t only involved two speakers
the Binomial test was used t:o determine ..' levelS of'

. Q)

significance. The ,results 6btairi~d in the foui-$peak,e:t;"
trials were co:mpared'with the resp~eti\Te two speaker trials
and Fishe!" s exact" test was used to determine if an.),
Significant differences elCil3.tedat i:he 0..os probability
level. The Chi~guare test was used to determine if the

.;.:. "

I)

distribution of temale responses" to.,.the.,)four,.loudspeake:rs
~" _' "_.,,," ,"'" ,,',_',', " , ' , ,',', '_ ,.,' ':','.,;",:~,t ..,

was sigb;ificantly different :eroma uniforrii dist.:ribu:tion.
•. ,. II

CI

183

{(



o
DIStANCE
FRQMFRP

STANDARD
SPEAKER

'fit:tp =. FEMALI: BELEASE POINT

C)

,-c, 1.0m

o

EXPI::RrMENTAL SPEAKERS

·1·6~1. m '_- 1.4·m 2.011'1

TRIAL
4

e>'.*_ .. ,
; ._ --
I .... "i

I.., _, __,_

c TRiAL,
5

TRIAL
6

TI1IALS
1,2&3

o

o

£>

o

o Fig. ·5.3 Intens,ityvs.distaflce dlscrlmlnatlon'trtals
r-r:-

o

G .;
c

o

TRIAL

7



<.:)
5.3.1' Two-cboice interlsi ty dis_Qrimination t"rials

~ ~G

Thirty-five two",choice intensit1 discrimination tri'als,
using 21 f~;males, were' condu.cted. The results are
sunmar-Lsad in Table' 5.1. In this experiment both the

-).... .: .s :..'. . '-'.. .. C::;::'=)Y
loUdspe~kers Were kept at a fixed "cpbsitio~ of ·3. m trom the
female :release point (see Fig. 5.1). When the difference
between the Sl?L.,of the loudspeakers was 5 dB o.r. In.,0. X\ at' the
female release point" the females showed a sign~icant
preference for the" loudest call, (Bino:lld,al':ites,tfJ ~ ~
0..05) •• I' ~~';'iJ

,TABLE; 5 ..1

n'

ReSUlts of two-choice'-intens:lty disc;lmination trials

Trial no.
standard speaker

Score
Experimental speaker
Score SFL

____,~_~ ~_"...-__ ....... _;;;_l,.;.:..~----~----"""'1~-----
'I,!

1

:2

3

4

11

'" 11"',,~\,;;--
10.

9

2-
l.
Q
11

10.1

98
Q 92

\\

() 10.4

(93)

(90.)

(85)
(98)

()

I)

i'\

Tl1e standard speaker'; was set, at a SPL of J.o.4 dB at 50 em
which attenuated to 9a .dBat the female release point.

:;:,' ~~ -. \'. ... . _ r- ... _ _II·. _ . . _ . ,i .. ;'
SEL == peak' 8P1. (dB) at 50. em in front of..;speaker, peak Sl?L
(dB) at the femal.e r~lease poipt in parentheses.
Score ::: Number of
particular speaker.

o

release point (see
Underlined (Binomial

:temales positively responding to a
,~~

Each speaker placed 1 III from female
.Fig. 5.1). Significant. reSUlts are
P < 0. •.0.5) ..
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II 5.3 •.2 J.1·our",ch()ic~interl~ity discrimination trial~

Two and four ....choice·' int.ensity
<f::

discrimiriation trials, using 37 females i \olere conducted.
The~results ar~ summarised in Table 5.2. Whenfel'nales we:('e-' .. ~.' . . ',' _ c.' - - ._ (l- - • - - - - - ->' - - - - - - -- - .

presenteJd withl ihe choice in trial 1 (i ..e. one .101,1dsper,.ker
>,.

at. a Sl?L f>f 104 dB at 50 em and the other three at a'·' SPL of
101 dB at 50 cmr (I equivalent. to a 5 dB differ.ence at t~,e
female rel~e.se point), there was no significant preference
for any loudspeaker. Also I with the choice in t:r:ial "2,
equi valent to a 8 dB differen.Ce at the .female release.
point, the;re wa.s no significant preferenQe for the louder
call. Trial 1 and tricil 2, differ signifibantlY (Fisher's
exact test, P -< 0.05), frol1l trial 1 and trial 2. of the
two-choice ·.discrimination experiments.. 'l'his indicates that
although the difference in SPL is the same, the ,femaleis
behaviour has been significantly,\ altered by the addition of,,"

speakers •or in other words by i(h6rea$ing the complexity of
choice. Only when there WaS a 1~ dB difference at the
.fcqnale re'l~ase point (trielr,l 3) did femal~s ~Xhibit a
distinct preference for the loudest speaker.

Whenthere was a step-wise 3 dB or 6 dB difterence at 50 em
in front of each sp.eaker (trials 4 an,Pl 5), the temale.sG . . '-

,~::::;showed!"aconsiderable prefereng~;, fo~, the J.oudest broadcast.
If two 16udspeaketf,s we,te kept at 104 dB at 50 en, "and the
other two at 101 dB or 98 dB at 50 em (trials 6 and 7),
then there was a preference for tbe loudest b),:oad<::astI
al though these results were 110t as clear-cut as the
corresponding trials in the twC)-cl'l.oice discrimination
experiment. "
If all the loudspeakers were broadcast'::ing calls at the same
intensity (trial S) then the': fema>les did not; Show a
preference for a partiCUlar loudspeaker and 'the

distri,r t..ion of female responses .was not significantly
differ~fd: from a uniform distribution (Chi-square"test X2 ==
a.3.o, p> 9.9, df = 3).

186
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:r_ABLE 5 •.2
o

Results of four"cb.bice intensity discrimination trials

((

Experimental speaker m.llllPers·

Trial no~" " 2 3

standard
speaker"

4

SPL .:;:;peak SPL "(d.B) at 50 em Ln ~ront of speaker I peak. SF1.
(dB) at the female release point in parentheses.
Score .:::Number of (females pasi tively responding to ",a
particular Speaker.
Each speaker placed 1 m .from female releas~ point j (see Fig~"
5.2) • Results tb.::\tdiffer' significantly from t.he"
corresponding two-choice intepsi t;y discrimination trials

o il

are underlined:' (Fisher's exact test F < b. 05) •
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o

ji

05.:3.3 'Distance versus intensitYi-, discrtiiS:ninat;i.on t.,t;i.acis
~ ~=

o

o

Dna hundJ;"e(.l '. and ninet.een .disJ::anC1e-versu;s;;-i~tensity
'. . . ". . . '. ..~discrimination trials, using. 42 femaf/les .were conducted.

DO') .• J (1 . . ...., -"'-

The resUl1:s are .summar.is'e.~in ~able 5+:3. In the con~rol
@J _ " _'~ ''''' :" - _ \. - __i~

~a'periment (,;trial 4) t Where females ~'&(ere"presented with
"ca'lls from the same distance at., equal °intensities .M
pre;fetehce was shown for eithe1: sp~aker. In tria;ts Cwhere
the, differe~ce between 'the SEt. of the~lC;Il.ld~peakers.was 3 dB

\0

or leas at.tbe female release opoint, females failed to show; _ - - '..' _ " - - J:J
a signi.ficant preference :EOl': either call. HoweverI \Vb-en

, .~ ~
the .difference ;tn SP:4,.,cq.tthe female release pointewas 4: dB

c: . .1." ' " \)
"or greater the famare's showed.·a significant p:refer~nce for

.' I)

the 19udest call irrespect:i:v~ Of ii;.$, distance from the
releas'e. poirnt./ or its abs'Olute Sl?L' at' 5~P en from the

n ..G., ' , • , <.: ,

l"oudspeaker': For exantple~ in trial 3 r ther~ wa!? a 4: dB
difference at the relea~e }ioint, ~\ i;he females showed a
Significant preference (Binomial. t.e~~, p. <: ·0. oeq .for the

1)-- " " , " _"" , " _. _ "._ :,' .' _. ' , ~~~,:-" : ? ,>
lOUder.call even thQu9'h it was twice .the distanoe of the
dpposing call. In trial 6 ,';t\ ther~ was e_' 5 r.tB di.fferenoe,
"'. . !J ..... ' .::::,; C''-~ • "

"anti females siOgnifiaantly chPSe th.e'4Ploudest broadcast,
which in "thiS q,ase was J-;.h~~,close~t "loudsPeaker" (Binomial
test, P <: 0.05). " 0

o

c 0

Females :l;frspon~ si9nif,~9ant.ly to the call ",which" is
per<?eived to be 4: dB or greater than the othel.',"oa1c#~t the
"female release l~olntI irrespeot.$ve· o~ a}::)soluteSJ'L •.

~l t..\

o

c

\")

"

('

les
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c

R.e:p,ultsof distance )l§. intensity discriminat ..Lon trials

D Trial
,;".'

standard
speaker
Score 0

Expe:t;:ime'ntal speaker
o

Score Sl?L oistal)oe

10
7
5

9

9

.2.

11
10
II
11
B

.1.
3

(98)

(99)
(102)
(98)

\)

(95)
(93)

(90)

IF

109
110
115
104
1040

104
:l,04

o

o

2.0
2..0

~:~~
. '(\" ()

1...4 ,~
2 ..07

a

(\

SPL := peak "Sl?L(dB) at 50 om in f:r9:rlt of speaker, peak"Sl?~
c (dB) at the female .t"els-asepo.int in parentheses.

c

Soore ::= Number of
particular s:ryeaker.
Dist.ance ::= Distance of exp.er:imental speaker :froltt femal~,

o ~

l\

(13ino;ro..i:.
J
)al./.est:,

/1
fl " I

:re.).~v.s~point.
/". ,', •. 1

Siqh±lioant results
c

0.•05)
are underlined
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5.4 Discyss ion

5.4.1
situation

.Female intensity _p.refE;lrenges in a bl0'':'''gho,j,c.e''
o 0

"The re-sults in Table 5.1 shoYi'that femal.e H. marmoratus are ,,_Q

"//s\~gnificantly morE:;'attracted to the louder of two calls
~hen the difference pe'b-ween the calls t ati, the female

(,' , _ ,',' , " " _', ,,_,i ",' , " ',_ """ " ,', rjrel--ease point, is 5 dB or more'" 'l'hs response c~n be ~eel'1
to be graded so that the larger the intensity difference
the great.er numbe.rof fem~12eschoosing the louder calf.

,\_\

Q 0

These, ~es&~lts sUPPQ):'J:;t the findings of nyson , (1985) which
are in conf,lict w[ )those ~f TeLford (.19SI

Z). w'ho found
"rf\~) "'0, I,

that fentale H. mardoratus sometimes exhibited.' a clear"'cut oj\'
0;"

preferenCe for oalls .that .~if'fered by 3 <is. at 50 dill from
'the loudspeake:r" while at oth'er ti~~s Qnly exhibited "th~?s

'" ' ,;,:;_) .: ", '.<j _,' v-,.." "". ' _ /(preference when the calls dl.f,fered bYe 6 dB. o~,,mo+,eI at 50

em from the loudspl?aker. Unfortunately ~ llel'ither of these
II

autl~p;t'smeasured tbe aotual. Sl?L per~eived by the female bU,t:

(/ 'simply assumed the inverse "square lavl to hol«:1.true unaer
field conditions. When.they were comparing female.responset;;

(>

to differences in intensities of 3 dBr "at 50 em front toe
loudspeaker I this difference Was probably 4 - 6 dB"at" the
female release point, dependen~ upqn the many,0 factors
invol ved in excess attenuation ot signals cJ.ose ,;to the'
ground (see section 5.1.1). Consequently this may explain
WhY "'relford (1982) obtained confusing results, with a 3 dB
differenc,7 at 50 em but a clear .....cut re$pon~:j\ ate a ,6 dB
,difference at 50 em. In the, latter, caSe thIs' difference
was prObably as much as 7 ....9 dB pe:r;-oeivedby the female.

In the e:Kperimen~$described' here very precise measuremen.ts
. . . '"

were made at t<.h~ ~osition of the female's head' in order to
oalculate the abso'lute differences percei ved by the ofemale

190
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o

under the experimElj1t().l 'conditions. Each of these
me'a~urE.l:mentswas repeated at <te~st 10 times in ai-der' to
e.liminate any e:trors cause"d by. climatio change~)'. However

• '. . .' . ~ . . .. '. . 1.1

D o the ~p~ lt1e~sur:d by) an s)?r~meter may t~ll a .v~~ydifferf:~,t
storY" f:r:9I!l what a fJm.al,.ehears and phys~ologl.c,?tlly rlt'e~l9onds
to ($ee Zelick and Narins, 1985b). In addition the design

,~, . r. (J ,', V

rJ

,of two"choic~ ,e~periments is S'llch that. as soon as a female
'.\

begins to approach the lOuder call~ the intensIty of the
'.') II ' ", ,~ , "

othel:! call will)' diminish. 0 with distance. This has the
".effect of increasing the SPL difference of tne calls
refhforcing the' phonotactic behavibur of the' fenlale to the
call sb.e first .responds to. \""

c ,', "\ \ 1:,

Passive a;ttt'action 'of .females to the call perceived s:t;] th~ 'I
1 d t . t .t '! b t' b . d t tl 'h;" ~j 'ion es an ens i. y may()" e a trJ. :ute ?o " le P YSl.Ca.L\,i
properties of tl}e.ir aUditory system. For example, a call
percei ved at a low SPL (dust above the auditory th:reshold

. c

would p;t'ovide a relatively low level stimulus when compared
to call~ =bperceived ~a.t a SPL much higher thar{' the a\1d.itory
'threshold. Fc;mg,i "(1981) studied"vt,h~ cti:r:eotlonal response

() ,\

characteristics hf single neurons in the torus
semicirgularis of Rana pipiens and disoovered thatc ,:there.. . I)

was an overall increase in "the mean number of, spikes per
second (firing rate) I in .q_ single unit, with 1.ncreasing~ ~
i~tensity. He showed that when the ..st.t.lnUlus intenSity was
just '~,abovethreshcild (32 dB) t the fir-in~\ rate Gwasslightly

o 0

above the spontarl.eous firing rate, however with a 20 dB
ele,\ration in stimulus intensity' there. was at las-st a three.
fold increase i.l') firing rate. CCl:pranicaand Moffat (1975)
studied the respopse properties to different frequencies
and intensitie:;; of single' auditol~Y nerve ,fibres in the

", .', , ,,_,,',' - " '" ," - '" , ' " -~'"~<:;'->--Peighth nervev.of a > s];>adefoot toad (ScaPlJ:iopus cOuChii).
o 'rhey discovered that as the intensity of the stimul"o1swas
increased, tow'-freq:uency artd high-frequency units (.,increased.
t.lleir discharge rat.a monotonically over a range of about'.30

'1 • .

