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"”"GENERAL Inwnonncmxon

_ '*ficacophony of sound produce@ by large breedingfﬁJ 
fassamblages of froqs 1s well knawn to mpst peop&e.

aﬂ_gf=m5 jfjfmuch t‘me and éhergﬁ’in praduclng tﬁls vary ?ﬁ" 'fy
S cho ,f'Sound productzon in most anamals*;é priﬁﬁﬂﬁ; ;hef ,*j
{:;umeans by whlch members of the SameaEPEClES adve_ isa helr?;f}
""'f-__"';p&:eserice 'l:o one another.____ .__”._._. _ N S -
. Most species of anurans have Wéll ﬁevelﬁpe& vbca1 l,:ﬁ
” Tjstructures and are capable of prodnclng very loud soundsﬁ .ﬁ?
. that derve to advertlse speﬁies type,' at%raat ‘mates, -
_ fﬁafend terrltorles, regel 1ntruﬁers and. axpress dlstress #*fﬁ
_ i”(thtlejohn ang’ Mlchaud, 1959. Bcgert, 1950, Snyder amdﬂ_ﬁmg
___”ﬁ_Jameson, 1965; Allan, 1953* Rosen and Lamon, 19744 Fellers,jj';
f_]lgvﬁ- Garton and Brandon; 19753, Wells, 1977a, b). L
Cas _aniirans  are . blparental anlmals " Ey damentalfw. g
;prerequisita of reprcduction is tha brlnglng t"ether uf.ff?.

'. conspec1f1c mates. In order for an indlvzdual t:'ob"k_n &=

o '..conspec:Lflc maté :.t nr@eds to effect:l.Vely commun:l.r.‘.ate :Lts
_.hphysical positzon go ﬁema Y

° "By the. environment, ‘anura é*ﬁﬁva evol%ed a. communication

”} system ‘which relles on ' tha productxan and receptlan oﬁ

'“7:auﬂitory s;gnals. Thare are many amvantages in utallzlnq
_at  for example, acoustic ,_]

nan he ﬁransmitted




':-idifferﬁnt types of displays, only a- l:a.mrl:ed number “of.
"--'messages are- hemg oonveye& (Smlxh,_ 1969).-{-_-.- »Anurans .
_' o 'trans;nlt .mforma’tlon as. a et of disi::.not: mossages in. the: -
form of vooaliza@s. “In genarul, the message enables q:ev BN
behaviour of the- oommunz.oatof to be more predmtable by the "
:.raozplen; of the message, ana the 1nforma!t§d.on conveyeﬁ by S
-.'_'.the messag@ perm:xts the reoa,plent to ‘take approp‘riateﬁ-
aoﬁlon‘ T TR VT SUREITRNN ) Shect A N S

Lj'lft;

_farounci bam::r.ers suoh as. vogeta:tion in struoﬁurally _:_oo':_r_npleié: ;ﬂ-"_
envubmnents, they nan be- turned off rapidly Emd can be. - -
L transmtted oVer 1ong “dfstapces. Howevar ” acou@tlgz‘

_"_"_sa.gnals algo . have d%sadvan ages : such inoreased." R

o __-._conspicuousness L predators {Ryan dnd ‘I’nﬁtlo, 1983), ’!:he

T reg.\eated production ofy signal_
{Wells: and 'J:‘aigen, 1989), and acouatip slgnals can eamily ',

' be  interfered w:l.th or obsoured An - a mghly noisy‘ s
"L-environment‘ .: R j *.c@im'f _,;é c»--. = ..“" :"J .*:
| ‘Most veﬁtebrates poss#ess behavioural repertoires wm.oh o
. enable information to be conveyed torother amcgnalﬁ._ h‘? 'J} eaa,,f‘-‘ :
" take the fom of "d;l.sp,lays" k and. al‘thngh there aré :ﬂlany G_:‘-"-‘?.'

is eno\(getic@;tly expens:we. : “) 0

W 5 N

N I-Ioat anuran vooal:l.zat:.ons are. assooiated w:.';h reproduotion . «o
© and . the followmq oi!.ass:u‘iloatlo - of ‘calls, and atheir .. .
" messages, as ;proposgd by I ‘ad { 1983), '.'LS used throughout
*t,this thesis T : . o _ - .-

_A. Advertxsoment cams. el Lt L T e e g D

'- _ are the ones most oommonly hoai:d by . human obsex:vers. They'--
are. emia tad bv sexually reproduotwe males, -often Yn
_ﬁcon;mnotmn with othar calllng males, - These cdlls are
~ usually repeated at rggular intervals and NOSt qu,t:iesl_*
i :oont:.nuous,ly produce advertmsement calls. for saveral houre{_
.~ at a time (e.g. Eleutherodactylus cogpd,: Narins, 198285
_'Hypemhus marmoratus, : Passmore et al., 1992)«. They serve
. to attract gravid females to the oallmg mal,e and,
i advertz.se h:.\ posztmn to other competing: maies. These®
| '_'_f-_.oalls are e:.th\r followeci by suocessful mating, aggresaion

N C . N N L ". K"- o L ) o o - N . L ’ . : T . : NN C . "\. .'..' <t .
S . ’ o . S F AU ’ LW M, >4 - o s
Y X TR S i -ﬁ'_. Do e
s

ertlsement calls aﬁo tre primary oalls of anuraﬁg 311&1"

fﬁ@d;-

I

-
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Tor- ‘hnre advertisament 'halls. 3 other malea An clasefifﬁ;
proximity are. offen stzmulate& to produce advertisement. or s
”_f aggressive calls in- respanse to-a’ calling mala.; The main;g¢+v
-' species identity

'B CQurtshlp'calls.

et al., 1984). Aggrej

' nr “an - u**gge

message encoded- in. tha advert;aement call is that ofjf-:

S i 3 o i) S . Q

- K

PRI . . - o

The male ahanges fram advértlsemeﬁt cails ta mourtship:

calls on ﬁercept;on of an’ approaahing female. 0ften malesZ ;f 
reduca the interval between calls (Cblcst$thus callaris,_fi-”
' Dule ana Durant, 1974» Hyperolzus marmoraﬁus, Teifnrd auﬂgijc‘

Dyson, 1938) oF increase “the nuﬁber uf notea per call graup_

(Colostethus trinitatzs, Wells, 1930: Hyla fﬁb@r,“ﬁartins'z ';;
= ;19?33" Thase aalls ane ﬁﬂually follawed bY amplexus.f_ﬁ_' L

4 _—_-b

- Aggreé’sive c:alls. | | I o g T

o Thasa calls are usually glven whan a mala as 1nteract1ng7 ; _
AR aggrhaslvﬂly with campeﬁ;ng conspecifie males (and, to a

1esser degré&, heterospeclf&c males 8.9, Hyﬂa ebraccata anﬁ?f
H.microcephala, sahwartz an& ﬂalla, 1984a).;'§he GALlS a333

‘sometimes emitted by nales dafending nest sites (wansendf 5.;
s;Ve calls are uaually followad by :;:f

R
oo Par T
v L LR

pursuit, <o %at or. s;:

Thesa calrs a{: gmven by a clasped indivmdual either a male L

Reieasa L é@a often aacompanied by distinct vibrat;aﬁsm  

éf thei fﬁy wall and may also be’ prﬁduced by frogs wha.ch’,._' -

-.‘1

lack ani/ﬁgerw
releasinq the calllng 1nd1v1dual and movmng aWay.,;g

Distrass ¢a115‘¥ ;gjgw 2

L | Distress ‘callg .are emitted by boﬁh sexes when aamzed by, Qr_;;i'
I eseaping from, ' a prada‘har. These calls “are’ usually )

emittad thh_tha mouth open and it is. unknown whether theag@éjfﬁ

it - AL . . R
S o = A . B =_¢- o

»@gg female during an amplexus attempt,“.73f

: gent ‘call (eig. Bufo spinulosus, Penna and[ﬁ“ f
Véloso, 1981) They are usually followed by the initlatnrf f”



fi”i'°
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thdﬁf'

-ﬁl;i:ifi   TR
_;ffIn mﬂst cases 1argé numbega of anuransrsangregatw at the
"'ferEdlng site and - vocalmse tcgether inﬂuni&un‘:,
_-wnrkers on" anlma; vncalizatzons termed these aggragations
'_of calling'malaﬁ a “ahorusn (e.g, ggln,; :
BY def;nxtlon a chorus. ﬂs “any simultaneous,L_'
’utterance" (Tha conaisa Oxford Dlntloqary, Slxth edmtmon,. Q;;
_ on flrst impr95310n th1$ appgaxs t@ be. a yTﬁf
_ g§rt1cu1ar1y apt descrlption af the cacubhony émanating
. from an aggregation Bf breadlng anuraﬁa. Charuses formad:by
'}vacallzlng male anurana may appenr t@ ‘consist: of: randomly®
| upen’ closer. . in%peetiﬂn, ghéba calls
have been shown ta be brcadcast ine a%wery sasggmatic and
o témpnra; 5 ahnrus
; ”organ1zat1on of ‘several specmes ig examined in detail ST
_;_chaptar two and the folgcwing chapters 1nvestigate various
:  ";ssuas which arise from the findlngs Qf chapter th.H"._t- -

Z_Haare, L&ﬁﬂ)

'“:1976].

"produce& calls but,

-f?jprganlzed

{‘\ 1‘1
Sl

B ;The fnl&QW1ng six. species of anurans Wére Studmed 1n th;s o
| :thesis*-,fa.-auw - e A

. . 1 ‘_..
2
3. |

SR TR

signals'@ as

R _ exten51ve _
'-_: '31euthé&0dactyius coquz (sea Appendlx‘Ay_ PR

uEarliar

949~-Alexandar ‘and -

sequﬁnce.. 5 precise

fTafr;xalus forna31nii
._zﬂleutheradactylus.caqui
_gﬂyperolzus marmoratus P
;_Kassana maculata ;,



Cp lanqth up f:d 41 w, (Payntan and Bma&ley,

=

Speaies dascription-fff" A 1arge Af.g'ixalus, _W.‘I.th a bedya -'

- _:;__'dafs*a‘.l. band bec:c:mes &:.ffmulﬁ -t:ad d;stingua.sn («Fﬁ.g.' -

e

,,' B _"' o gn*:‘

Bree&mg mhaﬁouf “This - apeead;es ig faig:'ly c:omman, R
-':;_prq;ﬁicing 1arge. e:horuses in Deaemhe:: and January hei
-malea call fbﬁrmn elavated pgsztions, often 7 than 1 m .

':from tl;e wﬂter"s surfhce,; on,. brqadwléavad v etat:l.&n suegl‘ .
ag’ «aw—-grass (CYPerus :.mmensus) . raéds (P};ra&mtas :sp,,) axgd

'..,'bulrushes (E’yph& lat.zfo.zla) . !daleé begin cal‘.l.ing ahortly‘* _
after sunset and mngi.nue until approxmatel,y 23 oa ‘1, y yith' i

| ua peak g:%,;»pund 21430 h. anca,a a Jnaf!.a Haaxk attrac:ted a’ g
§ 'ftamale, nvippasiﬂ:wn taices plame aut of the wate.r m.th the

%}99‘& heing aeposi;ed i:n fglded 1eaves above the water';j{f_-";:'_;"f

el '..._.{'; e
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| -Fug 1 2 sgnagram of the ddvertlsement
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"f”g{;;_ Advartlsament call-f- Tne galk has a mean duratiun of

.

