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Summary

L. Intwo-chotee phonetaxis experiments female painted reed frogs (Hypernling marmaratus’
preferentially chose the stmulus with the greater sound pressare le
all other rameters were ideotical,

2. However, this preference was nol appacent when we increased the i
stimulus from the female such that the 8PL of the two stimul at the e
cgjuivalent. T suggests

aitraction’,

S ar sonree when

l¢
SCOPAIL Wi
at females simply move up sound gradients passive

ol

3. Yemale choiee of the loudest stimulus was also allected by the nuimber of sprakers,
1. There were significantly tfewer responses o the londest speaker in some four-choice
campared 1o maiched two-cheice phonotaxis experiments.

Together these experimental results mav partialy account for the absence of a large
le mating advantaege in the field.

Introduction

Female frogs tested in two-choice phonotaxis experiments consistently
show a preference for louder advertisement ealls (Ryan, 1985, Schwartz,
1986; GeruarnT, 1987 Arax, 1938: Hocrunn & Rorerison, 1988). In
several species there is also evidenee that call intensity 1s positively
corrclated with body size (e.g. GervaroT, 1975; Passyore & TELFORD,
1983). Rescarchers have olten assumed that larger males arce of better
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‘quality’ than smaller males {but see Semcrrsan, 1994). Tt has therefore
heen suggested that a female preference lor louder calls could be an
adaptive trait allowing them to mate with larger males _“:;.'.EE& in Arak,
1988). There are, however, two problems with this interpretation.

E_hﬁ._ females may not be actively secking out the loudest males i the
population, but simply moving up a sound gradient [ARAK, Em.mv
Although there is debate on the usefulness of the concept of ,?wmm:é
atiraction’ (e.g. SULLIVAN, 1989; MaYNARD SmiTi, 19917, in this case 1t has
an unambiguous meaning. ‘Passive attraction’ occurs if [cmales do not
take into account the distance between themselves and potential mates,
but simply approach the male whose signal is loudest at the to.:: where
they are (Parkir, 1983). In Bufo calamita, for cxample, _2::?.,@ in m.u__o::-
faxis experiments prelerentially chose the londer of two y,:_:::, whaen
speakers were equidistant from the female release point. No preference
was exhibited, however, when the position of the joudspurakers was
manipulated so that the calls had the same intensity at the release vo.w:ﬁ
(ArRak, 1988). A potential mechanmsm females could use to determine
(heir distance from males is to caleulate the relative intensity of different
frequencies in the call. Higher [requencies attenuate more rapidly than

lower [requencies, so the ratio of the amplitude of high to low frequencies

will decrcase as distance increases (GErRnaRDT, 1870).

Second, the ability of females Lo discriminate hetween calls differing in
intensity may ouly be possible in the compa ratively simple situation ola
two-choice plionotaxis arena. Increasing the complexity of the choice by
mereasing the number of speakers (GrriraryT, 19873, or by adding back-
sround noise (SCHWARTZ & GERIARDT, 1989) may rednce the ability of
females to choose londer calls. Whether this occurs or not will depend on
(he ability of the speeies in question (o separate out conspecific calls from
hackground noise. For exarnple, in B calamita there is alarge _.d,:_\r.\ mating
advantage which appcars to be rclated to the greater intensity of larger
males’ advertisement calls (Arax, 1983, 1988,

Here we investigate female prefereuces hased on call intensity in the
painted reed frog, Hyperolis marmoratus. We show that lemale choice in
(wo-clioiee and four-choice experiments dilfers signilicantly, hut depends

on Ure variation in call intensities oflered i the lotr-chiolce experinients,
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Methods

General.

Phonotaxis experiments were conducted duving December-January in Mrunzini, South
Alrica (28°317 8, 30°46° L), Amplexing lemales were captured at two nearby ponds and
iransported Lo the testing site (less than 5 km oaway?, Females were separated from males
immedinely prior o testing, Al females were tested nn the nhght of caplure, and released
the following night at the ponds. They were tested 1in an outdoor arcna with acanvas floor
ol 2.5 m x 2.5 m, and 0.t m high walts, The arena was uminated by a dimmed 60 W red
bulb suspended | m above the arena. The release contaimer was a perforated plastic box.
Ambicnt temperature ranged from 18.3 1o 26.3°C.