.....40 dB above threshold." For e~alt!ple" at.\. a 'stimulus
intenSity of 80 dB 'Sl?t one low....frequently unit had a firing
rate of 28 spikes/s~ at 90 dB SPL it had Ii firing rate of

191
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c 0

c,:;-

70 spikes/s arid i't reached a peak of, 1.25sp\tkesjs \~9,1:' 11.&dB
,- '"',, " " , ",,' , '. " ",',,' '-"" ,', _ ' t:>" ':2',' d

SPL~ These au't;hors have demonstrated thatc,,a loud\s:r; eall
will p.roduce"\'a"high lc:'!v.sl stimulus in the aud;to;ry,)sys3=em,
cQmpared with a call just above thr,eshoid level. TAis

, I)' .. _. . .... " '. - '0' . (._'o.-

suggests that·tha reason why females prefer caJ_ls which ar-e
5°, <\B .iouqer ,.than otheX'"q,alls is due t:b th~ incrk~se in)
fi'J:.ing,;. rate. within thea,rfh"auditory sys'telll:.i~~)con~equ~ntIY
females 0 are silnply 'choosing the call Which produces °the

':) .

highest level of si;imulW>in their auditory system'\'
o t~;t!

5...4.2 'Effects of confound~d 'four-choicec,~'d·iscrim:inat.ion
) a

trials on the intensity preferences offemaies {}

In the two-choice discrimination experilllent::s (see Tabl.e
!5..1:) and the distance vs intensit:'l discr:illlination
experiments (see Table .5.3) it was shot'lnJ th~t females
displayed a signifi'cant preterence tor the louder of two
call.~ 1 when .the difference in inb:msities ,,'percei~t:;ldby 'the
females tolasonly'" 4 - 5 dB. This preference was shown to
be independent of' the absolute "intens:t,ty" of .the s~gnal and
the distance of the source from ,;the.fe,;male.. However,°when
tb.e females w~re presented with· a Series 'Of three quiet

1\

calls of the same int.';'msity and one loud call (Section
5.2 .31 trials ~f 2 and 3), the;ce was no pr'eference for the
loud call when it was 5 ... S dB (Sectipn" 5 •2.3 I trials J. and

~ . 0 (

2) loude!.' than any of the quiet calls. The preference for
the louder call Was only present when this in.tensity

G ,0'

difference was elevated to 1.3 dB at the felll.al'e release
point.

'::,. C 't'

InOthe four-choic.e discrirtlination experimentt t'1here each
call is at least 20 dB above the hearing threshold for 1J.

(),

marmox'atus (trials 1 and..2), there ,~il* be. a high Havel
stimulus in the· auditory nerves f·()r each pall. As the

1.92
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o
o

fi;rin-g 'i1$ate increases proportiohaJ;:ly wi~h') ilfict:easit):9;,
d. .' . . ,'. '.' __ . _ '''..'... .. " .. ' __,.-- .... _.....'::. '-.. c

in'tensity (capranica ana 'Moffat, 1975; Eeng, 1981)" tllert at
" ,',

a signal intensity Of. only 15 dB"above. threshQld,'JS5 ~a in
triai' 3). there will be a cons;i,derably i7educed f,Ifi~g. rate G

wht?n compared with trials' ,.1 and 2.. As the~o'(feIllale'~"is
pr~senteQ with four calls, '.~ll of wliich con~~itute' aq hig~
level s,,?,fmulusin the aUd,ito~y system (.in tri~is 1 and0'2)',
then (~h~ :maybe confused vlith l;espect "to. ¢!.iffere'nti@.ting

\', ......" ~ .. _.. _ "......, .." ' .. ," , .. .. .. _ '.. .. ,',,'..', ',' _, .. ..'"'''' .... ,' .. ,' ...... ,', .. _ > .. .... ".. ..', .. " .. " .. .. (I .. , .. \1

the sli~'}tly higher~level stimulus ..and selects 'the callss oat
v. i 1\ .. .., 0.... '" ,'.... .... _.. .... .... .. n:. ~

random. l\ Whentbe di:~'f.~rence in firing rates produced ?.py
the calls "becomes greater as the intensity diffe'renoe

- '. . . " (j

inoreases I)) the~ fe'mal~s '"are able to differentiate bGtween 0

quiet c.alls and loud calls (trial 3, see" Table $.2) J' . :When
females are", pres~~t,ed with many calls" at simi,lar

, . . .... • . f! .•.. ". Q '"int.en9ities· she' :1,saunable to disting'tli~{h which: calls' are
slightly., louder,' possibly as a .result of the \)Physical
pr~perties of <;) h(~r auditor:p system. However .when this

\\ ':,. . . .. . . . .... .' .

diifference is su:a:ti,ci'ently, la,rge· to prod-q,cea sUbs~aneial
differellce in ~ir!ng ratec in the audd.tory system ';'then

". >,->.1" •.... _. . '. _-. . __ . . . .' __ . '. __ .'.. .: . . ; l,

te,males t:lre passively attracted to the calls ...•.which p.rqliuge,,;,
a :;r{ighlev!il stiml1lus witp.in the auditory system. o (;

,{.::

.) . 0

;l;n a.ll ,til'e other trials Of. a th~ four"'choice discrimination
experiment} f~.imales prefere11tially selepted the l;o~d~t

i=! •

call. 'l'his i1;; 'proba~lY()due to the fact that in t,rials 4
an,d 5" the female wa'So given a. 'range of SP;p.. and this
·(e;::onsequentlyleQ_cf'6.. a range from low-level 1::0 high-level

. . ~
S1timuli in the audi tpry system which i) faoilitated

"det~r:mi:nation of tp,_eYoudest call. III ('trial!:? ISand 7, the
,'., ) c,': o

calls presented to the females produced an equal ratio of "
o '. .....-'. ,"

low-level and high....level stimuli in the auditory system and

o

',' (( (;)
\y..F

"fem~les were able to easily ~'differentiate between (the quiet
calls a:ng, the loud calls. These latter two trials actually
represent a .doubl:i,.ngof the' simple two-choice experiments·
where females could easily distinguish between two calls
differing by 5 dB (see Table 5.1).
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Unfortunately the relatiQn$h~p bet\veen ..call :4ptensitll" ~~d
(-: r- '

i:ndividua·l :fibres' 'discharge rate within the ~orus
n

semicircularis Ls unknownfor tD. l1U3.1:'mOratus. In adqition,
the discriminat'ory ability of tr~eir auditory appa.ratus te:>
diff~rent;i!;lte betw~en 'litanycallS .:of similar" intensi't:ies has
not yet .been ~xami~ed. Ne1.lropl1ysiological datci of this

o _,' 'J

naturecii;ctU?uldb~ necessary .to substantiate' t,.he above
. ., OJ '" ',' ., , , • ' ,', 1/

su~ge~tj'r~; Qut[( unfo,rt~unatel:y fall outside" the; sp~pe of
th.l.~ thes~~~.\o (>

~" (:.

Gerhardt (1982) compared tp.e abil.ity of. ,;female 8. oinerea
to disc1"imina.te between..'stIlttUli of differing low frequellcy'"
peaks if;>. two- Jnd four-cl1oicl3 situations. He found that J.n
four-choice situations "contrary to their perfoJ;:mance .Ln
the two",sFi:m.UlUS:~"tt,pation, !=heanimal.s did·"not .prefer thla
900 :Hz-signal o¥e~"the [loa Hz-call". He suggested ,that the~:) \t> _ '~.~~~"~'\~'.~; ,- ,! - -co _ .: ---:,-- _ _ - __ ~

female #.g perfornf'dllt:e is reduced in the "~four-choice or more
(_' domple~,situations, especially when the differences among

!" - - --~

the stimuli are smald" In the experiments repod:ed here,
Q ,then a two-choice .situation kas made more 20ntPlex by Cthe
addi t:i,on .of speaker-s playing broadcasts at the same low
inten$ity~ the female's' performance waS considerably
redgced. The. females .only preferred the 19u?er call when
it was..over four times louder than the 'quiet cal~s, whilst
in rthe two-,choice sitUation, females prefeJ;:red the louder
call when it wa~~"less than twice t.he l:'ntensity of the .qu.iet(; ..f'/~ ,'. ~ ,
CallS. I
In natural rfOPulatio:ns pi 11." marmoratU$ inter.,,":,individual
variat~on ij{ sPt of mating calls was found to ill only 5 dB
(Passmore (rnd 'relfoJj'd, 19.8:3) and as ma.les call in dense
clusters, c~Jhenit is ..likelY that females will be cconfront~~fd
witl:l man:t/males ,;calling at similar intensities. Trials 1