-Hfz 17 '8 (range 1.6 - 230 s,@n_

= -53) and 13 deacribed as - “af?i?f

- _1fhpid seriea of 1oud and repetitmva percusalve notes, Abaut#ﬂf 3
. twelve notes per second" (Passmore “and: Garruthers,:1979},fiffi
,;j,;fun aver&ge the callbls repeated &, 3 times per mlnute (rangef';ﬂ:
REE L Bt TS PR The centre frequenay of the. call is abput 2.8

‘aamp%ituda mndulatxcn _the _ghaut the call, whe mean peak

parametara Qf tha eall are qiven in Tabla 1. 1.. .;,;_ _

Specxes descriptlon“  A medmum-axze& ﬁﬁeutherodactylus o
reaumng ay q{laximum 1ength of 62 gy (Lapaz “and’ Namns, "
-1991).1 The dorsal s?rfaca?ls grey tq @rey-brown withff

;  ;'ﬂf-f5&attereq darw Mattling {Flg. 1 3).-*Uwvg3g_;_ ;H;ﬁ:_-:-

Ny
e

'..Zfreverse hind leg ‘clasp- (Townsena and Stéwart, 1986)

- Internal fgrﬁilizatian occurs and the eggs are laid in. ‘the

_ '.gt & distance of 50 cm, is 106
e dB (range 103 5 v 109 d_} (?assmore, 1981)‘:h Beta%led_;f g

L Breedmng ﬁahaviour' Hala frogs calr frbm exposad sites;.;fﬂ
S within 3 m of ‘the ground’,Jcallinq médles dn not form den561 _._
: “-f}aggregatiﬁnsj but are widely &i$persed ~khroughout the5 g;f
. forest. Malﬁa vucalisa £ron sqnset to arﬁund mldnight,;f:jh
 if1throughbu 3 mmstx af the year. o The faveured a@lllng,:;'ﬁ
'-foraging, raireat and nest 51ﬂeé ‘ocour 1n areas 1n which “
w'Prastaaa m@ntana (sierra palm) prhdomlnates‘, When a mala .;
" attracts a female he leads her to his nest site and after 8 -
’ Qi:_jperiod of pre-av;posi@ion, amplexust the pair adopﬁ a' 7”

;»,kHz {Fig* L4 2) and: it axhibits a’ c&nstant deqrae fol;f;¢

o g]male's nast. The male’ remalnSJ%zth ‘the rlutch and prutects"__
 them . fram conspemiﬁlc egg canniballsm anﬂ desi¢aation.-*f

"”“”There is direct development and small frnglets hatch wi ﬁim
”i'17~26 daya.' N R : - :
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© TABLE 1.1 Call parameters for 5 species(#standard d

i

CSPEOES . caL . ° umR - moweR ﬁEP&ﬁATE
S CDUBATON  FREQUENGY Faeauswcv sy

' :‘"

A fomasinl - 2178%812 811018 180%02 '43**1 &

(n-ﬂ) --._--.—1500—2996 R= 288-35"-'-'H'-16-2“3 B-144-6

'::-__'_"Hmannomtus 1113214 _3‘-_34f02 | 273+a2 3 493 123

(ﬁ —10} R 81-153 - R= 2 92-3 76 H 2 24-3.12 35 1-?.:

: .-K macu!aia’ oo 667+9 o .83 &11 -..;-_'---071* 695 1?5t85

S?

=10 " R =563 '--_':;'H 264-324: '--;:‘-B---064-aa4 R= 46-35‘

'K senegalensis 146 7+ 234 | 2. '{(02

f. __

/ - .ﬁﬁ?ﬁ'ﬂ 08" wu 129

°(n e) —112-193_-;._-\&232 R 05-03 Rﬁu-sgi

- .'s weal:i a41+116 aaa/ o2 ) 97+cr15 98t46

(n-m R= 13%562 R= 26-30 .'3—163-2.24 R_.a__jf;gi




.~ Fg.18 Male Eieutherodaciylus coqm_::-_;__f_'__g__'?*'.f |
(photograph 1aken by M M Stewart)
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N Advegﬁ;aement call_ Males,Produce 38 waﬁnoﬁe__all ("co-f
'fqu;“) - ‘the . "co“ note duratlon is appxoxmmately 100 ms and:
A 'ﬁ?t -constant ‘tone with & centre freguenoy =~ of 1,15 KHz.
}The "qulv note has a dnration af appraximately 170 ms. and
- ik 'frequency. modulat 'Om".aboﬁt'_i-'}:t.._a:-'*I.:_o 2.:--.s'13_'_Eii'i'.zjf.iﬂarins_'
B -ﬁmand capranmaa,.1977) (Fx'% 1. 4}. mhe twp-nate call 15'
"7:j"repeataa 15 - 20 tlmes*” mlnute.__ t the site where these:
.t frogs were htudied, the \yean SPL’of the "eo" note was. 84
; Hiff‘dB, ‘and ke wguit ‘note 97 an at a dlﬁtance?of 50 cm (Narlns"
g?an&_nurley,.1982).5_{531;-wﬂ__ : : S

L e :

. - Bpecies descrlptlan'ﬁs A madlumrblzaﬁ Hyp@rcllus wmth a;
"'fﬂmean body length of 2&.5 mm (Dyson etAl., "1992). The Adult.
o ﬂfcoleur pattern is extremely variable and,'at the hmeeding 
T' 5l*[?5;:ﬂs1tes used in thia study, the- adults were: usually : |
' ”;@f' w1th yellaw and dark bwoﬂh 1rregu1ar strxpes qﬁlch ‘are
;gsemetlmes hroken up lnto spots af colour (Flg 1. 5] '

S Breefmng behav1aur' Thls Specles was the mos; cdmmonf
vy freg at the breeding sites, ‘with very: 1arge ‘dense chorases -
P __.:forming after the first good rains and cantinuing until ¥he
. end of the rainy seation. ‘Males usually call From’ eiavatad'

-,p091tlons (mean- elayation ,? GB__cm,? Telford 1982) anr
:emérqant vagetatinn. Preferredmelevated ca11 sites were. nnf
.;sadges (Eleocharzs limosa Cand cyperus papyrus)

___jbulrushes (TYpﬁa latlfblla) althopgh they wera _often ‘seen

   *ca111ng nearer the watér’s ﬂurface on Pnlygonum pulahrum
. and. Iédwigia stolonifera -and - ‘sometimes on’ waterlxl@gs
_ (Nymphaaa capgﬁgis and Nymphoides 1n&ica) Males call from,
“Just aftar dusk untxl around midnight and then usually;
”raturn ta their ﬁaytlme refﬁge dn the canopy af tha-

_ surraunding trees. bmce a female ha@’bean attracted to a

__'male, she narmally 1n1tiates amplexua, _ d the pair descend
. to the water to lay eggs.

S0
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e

n - be hec
(Baasmnre_and Garruthqms,

\\repeated abgut 50 - GD tzmes i

' abust Kassiﬁa reachxng

'“15max1mmn size] of 8 mm;ipaynton, 1964).  The silvery-bro
_;jfground -golon
_ax...il_l%.wl._su and inner thlgh feql‘"i's ‘Fig"* 1‘7"

i replaced'by a. brllllant scarlet 1n tl

R L = i

Bxeedlng'bahaviourﬂ This speczas forms falrly sua;

f?;bhoruses uuﬁlng the ralng season (November &b Februa%w
r;jwith two di

tlnct peaka in: calllng bahavmour., The mal‘

:"uq"are VOcally actlve from about 16. 30 h. 6nWards, forming ol

'3“fcharus peak ‘at about 1800 h and another, between. 62.00

and 03. 00 .h. Males called from very concealad pQSithﬂs :

'°w~Vegetation which had collapsed into the water, usugl
. -hidden - undernéath - overhanging reeds ___'an_d  saw-gras
"ftﬂleocharzs llmosa and Cyperus immenéus) oaaasianallj
g ;_malea were found callmng in the mzddle of clumps of sav
'ff.grass about 50 em from the water s surface.; Once a fema

. has 1ocated a male, amplexus 15 1n1tiatad and the fema.
' ﬂdaposits her eggs Ain the water. '

]

AﬂVertlsement call. The call has a very short duratlt

”7ffaf apprnximately 67 ms (range 56 - 93 ms} and is repeatec
- .on average,i 17" ‘times ‘per mlnute..' LIt is £requen:
L modulated £rom about 0.7 to 2.8 kHz (Flg. 1, a), and is be:
--y idasu;Lbedf as a vary loud, exp1051ve, incessant quacklz

R T S P
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Fsg 1, 8 Sonagrarg,of the advertssement
| call of K maculata |
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.?f 4Wh¢re the eggs ara depaszted._ N

T
i

Advertisement ca:l,,l .:I‘he eall ;Ls fa:.rly shart with an'.f_._l_-..f“_
" "_-_average duration af 147 ms (range 113 = 193 ms) and 13 hest_’-".:-'
_L'described ‘as & 1oud 'clear 'quoip' (Passmore ndi.”;
_"!f Carruthers, l979]ﬁ It lS frequency mndulaﬁed fram éboutﬂi¥ 
07047 to 2.1 KHz (mg. 2.20) and repeated about.i7 tiwss per” -
"mlnute.. netailed par&meters af tha call ané g;?en inj' 

‘."“‘{_‘.-

__f Speaxes desqriptlon' A small to medlum s;zed member of“;? 
the Kassininae reaching a wmaximum slze of 44 wf (Poyntan,4gﬂ;
. 1964). The grnund colour is ‘ustally a silvery-belga nolour“"]f

land the hands and feet are yellow {Flg. 1111),”_ ‘;f=véf:
| | T - N It

PG 1y, 3 1 eaE 'NOvember tm]f .
3;ﬂFebruarg,twijhe males begin,zallmnq from: can%éaled call .
”fﬂsltﬁs awaY fram the watef”s edge befars ﬁusk.a Araund duskf’] _;
*‘the males mova nearer tha watér's edge and begin choxusing;¢f fi
:ﬁfrqm_fair1y EXP&sed call sites 1ngrass tussocks._ Most: 0
H:  ma1es stop. calling by mzdnlght, although. spuradlc callimgkf _L
,.:ﬂ-lﬁ Heard tﬁroughout tne nlghﬁ._ Once a female has Jdocated agf _
- male the palr antar into ampiexus and walk tG the waterg{i”f



/’2 Fag 1 10 Sonagram of the advertie};ement
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. Fig. 1. 11. Male Semnodéci}fus weali: -
(photograph taken by VG Ga.rruthers) -
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"~ Breeding . bghavioux;
choruses fram ‘Novenber

a hezght af abnut 40 mi. . Males were sﬂmatimes fOumd;

'f-_fcallxng fram sltas 1ocated at least 300 m fxam tha water s'_
- edge.: Once a female had located afmale ampl&xus wasf': |
"_inltzated and the pair walked to ‘the WEter to deposii the”F ="

2

egqs«:_- N T T I S T

o B

Advertisement ca11=_ The call is 1cng ﬁithnaﬁ awerage"

 durat1an of 341 ms (range 131 - 562 ms) 4nd ‘can best be -
Qeseribed . as coarse,' loud 'rattle _(Passmcra and

_‘ 'carruthera,_ 1979), The , call can be @@iﬁided,'fhto 'twafff°95
‘ u  'd1st1nct parts each W1th different degreés of amglmtudeju¢_

;;3modulation. The first part consists of about 8, pulses

. whieh have been comprassea togethex and the second part .

usually has & pulses which are. widely spaced (Fiq. 1 i2).