The acoustic stimulus was a syathets fypperolive marmoratus call broadeast at a repetition
rate of 60 calls/min. It had a frequency excuarsion of 2830 w 3330 Hxz and was 80 ms in
duration, with a rise time of 10 ms and a fall time of 23 ms. These values approximate the
means of these variables in the study papulation {Jexyioss ef al., 1993 Potakow ef gl in
press). The stimulus was relaved from a Nagra H tape recorder to a custom-built, four
channel anadogue sequence conteoller ([0 Nen, C.E.S,, University of the Witwatersrand).
Use ol the scquence controller ensured that the inter-call interval belween successive
stimuli was identical. If calls overlap or abutt, females prefer the leading call (Dyvsox &
Passsore, 19881 The loudspeaker broadeasting the first call in cach suec
rancemised.

Sound measurements were made using a Bruel and Kjace 2230 sound level meter with a
Bruel and Kjacr type 4165 microphonc. The sound pressure level (SPLy ol the ‘standard
intensity’ stimulus was set at 104 dB (peak; at 30 om, which is the mean intensity of a
matural call at this distance. The speaker broadeasting this stimulos s referred (0 as the
Standard speaker’, speakers broadeasting other stirnoli ave velerted o as Experimental
sprakers”,

As in almost all frog phonotaxis work, we tested individual females for several dilferent
stimulus patrs/sets of four stimudi, presented as sequentiad tests on the night they were
collected {ep. WiLozyyske o al, 1995). However, o female was tested more than once with
any onc stimulus paiv/set of Tour stimuli,. The maximum number of tests perlormed by
females wus seven. Three types ol experiments were performed; two-choice intensity
discrimination; four-choice irtensity discomination: and distance verses intensity discrimi-
nation. We wanted to make statistical comparisons between the results from certain two-
chotee and four choice tests. We therefore ensured that ne females were used in more than
ane experiment type so that the data was statistically independent for these comparnsons.

Within an experiment type, the test order of the differem stimuli combinations was
rapdemised, as was the speaker broadeasting (he standard intensity stimulus. Females were
leftin the release container lor two minutes prior to the first west, and for a ninimum of two
minutes between subscquent Wests, We seored a positive respense il the female wuched the
speaker or approached o within 5 em of the speaker. Females were discarded if they
cemained immobile for more than 10 minutes. or atempted o escape from the arena. In
each of the three types of experiments we alse perlormed a test in which ali speakers
broadeast the standard intensity stimulns, These results were examined o check whether
there was any side-bias in the arena. There was no bins in anyv of the three types of
experiments. In total we performed 417 individual female-choice wesis using 100 females (N
= 21, 47 and 42 lemales for two-choice, Tour choice and distatiee pervns intensity experi-
ments respectively).

ssive trial was

Tiwo-chotve Enlensify disethsisation expermeniy,

Incach of three (ests femates were olfered a cholce between the standard intensity stimulus
and an alternative stimulus (Table 1 The experimental speakers broadeast stimui with
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preak SPLan Som ol 101 4198 JB aned U2 B Loudspeakers were phiced 2 nyapant, facing

cacl other and veprdisiant From 1l e volaiie

Frveins chente e dnivnadr i prninadon exfieetinonds

thiat the el

Speakers were pliced the ends of a syrmmelric cross s Nt WA
cquidistant e fram all four speakers, Toy il seven tests a least one ol e Toodspeake
proadesst the standard intensity stimulus, The experimental clidees are sunmna pseel i
Talle 2. Vhere were three calegorics

A 22 Type with two standuard speakers and two experimenial speakers broadeasting

identical intetsity stinmali

B Fype with one stadard spesker anul thiree expu imentad speakers hroadeasting
sdentical miensiey stimnl

CooLiis ) Tepe with eacl speaker broadeasting different tensity stimndic

Distonee vervas Frleasity diseriniiabing exferiments.
Sivpests swere peelormed, Lo sieht test one doudspeaker was 1w liom the releise point aml
Lroadeasi e standird intensity call, Experinwental sprakers Troadeist stitmuli with peak
wie ol the

SPL e 30 eon wreter han or equal w the stundurd speaker, Tl elist
experitmental speakers from the release print was n mipalated e vioy peak SPL ot the

Febease point isee Falle 55

Statesdical analvos.