an~:?(-bfthe. four-chOice. discrimination experiment), .~are
" _?:?~11~'-experimental conditions that most' closely represent the
~~~- natural 61tuation., Consequently this would explain why

mating was f01.1ndto be random with respect to size and
(,

,therefore Call intensity (passmore and )Telford, 1983).
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In summary, 911,·tthors should be very wary ,gf .making~ ~ ..

assumptIons of the importan,ge ",of variousio call parameters c

n l"_ . _". •from the results" o~ simple ·two-cho~ce
{I

experiments without supporting evidence
o

phonota:>ds
fnom fieldo

observations or more ~~)1~npleXphcmotaxis experiments ~
.(: "
:\-;i"

o {? 5.4.3 Discrimination between call intensity and distance
by fema;l.es

In ma·I)yfield (~studies females have been ~ound .to mate.
o prefere,lltially with larger males and the body \,~ize
d~ffe:rences bet.ween unmated males 0 and matred males have
of.ten been a$cribed to the .effects of active female !"choice
(Davies and ;.1iC'tCil..liday, 1977; Wilbur et: a1. I 1978" ,F'e'~3..ers,
1'979a; Ryan,(;1980, "1,.983a;Fairchild, 1981; Gatz,. 1981at bi\.
Several of t1te8e authorl3 suggiest that thE~fincreased mCl,ting
sucoees of large males is mainly due to. females choosing
mates on the basis of certa;i.n call parameters and l;i..ttle ..
attention has peen given ~o the

0
effects of cert~in male

t:rai tEi known t.o .l.'llfluence mate choice, for exampleI male-
(j

Il\(ile.competition.
o
I

Growth in frogs is assumed to be indeterminat.e and larger
Q

males are' thought to ,pe older males. It has been
demonstrated .that a distinct relationshd.p exists iI.between
the Sl?L, call f.requency and male body size in anuxans
(Zweifel, 1968; Gerhardt., 1975; Oldha.mand Ge:t·hardt, 1.91,5;
t"Ulbur et ~l., 1978; R1{an,1980; Berven, 1981; Passmore an,d
rrelford, 1983). Consequently in most anuraps, largel:" males
pz'oduca louder cal~s with lower frequencies. Fe.ma.leshave
been shown to preferentially approach the louder ;,·proadcast
call in simple two....choice experiments
Arak, 19830; Dyson, 1985 and this·. study).~ '.. .' ... 0

these experimental Observations many authors h'ave.sU\1~ested
that the older, largel', males are "fitter" than t.he small.er
males and that ..females actively choose these fitter males
as mates, on the basis of certain call parameters. The

(Fell~rs I 1979a
" 'lIn the lJ.ght. Of>.l
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gemt\:io qUali t'ies of the fitt~J?:'\~J.11aleSare",a;~su.med"to be
inhe:tlted. by th.•$ir '.offspring" trilthou9h both Bor~ia (197S),

.. (,',

1981) and ,Arak (19830) consider this ul.1likely.
o

In 11. '11larmoratU$ larg'i:;r males 'have be'e1i~'tleni5fistrated.to(i .. ...,' .. . .. ... . .~

produce louder ca.,IIS with .a I?Wer frequen,py (l'as,~mo;reand
TeItord,. 1983) ana females prE:iiferentially approach louder
or lower frequency calls (DysonI 1985; Telford et' ale ;
1989).. ,'consequently, it would·be' logical to predict;':that
in natural populations 'J of 11. marmoratus, females, would
:mate preferentially with larger males and"sexual selection
would act in favour of large male body size. HovTeva:t,.in
extensive, field· stUdies on ,.H: marmoratus (Pasf)moret, and
Telford, 1983,; Dy~on et al. I 1992) , theia OVfas~,no
relationship betw~,€:nage and body size of mal~s .~.n1:'''~ja,.t4ng
was found to be i\1t~~~~~ wit11 respect to" age and bJq!.,V'.~~f1>~.
III order fOl;' a f,emale to acti vely Ohoose\a matk-·wi'r.(C~lhas
an intrinsically louder call si~e must be U ~Bl~"to

\) n

differentiate bet~;reen si5ji>:~ls'broadcast from a close male
11 q,

and a distant male~: H~nCeI the, fe:rtiale needs eto he abJ.e to
asse(.ss the absolute; intensity of a male's signal and also
to calG:ula;te bis ~,}!?tancefrom her. The results summariz,ed
in Table 5.3 indi-~'"'te thClt· females are ,only 'responding- to

d~.·ff,el"ence". in. in1;!>n~<it..y.pe.•",cei'1",d at 1;nelfemat1o·r:le~""
ppint irrespective ocr:, al:>solut~ intetls~jy. •When t.he'
difference .in SEt at ,tbe release., point (ras 3 dB or less
(trials 1, 2, 4 and 5), females did not \)hOWa preference

o ," ~~

foC)either loud.speaker, altbough the difference in absolq.te
SFL of the speakers was soITtetimesas muchas (; dB),,,i. e. one

r', . "Oi

being- ,twice as. loud tl?' the other CtrlS';.ll 2,)..;it In !,,;these
results females appeareq,,, to \\.be lunable to aSSesS the
distance Q:f. ,a signal (landt)b,e~~\~~orethe abs;,olute Sl'L) and

'1' "

Wlere,simpJ.-Ypassi'Srely ~ttracted (sensu Parker, 19821 1983)

to the lO~dest call peroeived at the" female release poi:rtt.;';
If the call contained SeVeral different frequency
components, then perhaps the female could assess the

;".
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I a

di::stan,ce.'from a c?11ing male by detecting the;· differential
attenuation of these ._frequel'lcycomponents. However, due 'to
1;;he fa.i,::l§' .shozt, di;1lan~es over which .a ~.t:;emaleact~~11Y
responds ;1;.0 all indiYtdUal call"" thes.e ,differences in
at.tenu~tion Of the. differerL't i~equenc¥ ,colnponents ,will be
~Linut.e and prob.ably 'zoo small .to detect. (The f:a.ll of H _;

marmoi~tus 'j as described in Chapt~r one r does not. n.ave
\/

extEmsive frequency modulation ang., therefJlre,, . or

assessment of distance by" .differentic;tl attenuation se~ms
very tiNlikelY in this' stlecies. 0',\9

(9

the

(\

In a similar study on EUIO oalamita (~ak, 1983c),
did 'nab .. respond preferentially to louder calls Whenthe S1?:G
o:e the loudspeakers .wer~ identical at the, female release

,.
point.. ;\'11In his experiments Arak found tha,t temales
preferentially. ~se the louae~' call when tile differ.enq~; (th

In '0
SPL'\ at the release vpoint wa~ only 2 dB e Also Fellers
c:t979a}; discovered" th~t' IJ ({temale 'c:t;~la vetS~COlO~
preferentially approached. the lOuder 9.:f 'two" speaker;:; "when
th~ .difference in SPL at the~ centre p.pine of the arena was
again ;2 dB.

to 1XPlait£
J •. I) 0 D

The results s'Ululllarised:i~,~.':able 5. 3 ,maybe used
the conflict between experimental results anq natural
observations of mi;ltings in H. marllloratu~. Alth¢,':,]h female

,' .. ; .. ',I,,,,..."

H. marmora1ius arti{":"pass!vely attracted to ,loude:.r;:·cal;;ts in
simple tw'o-cho£~e e.x;'peri~:?nt,@,oin ',the. fi~lG\ :!females,"are

. '(j . L(.. '.'
'confronted with many males at di~ferent. q,istances f1;:'om

''::'' .' t._""

theln. <,LOney wquld be passi vel¥ a1:tra6ted to the ones which
\ I . _ (",J

they pero.$ived to be calling at least 4. dB lOUder than
"

neighbouring males; irrespective of'. the male's dis.:t,anceo
from the female. consequently I as tlle preference for

'.' . . . . . . .. ... j "

louder calls is attributable to pass~ve ed;;t:raction 'and ">'lot
mating witt!' respect to

o

a~tivf. fe~ale eh.oice I t~e.n ..random
s~zei.WOUld,be expected an natur"l
thett~ expe~iments , females only~ .

'\preference fol.\ calls that differed
'\??

populations .' cAlso>, in
showed a Significant.
by 4 ... 5 dB~ F'ttt;,ther,
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as ttl.e maximum varia~ion between indi viduals in thi;:s
Q 1) 0

population was only 5 dB (n ~"21) c, (Passmore and Telford,
19~83) there ~1~110 only be a ,small number 0;(.' males in the
natural EClPu:t.'ationwhich are call~pg at a sufficiently high

.. . . . 0

intensi ty to gain an .advantage over the other males.
HoweverI as :mention~d "previously males call at elevate~d

~'. 'N)

positions .in distinct clusters and it is iikely that size
related vocal cues, such as intensity will be confound~tI.
Females approaching Olus'tors will be presented with simila~

.1\ ~~\I

sized :males producing similar call§ at different distances
from the females. The'ref6re r it is very unlikely that a
loud calling ma'l.e will be at any advantage C over a quieter

(\. .. . -:;;:,~. - _,\

male with respect to femaie choioe. ~'Active female choice
:ma:yplay an importa;9t ''rOle in spapies which have -a greater
inter-,indi vidual va~J.ation in SPL and call at ground 'level
from the perimeter of a pond.

() Non-random mating with respect to size has, been documented
for many "species (J'....:i.cht, 1,976; Davies and Halliday,','

;/

19'77,1979; Wells" 1977aj b, 1979; Howard, 1918a, b, 1980;
Wilbur et al., 19,78; Ryan, 1980; Bervenj 1981; Ga'tz,
1981a, b; FEd.rchilJ, 1~181; Lee and Crump, 1981; WooQward,
1982ap b) ,and it is /S)ll1 uncertain wb~t roles inte,r-male

__ -::~o::-.-;-c~ i\' .... ji . _

competition anj/p'acti ve f'elnale choice ,!~j:ayin determ~ning
the variation !tn male ma1i:ingsuccess ..
If"~ femal~s'\ a~tdisplaying active ohod.ce for a particular
call ,pa;r~ ~t:rr<'e~Xh as intt;-lnsity or frequency, then this
pref~re,p , ~tl0u~;ttpersist irtespecti ve of changes in other
call'pcl. iei:ers. However, Telford and Passmore (1985) have

': '"' -,: ".' ,;.. <). y \,

de:monstr2:Qze~th~l.,it;he lQW frequency preference bf female H~

marmoratu$ can be reversed by increasing the intensi ty or;:' . . . . ~,

repetition rate of' tJla least prefer:r.'sd call, and Gerhardt
(1978b) extinguished the preferencG for entirely pulsed
qall.s by female Hyla aine,r,ea by dec!.'easing the br6adcast
level. Also, Ehretci and Gerhardt (1980) discC>V;,eredtha:t
female 11.. airlerea chose a contid.nuous noise broadoast, as
o:r;ten as they chose the unmasked synthetic matin<Jfcall when
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.the SEL"ofo the :rloiseQ was 'fhcreased front 40, dB,,'l;o 50 dB.

o. . . '. ~

"Consequently these results suggest that nei,thew "intensity
nor freg:uepcy are used as, criteria by. wh~Ch females
actively choose mates" and they support the notion that

\\ II

females are passively attracted ~o Certail1 stimuli as ad
result of the neurophY2Jiological qes'ign of th~:tr au(iitori",
system·

',',

r==
~)
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Introduction o

II
6.1,.1 Genera].

If

}i

It: .has Been' suggested' 'that males may t:)::'y \to out"'s'ignal
~Olnpetitdrs lParke~, 1'983), thereby" increasing their
"cha~)ces 'o(~~!eOuring' a mate. ~i,thin a breed:bri<;J, as~~emblage c

of male al'll,~~ns tp,ere are $~ve);'a+ways in wHich a JRale mal',;
II. ,.: ',' .~~,,'" ", ,', \\jout''"''Sl.grl'al11;.1.1$ cbmpe'tt,-tors: // (0,

.1) simply\) by, incr~as;bng 'Fhe number of nlghts in. ,,\'lhioo he
I)

partidipa.t,es in, the oh~ru'Sf a, male 'may influeJ;:ice ~hls mating
" '

l'/r

(\
SUcceSS' (e~g. Greer and. Wells':l 1980;:~Gatzl :j.J)81bf Arak:", ' , ,,' '>!..
1~8:3cf Godwin «'Ud Roble'; 1983; Jact>l()~n, 1~85; QeJr,'hardt", sit
a1 ..,,,,1:987; MOl;":ris, l,9B~; Ritke and sem~'~;t~chl 1991). b

2) A,lso, by ipcreasin9 the "amQunt"of "'time he ,Spends calling
wi thiri a, ni<;ft,!t (calling pel\)s~stence) a ;male, may a€trac,:tr, 1

I,r " \'

,; ," more, ,~;n\ates". f) Forester et al. (1989) <l\\ fOUIld that,\ o
, rj (_1 c

significantly" more females were attrcicted ,',to speaker-s. tbat
(1 <I q

were "on the Eli;r1i ~0:tt.) 8(}%of the -test period, rather ,than
,j ')

Z{) - 60,*.

,~~)ay increa.sil1~9 his call duration a male may spend more
't.'l.me uoh the AiX'u and femal,{:!s of sbme "spec.fes 'are more'" (/ ,', '

attracted, to longer calls (,Klura)? and Gerhardt, 1987).
4)" By' inorea~)in,.g th~\" intensity Of hi~ cal].' 'a ,male :maybe )1
able to cOlumurdcat'9,,' over, a' longer d;stanQE!'t thereby ,.1
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(~

incr~~sin9' his, active space (see Chapter four) and may
enj6Y\<iifferential mating, success (Ara~, 1983C, 199c~b;
Forest\\r and Ozarnowsky"rl985; Gerhardt/-::i987). II

5)' By'l~creasing call rate., a male m~yobviouSly out-signal"
his rivals, and it has "'b~en shown that many species" in'

(\ . ~,
.two....choice discrim.i:Il,ation ~st._s I pref~r faster repetit:i.;on
rates (Fares'ter ari~ czarnowsky, 198!H Gerhardt'(1 1987 I

1988; Schwartz,· 1987; sullivan, 198'7). 6)) <-,
()' . 0> .. , ~_

{; .\J ~.?
(},

MOstof these 'female preferences have been delnonst.rat~d in
laboratory exp.eriments" or acoustically simpi~\ V field

(.\ "1 .\_ /

si tuations. Two)"-qhoiqediscrimination, tes1;$II as ~e~\~~~9S,q
in the c\ p:tevi.ous, ichapter~~ :have b';~n ext~nS,ivelsY'~~~~-'!"t"n

,0 , C '. .' .: '. . .. ;. " .' .. ' .' ., •• 0,0':', ,·s.~! ~1 'l.:-:., \\" ..

laboratory eiper~:nents ~o demonstr.ate vari()tl~' fe#<~(. . "0"-'" ~r:''(/
preferences (~;..if'. SUll~(~an'j i1983'. Wells flhii: ,). l~~'~~fL)(./
1984a; l<ltlmpand, Gerhardt, 1'987 r WEillS 19aij,X<}b(!lf~2 and)) ,~.·<'7'
:Marins, 19'91). As pointr.:d ().ut,~~~nthe p:r.'~vioUs',c'6h.h~t~r(ithe

,J 1" . . .• ,' c,

re~ttl,tsd~f .n;{borato:t'Y e~pe17i'~O'I:'Jlts,ji sucn' as i:.~"o"'cho,;ge
P"flBno"taxis, d.~; not alwa!is ref~eot the outcome of 3llrute