;fwhe centre frequency of tha call is 2,4 kHz and. ik isfuf};
)  _repe§ted at a %ate of about 10 calls‘ber minute. oDetaile@i :{mi
o parameters of tha call are ngen 1n Table 1. 1.;_fj 5~=c_ﬁ-

Ea

'.rJ o
) 0.' . F
v}

o __This study site ?s 1ocatad at the southern extrematy af tha_°: 
”a.;_szambaque coastal p a@n, near the town of Htunzini, oh the -
__nortnacoast ‘of Natal, South Africa. Two pongs. on this farm
' (Matatlele and Havungwen;) were; used to. ca&ry 6ut.a
| expariments on A fornasinii, H.' marmara&ﬁs, and ‘Kﬁ

. et
T

EUAREERE ”f"f"v=-f

':gnalas form mﬁde@&tely d?ﬁSLff;;f-V;
_ 6 ngruafy. c As wi th 'l:he athér'-_. AR
 members of ‘the Kadsininae studied heye, the | hajes of this
;ffspenies aIBo began qa&llng, from’ cancea@«d pnsitmona;jf“:__
. befioxe duﬁk% about an hnur after dusk the males ‘had taken;, [fﬁﬂ}
S up théir call smtes for | the eVening in the vegﬁtatianf?-:"
if $urraug ng the ' dam. These ‘call sxtés varied from =
- coneeale positldns in. the middle of qrass tussocks o
"-;haxpasednpositiona, samatimes climhlng up gxass tupdbiks tuf; Q’
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1" . G . a :
. b "ﬂ L

_; ﬁ;?f[maculata.;<T%me phantaxis exparimahtsnwiﬁh Ha marmaratus
R ":."_fwere performed - at & ‘site. situated about 3 km equlmatﬂnt
£rom the ponds (ﬂiq}{'s park conservation az;ea s 28° 581 52"
s 319 447 13k gy 'I'he meqvn annnal rainfall far this agma
-_;was 1215 mm’::j  ”@” S e e S S i .
o &) - Ha.ta’tlele pond (290 Cmf 05“ S 31° 43* 02“ E). 'rhws
" "-"';pomi s ‘a ‘natural “voastal’” Mpan" : (a - natural - ‘shallow -
:dépreﬁsmn which had filled up with water) . situated in the = >
_ aoast:al dune forest.. It is a. semi—-permanent body o watér s "';"j '
7-approximate1y 100, m longf ‘30 M. wlda with a maximum depth of
Cime The»pradamxnant vagetftlan of the pan is €, immensus, L.I _ o
stalanifara and P. pulahrum, with denSQ a;umps of Phragmltes
ﬁ '&? reeds at’ the’ ﬁbuthern ‘end.  Often durlng the winter, and.; "
- part.:,cularly in dry years, the pan. dries up aompletely* A
B -} B Mavungweni pond {280*58’ 04" g 31° 457 0" E),ﬁ..f
. __"3""‘I'his ‘pons’ was cunstructed in- 1982 ang. 1:1,95 between the -
;__Ir-.:;}_ceastal dune ferest: and a sugar cane ﬁn.eld; : 0 - The '5 .
_ predominant f’vegetatmr; is Ls st‘alonifar&, P pulchram and: _____
L L Iai:ifol.m. JThe pcmd covér:s an arem of approxima‘taly 150 |
e square mei:_'__%a(* and extends gt the southern end into.a '
o nai;ui‘al wetland swaiup overgrown with Phragm:.tes. e

o Thm study site conmsts x:f a well astabiishea ﬂam in theﬁ

' Natal highlands, near the - town of Ixapo (SoutH Afrmca}.w

) The datm’ wall runs due- north and the stream enters the dam’

S ‘_-"_at the west ‘and, “During wet seasons. the ares c:ovexf:@d By

En J the - dam yas approximately ~1000  squgre -metres, " The -
T __-*prado*minan*{; vagetatian amuﬁd ﬁhe @erimeter qf atha zﬁam was,
_ ;imosa“, and the merth and south bmﬂgs ag gt;,he é[am

bozt‘iered ontf: 'g.o grags pa‘é&uxes. v® The banks of the stream ‘:_';_‘{e@_? G

betors it entared ‘the den’were a"mvared with ,Jblack wattle

| trees and "arum- 1ila.es. Playback atud:.gg orr Ko senagalensi*

"_and s. wealmﬁ. were Qarried out at this aité’ SKIEI P .

el
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 f . nrganigaticn arid how it ‘relapes tu'spatlalcbrgjf%zation ia g”N

LD

K T statlon._j ST

! RLE

'f ahighlightea and the’ role this’ plays dn spat1a1 orqanizatlonf

Thls study 5lte was- situated in a subtrnpinal wet fqresthﬁ”'
surroundlng the Bl Verde 'Field statlon ‘of the ﬂenter for

~Energy and Envimnment Researcxh m.a" 197 733" N 55° 497 1w o

Wl at an altltnde of 350450 m in the Luquillm Mountains of
northeastern Puerto.. R;co.._ The proglnent treées in the -

forest were. Cecr@pia peltatﬁﬂffacrycdes excelsa {t&bnnuao},)'*‘”‘
mhe forest flnor was.f,

and’ PréstaEa montana (sierra palm) |
' littered with fallen leaves and’ covered Wlth a typicalg

2 herbacenua ﬂr shrub under stary vegatation whmch varled A_ff

......

frbm 0, 02-— 2. 5 M. - The cannpy of tha forest Varied fram 7
- 20 m (Stawart, 1985) and the mean annual ralnfﬁll was
3456 mm tLopaz and Narins, 19913 -n?g'p._' : :
'EQayhack experiments were conducted on - E._coqul 1n the
. secondary growth rain fore.st adjacent to the 'm. Verda fmlﬁ

If"

' rﬁgrua organmzatﬁbn accurring in aggregatlﬁns of callingf]

"“ attractlan, mate 3electlon and soclalubahaviaur. ”}

.-.‘7.'.

'; male frogs ~and  determining. ibs significince in. 'mate_gf;f

)

*T Thls thésms is priﬁclpally conaenned Wmth the extenbsof~_f- :

Ll

e E S : S
chapter two examlnes the exmstence and exﬁent pf temporal;»-:"

=shou tha fiost speaxes exhihit preu15q tgm ral ckpru,
| organlzatlgn.-J mhe fu&atmmnalﬂsﬁgniflc&%§e of this. Lty & ofo

f ‘addresdsed in Chapter threa._ﬁ_ : - P :
IR chapter £wo the importance of call. lﬁt ngity " is.

" bf the aharus lsoexamlned ‘in chapter four. Its impprtanca:

ﬁ'lnngemale discriminatiun wnthln a ahorusgib examinedﬁin -T

_ . ‘chorus orgﬂnlzation in five sPeaies,. utaliz;ng callla
O playgback jpex:mants. ‘The resulbs of this cahapter aléarly

.
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=_f Chapter five.f;a,datallaarstud e ' a;natnra1 galling

,ijbehaV1nur of “one’ agecies of £rog. v
“ o the . 1mpnrtance”'af call rate an@ famala chci¢e_ is
'_:'_Presented J.n Chapter_ SJ.x-" _ NPT e e
- ‘The ‘£inal- chagter te-evaluad s chorus arg&nization in the
'fllght af the data presented zn the prévious chaptars‘” S

1th partiuular reference




characterista.c feature nf anurans :Ls the pruductinn cf

sound.. ',t‘hesa voualizations p:l.ay a,n extremely impm‘:&ant

i
W

rale J.r: thai%: ve«productmn by maintama.ng territorieé‘ and
mi-tract:ing canspemfms as well as. heing usqd Ain. many
soczal iwheractibns_ The n&’ost wall. knnwn voqﬂ:.zatiom and
the mcrst commnly neard, bas. beem ﬁermed the advart:.squmant

i © call (Wells, 19?7&]., By using’ this jerm, instead of th&
LI Cterm "mating calln, the assumption that - the ' intended
reca,pient of the: call is known' can be, avoided. Bc:gert.
. (1960] prmrlded - "tentat;;we classifmatian of anm:‘an....-'
~sounds® which served 448 the - basic plassifitzatim ;Eo&'

. CHAPTER WO s Lo o

* further studies. In note: recem‘p‘ z*ears tm ‘names_of sevepdl
ather cateq&ra.ea have. alsa béer chaqged eag. t‘hrmtarial B
c:&lln chanqed to, encounter call (Mcrma;gmfd ‘and Adler, 133’4,._'.-.- o

Wells, 1977a) and later _'t:o aggra&swe t:all (Ra‘hd, ;98&!), o
o (Ear rew.ewa see Littlajbhn, 1877} Wells, 1977&1, Rand,'- S
- 1988)_;_ The: cLass:.fida.tinn of c&ll,s ued thrﬁughnut tm,s;

<)

thaais hag already been discuased in Chapter r;ne. N

zz.dmartxse‘me@ ualls o Nange mdely in atructure frmn almoat-."'___--
pure s.mgle tanes,oe g., H. marmaratu.sw{aae mg. L. ny, iw" '
LN e e b R

It ‘was mghliqhtad in ehapfer“ ane | that the most ,,‘

.
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very &omplax calls, e g. )
Schwart;z, 1934a).- E. cogui. (see Appendix A}; d .

° gyla ebraec‘ata ¥

Physalremus pustulﬁsua, 'Drewry et aly; , 1982,_; RRRRTIR

“These h:.ghly steractypeﬁ s:g,gnals are usually repeated at

regular intarvals and Loftus HJ.lls (1974) pmppsed that a N
central pacemaker exists in -anurans whwh mn.tiatas the
beglnml.ng of each" 'cal,l """ A sim:l.lar central pacamaker has
been snggested for ac:austm o:t:' photic: signalling in, insects
tHuber, 1962; - Jones, 1966" Shaw, 19685 'Walker, 1969.-'
Hansan et a‘.L., 1971), - This - 1eads td a, fairly canstant
rapatita.on rate’ which ©an be madifiad by . internal or
external cues. St:hm:l.dt (1971) identafied areas An tha
;Erag’s bram wha_ch were invalved ~ins calling ‘and ' weré .

affectad ivy hormonal" :.nputs, : Furthemore, the- repatition

 rate ami pu,lae rate . of aerta:.n spemes h&s ‘been shiown ta be _- o
pasatively mrralatad with ambn.ent temparatura ( e g. -

B?.mbma variegata, ztcaifal, 1959, Bufa ameriaanus; Bu.fo

W dhousid, ﬁwaifel, 1968 and He marmcratus, aee Appendl.x _'

NI

Feogs ’Vacallze in breed:ifng aggregations and the spa,tial q

dlstrihutmn of malea ‘around the area’ a,vailable for -
breedmg a8 se;].dom randon - {ﬂaltha and Maaham, 1}974Q
Although this may be thought o:E as‘a rasptmse to ava:l.lahile
callmg sxtes or. lacalizad areas of su:n.tahle vegatat:i.on,
it has ‘heen shown that even in appa:r;ently hoemogeneous
areas, th‘are is ﬁ’till & non—random dis'cr:;.bumbn of . c:alling

¢ males- (€.q. Pa,ssmore and carruthers, 1975, Whi"?n.ﬁff 5“_9.