Lt two-choiee tests the nuwher of responses 1o cach spraker wis anadvsed nsimg exacl
binomial prababilities. To the Foir-chotee tesls we used chisseprare tests oo conpare the
number of responses 1o cach stimulug type (ooan even disiribwion based on an vqual
amher af respoises e cach speaker. tAnilysis Daserd on the number ol responses weeich

the stenilicionee al resalts did

speaker produeed qualitaively similar resulis, Fha
change: alplie significance serat 290 Binomial rests were one-tiiled Tecanse we expected
fermales (o prelir the stimudi with the greater SPLar e release paint.

Tor tenl fo an etlieer of o grewter nanter of speakers, we compared the propaiion of
tesposises to the standard stimulus i Tenr-c lodee tests where there wis only ane experimen-
tal stimulus 1o the proportion ol responses i two-chokee tests invalving e saee stimubus,
In these fonr-choice tests, more thaw ane spesker broadeasts the siune stimlis. w0 we
ealeulated e averge pumber al responses per speaker Tow o sy sl We then
| shidi m two-

compaired the propartion ol responses Lo thie stamedard and vaperimen
aileel st were used becaose

choice o Tour choiee tests using Fisher's exact tests Ehn
el

we expected greater cliorus vomplexity o reduer Terale ability to ho eosprakers |
o We helieve duu praling respanses Trom dilferent speak
licd T tao reasons. Fiese, we conlinmued that dic mamber of

Cli srprare m

Lirouel-

casting the liedest o

visting the same stmmbi is
responses o el speiker Trondeasting Uie sanme stimshus did o it
Dinarnial wests, all p > 005 . Seconed, the connnd test sliowed that heve s speaher hins,

hene sneakers broadiisting e same stimubus are cquivalent.
I 4

Results
Two-cholee experinments: intensity al source.

We carried out 37 individual choiee tests using 21 Temales. Results are
__.__....
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We carried 213 indivi i
L whout 213 mdividual choic i 7o
ES N Al chotce tests usine 3 thes
presented in Tuble 2. [ , twests wsimg 37 females, Results are
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i it Thaice ntensity diserimination experiment
Caprr 2. Results of four-choice intensiy diserim i :

Clomparison

Speaker nmber Lxprerimenial

_ 2 3 1 protabitingt prabulbs
RIWR T4 .“.5.,&. 101045 101 ..fm._ b4 M.”w:x.._ Py dE= 10 Daay
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”_F.___Hd_w,,_. ol repores :xﬁwm:: oy n.rv::._ Lt n._.._..:_.._ _:.#_.._u:: NSRS R )
Wm_m:e._ vl repone a5 .__”2__ 98 ﬂ i ::_ ﬂ.uuﬂ,a.._ ::_ Tx_. 0,000 1df =
”.,___.H_.”:.:, vlrepaes x:_qux_ v wxw._ ..:.,_” e, _:.___ _‘_‘.:_:..._ <TI0 e =
hm/_._.w_”::.._, virepen :.u\_.@cm_. :.__.A.M.cx._ 1 m_..u:x_ :__%r.am_, 0495 df = 3.0%
Nutnber of responses 7 7 9 th

. : T . SR . - | ._E_..;
Speaker SPLat 30 cm is given, The S0, in parenthesis is that measured ar the fen
release point. ) . o e
i n...r._ _ﬂw_:m_,c Lests for even distributions. When speakers broadeass e same simi s e
: ) o " T e : . " B e
number of responses o cuch speaker was pooled and e degrees of Treedony adp

accordingly.
\ __ ._:,". .

N . o Iy AT TR
L Lests tone=taileds Ised ona comparison of the mean mwnber ol response
) ... ’ ¥ . . FPRPTOR oy . . .v_n‘y_._.
o each stimulos with those Trom the twe-choiwee experinenl s

* Conrol Lest.