ohoice in the.' field. "The ability e,f fe:male~ to detecri!
changes in mal'e behaviour and thereby eXhib~d; ,,·sfepericas

. /

for certain call 1#arametersI is dependent vp6n: 1) f,alnales
be~ng able to make similar choices in aooustically complex
environments at the breeding s:i,te,t (Morris and Yoon, ;1.989) J

and 2) intt'a'" individual cons\istenoy ill the male's call
parameter that is respqllsible for the mating preference,
over" the female sampling period (sf,iarcy and Andersson,
198,15;Sullivan., 1990; Sullivah and HinshawI 1990).

n 6.1.2
,'~ >'\ oJ (,

Oirect.ional f~lda.le mating preferences fOr males producing'
c-:;o :'. .... /). >.>

.courtship signals at higher ra.tes have been documented in
numeroue taxa, including mammals!,(MCComb, 1991) 1 birds j

(,Andersson] i9?,9) , insects (Sililmons.1 1999) and frogs
(Gerhardt r 1991). MartQf and Thompson (1964) were the
"first \\to test 'the effects of ~all rate on fanlals choice Ln

1/
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frogs I and s.urprisingly found :;!:hat femal~s preferred rates
thaLrqere about tA.e same' as a t.ypical natural :(:'ate.
HO"'weverI severa.I o1;her authors have sUbsequently
investigated the effect of. incJ;"eas~ngcall rate. on female
behavid'tt:!;and all have found that females prefer the faster

'ir

t',ate (e.g. Schn.eider, 1982; Sullivan, 1983; Gerhardt, 1987:
Co

Klumpand Gerhardt, 1.987; Wells, 1988) ~ Field",choice
e:l(pa,l,ciments.,in which

1/ .. .
onacural' .'choice between
were conducted 'by Morris
Showedthat ,significantly more fema:,leschose tne male with
o

"the h.i~her call rate. FIiowever,studies on the relationship
between call repetition rate and, ll\ale :mating success in
natural breeding assemblages ar~ limif:ed. In order for

:,"(i,:.x.,,i:i;...

>iemale&to preferentially select high call rates t~here
presumably should. be consistent diff~rences, in :male oal1

..;_:. ,. c

,:tate over (.the female' IS sampling period (SuIl.ivan and
. F ,>

Hinshaw, 1990).

'females were presented with a
t~~calling males in the field,"
fundYoOn (,1989). rl'heir results

o

Cer'cain male :B. wooab.i>usei have been demonstrated to
'... . .. . ....::. . r./. ... .~

consistently call more f:l!'equently on successive nights than Q

other males' and females i .show a signifioant preference .for
these males (Sullivan" 19$2b). In similar studies of

" .. (.

t" I t' t . if 1 'thna ura p~pula aona of two 0 ner s:Qecl.es, ~Ia es Wl. a
. . . .,/j II

higher mean oall rate aChieved more matihg:~" that;' males
with lower :,ca11.rates (.p" oru.~i:fe:r:, SUllival1/ and FI~ll'u;haW,
1990; E. coqtd., ~fJPez and Narin$l, 1991). I

Sullivan (1990, 1994)0noted that certain mate characters
used by femp-Ies for matie choice vary over the time period
in wl).:i.chaU female i,$ S(;leking fJ mat.e~ Thi,s .Inay play an
important, role whe)l,considering s}lch male characters as
disp:J,.ay-'rate Which is. }r;llown.t;R change rapidly 0' '$lr

relatively short periqdS: of tim~:' Ce:t'tain anurans call il1'
bouts, where males call:. rapidly :eOl:' short peribds of time
q_nd then remain silent (\until calling reSumes- in another
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bout (scp,wartz, 1991). Ii bout caller may not have an
advantage o'\rer')a male that calls consistently, especially
when the female's sampling period is quite lCillg, as the'
call rate" of the, bot.t!lcaller and the coo'$isten1::caller,

\

will be perceived as equivalent. Jlowevex'"even though j:he
O I)

call rates may be equivalent ove!' a pertain time periodr

th.is does not riecessarily, preclude mate Choic~, as this may
still occur based OQ" the tempO!'C1lp,ttern of calling.
Females might diE{priminate against bout callers if the

i -", 0

ability to call .til a regular cOJ1sistent manner is mpre
indicative of. male quality.

o

Th~s.chapte:r;describes ,my investIgation into »the calling
behavi¢ur 01; males' 'in a natuz;al p,opulatiQnr the call rate
preference~ of "females in natural populciti6ris and in t.W'o'"
choice discl:'[mination ~rialS, and: the ti~~ period c ov~r
"'lhich .tamales s~mple cab. rate. The answers "to tbE!1
f.oll'owingquestions were sought:- Q

1) Do males in natu:t'al populations eXhibit consistent
differences in call rate? ",

". Ci'2) 00' females ~lloWa slgnifida.nt <t'ret;@bt'~ncefor faster call.
ra.te stimul'! in'two"'choice discrimina~f<;>ntrials?
3) If females ,do shoWa preference for faster call rates I

OV:er what,period of time are cltheysampling ~,or rata?
4) Db the resu;tts of (2) reflect the situation found in the
natura.', population? ! ••
5) Domales' exhibit differential q,all' ~ persistence ill th.~
field? .~
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6..2.1
[\

"
'l'he study site :Eor this experiment was a shallow ,temporary

;; ... ' ,; \\ _ .. _.... . « D

pond near Mtun.ziniI .zululand (for a detailed description of
the ....stuc'iY site" and species see Chapter· one and,·Appendix .B).•
This stUdy was conducted over 19 nights .cittring,·Oecember
1989 and January 1990. Air temperature ranged front :,1.8,,5 CO
....' 23~5 C d1J<rtingthe period in Whicp. the experiments were
oonducted" G' b

n

A netw9t'·k'of pathS were cut through ,the eme+,gent vegetat.ioll.
al1o~dn9 easy acoesa to many calling:"individuals. Orice the
maIlls had establiShed fixed: oalling. sites.t eight eas.ily
"a9.desslble males with different dorsal oolour pat~e:rns were
selected. These males Were 1101;:. usually neighbours and

• .. . . u
L' . ..; Q

represent ~n arbitlt'at'Y sample 'of t.he "population of" callinq
male,;;.,. A' small d~namie mio:st9phpne(Aef[stica M3l., ',hyper-
cctatdio,id, .painted black) 'was' c~refUIIY"Pos:i.tioned, using a
monopod'l wi thin 10 en of each 'lnaleI scalI site. Scre.e1'led
lllicrophona, cables, supported on overhead pylons, rela:rred,; .,) (} .. . . .. .,.. ..'

the :malesI calls, bapk to an a .,: channel. event .reoorder in,cl
m(;)bil~ laborato:tY 'Oat the perimeter. of tl1te" pond; Each
channel h!3-d al) adjustable audio awiteb (indicated by a
flasp.illg light-emitting o.i04e)<. A multiple:>eer anal'o9ue ....
dig! tal. "converter .identif ied the aot! ve Chanrj;~lS and
'l, . . ' , " • • '... ~relayed a digital sigpal to, an acquisition card (D8255,
Oscar Eleotronics Ltd.) in' the personal computer (se.e. Fig.
6.1).

1,1



··IDYNAMIC
MICROPHONES
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PERSONAL
COMPUTEB

A-D CONVERTER AND 6· co

CHANNEL EVENT RECORDER

Fig. 6.1 Diagrammatic representation (lfequipment used in field study



The "event recorder logged the time of occur-rence- of every
call made by, the sulbjects" ~ng a flashing signed on the
compucez, screen far every call .1l1~de( 'together with"
histograms of calis/lllin f provided a c9mplete visual re.cord
for each frog. iJ:h:Ls enabled any changes in ca,.11ing
behaviour to be immediately ident.ified and promptly

i'

invest;igated Using Clim red light. ~ales that were in
, . . . . .. .. . .. . ' ,,' , I~ ,/amplexusI had been attacked by a. predator v or ~ere leavJ.ng

their call site were ,collected immedi~;tely; those tb.at wer'1=
sile:dt but still OQcl,lpyingcall sited were observed until
they either left the site or had remained silent for 30
min. Fights <be.twee:nmalceswere noted and if the. SUbject
had been displaced from his orig~nal position, b'lit resume'd
calling close" by t the microphone Was repositioned.
After calling had ceasedj each metr.e'Was captured, heat
branded (s~e Appendix D ;j;or details) I photographeq" and
meaSured with verni~r callipers (to ,:phenearest 0.1 mmSVL)

Phonotaxis

, ~
The proCedure for Pllonotax:ks exper.iments has already )peen,
q,utlined in Chapter :five, sect.ion 5.2 ..1.. The study si1:;e
for these exper;i;'xnent$was the same as Chapte:r:five. II

il
'J

Repetition rate experiments

" II
The repetition rate phonotaxis experimentlE?were carried out
during Decemqer 1990 and &1anuary1,991. Air temperature
ranged from IB~6 C - 24..3 C during the' period in Which
these experiments were conducted.
The acoustic'stimulus w~s a synthetic standard call (see
Chapter four, section 4. :2.2) that was behaviourally
equiva.J;ent to a typical natural call (see Dyson and
Passmore, 198Ba, b; \.13agk:well et al., 1991). stimul.i
d.if'fering in repetition rate were broa'dl::ast in pairwise

h

combinations using Z Rebis AA digital saniiplers (B bit, 32
kHz sa.mpling rate, Rebis Audio Ltd..., England), a. Klein and
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o

H~nt:mel$~(';.80/l::r sterel:&' audio ami)li.fier and ;two .l?hil1ps
" ~~. • \1

AD5.o600 /_;;;~""ndh diameter loudspeakers. The "loudsp.eakets
were plac~ld facin~ eadh. other l .1•.0 lt1 on. 131ther .side. Of the
female rej.eas~ ppint (see Fig~ 5.l,. for" the arrangem~nt of
speakers) • The call r9pet.~tion rates chosen for >1;his stud:{
were well within the" norm~l range for th~.s population (45 I

50 t 55 ~ 'and 60 calls/min).

sampling period eX:Qeriment§_
" Q

These phonota:iiS' experiments· were ca:r;ried out "during.
". .J l

December 1993· and 3anuary 1994. Ai:rf temperature');ranged~
·fro!TI~18.,.7 C' ~ 241~9, C during the period .±-noWhich thesee

c e}{periments 'Wereconducted'.
The acou~tic stimulus was' the same synthetic. ci;111,.as used

"I}

previously!)' (see Chapter fOur, sectibn 4 •.2.2), and was
,- -_,~\. . _." _:'

i,loaded onto four ~ebis :RA226'digital samplers fro11\a Nagra
rv' stereo tape :r~~6rder. Th~. digita'l samplers (~na.bled the

,.' -._. ~
temporal relationship b~twe.en the' stimuli to J:>eaoourate~y
set I and relayed .t.o a Nagra E tap~e req'order. Tape loops
were :made of) the appropriate l~,llgth alrld recorded onto a
ikagre E and used as the "a s,timulus ta~)es. The 'teJUPoral
:relationship between successive 'st:iomuli;, Where the rate is
equalized over io s, is described belo~ and :i:llustrated in
Fig. EL2.

"

H

II
Ii

II ()
Regular call rate, with eve litI y call? having an
:tel of 1000 ms.
"Fast" rapid Qout, wi th .ten ~~llS separated by

Ii '

.an rcr of 506 Ins fp:rlow4F by 5446 ms of
silence. I'
~<li\Ul\ rapia bout (A), with,\ ten ""l;S
s~parated by an rcr of 737 itns. followed by 3418

CJ
()

,;.:,

Sequence 1:

sequence 2:

.,

Sequenq~ 3:

:mp of Silence.

sequ~nc~ 4: Mediumrapid bout (B), with five calls
<' (

~
n
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separated by an ICI of ,·3T ms,
2094 ms of silence and a further
with an Iel·of 737 ms'.

(\

sequence 5~ Twospeed bout, with fi,ve ,calls separated by~
1'.

an ICI of'S06 ms f followed by five..;calls wit:h

followed by
five dall,p

\

an IC! at ",1507:ms~
"Sequence 6:, Alternating ICI bout· (A) f "ten calls with .ICI

'(}~lternating ,from ~06 ms to 1000 ,ms followed' by
2470 :ms 'Of silenG~.
Alternating Ie!,,' bout (a), ten calls with ICI

\\\alternating from 506 ~s to 1494.l!.l~h \j

Irregular bout, with suocessive stimuli
'separated ,oby the following ICIY ;1000I 743,
2987 600~ 350, 300, ,51.2, 1n~7,.'.aOo., 1494 ms.

"SequenCe 7:

sequence 8:

As t:he etimu.li used in each pairing had differi$lnt Ici!(, it
, '" . . ," .. , ... , ". ' . ,,',: \\

was' impossible to retain a consistent temporal relatit:;mi,;:i~p
between tAt;!stimUli of different stilkulUS. tape$. In, ord~r
to p:r,event the establisl"JREmt of any ~ea~er-follower type

C

'"

() . __ (; __ >, _ ' _ _ _ - __ _ _ , " _ _ _,' _f' _ "" _ _ _ ~._ '.,', , 0 __,'_', _'-':'~

,relationships the stimulus tapes Were not synchronizec:'i in"
any, way. AS s.eguence 1 was USeq in aVery trial, the' end
bf the arena which housed this speaker waS alternated

c

between trials.
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6.2.3 methods

" (!

Kendall's coeff ;tClent ·of concordance' .!'f•. t.~.iegel t 1.9tlJ).lzr!\~as
used to evaluate .whetber tJ:fe cal:t. ±;enetitlon "ra:te~::--iank
o:r:der was copsistent within ;tights. The intluenq~ of calt
r~~etj.ti(}n" rate on mating succeas was revaluated ,by dividing Ii

the deviation o:f th¢ calling rate o:f eaph· nlated .male from.
t,he ¥tep:Zl" 'rate. at the t;me. o:f.m~t,;LngD"and 2 ad~ tional ..•tim~

-,_ _ _ __ " __ __ :' _ _ _ " _ _ _ _ _ __" _ _ ", _ __ _ : " - '. ", _,' - - - "-~" - - - - - - _', - - "_ - - - . - - - - - - II" '''' ~_ _', _ _ _ ,", \'j.. ,\_.frames) by the standard Qdeviation", (transformation'" 1;0 z-'"
o

•'~ scores).
C6rrel.at:i:o:1ls were detertnine~" by using either ')?eat~son

if' .' .' " !'proQUct"'m0ment or ~pearman's cora:-elatiolt ocef,ficient
dep~)din9oon·····whether the .d~~a was norma:(,ly distrit>uted' or·
not,.! Differences betwefen the. means "were d~ter:tnin~g. ;l,lsing

1(-~ .(\,-:~ , n, " "",',, \) 0 0 "i)' ", ,',,' " , , ."".,' ", ,I: 0

the Stude'ht~s t-tes1;:.. Res,ponses of femaLes in t1)e