Krehs, 197519)‘ e e

.m
SRy

L Co . @
AT : ;

A true chqr:us ax:.sts when ‘many lndivaduals aggregate at a
b:t:'eedmg site and praduc:a vqcal’izatiansi L Greanfield and |
‘Shaw. (1983) ‘defined chorusing as "the sinqing of rtwo or
“more aonspem.fic males for relat::waly 1ong periods of ti:me
dﬁring whicn thera ara statismca]&ly significant temporal '

EC R
L

B - - " . a B o

{Wells ami

ool



ELs I

: f :1nteract1nna invaiving tha a¢aust;c sm&nals of'nelghbours"
"}:As anu§ans_usually vvcalize in mixed speczes assemblaqes

' “an@ there have been’ reparts ﬂf SPaaiBQ:Whlch call, Without,

L "any statxstiaally smgnif;cant temporal mnteractdans, thi&_ﬁmﬁ':
ff;rvery speaific derinition may only ‘be- relevant to  the f 7*5’
S orthoptera. _In this study, the term chorusing s used in
 g_?a much. more flexibla sensa referrmng to twn or ﬁmre calling
_2- '1ndividua1s, in fairly closa pro 1m1ty, vlthout 1nm ing_
"iy;aﬁy spedific temporal relatianshlp hetween.their calls -

T come together to. produce choruses.i In ‘an early St“dy Qf

| ”f   £ch VGbalizatianS,; Emlen (3968):\ Dﬂvd ‘that female Rana

L - watesbs:zana were mnre attracted 1:0 \a c:ho;r:us of breed:x,ng
"~~5 aonspecifax: @alesa than the callg pf a. solitary male. .“ o

- ;'fumutional significance of charusing benaviour.__33

_”;'Chcruses have :al%o been - suggasted o attract malea as“welf
~ as females (Oldham,”1966; Blair, 1968; Salthe and necpam,
':__-1974; Whitney and.Krebs," 1975b; Green,. 1999) and there may.~

. also bp A reductinn ,of predatlon rlsk (Rgan et al.h_igsi},:_,g?

.:: fLarge chnruse%ﬁ%re thought to attract mcre femaias from a
3 wider. area (Wells,. 1977ay" and perhaps 1arga choruseg
" provide females with a hatter'range of poﬁ%ntxal ‘mates from

-,;which to ‘choose (alexandar, 197534 Emlan and. erng, 19? :
fBradbuﬁy, 1981) E@perimental tastingmﬁf thesé ideas 15 f

needed before any Qpnolusion ean b% drawn conuernmng the

o
B WA T e e
-.. - 0 . . o B . . "-- '.‘ : s .;)._. . - . - - ’ =
. 2.1;4 o .-:_a.'_.-: LT '6'_; et Lo e &,“_:_ B
. i L. » L 5 . e : - ‘ : e N \‘.. ) . -

‘ . o

e R
o -

_'f='Chorusinq is a falrly WBLl known phanomenon and thereg ave4 :i 1
'}iheen.many hypatheses erected to: e3plain why ma;es shnuld

\

'3 Aggragation oﬁ vncliarous males 1QF° charuses wbuld he ; 5

‘expected to produce subatantial cali overlap and acous%ic

_ interference.n- severaL *authors have suggasted that th;gx
. would be detrimental t¢ the iocaixzaﬁion of & cﬁller by an’
'”__approaching famale (e g,= Littlejnhﬁ and “Martln, 1969‘ s

e, .



1975&; b7 Wellg

Whltney ﬁnd Krabs,

lQS?)

197?a,,b,'5chwart3r

4

ifi the chorus ingraaaes;
. ;calls.w'v' ' Yo o
.. Goin. (194997

ne mathadkgf av01ding the problems of acﬁustinih“
L jnterferénce i to \‘arally spaca the calls with thnse of_fj
*&?5. a neighbout, in the fbrﬁ gf call alternatlon. Leman (&931)}'5=*-
"4_[pr090$ed that callvaltexnatian coulﬁ aecur by chan&e Alone”
U if the ;ntervals ‘between the calls were equal te*”"dtf o
<7 lenger than,- the' calls thenselves and if whe frogs weref] :T
'f 1ling at sllghtly d;fferant fepetltlon rates. R

“(and ~thereforé ™ a cansiderable reduction in acaustlcx;ﬂﬁi
":;#Q,arfarenae) may“be, a chance cocurrence,’ arthough periods]f;fﬁig
*rof overlapplng callé wnuld stlll exlst" Bbmaver, anurén&;ﬂﬁ;gQ
;ﬂm‘fot usually - aall,ﬁ?«very amall chorusas, and- some form - -
gaf\ﬁﬁracise nrganx@;tigg 13 necessé&y{'tu fécllitatE  __:_
tempnrally ‘sgbarated callse Obviously if call alternationffffﬁf!
”Fﬁis occurrmng by ' chance. than a8 the' numbér of particxpants :ff?f
an-will the number af overlappingfﬁij',

K;zsaquently,tln very ‘emall’ chcruses call alternation9;"

_asvperhaps the first persan ta descrlbe a-fih B

; ﬂffs§a0lfiQ typa of cﬁgﬁ%gvargﬁniZBtlbn occurring in anurana.yif ¢3
| .He recognised that the bverall cherus consistedﬂbf various .
| LFSubgroups of threa 1hteraﬁt1ng 1nd1v1duals. “He SquﬂstEdff.'“

.0t thak @ach pf these dubgroups always began® in‘ the same

Lo

-jé“ff_ﬁ-”‘{.mannar‘_ Even when the chérus was densé, it could stiil be
© & v broken down into subgroups of thrée. 1ndiv1dua35., His work .

-+ suggested that this kind of - arganization was ‘net simply afT7: 
'"]chance acéﬁrrenca but a syeqif;c sﬁcial interaction betwaen“_,,

 _ca111ng males.;*

Choriia organ;zation was first eategorized By Duallman ino.

R ff}51196?.- ‘He  dividgd ahorus organization ‘into two groups:
L7 n epatial arganization anﬂ ‘tegPoral: organigation. - Thede |
i - '-{;groups were. furthé§ sub@iv1ded into three categaries earhr ?

";'-aa: shqym heﬂ.ow"' ey

o
“op “u- o .

; | Spatialo Organ’izatidﬁ A ”j.% ok s o ;: .' .. E
. - EBV

__ f}h. Ind1v1dua1 - no aggragation cf calllmg males
'-:é?jftemgoral organlzatlan. e n N

4
I)

L
=

WL L : - B - . . . : N . . B . : ) :
w. 42 s . A .or . . o . . . S . . :
” ) 3 . o . Sl .




’ P =N

g

"'ke Duallman s divnaxon qinto_ "completely organizaé" anag |

-'D

e
. '_0

_ | when mora’individuals 3a1ned, rather i v
&; argaanatlon par sa.. The - work of Gain (1949} and Faster
4(1967). suggest ‘that amganization may still exist in- ginall ©
subgroups within ‘the large ‘chorus hut is obacured by the 7ET]”
- complexity’ qenerated by ‘many: individuals callingmin ¢iasev-':‘7

B.,Nonwaggragate 1fno aggregatidn Qf calllng ind1v1duals,ﬂ'}{

althnugh same farm ‘of duets or trins are present.

c,.Aggregate - 1ndivxduala congregate at’ the hreedingisitgpzf_aju,ﬁ
and theﬂcﬂlls may Or may not he temporallyuarganlzed._,;..‘-"°-

A, complately arqan;zed - indivxduals call 1n a set pattern:{ ;ffﬁ

Temporal arganizatian.-_.'

throughnut the ahdzus.‘ :ﬂf..@?.-p'“ G R s
hiallyvorg;_ zad ~ the charus begins in a set pattern _
but as nore. 1nd{V1dua1$ jeln,. organizathn is lostq  3;; 9' ~?;; 

el unorganized = 1o organ&zatlon at all. fﬁf; y“

1'-'

'”TA Duéllman*s classiflcationn.was hased puraly n
_ 0hsarvatians,_1t Lﬁ pos-ihle that the nrgan;zatian‘pregentf7

:  fst to. the ahServerf fw_m
n the chorus losing. ~

proxlmlty;’ salthe and Hecham (19fﬁ) “also’ suggedted that;

“1nltlallY arganize&“ was art%flaial as it would seem thatir:3

these two:catégories. dapend upon. the numher of ﬁndiv1duals_-_ j;
* paxticipating . in. the éhorus. Prior ta Lemnn{s detailed’ff f
des¢ription © in S197L; ydarzh' call altarnation r~ﬁjﬁj;~

Eleutharudactylus martinia;nsis ther wefe many published

obsergat;ans of temporal charus~ﬁfg izat;on<¥h1ch 1ackadf"
experimenta% ¢onf1rmation (Goin, 19497 BibI-Eibesfeldt,

1952. Anderson, 19547 Jamesan, 1954, Martof ‘and Thcmpscn,ﬁ"

_ 1953; Hardy,x 1959; Boqert, 1960‘ Brattstrom, 19625 Qchm:r.dt,(
R 1T 73 capranica, 1965; Snyder and Jamesdn, 1965; Brown and
‘Pierced, 1967; Duellman, 19673 . Faster, 19677 Schnelder,hfjff
1967,. 1968, Stawart,_1957. Brattstrom and farne ,l?ﬁﬁf

‘Heingmamny 1970Y. L0

By ‘presentirfy fmgs wit.h braadcast ca'-:'l,ls of dlfﬁerem; __
fepetitaan rates, Lemon (19?1) demanstrntsd *hat male 3, ;1=




.

_}martinicensza can prea;sely alternate their calls{ﬁith theffis_ |
’?ffbruadcast aails 1nd1catan this o bé & Jtrng sacialfn;;}ji;
B .f1nteract1an and not’a Qhaﬂae ocaurrenne.; ,He' suggestad thatﬂ}%f“ f
'p fthis alternat@nn is achlaved by & short term inhibxtion of -
_higthe praductlon af calls so that ‘each’ call fits 1nto the;ﬁx;jﬁ
-; fpar1nds of silence. between the calls: oﬁ»tha hmoadcast far
__"ﬂnaighbouring frog) CHis warh stmmulated other authars tof  *_'_
_ f5jexam1ne the pmeclsa nature of temporal organization andf;*-rT
:”'f;Propnse machan;sma for 1ts occurrenﬁe. J'””:"“”' L

_ ; .H_.-.-@f?ﬁ*f, .
R o o _r;{:}_T:_____ - '-"z_:;.-:---rw*r, o
o ;Loftua.ﬁills (197@) prasentad a. variety of aceoust tic stlmulm;,_~ﬁ

;ii;ta callxng male Pseudaaris streckeri in- the 1ab0ratary Hej”;fi t
;flffconcluded that a central’ paGQMakar existed with a cyﬂle:f}-”,
v length equivalent ‘to the spontaneous cail periﬂdv The eall
 péried. could be. divf&ed into three phases: & refractonff?f
‘. phase,an’ excitatory phase and an- actlvatlan ‘phase. He .

L ifound thaﬁ only when an acuustic stmmulus was presanted”f;3 

STy

dgyiﬂg*tne exaitatory phaSE aid it ‘eyoke a response., Asl L

--b'- i

. ‘_-.