" distance zersus 1 ity diserimination two-choice
Tastr 3. Results of distance zersus Intensity discriming

phonotaxis experiment

Nauher of respemses
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.2_,:,._,;. poinl, Probubilities are frony ene-tailed hinomial tests, Distanee measured fro
ase . !

. - ke m . BETHITHEIR 3 1.
experimental speaker 1o female e lease poim
’ o L]

¢ given. LThe SPL in parenthesis is it mieasured at the Temal
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Dastance 2ersies Intensity chiserinination CXPOTIents,

We carricd our 119 individual choice tests using 42 females, Flie resuls
arc summarised o Table 30 When the dillerence in prak SPLoac the
release point was 3 dB or less there was no signticant preference for
ither speaker. When the dilterence was 4+ dB there was o preference for

the call with (e douder peak SP at the velease POt even thoneh i wis
twice as far trony the temade, When the SPL a the souree

was the sane for
hoth speakes

04 B oat 20 e, Temales preferendally chose the call wigh

the louder peak 8PLat the velease point when the difference was 5 dB or
greater, but notwhen the difference was 3 dB. Feuales chose the call with
the louder peak SPL at the release point. irrespective of the intensity of
the call at the source.

Discussion

The results of e two-choice cxperinents showed that females are « apit-
ble of discriminaing a difference of 5 dB or more hetween valls, and
prefer louder calls, The distance-intensity experiments suggest, owever,

that females do not distinguish beoween louder cadls produced ata greater

listanee and solter calls produced ot a0 shorter distanee. Rather, the

dillerence in SPL at the female's point of release predicted which speaker
she approached. A similar fnding was recorded by Arax 1988 Tor Do
calamita,

There was no evidence that females used variation iu the attenuation of
different Trequeney components of (he call 10 “correct’ for distance 1o
ensure that they approached the speaker with e greatest SPL at source.
However, the distance over which the speakers were moved masimum of
2y may have been insulficient w tead o differential atenuation of
frequency components. The possibilivv therefore remains that (s cue
might be used when calls are emited at greater distanees (rom the female,

There is another possible explanation why females do not preferentally
approach the call sith the greatest SPL at source. F

‘males iy indeed
obtain information about the relative distance of calls. but a preference
for absolutely louder calls could be countered by the costs ol ravelling a
wreater distance to reach the speaker broadeasting them -anonymous
tviewer, personal conmmunicationt. This appears unlikelv. however. as

the mereased wravel distance was a masinonm of 1,07 merves



BISTIOR, JENNIONS & PASSMORLE

Passive attraction of females 1o those calls percetved as louddest will

Huation

reduce seleetion on male call intensity when compared 1o a

where enhes e tnto aeconnt Grens distamee rons mades, Tospite o
there witl stk e selecnon anomales to proedinee lander ealls i e

counterparts. Fven 310 femaldes simply move up soundd gradients when

approaching potential mates, a nule producing a louder call inereases the

velative area over which he s more atteacetive than his neighbour, henee

s chiees ol et o nie acae, TS,

Ln Hyperolivs marmoratis there Is w posiive correlation between male size
‘snout-vent lengtht and peak SPL (v = 0.43: Passnore & Trrrorn, 1983,

Based on the two-choice experintents we would thus predieca Targe nule

mating advantage to ocenr. However, two liree studies of matng suecess

in the ficld ‘one wvolved the systematic marking of over 1000 mades),

both failed to fined a relatonship between male size and mating sueces:

(Passmows: & Terrorn, P985 Dyvsox of af . 19920 The absenee ol a
relationship heoween size and mating suceess is unlikely o be explined
by a trade-olf with other attractive call raits, Larger males produce lower

o= 0.64%: Passatore & TeLForp, 1983 | and two-cloiee

frequency calls

phonotaxis indicates a female preference Tor lower frequeney calls e

NIONS ¢f al., 1995, Call rate, which is the only wait that predicts mating
success in the Teld, is unrelated o male size iv = 0,000 Passyvore o af.,
11409