Phonotaxis ex~eriment$ were '6ompared u~ing'~' t;;p.~ Binomi~,
test ..

o

\,

(')
o

o
i,O\

o

o

\)

2,n
!~~",. (f

II

i) c

t\ U



4$ !FT.....-ww -
(~

!j

6.3 Results
r;

" ~\

Call rat§) art¢{calling lQ~;t'sistenc~l

Before males take up fil(ed call sites 'Chere is a great deal
'c:'

o.t; mevenenf and aggressive vocalizations 1 and as the
micropltones were only placed in position once the males had
"settledU down, any calls made before this t.ime were not
inclUded in this study. The minute by 'minute record of the

j,1
calling behaviour in this study comprised mo~~ than half a
million advert;Lsenlent calls produced" by 111 males
°12459 min.

6.3.1~1 WimE? of mat:j.ngs

Tsf~llty one of the 111 :males mated during this study, and
~the dis~,ribution or the time of mating is illustrated itt
Fig. 6.3': As females initiated 'mat.ing' over a period of

(I :'. J) .;, .f
,.'more than two hours "(20.20 ... 22.4Q 11) tlle number of calls
Qrnad~,) by ,p, male prior to ma.ting was extremely variable ex =:

o 2.131,1~.± 1866," range 9 - 7286 calls, ,11 ~ 21)

All records in Which calling was interrupted by ex~ernal
fact.ors such fil,Srain 1 .predation or "mating were exoluded.
complete calling l;:ecord~ were obtained for '73 males, of

\~.,.~, (I

which, 66 (82%) males called beyond the per.iod of mat:&ng
(see Fig. lL 4.). • The mean calling per,~'Odwas 160 min (±

40, range 80 236 min)., and there was a Slightly
Significant correlation between male SVL arid the durati6n
of··the calling period (pe'i'.rson p:t~oduct-rnomentoorrelation I

r == 0.26, 11 = 65, P :;:::0,,04). Air temperatuJ::e was not
"Significantly correlated with th-~ duration Qf the II ca11i.ng

period (peare,on product-n\ornent tG0rrelation; r =: 0.41 f .n :;:::~ ,

~6, P > 0.05).

l)
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6.3.1.3 Ca~ling perl;~,s"t:enge"""""
. . c

o

~eriods of silence! during the peak calling period were
uncommonand most males called during every minute of their
callin9 period (See Fig. 6.5). On average males We:re
silent for 3.3% of their calling period (range =".0 ... 37.5%,
n = 110). During s.:i.lent"Fperiodsmales remained still with
a partially inflated/"vocal sac.' Aggressive calling" ~nd
fighting occurred during the monitored calling period of 14
males (out" of 111 12 ,0 6%)• These aggressive encourrcezs
o II ~

were normally short-·I i ved (x = 5. g min ± 13.l., range 1 - 35

min~ :n", r "14) "and se'ldom repeated. None of the 21 mal,es
that mated were involved in aggre$si ve encounters. ,~~e

l,.:

mean SVL "of males that fought (29.6' c rom)" was .not
f\

significan"t.ly diffe:r.ent from that of males that did 1.:'.)'1.:.
"fight e29.2 mm)'o(Sb:~dent/s t:...test, t = 0.79, 11 = lll) l:'h =

"0.43). " (I

Call r~pet(ition rate, ~ithin t!p,ecalling period, displ~eq.
!: f)

a: consistent ~attern' with time. ,Males normall,y b\~ganwith
,) . . :.~\

a high eall rate and qthis waS sustain-ad, for 1" ~~ 01.5 h r:«

fOllowe(1 by a gradually and then,; more st~eply i!d:~plining
Ij

o

rate (see ,Fig. 6.6).
The very small temperatul;'e differences betwel,~n thE:!'

«
beginning andS;the"end of the call period (P .1 I,~ on 5

nigh'ts, 0 .:2 - 1.0 C on 9 ni9'hts ,<~tL 1 ....a, '5 Con, 4 ni.ghts. .. 0

and 1..6 ,- ,,2 '. 0 C·'·on 1, 'night) precludes temper~Fure \~asthe
, -.' i!.· .. _ ,. _j.. , \1

fac,\;o:r:res'ponsib~)e"for this declil!lE!in :r~ate. .. ,Ther~'wa~('a
highlY :thgnifida.~t pos",;biV,e'C~:&lt~1~ti91t0hetw¢ei,\"av~ra~e'ai"r'"o »

(' .' .' '. ;~ ,- .' 0;' \.l, .. :::1 - " . <3J( a .
temperature and mean;;.calling"rate Rf males ort (.t given l],(ight
(:Pea~son~,r.dductlmCl1l\~ntq';l:';;elatio~, r ~ 0.84, n Z) J(z!,,/d)< '.1

0.01 ),,> . ca:U rate was not correlated _with body si2e when
;)... • {?. . ..' -- ':'the effec't hot aJ.r temperature on call rate was remove\l

(part'1~l correla:t;ion coefficient == 0.003):
~ . -..) ,(I

{r
(I

I!r~,
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The call "rate. of the :tno:nitored males varied consj.deral:.ily
from minute to minute. The. range in oal). rate ov.er .the
ceuzse 0+ !,:t. typical silogle night is shown in Fig •. 6.7. AlI.S
there was a' strong' correl~tion "between -mean .inte·r ....cal,l
inteUtva:'l (ICI) and coefficient of variation for ICI

• . , fl

.(spearman'.s correlatio11 coeffrcient, rs = 0.58., .11 == 26, P <.,
Q. 01), males with fast~r a:veraqe caJ.l rates showed less

<::,,).... . ... ' (J

v.ariability in ICI.
The aVerage difference between the highest and lowest rates
during,',the time that" matin~s oocurred was ~5.8 calls/min"
ou;'in~i th,e pe:rioQ thait, fEi:nr~les',w:~repr~sent (see Fig. 6"3)
,l$\l,d t.l:',lereWere four or more )Il.alegi calling, mal~s" t4ere

J ,. .•• . '. '-.' .,' . '.':.;'" . " •

o ranked, by call rate within :minute$' and "the ran~:ing of
0", _'.... . ..' .•..I) . . "'t,,., . _' . !)

~n4ivij~ua_ls in .successd. ve. minute~ was compared•.\ ..Thiere was
a higr~""level ":"of agreement bet\-leEm the ranks, of. m~lles in
dif:fer~~nt :m,inut:es (Kendall's coefficient of con~o±'d;anoe, W

c

"== 0.4 .... 0.86", n ;:;) 17, P < 0.01).0 COl'lf$equent1.Y'n t}).c"
relat.ive oall r.ates of individuals were largely' SUJstained'

" O

OVer t~ e, and diffe.rent but oo~sistent oa~,l rates O;t m~les
genera1:ed"the spread of values observed.

" ~:. ()

The ~all rep~ti tion rates o~ mated and unmated. mal~~$were
compa~ed in three different tJme frames'~ 1) th~~'minute
immed£ately p~.eced~)ng mating, "2) th,e last 5 min l)~\io:t t6

(_r . ';.' ", ' ' .... _.... '.' 'd' ,Ilnating, and ~)' tJ;le, last 15 m4n priql;- t.o mating. -:,iFigure-"
6,\.84ill'ust't'ates that a disproport,ionate numb~r of\\ mated"
males ,had" a:Qabo.v~ average call rat.e 0 (reflect:ed, by .~.large

o . . . . _ ';j";::-.' (;l '.U . ~

number it5f pOGithre a-soores), When ;,cQ.mpat'ed tlO the
.' \]." _ ". (0) ". • ',' ,

p~1?Ulatiol't.of calling males. 0<{?,J (J 0 .9
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Pig. ,6.8 Call rate z-scores 'for mated males
(~) Scores in' the l)1in !mmediGt~ly. p~eceedihgm,aUng
(8) ,Scores in theJast 5 mif.t i~fneQiat~lypreceetJing mating y

(0) ifScore~i"n'tHe last 15 min immediately preceeding'~rnating
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u 0
R~petition ~qj;e experitnents

j)

6.3.2> ~horiotaxis .
,

I,

:i Cl

,/'i'
"0 Q. . • ..• \1/ .... " .0/,')

The results Of. the :rep~ti tion rate p1l9tnotaxis experitnents'"
are s~{mmarisedin Table,!<5.1.. . Femal,-esc1~ns!istent.lYseowed a

Go Pl"efe,rence 13~r the fassler rat:"~~,~mUlillwhlenthe difference
b~tween the rates w5¥'f:,.a~Ol,lt.1'0 or' mlprE;!calls/min.. In

; :;:~:~::£:::::e:~:JF~~%::t~::J:::~~=~=::~E:
females can disc:r.imina,te between twp Irates varying" py 5

:0 ()

cal. ls/minO' ('. c o

o

,)

f(

\
!! rrhe :r:esults pt the sampJ.ifig.periOd PhQ\;notaxisexperiments
are "$ummarised in Table 6 •2" ' Felnale~ only showed. a
"significant prefe'rence for the regular r\~te. versus' the fast
" rapid, bout (SeqJ,;!ence2).' In all other' '\pairings, no' crear.
,;preferences, for either of ~he presented'\alterl}atives were
ShOWl'l The time taken by females" I~to contact the

~' 7 ~
loudspeak.e:ewas not significantly differe\,t in any at the
trials ~FI,',ied:man. ANOVA ; F =: 1.07, 1? =: 0.' 4t9, df c;= q) (see

~ 0Table 6~;))..

II

(I 10

D

o

a

,,-,

o



(I)

1I

TABLE 6 ..1;.
D

o

Results Of repetiti~n :!tate discritClination trials
(l Ij

Trial
no.

Speaker
1

Speaker
2

1 Rate 60 40.

Score 10 o 1.
2 Rate 51;) (; ,', (~O0,

Sco:r::e J:O 1
(}

6d':·3 ..Rate .50

Score ()

10 1-e

4- /)\ 55 45.){.1te ..
Sdore 10 3

5 .R.ace . 55 u.. 60

Scors co 9 .5
6 Rate 55 50

Score
\)

8 .4

7 Rat~ 50 45
c

11 "Score 0 4

8*' Rate 60 60
"Score 5 5

9* Rate 50 50
QScore 3 7

v

For all trials peak aPL ,,(dB) at 50 em in front of speaker ==
104dBi which attenuated to 98 dB at· the f.t:!;'ll)t:llf.'l rel.ease

/j
point.

(~~,

Score ;::::Number of felnales positively responding to a
()

0.05).
'* Control pairirigs.

partiqular speaker.
1) ' '\~l, .. W ..!.(/

Significant results are

o l\
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period di$crind.nation '7 tl'."ials. . ;tp.,..all
'_',';

(Sequence 1) WetS pa:b:~fg,agaii1st., one
Call rate is equa:'l'ised over a 10 S

<';1> ()--~--~--------------·---------·~"~'~''''''--~~--------~J~~~c-
c '/t\\ (J

l~~~
10 e,(\

11)
12

/I ;,,'9,

(:'")
"Res,u:I'tsof sampling
trials the regular" :t:'ate.r; > ' ',' ",.- _ _': ,Co '!'

','of the other se9uences.
pe0~iod'(,10 'c~lsi10 s).

(,i
Alternative
sequenqe

(j
Regular rate
~peaker s~re

o o

.2 - Fast,rapid bo-q,t
3 Me~iuXlt,raPid b91lt (l!.)
4 ...Med:kUltl'rapid bqut (B)
5 ""'Xwospeedbou1;

\\ , .... ..

6 - 'Alternat.ing leI bO\lt (1;.),,,
'\_,

;7 ... Alternating. leI bout (B)
f.l· -:;",)

'8 Irregular bout fJ

8
o 7

"

blternat.ive
~. .~

speake~ score.

Q

100
10
8

11
12'
13

\:.
D

'~1

For all urials peak 'SPit (dB) "at 50 em in front of speaker =
,.. ,'. Q . -" (J

104dl3, wh.ich atten't1ated. to 9a .dB at "the remal.a relea,se
point. o Q

Significant result,s are underlined Ciainomial Test, "p ~,
i 0
0.(5)'. c»

o
0"
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'~, ,,'.".,32",0_- Fast :r~p;i.d bout,
, t\ '. Medium J;;apicLbout (A)
, 4 - Medium rapid bput (13)

;;. TWO sp~ed bout.
J?6, - Alternating Ie! l1i;Jut (A)

~.I)

Z Alternating ••;rcr' bout (8)

o ~
Tittle taken bY fem~l~~ to cQI,ltaqt ~he loud speaker

r-
iSE) ',' 'J

"jI ..' "

c

107,,6,,+21.4
\if --

J.S3.8 + 63.4
r"':'

8,- l:rreg&lar bout

164,5 + 43.l'
loc:L4 + v14,.'3o

(T"'

164:.5 ± 34.1
160 ..5 ± 43.3
97.1 + 1:a.7

o, i)

f,'

D I_)

l)
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6.4.1 ~~e call1ng, behav.l.Qur
1\

u\'\ " \\
Previous . ~\ltudies . of . fe~ale .mate ohoice mayDnotn have
eX(;im2.nedttil\eprocess thorbug:h~? In this regard, th~ need

II.. . _. '" ; ._;.. . _ . ,'.' .. " _..... _'_"_' . _. o. ..t_;to study t~inporal ,changes ,iri' l '~a.le charaoters that femal,~.sil . '.' , ,, o . I~i

are assess:.ttt9, and the tilQ.~ window over ",hieh fe,males
Salmpl~ ¥,~I~\SC;>'is of ut~ost importance (su:Uivan, 1990,

1994). A~\ \fl.',ll. ·1va'n. (1~@0I 19(94)."POin,ted. out,., mos)t si?udies
of femal~\\mate ch,0id)e tend to .us~ an" "I instantaneous
snapshot~' o~f the existing "vat'j_atian and. this may not
~eflect the \~\true amoun1: of inf(,)'fmatibn utilized by. ,the

\" ".,' "

female ~in m~~\~ngher. Ch~iGe. . In this'" study th~" automated
call IDemito~\i\lg technique prov:1des g" minute 0 by minucMe
l;ecord of" aX,1~,:thelnales over the whole pe::iad of their
vocalizatiC)n.~\ \ii"Moreover I' it allow.s the analysis Of call
,;rate if OVeX't~~ ~eriOd when females are present ,in tllr 9

chorus f " . and!~q~,ipg the time windor when ....female~ are
sam:pling male~~. vrowever I' data for tine ,period in Whiq~,
females a:r;.esa~Pli~~ mt~les fn the f~eld is Vel:'Ydifficul t( o

to ab'taip for "most:\, spl~qies (Sullivan,,, ~990) and in th€l\'
f . _ ':! _ .'. ". . . '.' -' ~,\: . ,f!--\\ _ ..... -. , .' .... . ',,'. ,..... . ' ... ~ .'\", ~ na present. study J.'~wa$'~est~'J.matedat ~~ss "th~~t~~~.~ip,~i!2[ThJ.s
is based .upon' ex~ens~\ve"field obse.'e-Jatiaittf,in whJ.Ch,females
have txot. been \i>bsEll:ved'co :relliain unpa,,;ired for l,ongel:'
per.l,pdS~<:' tj }t "d' a ", J

, {0

This".,'s1;tldy Shows\\that lllales vocaliz,ed for m!~~ohlon,gel:'
periods than the ~ime winc\owWhen females were presen'c in
the chords (see Fi~lS. 6;'3, and'J6.4) " Th'? average number
of c~lls p,roduoed ~W a mal,~ in tue calling period (6110)
exceeds 't.he average}~er matIng (2131) allno~t by a factor of
th?;ee. As a result} it is unlikely that, m~lel?Which Cct'll
for long periods .of t;~me g'a.in any ,)rnat";.n~ adva~t!~ge at 19.11."

Ii \
O;ftelJ I when.finales wer~ obs¢rv~d lE!.avil1gthE! chorus in t.he
~,arly ,hours of 'thE'!tJ~\or~ing,th\;ly appeared to be in a.. state

'\ Ii
,,\

o

o

,; i,' 0

)
-J!(r

I.

\\
'\.,
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1/' 'I " II
()f exhaustion. "!As the mating' succesa of males h~s be~~n

- 0 Q

$h}~'Jwnto be influenced by the number of" nights
t)resent in the chorus (Dyson at: al., 199.2)

they alte,
from '~\n
(\ "\

energetic viewpoint., a male .ShOl,lldbenefl,:t from calling fC:1r
short periods of, time on many nights 1 rather than lon,~
pe~iods of time on .a few nights. 0 '

o . ')

Males of )Jtany species have bee.n .shown to either ",9,a11 il~
i' 0 . . t: .• ': . . :1

ltouts (R?sen and Lemon.,/'1974; Whitney an¢! 1<rebS4 197~al\
SChwa';ts and Wells, 19a:i~ f Schwartz, 1991) 'or call
;)sporadically ~Fprester "et al., 19a~) and this '0 has beell

o . :;')~,;:, . u

~uggesteq to" play an :hllnpo.rtant rgll;:l in mate choice or