.'rkatydlds. ”p;.“ufvf?,-

;-Utillz;ng precise call timingr frcgs may exhiblt tW9 typﬂsu; )
of- ﬁadﬁal intaraﬂtian (Ambrey,.197a) B %Qgg;thay aanf,;
adjust: thelr ca&lawso ‘that uveglap 15-«@ggﬁ v
T (mindmom intérfaxence h?ym;}i .Wﬁ;,ﬁ»;; '

'-H1369':Wh1tney and'. Krabs, 19? fj*fr

=

several of hls\aubgects seemed tb be triggareﬁ-byﬁtha endlﬁk"“'

o “thé’ acoﬁstic -stimulug * and ‘ individual . was;f? $;
~t-y¢on51stent1y trxggared by the anset a* the stlmulus, ‘he’
N ”--suggested that there might be & aamplex ;nteraction between_ 7f'_
 f:_qnhé3enset and the- term;n&t;an ‘of . the stlmulua An evokxné_,;jf
f’ ”the respanse.-;=a~;;a e LR e e e

N _ Rosen and Lemon (19?4) complemented auoustxéfbmoadqast {?3'

. experiments with-recordings of two individuals paturally “

" alternating ‘their ualls*": They concluded “that he_ »_'
“alternatzon of ¢a11a in Hyla cruc:fer also. fits into the

. 'excitatlonwznhibltion model praposed by Lemcn (1971) and__

”:.Laftus Hllla f&B?l, 1974) fDr frogs an&:by Shaw (1968) fbr;{l
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 Narins, 1932%35&11&
actively try to
- neighbour*s caJ.ls

C4

; --;ﬂarms, o8 2y
and - :mte:zfe:;e

: jw,i;-,h tnézr'

 hypothesis and ‘the: acoustic pac.emaker Jhypothesis of Loftus
Hlla.s { 1,374) i aﬁ CH. . reg‘i.lla ‘males actively sh:.fted th,e.;ur
c*a:iis to avo:l.d simultaneous calling w:.t:h “the . bmadcast
c:alls.;_ ;; Lemon )j &mi“ Stru ar: {1930) suqqaated‘ t_'_a,t

uas inadequate for an aac’-ura'te assgssment o:f thg whole '
permd“. - They presented Y az;ucifer males with. :cand 1y
pos:btmned calls, i enamin'_“;‘_',_'am to assess dir:ec:tly the
effect cf a-singla By :mul' “En ’t'\g

:Eallnw:mg call.. From fheir Fbsults, they suggested: that,

“thtee oseillator: mociald, of - signal’ interactlon: may ‘ogcurs -

F:.i-stiy, \J.ncb:.vidual frq{;s nay only ba sensitive to gstinuli
when thelr mo‘tor .@efraqﬁzcry,__permd s’ ove;: (tha.s moﬁel J.s
“sintlay to that auggiizatad by Laftus Ha.lls, 1974).
secondly, they propose a7 ‘that. frogs ‘may . ba ::ensitive“ to
s.atimula. througnout the! ‘:.:a:il perimd and the respansg :Ls
delaged unt:ul the mnt‘db: raframtory period is qver (this

' madél is suppofted bg thg Tesults they presem:ad) , and

thirdly, & similar mudel to. the seaond but mthaut ‘the
decay of the exc:.tatory e“rfects during the refracto::?
pemod. __ Th.::.s last model wmv consg.dered unli kely as there

) was a canfl:wt ‘*hetween produm.ng equal spac:mg betweem the

calls of -individuals ‘and p:r:oduciag the more ehazzbteristic
leader—follawer arrangament. : 'I'hey aonc].uded hat their
first and secund moﬂels may both be in nparation dur:.ng

g;al‘l altarna-tmn, ‘at different times, within ‘the same -

specn.es« An 1Iﬂpor1$amt iind:n.ng of Leman and truger { 1980)
wEs that (ﬂnllke P.: streckeri, metus Hills, 5 1974) males

9f th:.s ‘Bpecies’ were- senmtive« to st:.mula presented, not

only dumng thh:Lr refractury pax::l.od, but'. alsp durjng the

. prOductmn of- a’ call. R L S

: nd-_-bxrebs, -1978a)." Awﬁrey;_."-_"_”'-"'-'
31973) ‘h‘-eStEd hoth these ideas by preseﬁt;.ng gyz,a regilla.'._.-_"_"':__
males w:.th d::.ffe?:ent rapeﬁltiun ‘rate braaﬂcastg. . The "«
resulta ‘were. aansistenb with: the mlem mterference'-_g S

plactment ofsthe



S v T 8 _
_f?ﬂfIn order to test/£he hypothesms that tha abiilty an; ; R
_jf{fftb preciSelyvposltlan its. eall wzth résPeat o’ a'stlmulus,7fﬁf"'
R functzon of the +timing . of the stimulus relative tQ)jhe¥ .
;;h!ﬁ;~*”;#ca11 perlod Narlns [1982&) atndmed the respansea af E.*-f“

P

'*;aaqumfknd H..ebraccata ko bra&dc&sr synthetla acovstie,z;
. ”vstiﬁﬁ¢1.: 3&5 results suggﬁﬁ'%n_that there was a ﬁ%mmog _
:*“_wmechanlsm underlylng the dproﬁuatlan- of - tlmééloaked e

spansgé far bnth ;pac193¢ As the delay hetweanathe onset.~\_j' 
: ”“"of the . call an the initlatAon of the stimulus W&S;;“ﬂi;i
;%“3*:1ncreasad Ahen - high prohabillty of achieving a tame—lucked:*ff_f;
"3f;r6%pﬂnse also. 1nc_'_sEd.j Narine (1962a) sugges ed that the .=

'?Eﬁmr¥q:[prodﬁction of - timﬂ*incked respnnses cquld be £ha Aught of as

Hyeo

;zfﬁa two-gtage procass._: Flrstly, a delay fol%&wlng thaf}jff#
| if'acoustic atimulns,' and secendly, ﬂ’ a. triggerahle c311  _f\;;
.. gemerator with memory. ‘The two ‘species, he, studied dlfferedﬂgjﬁjfﬁ
 _ff°in the length ofdihe delay folIDWLng the aceustic st;mulus__;_?,?q
”1% Tn1s delay’ was 1133 ms ihﬁE..cogul and' 210 ms. in H.

:f#.ebraccata and Narlns (1992&] correlates thzs dmffqunc@ 3$:ﬂ_
f;wltn dlscrepancles in. nearest-nelghbour dlstances af the .. A
- Ewe. ‘species; . suggasting that vit ls adaptlve in mlnlmloxngrf ﬂ@f
f;”acmuatle aVarlaﬁ Wells and schwartz (1984a) “founid. ‘a8
_;fnslmllwr dalay {140 ~ 200 ws) 1n ‘their stuﬂies of vocal-"
7”g¢cmmunication of H& ébraccata.;.a ' PR

”'Be51des shiftinq the ﬁamlnﬁﬁgf thefr calls relatlve taf %T§
SuimuliOQI other galling frogs, there. age® several other =
MBYS 1n whlah frogm have hEﬁn reporﬁe > to change the1r :_?

' calllng behav;aur in resPOnse to broadcaé%k%timull.. Malas < "
of Bufo Wdodhbtisel (sullivan and Leek, 1985), G@ocrznia_i',?w

o victoriana (thtiﬁjahn and Harrison, 19858) ,. Hyla velsiaolorﬂn
'_"J(Walls and Talgen, 1986) , and Rana clamitans . {Ramer’ et al,,
'*;¥1983) actually decrease their call . repéultion rate in

:_reSponse to broadga&t stimull.f‘a, vactorlana and H*_'

ﬁ_versicolor also increase the duraticn of their introductoryjt.-‘

" notes-. {Lmttlejnhn ;and- Harrmson, 19855 Wells and. Talgen,' '
1986 respectlvé y).' waever, Bufo ameracanhs [Rose andp”
.Capraniaa, 1984., but ”sé Sulllvan . and- Leek lBBG),

.. S . “'\ 6?‘..
L

E

L

~ 7 f;:”_



Lo ehracaata,

T bhe:ar call. repetitinn rate,

sy examines “l:ampara:b chorus. o:zgaﬁizatwn win Eive apeaies LT

o | __-;-=_:1.§B4a,’j and IL phlabode$ { s::ﬁzwartz and Wel"is. 19841:3 ha?e S

. .:_:: 2 1 6

. . b T N . ) C e ’ o

Hyia‘ ebraacai:a (Wells and Greex, 1981._ Wells an& Schwartz,.f_'_

Héen sl;mwn ta @‘increagé theixr call rkpetn.ticn rate m_
 Fesponse j:o broadcast 5 stimii, " - Several species ofp ;Ernga
. respand to hroédaast: stimul.t by :.nareasz.ng the aomplexzty{ )
of the:m cal:l (Cz'ima gaargzana, :wre ajt__ _al., 91954, Hylﬁ__ﬁ_:'_. _
_Wells ‘and . Greer; 19817 - Fhlls ami Schwart by
¥ mia;acap.heim sahwartz, --wﬁ*é'r H.. phmbades SR
19§4b; Hyperolius tubarailinguis,'_;_.’* i
L. .. Palletd and Fassmore, _1933,0-,._3_‘ atitus leucorhinus, Arak,\ .
;“'-- 19831'3. : Physalaemas puétulasus, Rand’ and Ryan, 1931* Drewry_;_- cel
at 5.1.’: 1‘233, ”ﬁmangjgmitans‘} 'mer e‘t al., 193’3). oo “

L nsans
) ‘Schwartz apd Wells;

cnncergmg cnorus crganmat,ion and the:r:a have "y
”rel&twmy fe‘w deta:.lad e‘x:peri:mental sﬁudles.'

LR l:uaen noted to increase tha camplaxityo azsf 'thaa.r csall andj
_ | ' several :uieas have: "'~ P
Sow. e | proposag o - explain- thq@: ﬁumt;l.on af chofuses _b_u
R expar:&menﬁal cmn:ﬁi’rmatz,on :Ls st:.ll laakmg. Q =

'Ol."

g -._Utz.l;innq vaaous“-i::.c playbnc.k axparima;nts , this chaptér_'_l_\
anurand. Tha extant and form of ‘chorhs prganiza‘tj,on is |
- °-‘¢owpared smong ., the _specdes  studied and & propo sed
‘.__-._reclasmfwatian ‘of r:horus urgam.zatinnr Whicn Bﬁﬂmmases R
all previausly studmd spegi-eg, ia x:;ut fo:w&m._ e
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T ji__;:Broadcasx. : Experlments ~ on fﬁfrixalus = fbrnasaﬂilﬁﬁ

;Hyperaliqs maratus, andnxassina mﬁeulata were. carrled
) - _out batwaem the mom:h}h uof September and H;arch a't: two
_shallnw aaastal pands (Hatatiéle and MHVungweni) N
. miipstreams  Farm,, MEungind. - Thesa species vocalrzed ; *f
. .. hetween the hours of 18.30, h and’ 23.30 h.  Broadcast <
R f-gexpermmenﬁs on K. senegalenszs and Semnadaatylus wealzl,_?-;4
f_{ware carrlad “ont. at ?1neta sawmill dam hetweeﬁ the smonths
ST _:"“of November ‘to ijanuary‘ mhese two speci%s wocali?eﬁ
reTe .-'_-'j_"betweam 16.30 h-and -03.00 h. ‘For detadled desdriptions%f
| the spealas and study sites sea ﬁﬁpptar ane-ﬁnd mppendix'ﬁw