The resulis of the Towr-spe:

ker experimeits provide a possible explana-
tion for the field data on mating suecess, Uhey suggest that the inereased
chiorus size inthe ield may reduce the likelihood that females will mae
with Larger wales with louder calls. THowever, the experimental vesults
need to be placed i context. There was a strong preference lor the
toudest calls when all fonr stimuli dilfered, There was also a preference
for the loudest calls when two speakers broadeast idenucal softer calls,

and two identcal louder call

It was only when three speakers broadeast
identical softer calls that females failed 1o show a prelerence for the

1

loudest ealls. We interprec this as follows. When there are lour spe: kers

is probably more difficult 1o estimae call intensity, and females may be

more likely o injdally move in a random direcnon. Onee a lenuade has

moved, b

subscquent choice is likely o he hetween the two nearest
sprakers as these will now wend 1o be the loudese, The probability of

mavine towards bwo speakers dilTerine mointensity s 73%0 when there e

[NV

NAIEYANDY FEMALE GLEGCE aRes
twor speakers per stimalus 122 wpes b eotrise when there e three
quiet’ speakers and one Cloud” speaker 30D ovpe. the probabiline i< only

ETI L N IS T
J0% Thas may pati v explvin the dilTerence Letween e b o

pestker resulee s well s the dilerem e betbween the D loior el

and those for 3:1 1vpe four-spraker experiments,
When all four speake

hrowdeast calls differing in tmensiy

belaisl

the ol direetion o which they move, Tenmles

typren, regardless o

abways imove tosrds pwo speaker iTe e i SPL ey loepes maeve o
tantly, the mrensities of the quictest and secotd cpuictest calls were respec-
tvely 20 dB or U AB and 13 or 8 dB less than the foadest call depending

on the experinments, Given these very faree differenees in SPL fennales

may find ic compuratively casy 1o identity the louder calls, so tat the
situation recuces to a simple two-choice scenario, Certainly the prefuer-
ences scen i il oepe four-speaker experinsents are abmost ax strong

as those Trom the fwa-chioice 1ests,

[o savnral populations ol Homanmorates inter-individunl variation in i hie

SPL ol advertiseinent calls only 5-6 dB - Passsiore & Tororn, 1983

Females e thus Likely 1o be confromred with a choice betwern several

nrdes calling o similir inensities. The resudis ol 1he

Foivpe Tooe
speaker experiments suggest that under these circumsuutees fenudes ape
unable e tocare the lowdest male, Tn the lour-speaker experiments this
was trie eveu when the difference in 8P betseeen stimuli was 8 dB whicl
is 223 dB greater than the natural range. Clonseguenty our resulis man

provide a partial explanation for tie absence ol a Luge-male mating
advantage in the feld In astady ol captive males Trivoro of of. 1988,
found a farge-male mating advantage in small choruses, b ot in Llareer
choruses. Our results sugeest thatfemabe cholce in simall choruses sas not
based o catl intensity, hat rather call Tequeney which s also correlated
with body size. The absence of a kuge male mating advantage in bigeer
captive choruses was therefore probably due o w decreased abilite of
females to discriminate benveen dilferent (requeney calls.

Although generally accepted thae two-choiee plionosis mav he oo
simple aser-up o reveal patterns of femade ehoiee i the more comples
fickd situation. explicit rests of this using multi-speaker phitnotss are
few. GErRHARDT - [O907 and Kivae & Gernarpt 1987, have o investi-
gated the effect ol mereased chorus complexity and buackground noise for

call

female chotee Based o

freaunency: and o Fhfe ciwerea o Tenaade
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[requency preference seen m two-chaice phionolaxis was not apparent i
four-choice phonotaxis (Grruarnt, 1987, However. more studies of the
role of chorus complexity are needed. 1ewould be particularly eresting
(o perform mudi-speaker phonotasis in speoies suelas Plysalucnis pusiu-
fosns where strong evidence Tov female chotee based o call frequeney and
call components comes from two-choice phonotaxis and correlations

hetween male call parameters and mating saccess in the fieid (Ryvax,
Pasa;. I female choice is responsible for the e lendt/ i, suecess
correlations, females should siill be capable of discriminating letween
calls in phonotaxis experiments m the presence of hackground neise, or

when there are more speakers,
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