'\ . ,. _: - . .:. "". '. " ... ," '- '- .. ' .' ,-- ,.: ,"X:~duotiem of aCc:\Iustic intetferenco. I-laweVel."'tR~ martllorat'lJs

\ 'i Q. ,.... . . .' • ..c ,W~r' show.n to cal,l conaistent.1l.y Wl..th i'fe~, J.f any,
"i,p~e:ruPtions (see Fig- 6 •.5), _~ence the potential" for

c va:r\ation in C~lling persistence t.o inr'fluenoe mating
,/sucd~ss or acoust~c (i.:rrterfer~rtce" is"" very ,~li:rnit~d. Ca.]!l
rates are sustained ovel:' time and the :J:e\la'j;:.i veJlrankings eff

/1 . '-

"C\the :ma&es "ar~ cons.t,sten~:J consistent c~ll ra£~ aFfferences
.. () . " . ",. ,.

have been "shown in several othel:~, species in the: wild' (a. 9'.0
Sulliva.n af1d teek, 1980; Sullivan) al'ld Wa9n~r I 1988;
Sullivan and "H.inshaw, 1990).

1\

. t ( ~

The results of' ~'?e two-choice discrimination. experiments
confirm) that ,1::einaleH. 1llarmoratll.s shal:'s the same preference
for faster call rates that is. pre'Va'lent. in, othe:r sp,ecias
tested unde.r E\xperi:d\ental condi tiOl').S (see review 'by
Gerhardt, 1988; topez and Marins, 3.991) P'r in field

'; . 'J

dis:orimination t,9stS (~!orris and Yoon t ~,989). The
preference for fast-er rates, W~S sust::.:xined over a variety of'

(",,) . . . .... _ - . _f" ) '. .' " ". ". . .•
stll111ulus .rates but w.as strongest When thE;) Ql.fferance

,J' . ,'~)

between rates was la~ge (see Table 6.1). Even the largest
differenoe between the stimulus rates was evident' in the
natural pop'Ulation of calling males Quring the time window
wh~.n femaleS were present in the chorus';
The preference for high call rates perSists in the field,

'"

(J

225



t;"
o

I)

'~

re,sUlting in males with a:pove ave'rag~ ball rat,es aChieving
disproportionately :mOre :matings than maies with below
'ElVeragerates (see Fig. 6c~a) . In the fiel,d experiment this
pl?efet'ence is pa.J;.,t.icular1y stl~on9', as the rates that the
mated :male are compared' with, come front an arbi trary
sample <if calling males rathe:r: than the :males··that the'
t' ". . <.I '. . . ., ;,-

c

female may' have sampled. If tbe" sample of comparati Va-. I:' . ., .: '., ." .})

rates included high valu.es not samP1.:edby th,e female then
I) '. 'u ,~'

the potential .exists for rate-;depandent: preferencE!s ,to be
obscurecL 1\. How~verI Ln, spite Of this, a clear "mating
advantage asss>ciated ~ith high .call rate is eviderrt~ As
mal~':11. mitrr11loratus call. from ~i}.ted·call sites., then females "
entering a. (ilhorus .would '"be pr.esented t4l;th consistently
differtant cal,! rates emariatinq from a stable array 'bf
points within. the .chorus: High. call rate males, in' the
chot'l.lEf, may achieve mot\e lllat:Lng~by rendering t.hel"ltselves
more aCQ~{sticallYl and. therefore spatially, conspicuQUs to

,.... . ~
sexually responsi va females (Gerhardt.,~\019a7) .. II

" .... ':'

,
AS ,mentioned. pr~v'iousl'y in this cha.pter I the actu~l period
,that a female samples males in ~p.¢ (~horus is very difficult
to determine (sullivan,. 1990, 1'9\9:4).. Female H. marmorat~us
usually take less than']5 min to 'ilSamPlemales. However,

t' \"j

in the light of thl;' above findings ;:,that temales prefer fast
rates in experimental" and field '"cOrl'dit'ions I. femai~s must be
able to assess rate OVal:' ,. all part.icular t.ime, .period I'

I'.

scl;lt¢art2' (1991) tbougb)t that males might attra.ct more,
fe~.%iles by calling- periodically at it fast rate (in bouts)
rather .., than consistently at a slower rate,. HOWevert in
Ilis ,study he faiU~d to show ,;Ch:i.spreference, and SU9'gE!$ted
that females lnay pe able to in:¥egrate:::; sound energy." in
which case both his stifnuliwouldbe regarded as equal:. In
the .female sampling 'period expe:rimelft.s in this study
similar"'results were '~()Undwhen th,e"dall tate was equalised
over a ten second period, except When th.e calls "wer,e
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arranged Ln a fast rapid bout s'eguence. This sequence
(Sequence 2, Fig. 6.•2) consisted Qf ten cal~s with very

" .. '- ~;

short :rCI followed by nea:!;lyc5.5 s of s,,ilence. 'During"
observations' of natural :matings, male~, Were frequently
heard to produce a cOu;ftship call when females were in
close proximity. These courtship calls consisted of
normal. advertisement calls repeated at a vefty fast rate I

similar to the fast rapiq bout, (Sequenoe" 2) in this
experiment. Perhaps the reas<bnwhy females failedt" to show 1~
a preference for these calls in phonota~is studies is due
,to the faot that these types; of calls are only produced
\\yhenthe female Ls in close proximity to the male « 20 em) ,
and the females rapidly respond by initiating amplexus.
In the phonotaxis experiments" when the "females Were'
p~'e'sente~with t~is stimulus q they o;Eteh~'erien~~rl:edtoward
the ,fast .rapid bout but d\~.r.i.ngthE! interl,;>out periods of
silenoe I after failipg to Itf!ate a nearbY male, they re ...

• • .. . '. __. __. ,!' . . '. I::or~entated and began to approach the (I's'Geady regula.r
sti.mulUs. This process of re-or1entating to the diffe~ent
,sti:muli continued throughout :mo:;A\Of the tria~l until ·:the
female was .quite" close to the re\ular stimulus spea~er ..
In these, trials females approached t~e regular speaker 1n a
"three steps :forwa~~dI o two steps\\, backward" type of
progression. " ~, "

In all the other ':;"airings with the regu~\ar 'sequence, there
was no preference, indicating that fem't~le!)mate choice was
not influerlced by variability ill the te)npo:ral pattern of
calling. FU1'thermo:re,91ven that femal'es in this study

Ii ;' - (I

were shownto have a strong preference fq;t"fa$~er calling
\\

males, and faste:!; calling males were shown to' have less
.'variabilitY';'o:.i.nICX t then these phonotaxis experiments show

that females are choosing the fast rate males by calls per
unit time rather than by consistency of !CI. These
experiments suggest that females are not using successive
ICI to assess rate i until a critical length of ICI is
reach~'d (i ..!\e > 3418 nls.'t Sequence 3) and a, comple~(
:relationship may exist between calls per uni;tr~tinte and

]1 22.7
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lj

continuous stim.ulation.
(i

As these, stim.uli d~~~~Qtdiffer in their 'rat(:;1sover a. 1.'0 s
period! the" ~elnale sampling period is probably j..onger' than
10 s , Further experi).tien~ utilising ..different
comb.inations of oalls pet 'Unit time, are necessary to
elUcidate. the .exact; period of time over Which feinales)"are

a

assessing'/ate .."

_§ummar_y:

r

Male H. marllloratus ca1,l consistently at very high rates
IJ' ',' .t:r.- c-over lo:ng i?e:t'j"ods of t1'~tp.eand there aJ:;'e consisten.t

differences, betwe,en ,:.the pall'" rates of different" males.
Females preferred t;he fast.er of twq rates when presented

11;. {? . ',' ,to .; \

with a simple two....ol+oice,si't:uation and this preference is
~. . . .... " ' ,.' OJ

reflected' in the dispropo:t'tionate,ly large number of mating-s
acbie'lled by high rate calling males 'in natural popUlations.,

", Fas·ter calling males may" enhance their consp~cuousness to
v . - ·:i

sexually responsiVe females, thereby influencing their
matlngc SUCCeSS. When oa:!.l,rate: i~ equ;;l;A.sed, ,ovf;ilr it t:.~n

" "" , , , " , ., _/./

seccnd interval. during phonota:<is experiments' females only
\

disdriminated ~lgainst sequences with lon9 f,,'~riods of
silel'lC€:. T.h;is su99~sts that to,,1re is aD com'Olex

. 'i ,I {~.,
in:teraotion between oal1$ p~:r unit time and fr~ ~t;

'~\ '! '''-". "/ " ','

stimulation. \
'\ o

o

\
{ , 0 (~
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CONCLUDING DISCUSSION
II

1\7.k Acoust.i9 playback experiments in studies Qt, a.nimal
-'----·ij y

communication'

Historical perspective

:tn the late 1940 I S workers in the field of aooustic
o '.'

cqmmuni;pationwere becomi-ngaware '~Qf the significance of Vi)

playbaCks of conspecific cal'S:s in altering the b~haviour of
(). . .... ,. \

anima~s 1~Bo~ert,.~~947t Roth, 19.48). ,. q!nc$ ,1:hes\e ear:, ..e.~
experJ.ln~ts, playbacks have been carrled out on a varJ.e~

0.1' 1;,~~,?f~l..}·,.f,,_,.,m ;iJlaec, to.",. thr.o. ug!> tish .and ,am.Ph,il>ia.ns~~~~
and, lti7f mals (Falls, 1992). 13o(Jert (194Z) was the fJ.rst ~
work1 to conduct;·.playback e:Kperim~nts.on ,.anurans,oand (~e \
d~cOvered ttl:at both 'male and female Eu:fo tc:u"'r;fJstr:i.s were \0
attracted to broadcasts of a conspElcific chor~ls~ In the \
30 years fOllowing Bogert.'s report, as the' acousti(~

c'

broadcast equipment improved and "became.more portable, an
increasing number of playback studies on tn(ues"and females

11 -

were carried out. (e.g. Littlejohn and Michaud, ),959; B1aif
and Littlejohn, 1960: capranica, 1.965; Gerhardt, 1974a, b).
HoWever, it was not until 1976 that intricate playback
eXperiments designed specifically tOeaddress a C01\1plex(lset
of questions were'pe:rformed (Narins and, Capranica, 1976).

{,I
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These authors were",the first tio identify sexual (iitf.',~rences
~--:, ." . ... ':,'_ !'i,:l

in the peripheral auditory sensi'l:,';:i.vityof a vert.(~bra'l;'!e.By
combining acoustic pl?lyback experilt!ents' :ano.. two"'choioa
discriminationc experiments they were able :t·iJ<':4~~m~mstra.tea
,' .... , . ,-.. . •. " '.. ii..' .... - . ,:,J;:;:_:~'-:~>"::' ,,:->1,-':-'\. . . . _ ,_. _ •
"t:'lJ-pctJ.Qnal.dJ.chotQlUl""1.0' the t.wo-note G.~~S~',,~t,E. , coquz., .'

\f ,.,. . ~. '.' .' . "... '\"_:',_':.~,;·,"~~,Il'-'i., "'::, 'ThIs e~periment paved the way for futUre oi~i~~lii~rsto embark
" upon inc:t'easingly moru sophisticatec,i PlaYbidk e)~periments,

as evidenced by the \,ever growing use of computers and
digitized stimuli (Gerhardt r : J.99.1; Schwartz I 1991;
. .. . , _ " .. ' r' ,Breoowl.tz and ROSEt,!)1994) •

o
A90US'1:.\ .' ':.2laybii\ckeXperiments

\)

The vast majority of the experilnent.al data collected in
th.is thesis are the resul ts of a~oustic playbalick
aXpel"iments. Acoustic pl:ayback e:Kperill1en~sfall ip.to two c::J

general categot'ies. Firstly t they may be of the two (lOr
more) speaker dis.Q:t'imil'lationexperj;11tenttypeD(Chapters five
and six); or ',Itdly, they may take the :formof various
»stimuli bl"oado< to naturally calling I,llales in the field
(Ch".,:ters tw~, thra~ and four). In either case tfhe

"l 0

aacuratra measul"ement .of~.6Ft. at the position of 'the test
subj.ect is extremely important. The perceived intensi ty~o
of tile stimulus has a very strong influenqe on the)1
behavic)'u;t:'of the subject and can confuse experimental'}
reSUlts if not taken into full consideration. An example

o

of cpnflicting resul~\s ~ue to inappropria,te SPL
,measu~""'ents are ~"p"e""llte, by Telf~::rd t s (1982) data
relating' to the inte.nsi ty dis1fimination"\ ability of tamale
JI. marmo:ratus. He discovered! that in 1981 certain ie,)Xtales
cOll,.lddiscriminate between calls that varied by 3,~B (\;tt 50
em from. the loUdspeaker~ f (wh:i'Jlein 1982 he" found that
liemales could only di scri:minate against the softer call
when there was a ISdB diffe:r,~nce. If, hO"wever; h~c,had
measured the SF):,at the female· release point and adjusted
th~, SP;t...tjlqcoJ;.'ttf.ngly(thereby avoiding problems caused by

fi"-""'i,:~:\',>_:::t, _ ',";' I\:~·\,:J~:"~.->\': _' , o

eXf,~:~1~~tj··\N"~'t4'l":tq:< attenuatlon I see Chapter fi ve ) , the
!j

!J
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differences in spt may have)!reflected "thos~ pe:rezeJ.vedby
the female in executing her choice.

" . 1') .' . ".

Although, ca"ll discrimination experimen1;shave long been a .
'useful tooJ. for determining the effects of va'rious male
c?!;11char~cteristics on female behaviqp.r, authors should be

'.,_. .... ·,,1

very wary of imaking assumptions based on' the resul ts of
thes~ !~xperiments withoUt ';supporting ev:tflence',from fiel9-

~.

studies (see Chapter five).

\ (

\\ The broadoas't of specif;Lc stimulf to calling males ,from
\\, loudspeakers h'as been used on :many occasions to study

\\', ,",.. . ,,' \)

i\atterns of acoustic interact.ions between' calling frogs
(~~g. Na~finsand ca:pranicai' '.978; MarInsr 1982a, hi Wells

"(. "
and\t?chwartz, 1984al' b; MooreE:ltal", 19&'9; SchWartz, 1993.;
~ren~~~tz 'and Rose, 1994). As most of the male broadcast
exp~;.e.i~'ertst,n 't:,his,thesis wer~ pel1iOrlUedat;.J tIle beqinniI\9

\0, of the st-Wiy1"the stimuli used were analogue recolt,~in9S of
natUral exe;tllplar~pof advertisement calls. t..ater in the
study i ' as tecllnOlogy advanced, 'synthetic d~gi'Fized stimuli
became more{:readily available and standard analogue tSlpe
recorders were replaoed with digital samplers" and
~omp?t:er~c) Ilost ,~)revioU~.studies Of. m,?-le~l\1~l:.acOustic
l.ntera!,btJ;ohs have been ll.ml.ted to t.wo ind.l.vl.duals at .a