A o IR e _
frfIn 1vidua1 calling males dquhﬂ‘five Specles studied were
T raﬁor&ad ynder natural cmndltibna ~he f*eld using an AKe
- wﬂ-fDQODE dlractlbnal microphpne and eithwr a Nggra IVE or .
5 N.'Nagra III tapa recarder. - The. tapg speed was. 38 em/E. and
1 Bpeed fluctuatxon was negliglble. . High quality magnetiﬂ
o .t&pe was used anq xﬁcnrdlngs an the Nagra IVS wera made on
'one brack . only. Addltinnal data pertaining to airn
N _temperature,-_lyater temperature, . subjects’ rectal
o 21 temperature and snout—vant 1éngth were collected. dneﬁcall"
v for each spec;es was selected to beﬁg?ed in the preparation
© Tof the stimulus tapes._ The criteria used for the selection
. of this call were call duration, upper and 1owar limits of
emphasised frequency and, © in the case of A, farnasinmi,
o pulses per. @all.. The call uhasen for the. s#imulus was a
> normal call with parateters close to the mean ﬁatermined hy
L é}ftha analyses of approxﬁmately A0 1ndaviﬂuals for aach
: speciea (minimum 30 aalla) (Table 1. 1).. SOPREEE T T

E
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3t

. : To- prepare g stxmulus Lapa w;th a specifzc rapet;tmon rate,’f; __
"*,the cdll was autoout and’ spllned Anto a loop. uf high .
f:quallty magﬁat;c ‘tape of an apbroprlate 1e§gth - For

a  Onee ‘an appr0priate call had heen SELﬁcted it was xocatedy* fo;
E  ffby hand on & \Btugder-Revox 'B77- tape reanr&er AR theo .
fibhegannlng -and the end qf dhe ¢a11fwere markad with a wax;ffv-*”

stlmulus tapas Whlcﬁ requlred ‘more: than. one call peg laap;x; o

- :*(e g, the doubla ‘and trzple broadsast tapes used in the X, 5

'-\,senegalansis experxment), the mame call was: rE*reaordadf“]

. several. tlmes. “ang spllcad into the ‘loops at preclse3ﬁ;

_ ﬁflntervals.; ‘For the’ ranaom stlmulus_tape for-H. marmaratus,;”:{1fj

- the selected call  was®™ recorded . optq a tape. with' =~
_intercall mntarvals provided hy a table of random numbers*:ij*7

”

 1_The tape 1anp was then analysed on a ﬂnmscan II spactrum:' |
n  ana1ysar (Muitigon Industries, Inc., New: Yoxk) to ensure
. that the correct.intercall -interval had been ach;aved._ﬂlf'“7f"
y 'any of the:splices produceﬂ an audible alick ar hiss then?ﬁ
'}=T_:the 1oop was discarded, and’ the above prdcess repeated*_ in L
© this way “thie resultant ioop was a periud of silence*with3a]-

one' or several calls, wmth the required 1nterval.f ‘Phis

© . loop was vhen playe@ on the Studer-Revox B77 .or Uher Report
.. Monitor ‘Stareo tape. recorder and pecorded for 15 minutes"'__
f'_Wlth. a Nagra III or’ Uher . Répart MOnltor Sterec tapeﬁ'
*ﬁrecorder onto hlgh quality magnetiﬁ tape._g S :

sither ‘a-Nagra TIT or Nagra IVS tape recorder and a . Nagra

- DH speaker—amp;ifier or a. Portamon speaker-amplifiar and’ &' -
. Peérless G50-MRC 3.2 ohm ‘spemker (10 ou diameter, with-a®
_flab frequenoy responsé withln ‘the range of 1.~ 7 kHz).
'ff_whe wxdar*af presentatzon of the stimulus tapas was random.

.

| At 1aaat t?ree*dmffarent shimulus tapes, all w;th dlfferemt   -
”_-intarcall Intervals (ICT), weze broadrast to each species.
=‘The stinuius tapes wera broadoast o d&pling males . u51ng*y



g

iiThe stimuli werg braadaagt fram a dmétance of appraxzmately

____':_._50 ‘on froi: the . subjact at the mean SPL . for that.
_f:particular species (aea Paasmore, 19081). peak SPLE webd
_.;;meaﬁured using & Briel and Kjaer' (B & K) 2209 prac:slon
‘.fisnund level . mater useﬂ in can:ﬁnution thh a. E & K 4188
T _micmphone, & flex:.ble mwrnphqne ‘extenfion: roa (B @ K
| “*fUAOlQﬁ] and a mlcrophone dehnmldifiar (B & K Uhﬂsos) The 7--'7'
: t” 1crophone was always protected from ok ind by a B & K
“.foAnzs7 foain windsniald.f Intervening veg ation between the
{;”,braadcast gpeaker and the subject was pruned’awayfgna any
_f“.c@nspacifla indiv1ﬁuals within 1 m ©f the subjaat were
- rembved. fThe sPeaker was placed at the same height above

“"lthe water level as. tha subjact. _.{w'.f;ft_;*,;fg_'jufT’”

_\h.' .

_,;3mhe broadcast was . recorded on the 1eft fch&nnel nf a Yy
;;3aecand tape recorder {Uher. Rgpart Mon;tor 4200), and the
_i_i;rasPonse of the subject was racarded ﬂaing an AKG DQGUE
 fff-unidirectiona1 ‘microphone on- the right channel ot the
j' ;seccnd tape . recordar for 1atar analyais.- Addltiqnal data,
S inaluding water “and a:n.r temperatura and’ the subject’s
 rectal temperature were recorde”
© Instruments BAT-12 da.g‘ital thermbmete equippea With a pmsaa
f'_ithermocouple.; The subject's snoqm~Ven'
o uSing vernler calllpers. \xﬁﬁ ;1 n'~w’

using Ballay’

vlength was measured

5N

.

[

E

3.3
e

| f'The dhta tapes frcm the broadchat exparlmants were analysed
. ’;ausinq a four-channea Harvard . Universal OScillograph.- For
" ‘mogt. analyses, the chart paper was set at a speed of 10

'_cm/s ‘and the Uheér Report Honitor 4200 ‘tape recarder waa

_ fp1ayed at- ‘half the recordzng speed {i €. 9.5 oh/s). The
- right and left channels of the tape reccrder were fed to
- two adjacent channels. of tha uscillograph whluh enabled the s
| 'relatianship between - the stimulus and. the subject’
__;_responsa to be determined.' Tha_following paramgters were
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| 1 .tervalf' J.nf:erc:all __ __J.nterval, o
"_“‘___'_"-stimulus mtarcai!.l intewal and repat:.tmn rates '-_( ee 'F:L v, .
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 [“.ﬁTén A ,farnasiniz Were presente Ath three dlfferent;7”" 
.g;f_broadaast stlmnll. These stlmuli wa ﬁmfmal advertisamentf_ﬁﬂ'f*
"{fcalls Tat’ diffarent repa% Plon rates ggo, 15 and za;;,gﬁ;:
”gﬁgatimuli/mmnl.; Wlth the - presentatinn Of ail_mthese*“_
'broalicsaat:s a genaral ki“ '=pd ¢an be seen, e, majorityf_-__:_'_-

74 3%, n= 278) of calnxﬂjxaduced du;znq the bréadcas: —An

s 374) cverlapped with' a. stimulus (for examplé see Rig,
jz 23, and Bore . than half "of the subjects"calls webe
_ initfated less, than 800 ms. from thé onset of a stimulus, = . |
‘ .:"':":"140515 ﬁubjeats' calls Were therefore st:.ll “an air" ) after. e

the stimulus had ended-_fbefffu-m SR e e
,.“1ﬁurthﬁrmoreJ there wer: ”gnaficantry more aalia (chi—Tﬂﬁxg;j

. square test Xz ='73,94° < 0,001, af = 1) in the Flrst
ﬂ"lfsecnnd than’ 1M the. 1aat second ‘of the eall periad (l%e. thefj??ﬁ:;
f jsecand immedxately pmior to, the next stimulus; Beé Table:{,dm*;
0 2i1)0 7 As the broadcast stimulus was 2.5 s in- durat;qn,_r f”

- foBt. of the zﬁbjects* calls averiapped substantially W1thf_fff
: fthe stimulus fkigf 2 2)*_ As the_ﬁlstrlbutlun af the S~R[1 ;;{w

-;_Jntarvalﬁ was. skewea, the median SR interval iu.? s for. .
- all broadn&st experiments) was more representatmva of the
- ‘data than ‘the, 'méan, With the broadcast of -10 stlmulzfmln, 3ﬂ;1,E

- althquqh the Slrst a'cand of & stlmnlus nnly ac unteﬂ for
© 17% of the st*mulus ‘Bl period;  57.5% (n-=77) Of all the
= = 134) ﬂﬂ'roduﬂﬂﬂ during. thls time (median'%q7":_

. 0.65 5, Chi-sguare test, ¥° = 44.81, B'< 0,001, af =13
o {Fig. 2, 3) sfmilarly, Wwith the 15 stlmuli/min ‘broadeast, -
the fifst secdpd of & stimulus ‘accounted for 25% ot the .

_"stimulus call jgriod and 65 4% {n = 87) of the fraq’s calls_f?f-”'

(n = 133) were inpitigted in thig portlon of “the stimulusj h -
. ._"Gﬁll perloﬂ“ et 553, chi~sqnar% teat, x3 42 &5, p_fg;:[
S <. 001, df'n o (;1g.! 4) S !

l.r
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'_fus, Chi—square test, X2
B F- D Y A 5 B R
i *{There was - ‘no. signlfiaant d&ffarenca 1n »call repetmtiani} “
'; _rate among broaddhst sequenaes (Frledman aNDVA* F #>5 gl,fi;f
‘ .;P - 0 12' df 3)__3;1;4H_k "o L R

. 20/min 87 a2 15
Coao/mine o077 P 7 0 B0 3 260 A6

}EAt a- repetitlan rate of 20 sﬁimulijmxn,'the flrst sacﬁnd.. s
- a stimulug: corresponda t0.33.3% E: th'¥st1mulus call pmriﬂﬂ7ff
“Qzand ﬁﬁ% %n%u 8?) Qf ‘the’ xesponsas ﬂurlng thia hrnadcast (nf;.

3'}Hyperaliuss marmoratus males were prasented ‘wlth threef?»
different répetitiu “rate braadcasbs (40,"45 and, 84"
f'atlmullxmln) and one broadcast with a random Sequence of
. :stzmulnsu inter¢a11 intarvals. “owhe stimuluSqrasban5e +
_”j interva1s vand' the subject’s 1ntercall intérvals, before
o and- ~dyring . tne, hmoadcasts, vere” recarded for 10
' r41V1duals.n :f‘"' . ;ﬁﬁ'““%:sﬁ_“w.-,-l -f;: :o n,n“'_mf*gfi

= 134) werg initiated within this ‘tinme peried (median-= 0.8
- 24 39 P < 0 u01, df 1) (Fig. _;@

4]

o

: :)-. .

1 ?{fThe distr1bution nf S—R\ lntEfValS“With. dlfferent ’ ?teflﬂf
 “5°br°ad°asts t° 10 Av f°r5351n11 SRS R =;1$ff'q'ﬁﬁyi'ﬁ;

g B T NN

_ﬂ*;_.w_-;;d.;J.a.;_:-

Qaro__ e

 3$St1mﬂlus ' *}Aiﬁv;brﬂﬁhﬁials~k Intervals (a) Co
e reps rate;” o-o 9 151;9 afz—2 LA —3.9 4-4k9°' 5539

S {;.jﬂ;_;-:w__:; A



The Tean :.ntercall iﬁberval before the braaﬂcast wag’ 1 .27
o, .28 s and" aig not dlffer s:.qnif:.cantll ‘from the' xﬁaa
. mtercall intarval during the broadcﬁst E %49 54 anria &’.