o tilne. However»'the 1.'1.8$ of: a c\lstom bull t encoder enabled
a

Brush and Ni;lr~ns (.~98S) ,to investigate" the acoustic
interaotions of up to five .calling males. 'l'hese"sorts of
investigations invol ving many inai viCtuals, are very
impor'l:,ant.in elucidating the trlle dynantics of chdi!uses., as

r'

most previous reports assumed -:that the OhC)rus,was simply
an extension of the interactions between two males.

\\<' utilizing an a-ohanne), event recorder ',and personal computer
(as (,descr,ibedin Chapter sit'), :t amprel?ently j.nvestigat1ng "
the complexity of ChOrus-,_dynatrL'ic;:;Jaso outlined in Chapter
two) b~ studying the acoti~tic interact~o,ns b~tw~en. \l~ to
eight indi vidua}-s, in the laboratory 7s:s \~ell as. :I'n.the
field.'

(l
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7 ..2 social QrganizatiOn. in an.~l'l§ Q a

c

MO$t" .of the social interactions ip. anuzarrs occur almost.
e:>cc:t.usivelydurin'i1,t.he .breeding season'. Typically, nuch of
this ..social behaviot;lr centres arounq competition among
males for access to mates. Most .anur-ans .communicate
duri]').g ths.se social interactions, by means of .species
speCific scunds, The production of loud calls has. ~volv;ed)
to ~maple anurans to cQmmunicate effectrivelY over long
dist.ances.," whilst being constraineg. by the need to be..Ln
close pro:)Cimity to the ground. 'lfhesra calls are seldom
l.:!.t.teredat random and often a Clear type of orgal{fizatiol"l

\\ . .

exists~ Several differ~nt forms of ChO)~llS (J:c~anization have
been proposed and. the results of Chap~(~r two clearly
indicate that the different:., types. of chorus; org~!)ization
~x'ist taS a continUum, based upon the delay from w,hetna

(I'· ... . ". . . . . D

~,rogbears a call to when'~e rep!iies with a res(J)otlse. ~he
species,st.\ldied in this thesis exhibited three arb;l.trary

I,' . . . . .' . ... . ~,

"classe.s (i. e. call-triggeri~~ I antiphonal oal,ling and.....
synchronous'calling) within this co;gtinuum, with a further
class b~)ingposs.ible, put not represented. ih these species
(see Fig .• )~.35) . There have been several .r.eports on the
mechanism.s involved in call" timj,ng (Loftus Hills, 1974;
'Lemonand 'struger, :l9ao~ Marins 1982a;"'Zelick c1l1el Marins,
1982; ~iodre et a1., 1989) which .~ll seem ,to be in agreement
that, following an acoustic stimul'Qs t.here ..is an ~bs91.u.te
behavioural refractory period (SR.}?)." During this BR.l?an
external· stimulus cannot elicit a response.

"
The res\~lts

C.I

presented in this thesis confirIl\ ~he existence of·' an l'

absolut~ :6RPin H. marmoratu,swhere it was foundCo to hayr:' a
mean durat.Lon of 32 ms (see Chapter three I Table :3.5).
HO\'1evert in contradiction to other published res.ults, Lemon.~
and struger (l980) sUggested that a stimUlUS".occmrring in
the .absol.ute, BRP,and even dUt'ing the production of a call,
will influ~nce the @uration 'of the call ...cycle period. The
resul ts reported here do ~ot lend any sup.port to ..this
suqgestion as males whowere p.resent:lpdwith stimuli during
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the production of a call, or shortly thereafte;t:., failed to
o

show any behavioural recognition of the. $t~mulUs. The next
o

period to occur after the absolute :SP~is the relative. BRP,
'i''' ...J ..

during Wh*Chtime a call i's "elicited by the perception of a
stimulus (Narins, 1982a). If,· a sti:.l(l'Q:lusis not presented

p\

to o the fl'og during the rel(;l,tive ,.BRP, this period is
termina.ted b~~(the spontaneous. iproduction of a call. In
additi0n'J sev~):ial authors have suggested the presence of
call suppression, as there are fewer r~sponses ..than
expected from the onset, through the duration, to shortly
after the end of the stimulu.s (Zelick and Narins, 1982;
Moore at al., 198.9: Klump and Gerhardt I 1992). Shortly
preceding a call itself is a .~fi!riod of excitation, where~ . . . 0

the neural circuitry has been !jac~ivated and the production
of a call is 'inevi tarle, irrespecti ~ of any acoustic
stimUlUSperCeived.
The slleeJz,complexity of

b • II c-

natural 9toru~ hamper
carried 0.'Ut. In most

.interactions, that occur within a
similar "!detailed stUdies being

"cases the responses of isolated
individuals to acoustic playbapK experiments are stUdied
instead of ina! v.iaual interactions" 'I'he;t"eis no reason to
believe/that these studies oannot be extrapolated to embody

'.i I I

the chorus, as a whole. HoWever, de'i:.ailed studies Of how
individUals interact with each other in the chorus would"be
necessary to substantiate some of the prcpos~Clmechani.ems
of call timing.; \\

7.-3 H_ating ·suqoess

.'
Over the last decade the social behaviour of anurans has
reoeived a great deal of attention from behavioural
eoOlog.ists. Certain· aspects of their breeding behaviour
have made them particulax:ly suitable subj~ct$ to t!=!st
various tt}eories r@lating to sexu'al se:}.ection and "mate
choice. Firstly, they form large aggregations which enable
repeated observations" of socia.l intE!l:acti~ns. Secondly,
fertilization is exte.rnal thus providing unambd.quoua

ii
Ii
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parentage in most species (however, oInultiple" spawninq"llas
been sU9gested to" OCCUI"$n ChirQ1R:mt;L$ xeramp~lina by
Jettnions et al. I 1~92) rand thirqly they can be easily
marked, approachetc: and observed. with little (,iisturbal"lce.
The literature cove:r;ingall the aspects ,Of', sexual selection
and mate ,Choice in anueans is exha~stive (s,ee Gerhardt,
H,SS, f'01' review), nevertpeless a summary,"of 'the 'call
parameters that influence mating success which"diteotly

(~ . . . ..... .:"_. . - ')~.:'
llupinge on the work reported in th"zs thesis I ar~ presente(,:l
here"

1\

7.3.1 Temporal aspects

,} .

Chapter two identified that most anurans 9rg~nize their
choruses in some t4<iY or another. It has been suggested
that by Qrganizing their calls with respect to time a. :mal~
can<~a~imise the, number,of" Un-InaSk~d.callS,. he produces, o

.,thus ~i:r;,,,~i'easinghis locatability .. ' HOWeverI several. authClrs
'_ • .. ',) .. . Q

haV'~,~shown tha'.\;;,simul.taneous or oval"la.pping calls are as
easy t}to loca;,e ,by ,fentales as aze- alternating caJ,ls fe. 9.
Fore~¢.er al;ld'. Harrl.son t 1987 ,Schwartz 1987; oy·son.and\.,.. .... .,

I) , I;.."
Pas~,t.iore,"1.9~,8a, b: KLuxnp. and Gerhardt, 199~,; Ibanez,
J.99{h. _.,

( i. I'
Conse(;p.{e.,it.lY,in Chapter three, it w~s suggested' tha:t. the
ubiquitous phenomUnOI1of' call timi~~ i.h males has not
evolved as a result· of seleotion pressures imposed by the
constraints of the fernale.$I auditory system. Rather ~ it
ois .,a mechanismused by ma.lesto .effeot SPatial:: organizat.ion
whioh Illay ~ in t\l:rn, itffluenoe their mating SUCCess.
l1owever,the, inhibitqry resetting strategy, t~tilized by mal~'
Neooonocepha.lus sp:i.:Zf1', Which has probably evolved as a
result ,from the sel,activti) pressUJ:eS exerted by female
preference for leading calls (Greenfii:lld and Roizen, 1993;
Sheridan et aL r 1993) t has not yet b~'en described for any
a,nurans.

o
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7 ~3. 2 '~.., Fr.~quency
o

'Several authors have suggested that differ~ntial mating
success may.be aOhieved by active ;female choice. :for size-
related vari~t;i,on in the ~ales' calls (e.g,,~ Ryan, ~Al30,
1983~H Fairchild. 1981; sul~,ivan, 1983; Forester and
Czarnowsky, 1985; :Robertson, 1986b). ( The mc:tinparamet.er o£
a male's call that ;is. correla():;!d (inversely) with size is
tbe dominant frequenc:f:\y' component I and in two-choice
discrimination trials ma~y authors have shown that females
prefe;entiallY select ."bhe lower frequency 1a..1tg~native
(Ryan, 198Q, 1983b; Forester and Czarnow::lky,\1~85;

(! \~\ \)

Robertson, 1986b) . . :J:"f this occurred j,;n n~ttlrar
p~~u~atio~)s.. there wo,.~ldbe\noil.~'randqm.mating w;ith re\~pec~
to, sa.ae, '" .However, sJ.ze'-dep:endent ~atJ.ng success has \(Peert
convincingly (,demonstrated in\ only four species. of anui'ans
(Howard, 1980t 1938;" Ryan')t 19\~O, 1983ai Robertsc:m,' 1986b) '~O

Furt,hermo:t,e, in t\).Yo-choic:e;!id{~scrim'inatiotl t:r.ials with
female H.1lJarmoratus T~lfo:t'd \et al. (1989) ha~e shq~7,na
strOng preference'l for lower frJ~uent;y calls I yet in ba1;.ural
populations :ma't;j.ng is lrandQlIl'Vl~\th.resJ?ect to size (Te·.lfprd
,et al., 1989; Dyson at ttl. ,II 1992). ! Gerhardt (1982)
discovers¢! a similar scenarib w;i.th Hyla cinerea and

Ii
suggested \ that. the ihconsis~e.'1t behaviour of females in

~. .- _- _ -_ v .

laboratory experiments and the nat.uD~Henvironment' may be
explained by differenc~1$ in the complexity of the acpust.l.C
e"vironment. Chapter fiv~,.,highlighted a similar p:robleiil-, " 1
im1'Olving call intensi'l::y (see,. "Section 7.3.3 below) where
the ability of the females to "discrimirlate br.t:ween
diff~l':'ences iOneSPL was :i.mpaired when the., compleXity of

;\\
choice I\was inqteased. Obviously t as' thea complexity" of the
acoustic envirotlment changes so do the temporal
relatipnships between the calls of indi vi~ual1;? Dys.Onand
.Passmore '(19$8b) demonstrated that ai th~ugh felnales'
p;referel1,tially selected the lQwer frequency calJ, , when the
two calls were alternating, they respo:(lded at random.when

\1 ?\
,the calls were simultaneous t and prefel#1ed the leadiJlg call
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of a Pili: of $tim~ii tlla:t" ove1ilapp",~,:, ~.•:r.:r.•.e'l;si~"~tes,c.,,t..·~,·.),f.•.•p'.e..'l~'a"°.L".'.nf..
frequency (wit.hin ceftain liillits)~. 'Thei£'.. ,,,,,,,, ,1C c.. '

why random mating with re~pect 'to "si2e £s Obsefjlfd .~~
naturai~'!RPPulations" "cfnd highli~:nt th:-:, "dart9"!~ ..?~ (,

. "~I ~""" /I';y 't' \1"extrapolationgn the reSu'l ts of tWo-choJ.ce '.~J.scrl.m1~~":,t.~.j
trials to natural' popula.tions . "' ". '; \1 v

G' I.{""". ..r
l

7 •3 •3 Call intensity !II
I~IiII,

Advertisement call intensity is the orrLy oth,slt call
parameter that is correlated with l'(lale body size (G~~hardt,
:L97p; Wilbur r~t al., 19~!3; Berven, ..1981~. I:Arak,'jf 19830\\;0,;;.

,:9 Passmore "andl!' Telfgrdt 1983) t How~~ve~, Ryan),;Ic1983a)
s~'gested that SPL w~:~~c"unl,ikely to be a, rftliable p~!e~.iotor
o~.m~le siz~\ due to excess ..Cft~>enuatj,9n fr()m veget~j.!ron .a~d
mic~oclimatic changes., ..Interes.tingly ~\ cUle';; almost:-"tij~iversEd

,,~l:'j~erence(:;'!y fel~ta1.es. !~r,h+:~ "int~n~i~Y .dal~; ~Ias..,~een
.'dembnstrated US,1.ng, r tV10~Ot.l.O.Lce.dJ.sprJ.nt.l..Ila!aqp 'i({) ,tr:u~,lS

,~;';?e~lel'S..'.' 197.9a~.•.r~i.ibjj.•.h.'.~"_¥;."1~8~1ie.l~.o.1~'. '1'98~.•..:; ~r.ak,
19830; DY$on;, 1985)'e )!l>hso{( in Clrap1:e,r·f,ive it Wi; s shown
~~ft in: "Jimple t~~"'ch~d:L~~i~discrilninati()l\ t~~.alslt. fem~lleS
preferentially selecte.f.l. t1fe loUd~f?t of" t;wc,' oF,J,lls lrl )lien the
perceived dif:Ee17ence fire i.t;ftensi~y was as !~sillal:t..as ~ '7 5 4)3.

\\. . ',.. ' .' """",' ',_ .'" , ,;'f _ , ', __ "" ,,' '_', , __'" _..'.' ',"" [-)\ .. \;j

However I ~ri~,co' p~ef,.~~,end'eC\wa~,pot sq .~Yidento<?<~\tt~n,rt1}e
complexi~vUof chqice ~as incr.~ase~,v F~r~1~Q;r:e 1() 1t has
been estoabfis'ed that. if the intens±~y ..ol th~{.,pr~fe\tred low
fr_equency ,cal·l. waS' x'educed, . femal~~ th.e~ ossleq~ed t~e

,,~~~;:(~~:a::~U~:;!1,J:fO!: ::"::~~i;:a~~j:$c:~il~:~~
experiments on the combdrred ~pffe~~ of intens~~::y )~l1d.
tempora,l relationships of the ,st'tmuli, resulted \ in the
le~$ier of two" calls be±:,Jlx prBferred ov~:r: t'he fOllOW~ I e~e~

. ' (" IItt1h~n to,a" foll,owJ.ng 'call wa,~ l(),~der Oyso.n and )'S]rsmor_r"
1988a). Falllalies w~re unable :·to assess the a\~so:bute

'" ',. '. . . •. • . .,,' .. ....~ 'I
intensity of ~,~f S_~ir.lUli -Ln diScpimina;:i~~,_t£!.imls\t(Arak,
1~Jf33C;th.i~);S~UdY': :9haPte: five) sU0'gestfrig" tn,at ;temale;s
ar~, po.ss.we1f:iattracte~ to. tlle caU perc<lJl",,(I:r tM

o/1W a (;$-1 ()
.:f36 \ti!
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"hig-hes.t; ~:m.pli:~1;l.dewhioh in many natu:r;al situa'tions will bs
the closest ~ale.
~All the above 0 results sJ.lg!jQst tbqt tbere is an extremely

"... . '. ..' ,I. /
co:m.p1.exr~l~tionship between ca;Ll frequency," oall intensity
and ..the temporal position of the call with respect. eta oth*Sr. . . ('; ..... " . .' , " , ., .•calls. 'The choice exhl.b;J.:tecl by feNales in s:ullple
dis~riminatiol1. trials ';"\ay~~e very differ.ent from"f thO~:ec

l ". "

chQioes 'made in the acoustioally 0 cOlt\ple:'( na.tural breeding
assemblage.. ~

1I

calJ,IUxepeti,-t;.!on rate p~eferenoes haV(~been demonstrated
using· two-choice disorimination· t:rials ~Jl 's~veral 'species
(seeD iiGerha;t,'dtI 11H~8'for' rev-iew; Wells r". 1988 f Lopez and