) Ljisgimulx/mxn (?riadman ANOVA, - p---o 22, p _.a 88, df g

T (Figse 2.6, 2.7, é“g‘and 2.9y, T TR r;” ]

o0 If callk matching‘. or &ome other :Eorm of precise call tz:.mir’g:-__-.

. | had uccsurred one would’ expec.t a shift I.n the mean interca[{g @ I

‘interval (for e:&ample see the distr:.butmn o‘% in‘l:eré’aﬂ kas

'-"'-'_inte:pvals t:f By Weal.!._""""_ rz.fng b“badcasts, Figs_' 2 28}_ L

2. 30), ‘The- d.lstr:,butmn of ustimulus—rasponﬂee interv;'s"

- dury ng the . three: dlffer;_ nt" repetiticm rata braadcastq

'*w”"*‘fllustrgted by Teble z,g and Figures 2. 10, 2,11 and .32
_ Voo e T L ,-;1}_
]

'TABLE a 2

ST f:ki{ﬁe distr;butlcn of s~R 1nti
R broadgastg ;g;gg_-) 10 H., ,‘,,s.t-mara' '

F= o

- .. r:a Stimlus o,‘?} — ,,_ AL _. 1%“ _.iatawals (S) k
o nep . ratﬁ . _0 t,J— : 0 4_‘0 o5 .- . &‘ 8....0 g
S R 0 gma 3 %--0 7 (

“p. . B8/min - (B .88 ¢ 6L - 50'.__,. 780 l o
B i/‘mn{‘ R A R 5} Do et I
| 'If a prac:.se timing Q{;Qer:na.nl:as:m J{vas |[°in operatian th—aﬁ'ﬂ ong
S

_would exgect ro dee” a Eulﬁa cantial . inc:rs..ase in [the -

*x oc:aurranca of one’ or. morr-r é‘timums-r?épanse J.ntervé by
Hcmever, At is ve;ry difficult o ascertam arxy !
pattern :m tne d:.atril'.ﬂmion of stimulus—:?esponﬁg ;Ln

C«\
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R "Fig 2 1 0 H mannaratus St;mulusuﬁespaﬂse mtervals_ o
. (n=408) during a broadcast of 84 stimulifmin- s~
< (10males). The solid black bar represents the”

R _duratnon and posrtaon of the st;mulus o
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~ Fig. 2.11 H. mamomwsstlmulusﬁesponse intervals
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' (10 males). The solid black bar repfeséntsthe * - .
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Fsg 2 13 The méntﬁon of 8 H marmoratuf ca!ls
durmg a randam broadcast (n 461)& T@@posnﬂon

ef the random sﬂmull are mdtcated by arrows
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EL T

ek Z.-"'-:: z.rre&p@qtmve 1mef hroadca

Lo

sa/min, rg =.0. 57, n "7, P = 6. 021 S€inuri _:ﬁ’.'g,s,tmin, Te =t
'_--_.-a 10,5*31 -.-.13., Po—- 0 '25, st:mull @ 40(111111, rs-‘- ﬁmm, ' ==

---'_15,,% = 1, 3¢).- -In epch ‘case the mean”intercall interval.f'
L wag very close to haz:iff the 'fn.tmﬂlus call permd, mdic:ating';
s . & sinilar nurgber o x'esponses on either side of £he 1 mean. 7

LY

B llFJ_gure 2 13 showg 'l:h pos:l.tmn Gf" the calls of e:.ght \[H;
'--.marmdratus in relatmn o the- position of a broadcast_

- %éQLueﬁceﬁ of random int. rca,ll inta’r:vals. Agaa.n. there 15 no:z'_" L

‘aiterdtion in“gall pabg:ern or- in%ercall Anterval. .. H. .
alimg its own -oset paae"_. -

t:.mula. (F::mdman ANOV&, _:_::_;F.-._—-'_il
“wha” ca%l repe‘titlon rate of six
» Hw . mar: ""i*atus 2‘!&5 not s:tgmf:r.canhly ali;erﬁd by the}-_‘-'-._'-__.-;;'
differenk:. repet:.tum rai:e broadcasts’ when vonpared. with:'._
B rateq befﬁra and after the. broadcast stuﬁf\;li { Frmdman:_,f o

marmqr*ptus contx.nues

2 13,_ P\> 0.90, o =2y, "

8 3s/mm, xz--i- 344 41, P < 0. 001, df | t:.muli @

A commcsn feattire of a11 graadcast experiment,s was ‘l:he dalaxf
e ;; ‘of tﬁhe respanse u,;rftil at ‘least 0.6 s afte:: the cnset. of a: -
g “‘*’ A stﬂgmlus B F:Lg. z 14) 'J.‘he distribution o% s-R 1ntervals*1_.
mas aldd skewed with onﬁy three ¢alls {0 3%}- proaueed :m'-_-__ e
" less than. 0.6 s from the beg:.nning of & stimul us tapart-:' o
... from smuitanaous calls) Smty-—one percent (n 559)\‘?of
--"'_"f-';_'*the total number of evcked resrmnses “(n = 909Y in all the s
B "braa‘acast exxserments oceurred between 1.0 and 2.0 s after
: ;'_the onset of a stz.mulus (see Table 2 3y (me.d:l.an SR
1ntarv&11 =,1.4" sy. The” ﬂistrlbution a£ Sg=R 1ntervals_-"]
during all bmadcast expemments was-. h:l.gﬁly s:.gnificantly o
o ai:n.fferent from a- gm.form dlstrlbut{on (ch -asquara tag.j: .
stmul;t. @ 20/min, X‘z = 291, 85,R P < 0. nal g °30, stimh‘il----




reSPOhSES t{)' cansp&mﬁc broadCasts oy
B__:;__“subject’s respuﬁse) Ty




ifso stimull/m;p brﬁadcast.

i?f? ff?3” _
- s with the 4q st;muli/min bmaad&ast ;

= ;_fsfper minuta as the braadnastw Tne.subject may maﬁéh hisif:f
P t.ala.s to every secnnd or. third si;:l.mulus, _thuﬂa rasultimq in';-"_f-'f-'f_--;

_*'Tha 1meanu repet1t1b1 rate ubf' aalls bafare tha; ';
bréldcast uommanced was 15 6 palls/min and?'here was afﬁ;a
f~jsllght1y non—smgnlflcant increase tpw 17, _ ;" 18
1qf;calls/mxnu durlng the braadcaats of 20,_










ST e .u\\\h\ h\\\\\\ TR m |

G [ 7272717:52707000007077

T e .

A

aﬁs\\s .5\\»
777§
S\&\\\\h\ﬁ\h
TR /777 o
- Q741117772 18
- [Zrrntis 8
W r777770 000701770 B
R

S QI riTiriri
\\\\.\.\\.\ .\\\\\\N&N\h\.\\h >
ooy o T ETITEATER

(£27TTITE o
Q\.\\N\\N\\\\%ﬁ\\\ \H\N\\N\N\\N\\Nﬁ\\\ﬁ

N\\ﬁ\\%\\\%\&

- TTTTIH 7R .. i

.\

ta Stimulus-Resp

onse i

= .Jul! :

2,

RN

VR
u

li/m

Aerieri
—
E]

a

fing & brodidcast of 20 stimu

T

]
w
L3

254) du

. (8 maleB),

R

iy T



o

| - q, \\\ &w&\ \ %«\ T

<~ Posiidh o timulus

h‘%
&‘\ §§§
T A

A

R
%E% _.

t STMULUSRESPONSENERVAL @) ..

g

i/mir

- Fig.2.16 K maculata Stimulus-Roesporss intervals
- “(n = 380) during a broadcast of 30 stimiuli/min = = .. ¢

i

{10 males)



ik X %\x&\ \\Q % \§\ T
Gyt o \\\\.\\%\&“\%\%\\

=
Lw

. s

N R SR TR

i

. o s oo

~ Fig.

30s, . -

B |

15+ 0.

—

LY

ng & broadcast

Mean

;

i




- wer

5 \.'--_Xassina senegalezzsis malers w:are presented with fnurr_f
_c}ifferent, !‘epetltmn ‘rate - broadcasts o= 2 smgle_ o
g .-j,x:gnspeciﬁ;ic‘i stmulua {12, 20.‘ 40 and GQ st.mulifmn) '.I'hay-
. ‘also presented with twg multlple“sta.mulug bmadcasts.ﬂ-
R ‘The fa.rsﬁ: multiple-stimulus broadcast Gtmﬁiﬁtﬁd of twas""]'i:
____":_-_-3._'_-_iponspepa.fm nalls saparated hy an’ im:arval of 25 ms__';._:'_.__j
R repeated 40, ‘I:u.mes & minute. - .The seda‘nd consa.sted of
... three . canspem.fic aslls sgparated by i%tervals gf 25 m&‘-__
'repaated 40 tmes Y minute. R S S
©  With the repetz.ta.on rai;a broadcasts of siﬁgle s&imuli, K.n
- :' - “'.'Senegalems axmblte ‘an: axtmmely skewed distmhwzion of .
E‘S-R intervals and produaed mas»t: of its csalls w:.th:.m 0. 2 an

- -_..:after A stmulus. . Th.ez;& ware s:.gnificantly mora responses o
_ *_'pmduced with:m +the 0. 5 8" perioa immadiataly after a’-* .
-‘.f;f'__;stimulus than dur:.ng '!:he re:nam&er of the. stimulus call C
_'permda (cpi-aquare test, st::l.mu;ti @ 60/1\11;1, xz 134 19..‘.';'
e ostimull @ 40/min, X%, <, 136,007 stinuli @ au/mm, .x? =
: '3.;133.33: stmuli g 12/min, Xz 35 34.- for all broadcasts __
L P %0.00%, ar —ﬂl, see Table 2. 5), : u%ng the slow (12_;’_,?";:_‘
: stimuls./min) broadcast sequence, 93.,6% of-. l:he responses -
S '-oacurred wﬁ:ha.n th:l.s a 2 s pa;:md (Fig. 2, 1&3 overall '
'_'_---_'_'-of the 1261 responges which ook
o ".-st:.muli repetitinn rate bxoadc:as 4 ,_
_prodyckd within 0.2 s from the beginning of a stimulus

' (median S-R interval = 0.2 s) (Figs. 2.18, 2,19, 2.20, and.

rred durinq all khe s:.ngle_“f__:

2. 2,,1)  When tha repetition rate of tha \brnadcast stimuli g

'-_was fa.unly slow -e. g, 12 at:.muli/m.n the eail tming exh:.bi-- -

: tE% by K. senegalensis was extremely prec:l.rse with all

T except 3 evoked ‘responses (n = 47) fallin_g within. this. 0.2

s period after ‘8 stimulus (median’ 8~R inte:wal 0.2 g5

' /K . o A r . ol‘ B

Fig. 2. 1&) Wha*: the repet;tmn rate cf the braadcast wag

o .increased to: 20, 40 and 60 stmul:l./mln, fl:he call timing was -
___'_-'_still yery precise with a mehn of 75. 6% of all calls.;?
*falling within the 0.2.8 per:.od after & stimulus hegan._'_ -'

The trend with respect to call rapetition rate was a

76.3% (n= - 9773 were o



| - broddeast.., .
'-f;repetition rates (Frmedman annva, F[’"ze zs, P < P 0001, afﬂ,;,f
=B althaugh matchlng of repetltzon rﬁtes was natpvewyﬁ'
Lot preai.r:—:e with txthe higher ‘rate: bmadaasts, . 'puring tha.':‘-if