Nari~~1 1991). A1.so, in ~~ll\Pletwo"&ohoice experiments.with
hatura:u.y calling males fellt,ales were shQwn .,to prefer the
faster 't:aller (Moliris and YbOn t 1989). i In this stucly
, (dllp,.p~er°SiX) ':females were found to preferential.lY" sel~ot
th~f faster, rate in two-choiC1,e cliscriminatton trials and
this preferenoe .was reflected in the natural., population,

n ... , . ,

as fas.,te,r calling lna.les were more sucoeffifU1 in ~~,ou:rin9'a
mabe :than slowa.:!; calling males. This appears to be a.
stra±~9ht'~"i~(:\rWal:d case ~o;f females ~exht?it.i.n9' a real
pre;fer,eno\, wh,oiol'l has, been confirmed by ~,ield stUd.ies.

{/. Ii

HoW~V'erI Schwartz (1986) disoovereg that "in HyJ.a
(miaroceph&J.a although females s)1owed a preferenoe for the
faster rate in twol'"ohoice discriraination tria.l'S, thie::,
choice CQuld be..negated and even reversed bYJ;deoreasing th~

)1

Thei'efo:J:,e,.o it l3eems
role in fast repetition

$PL 'of the ,faster rate stimulus.
j'I'

li]cely that' SPL also p~,ays a ""ital
rat.e }?referenoes of -fel\lales.

i '\2)
o
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1.4 CQn~usion
,... u
VQ

"~,
rrhis \4o:r){: id.enti.fied unambiguous social in'l;;.{:!ractionsin
several specittal?of frogs and highlighted the j:mportance of

BPi. on these interactions. ;l:t also demonst.rated that
femaJ.ea shoj'1~da p:refer,¥nce for loud fast calls .and were
unable to eompute al:lrsolut.e" intensity. }lowe.vetJ as
discussed above I" unClel: l'l.atura.l, conditions there is an

(] "

ext.remely oomplex interaction between call frequency 1 call
intert:sitl"', 0 p~ll repet.it:l.Qn rate and 't.he .'te1tlP<?ral·position
of a call :ttl \:$~mpletwo"'Cl1pfee trialS, females may show
strong p:referenG.'E!s for lowe.r fre,quency Calls t lp'L\dercalls,
faster c~llS and ,le~di~q .calls. o 1hese par'hmef.'ers alIa
inteX''''related in' a complex way .in the :field, such,.that. 'che
p;efer~noes exhibited ill J.~bo~~tory exper'imeuts may bear

,', '" " .,',:. . .. /-'\ ..J.l.t~le> a or no re!~tion to the choices made .tn natural
oreedihq assemblages.
!t i;:; felt that this study provides valuable. insight into. . ~
the function an.q signffiaance of tile ub~(;{1.:t:ltous phenomenon
of chorua grganiz;:;ttiofi.• Furthermore, this study promotes a
better under$tand.i.ng of the nat.ure of acodstic in.1;diractions
.J:>etweenanimals, as well as :resol\ring seme of th~Fproblems
surrounding .:mate chofo.e in the field~·

(J {j

o
o

o

·1

(j

o
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.Most. of ,the oalls illustrated tiara were obtained in
response to the,\ broadca,st stimuli. pr'esented '~to))the,: frogs
dl:~ring the increasing i.ntensity "e:Kper~me.nts,.: and represent
the full array of "coqui +U notes as de$cribed in Chapter
four. HoweverI the two very" long mu.1ti ...note ..calls (Fi.g.
Al.~) were emitted. 15)1 fro91s" in the early" hours qf the
morning at daytime retreat s1tes f and"Were not in response
to broadcast. calls". !,\ .

1)

For further details of these calls Dree, st~wart and R.and
(1991, 1.992) and stewart and ..BishoP (1994).

0 0

Q

')

'::

11 :l

oa ""
()

(\
o

ii Q

()

23~
,)

o



(j '(;

o
.,.0

Most. of tbe caJ.]JS, illu·st:ratea here" were qptained in
response to. 1;11e broadca.st sti:m'uli presented t.o i?he frogs

() .. ' .. ' } '::
during- tl1e irldreasing intensity Gxperiments, and represent"
th~ full array ·of "coqui +" notes as d~scribed in Chapter

- . 11 • 0.. i;: '. . . . .' ,:four. Howeverf the t~o very ].009 ~pl 'i7i ....note calls (Fig,. 1,\

Al,~3) were emi,tted by fro'qs in the early" hours of the
mbrninq:.a.-t d~ttime ,~'etreat"sites I and were not in responffe
to brbadcast calls._ "f; ()

1 \

o For f,u;t1:.h,erdetails 0:1:,;. these calls see ste:;liart and Rand
,) _ . ......- '_'\ .'. . '~,. ." .. ' _ .. \) . . ..... ',' <~
(Ul91 t '~,992) ,and stewa'rt and Bishop (1994).
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Fig. A 1.1 Ca,.ILrepertoi~eof E. CDqui.
A ..Normal nco~quilladvertisementcall
B ; "Co-qui...quill followed oy "co..qulk ..quill
Ii

C .."Ca-quj ...qUi..qqiU \\

[l..Two "co-qulk" calls' "
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Fig. A1.2 Cal.! repertoire of E. COqdi'~"
E - IICO, CQ-CO" ~.. tr

F - lICo-Co.",q!Ji1f
G ..IICoJgo ..qul-qui"
H ..."Co...co-oo-qul"
I ..."Co...co...co-quik-qui"
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App~ndix B
o a

i)
oClassificgtj.on and ",detailed description of, the specie§?

1. Afrixalus fornasinii (~ianconit.\,1849)

(" ,L "d'Hyperol~J.. ae,Classificat.ion: oJZderAnut'aj Family
Subfamilt;i Hyperoliinae" .

. ,) \

()

)1 (Species descriptil.m: A large A:frixalus I with a body
-, I r" ~, ti

l.ength up to 41 mm 'll?oynton and Broadley I 1987). The males
l). '.. . .. .'_... .... .. .... ", . ' ... '. ' ... '. ..... : ,\) ()

and femar~,? 'are covered '·.on the dorsal sUl~'face by blac~
asp:~rit.ies' which f\fe visi}?le to the naked eye. and are

1/, r: '. . .\, .' D . ,.

aCC~rntuated' in the dax:19,regi9ns ,by being surrounded by
liglj,t areaS" There is a median f broad, dorsal b'&ndwhich
tct'pers'to a point between the eyes and does not join w·ith
the dorso ....lateral bands posteriorly. The ground colour
varies with tb,e inoident light from a cz-aam colour to a
dark grey-brown at which .'.point the mfl,dian dd:r;$al "band

'.'
becomes difficult to distinguish (Fig. 1.1).

Q

Il o

D""

2.. ,:ele.utberoaaotyl,ul;> c:oqui ThomaS,.,"1966 0"

dJass.i.fi.o~tion: order Anura, Family Leptodactylidc;le,
subfa1nily Telmatob+_inae. 1/

, , » ,:
Sp~cies desoription: A medium-sized :EJ1euthe.rbdactylus

,\ . () (.)-

:reaohincj a ma.ximumlength of 62 ntm; (L0pe:z and Narin~,
rl . 0

1991.)• The Q,orsal surface is grey 'tc.f greY-,p:r;;own~01nE~times()
-vlith ..an 'ill ...det'iaed "W" behind the eyes, a.nd '''Scatt,srsd ,dark "
mottling (Fig. 1.3).· Often the1r are lighi~ str.,ipes "Jl1ioh
run from thE;)snout, (Wer the eye_, lai;:eral;ty. to~!th~venb.

,,' 0 "oc~ ~i c~ ;11"
• ;"Z~. '. ..:.... o c' . 1;1" . ij' ,;

Byperol:I..lJ.S lrUfp:lllo:ratus Rapp I 1842 .
I) o

")j 2\, o-
>() 0.. '..... D.' .. ' 0

Ql:asl=lification': order Anu~a~' }t'a:n\,ps E;~pe+'oliidae I

1,) subfamil:'.t ltyperoliinae to
'0

(I
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f?peoies description:' A m~dium...sizeq. Hypero.tl.Us with a.
II If (";

mc~xi:mumJoody,~lengthof about 33,",:m1q (personal db~~:r"atiol}7r')"
f~ .' _ ',:", ..... '.. _ .' ,_.,_ _ u . " :;0: .. '_ > . ,;(1!_ 0 _ '" '.' _': .' . . ·fi.

Th~ adul't. colour. patterJ;l' is e~tremely <V'a:riable a.nd has led
j;o .•ma~y, s,YGt~ma~i~ a~d ,~()nUavclat}~al upcertaiirl't~~$ a~~)U~,
thJ.~ "sut>ex'specxes" O?pyntcu?'1 anq,e :BroadleY, 1~a7).. The '!f

; , __, .' _, ,' .. _ .....,', .. , .' '. ,,9.,;-
speof(~s studieFoin,Cthis work is recognised, gn''the ba~}ls,ob

"; IJ .'. '. -f{ ij -. '.'." .....' _. _ ') ... '. ,: '. " . _ \1

laryngeaill ...: ,jlUO:rpholbgyl as H. marmo+,atus '.~1i1armoJ;,atl1.s
(La~bifief .." 1'992) and $ur'ther" d~sous$io# on the .ou~rent

(, ... . (.._I ,i r:J ct

taxonomio pO'sitioli of ,this speci,es falls outside the scope
of tllis thesis. At the breeding sites used in this st",Jdy
th~ adults were often striped wi tp. yellow and dark" brown
irregular st.rJ:t· 'as Which someti!-M~;i .:broke up in;;o spots of

;:)'~ - \ ,L. _ ." - _ ':._... / . _.. , ' _. '0 · -. "

cdlour (Fig. I ..5),.. Thel juveniles were brown ''With...sometilnes
Q . . -. '. . . _.... .... '/ ,;

darker brown stripes arid usually a thin s~lV'ery lateral
st:r'ipa.

4. Ka.ssitui' maCUla,ta (·'Ot.tmeril" ,18.53)'tl c

Cl~,ssification: order ~nura/,' Family I{yperQ~li]dae ~
'~tt\''d'' ',..Subfa:m'lLlyl<ass;u't':i.nae 0

.. " SP~c:Le~, desoription: A large;' robust I\~ss.i.na reaching a.
m~xiltium size of '~b8 tltm (Poyntor!, 19(4).. The dorsal, sUrface

'.". . I): .' . /\-' .•... . .' ,..'- '\' <;;.. _)

is covered in 'ir;egular dark brown sp'<Jts with a p~le
,.~utlirre 9n" ~ si~ver~"".?rown ground oolour (F.ig • 1. '7h 'The
"'t~ounR- colour and pale outlines. are replac~dby a brilficint

C.J.. .... . q. (). . . . ,,'

.sci3.rlet in 'the oa5dlla,'l waist, and inner" thigh ~egions (Fig.
1..7).

,~ \)

5~ ".1(assina. seneg~lensis (tlt..lmeril and Bibron," 1841)
(,,"- (/ \1. '. _ .~ .., . (, ,'-..
.' Classifioation: Order Anura, :Famil.y Hyperoliidae,

? SJ~~bfamiiy KasSininae. ~
"Species description: A medium, sized iKassina reaehing a

~'!\ax£mumsJ.ze of" ~.2 :mm (p~ynton" 3:964)". t:The dorsal surface
".'. _ ' .. « '. _ '. " '.. .'. _ ." '. o • .. '. (/ '. ,... ,.,

if typic,aJ.lyJtas a 'Unbroken, vQrt,ebral, da~ls;~ipe and 'two
,brokan., lateral dar]t. stripes" (Fig. 1.9). J1'he' ground ,.colour.~,. , " '., -ya~iy~_trom ye+~ow through olive to dat"$ brown and in the
latt.er caaa the s~ripes are barely d:i.sc.erJli}:)~~.
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C6. c semnodactylus we"alii (BoUlenger, n~82')
Classi~ioation: order Anura, ,F'ami)'y Hyperoliidaee:/1 (J 0

• f,I ~.•Subfam~lYKassininae,.
\'\

Spec~es d~So:ft:il?tion: A small to medium s~,zed !,B:;gs:iJla
r~'achit~~ a. max~~fntumsiz'e of 44 rout tPoyn.ton, 1964)\ Th.~\'

1/ ,' ",'_ ,', ',', " :' , 1
1,' , " . ',_.",' .'.',''> ' , ' _ '", , ",,' _. , '. _'" _ , '_',., ',~ -. ' '".' ,.', " .:.' - .

dor'S.;l..".S.....,,~rface..·.•lf~.dai')t .striPe ..~.'".Whi'C):f ..are ty~~'ca./lY.'•..•di Vi,d'..e.,d••
longl.tudlna~l~~c::,KFlg.1.11).. The groundo colour l.S usa.al1r¥ a

~.. ", " ..•• J ',_ ,',.'. . . -•• , . 'G. .:. ':C ',' .n

Q 1/ ' ".', " ", 'silvery-beige colour and th,~ hands and feet are yellow.
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Correlation between call repetition rate, SVL and ambient
tempE}:tature in Hyperolius marmoratus' (21 = 28)
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P:_'
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A.... ...

35" 40 45 50
Call repetition raJa (oalls/min)

Q
,]

iao55

Fig e. G1.1" SVLvs.xepetiti.on rate (Pearson~s correlation
coefficient, (= 0.045, P == Q.83)
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Appendix,C

correiation' .."etJ"",,, call repetition rate,
'temperat.ure in Hyperolius' ma:rmoratus (n == 28)

SVL and ambie,nt

(!

o

33

•
A..;.;....

32
i,\ 0 ...

31 .... , ....
A.. A

At/;.," .A

28

:+" __ ,--_.._,..,........._.~---,-'""'------..',_<I ...._,._",....,1 ~ ...;:..:_:--r-I _""""';""'1 """"'_"""_'_"'-r-I ~",........~._.c....-.j·r

20 25 30 Q 35 ,40 45 50 55 60 65
i\3 CaU rep"etition rate (calls/min)

i,l

Fig.C1.1 SVl vs repetition rate (Pearson~~correlation
, . " )

coefficient, r - 0.045, P _ 9~83) t"
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(Pearson's correlation. coefficient, r === 0':806, P < 'O~001)
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Il'
been toe-
reported:

o

cQnsiderable blood 10S$ following toe-clippi.ng (see ClarkI
,~ ... .I,~

1971) • This ,;ltnethod was thought to be totally impractical
in species of '''frogs which are luainly a.rboreal, such as H ..

mlilr1ll0ratus. I have successfully brandecl overJ!5500 male H.

n marmoratus in the ,field, using a portable gas l:>t:~rner, and
tn's individu~.l° identification of these. males has played a.'. n

vital role in various publioations ('l,'elford and Dyson,
19S5i 19901 I).rson et al.p ;1.992; 'Passlllore.et al., 1992).

'2~:;' ",
The historical nt~thoQ. ofQmarking al"phibians has
clipping.. However several authors have

(J iJ

TWOdiffe:r-'i:mt' brands ~ere used ,one the shape "9f I II!, and
the other 'l'." 'For "small/l al:!lphib~ans. «3 g , l\\l\l)" t tl1e leng'eh
of the Upright part of the brand w?s ~.'" rom. .'Osi;o9·the
.sy.s+em' shown .in Fi~.. 01, the Ill.lmber ·of· ~mph.ibiatJ.s whloh
can 'b~.marked: 'l,S limit.ed by 't.pe at'(;;la of ventral surf.a(oe
which" ctart }:).~ ut.ilized. :tn an amphibian of SVL ~ql l'qm, :fc)tlr
claar branqs cal:'l be applied allowin.;r' up to. 9999 individuihs

G

to be mat·lt.ed.

'~randS ~a~e mad.e of. NiCo wire ~nd\:applied "~coord,ing to» ,.
"'\ Olarke (1971)... After the brand was applied t.he mark .was
\ immediately pai.nted winh. :mercllrochrome and WaS v'ery

obvious. Indivl,dUals showed no Signs of q,isQomfort, ma~les
((-resumed calling within minutes of the appli~ation of ,t~e
brand, and ':in capt.ivity, wit"h an ad 'li.b. 0.1et of house

I) • .. ': c• n

flies (!'1usca domestic.a) 80% gained weight. The marks"\,k'.ad
total"ly healed with~n a week and were durable up "tiP a
period ·of th:t'ee monthS', .,at "whioh "time soma fading oocux'red
and rebraQding w~s necessary.

r,,,,.)'

,.)
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Fig. Ot The position of the brands in the angle
branding method of marking qmphibians
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