';;fﬁﬁmulgiplévstimull broaduaat there were signiﬁicantly more .
'“ff,;reSpunaas in the c,e 5 per;ad after tﬁé first stimilus afff{;jfji
. .the multiple sequence ‘than- wnuld he expectad in a uniférmgﬁﬁf«73
h,ﬂistributian '(Ch1~square: test XQ o= 464 09~ {daublajf'
:?ggamulus}, 25, 99 qtriple stlmulus}, P o< omoal, ﬂf = 1}.f R
Aithguoh there. ware signifiaantly less responsas in, the 0.2 0% 0
_s?perlads immediately after the second and «third stlmufibﬂ]5 ¥;~f
:£ﬁan wﬁuld be“éxpacted in’a 1udform distrlbutlan (chi—}ja]

_¥5S,§ ;st1mpiﬁs _ : ﬁ___ - _
"'--._f-_rap. rate 0*-0 5 0 6'-‘.1‘. 0 .'j. ,Le-], 5 1 sa.z Qt 2@1*.2 5 3 6"3 U

B "ﬁi_!l]f’j[;]:jfgdﬁ*Qfﬁf;.;"fﬁégj\{ﬁj; *; :__ S
Cos0/miA T 305 Y 78 e el et g ea
-r40!mln ;ézgg_ a0 SR R
. Tabmin Cozss o a7
- ”';i?/min,___g3441f;~?&;3n?if;,};“




St 0B 12 16 >
\ | f SR e smun.us-masmnsslmrﬁVAL (s)

| f Flg 2 18 K senegaiensrs Sttmﬂlus-ﬁesponsa
| intervals (n = 48) durmg abrcaadcast of 1 2 ER R
stnmuhfmun (3 ma!es) R R



:Flg 2 19 K. senega!ens:s St:mu!usﬂesponse
- intervals (n = 432) durlng h braadcast Gf 20
X _"-___,:stamulx/mm (‘M males) -







| stlmuh/mm (‘i 2 maies)

F}g 2 21 K sanegai@ns:s Stimulusﬂespmse
“intervals {(n = - 383) ﬂunng a braadeast af soﬁ Ry




swuws—nrssmnsaxmmmL (s)

R _Fzg 2 22 K; senega!enms S’umulus-ﬂespogse

t-__untervals (n = 240) during a broadcast of dﬁuble

~ stimuli (7 males). The solid black bars represént
AT }the duratmn and posman of the stumuh. e

L

e 64




REQUENCY
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0, 07 09
R S‘nmuws RESPONSE INTERVAL (s)

| Fig.228 K; senegafensls S"im”'us“ﬁes" onse.

RO :_5.'_:_.,mervals (n = 275; during a broadcast of tnpie

_the solld black bars i‘epresent |
| p0§ltl0l1 of the Stimuh e
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tlierenc. - | broadcasts af %_a- :
__..;__-:..--_;cgns,pecli _'c !stimul 5.;__ (Er J.a and 20 Btiﬁlul:. y min) ,\ "._. "':Tha_{'_'
.-.j:everall_._ 'hrend wﬁag a_skewed dis'tribution of SR mtemzal'" |
w:.t!:g A very h:l.gh numbar of respanses Qecur::ing within 'ﬁhe:j. Lﬁ
-__:.._.;f-a 6 s period mfter the stimulus. began, | mhers was a, highly . ..
L _.f_._significant number of xesgt‘mses pmduceﬁ within 0.5 s
<.{?; after thﬂ Qnset Of the Stimulus 4¢hi-square tESt{j ?:

:r:ate broadcasts to 9 .;S

wealzi T;

. stimulus’

s xep, zate 0-0.5 0.61,0 1.1-1:¢

Come e

.. 20/in. o177 o8 3 a3
© L i/min 2170078 o




'w f,"Ei 1nterca11 1ntarvals._ Durlr p broadcas%~of 20 stimullimin, ;;Qyig

L e i STRE S e

_.'-Wz.th. T braadcast repetitmn rate fof 6 stimulijmin, the a
=H;med;an SoR. interval was: 0.6 s and,  of a tofal of 286
n;f5 evokad‘responsés, - 46 5%‘(n 114} fall withln 0.5 8. aftgr
7. the. baginning of & stimulua‘ (Fig. 2.24). A 0.5 8 T S
 “rainterva1 only ‘accounts. f&r 5% of the" stimulus call period {.?#
_”izf'Whem the repetltion ta;g Qf the broadcast was ingreased ta

“_12 stlmullxmmn (Fig. 2.25- ‘and . Téble 2.6) the m@dlan S-R

“_ ;§ 1nterva1 was ﬁ 5 s and tha number of - e{;ked responaes Whlgh

___ff rfe11 anto this 0. 5 s peflad immedlately after A stlmul&s .
U rose tol) 56.8% (262 1;':eaponses, n 461)._“". When th_e“t- . .I
”*lrapetztion”rate was -further inereased  to 20" stlmul miﬁﬁ’;n”{:f

. the' mefiian §-R- 1nterval was 0.4°8 with 70. 6% Yn' &lesiinﬁ“;ﬁzJ_

. :f:tha.tota1 respnnses (n = 310) belng produced with;n"tha 0 5~~jf@fg
.8 period’ :.mmediately After a Stimalis (Flg. 2126 and mable

h'l Y Yo, In, all broadcast exﬁbrlments the number of respansas f ¥f:
g T;Whlﬁh occurred be;ggen b 40 and 0. 49 & after the beginnlng

" of the. stimulus weére, at least. 3 fold greater t”han tﬁhe'
__.ﬂinumber of responses accurringo t any. other 0. 1 s intazval _
. '__:'i-',after a st:.mulus (F:.gs. 2. 24,a Fzs (and 2, 25’5 LR

 'f$F1g$. 2 28 ik, 2 30 demqnstrate how S. weafii aﬁtempted to
- matth  the  stimulus’ intercall interval Wlth. their . own
7”the stlmulus inyercall 1ntérva1 is 38 From the hlstogram A
_ L..(Flg. °2.30) it _can be Baen that there was a8 1arge numher of .,
‘ ffg.intercall intekvals of '3 & duration {mean + 4.6 é e Also}_ _ jf
| __{there was a‘%mal} pea&tat 6.8 illustrating that, iF some o
.o males fal%p& to respond t¢ oha htimulua,_ tnén the next
 ;stimu1us(\produced & 1esponse, yzeldlng an interaali  §'
;intervaivof tw;ce that of the brnadcast (i.e.. 6 s} With a’ '
_'repetition rate af Iz stlmull/mln, the stimulus intercall
.ﬁ;,;nterval 15 5 8 and again. peaks Occurrad at 5 & an& at o
f”f?twlce the. stimulus interca]l interval ¢t 8} (F;gm 2. 29)._. ¢ 
'Q”The nean &Qggfggil intarval at thls repetmtion rate. was 435
B __n the repetition rate Was as slow as g“atimullfmih |
7:ffw1th" vtimu@ga intercall intérval of 0.8 (Flg.. 28)., ¢ 8.
: wealliumatche\ this interval hut during this broadcast

I &53” L AT DI SR



=

PR

2 37),1 R e

_ftFriedman ANOV&;-F}“ 9W4 P = 0‘02' df = 3)

a. R

'.I'he ‘temporal relai‘lcnships between the smmulus ana th.e i
o ;asponse are shewn 1n Fiq. 2 31._ " AR

Co sequence,. : na J‘:ntercall 1nt6:r:\rals ware 1onge:r: than :LB s.'- .
. In all. the hroadcd’st sequencas, thg 1onqes“t mtamall
iritarxral wa,s 18 s (Figr 2.29), ‘which® :ﬁay gcco&nt for" the"-f".._: .
_reason why ﬂlera was no doubling of ‘the stimuma im;ar—-call?-'_'_ S
interval (f B ‘20 - s) dumng ‘the. ‘E:Low repetitmn ‘rate -
hroadcaat. . 'I‘he mean intarcall 1nterva3, af ‘nine subjects:";-f_f}'
_before the broadosst cammencad #as 4.55 & and- the' longest;”"l:;- E
inte::val measm:ad from ‘these. 9 sub:;ects was 14 s ( Fig* SR

: The matchang of the \trepetitmn rates of indivlduals o the_"
different rePetitmn Tates of ‘broadeasts was. rmig very._j_{;_'__. ey
a?recise and showedl cm:-l.y a Sllght s;gm.fic:ant :.ndreaﬁa, with:_: e
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SRR E}Flg 2. 31 S wealii - Oscillcagraph tracmg @f S
DR -.---_j__jresponses to conspecuﬁc braadeastS“ Eas
SRR (A- brqadcast calis B subject’s response) R

o




" responses.

L e

] .

O

o

_L'f*The speeles etudle& in- this ghapter ShOWed four diffarent,_?:__e
L types-of responses to. the broadcast sélmull " These ranged.
_ ee_from no apparent form of organlzatlen, through Simultaneousﬁ-=@'T-.
_.;and antlphenal respansee to very precise lggéredff
. ) Frnm the data presented 'here S & hew
ni;classiflcatien af temparal chorus Organlzathn is PT°P°Sedfj
;Tﬁand all.other Spaciea previeusly studged bY other authors*;}~ﬁ.fﬁ
are placed witn,in this new framewark. R :

'.qffDurlng aceustic hroadnaet experiments tWo specieé’exhzhited'}_*-"”
" 'a remarkably similar reeponse, _Both K. senegalansia wa S s
ﬁf*f:wealil responded to the broadnaét st;muil by placing their . .
;_ﬂgaalls almest 1mmediately after the ‘end of a"stlmulusaneinjj}ﬁ°
- _}-natural cheruses males are faxrly widely dlstrlbuted and f"_; _
%”'etslnce this type ef temparal organxzation leads to a'f3“1"'
-:etrmggarlnq effect the call of one indivzdual sets Ooff aiw
~ chain reaction with other individuals  and the balling__}
_ - appears. to sﬁread in: a sequentlal fashion {see Flgs. 232 ”
- - and 2.33). - This t‘ype ¢ - chorus. ergam.zat:.on is best -
_e;ﬁhdescrlbad as a series of call triggered responses {see Fig.;f;  -
" 2034A),  In the aeoustxc Proadcast: experzments &, stimilus
  ;,was usually followed ‘immediately- by an ‘avokad responee;]ff5-f
. Thi& typée of -temporal organization, although invelving an
V'ffalternatian of leader-follower calls, is not considered to -
- be. ‘antipheny, as this e is generally used to describe a "
“+ ' reciprocal alternatien of calls. In antiphony, a frog (the
'*_1nitlator) produces a call and after an appropriate delay"; _;

e



(A 3 males, B " males, G -7 rhales, anf_" |s T
__._-.;_.__.w:thm the frequency range 40 4m Hz 300 Hz feltér)
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o Flg 2 33 Sonagram mustratmg;caia *tnggermg{,, :
" ; between twa male S wea!u (A and B)







/ S another frog rasponds. . Following a simi&ar .delay the

' *_;nztiatax' Will  eall ‘again’ and . thare appaars to be a;p_f~3~
- recipracal interaationsﬁétween the s frags, ‘gach of wh1ch:ff ___
_:;*fwaits for a similar “time - perlod tg pass after ‘the ﬁther‘sv;jf?
- oall, before producing its own aall.” With this type of .
interactign the ‘time intervals between all calls in the
ff,sequence Rre almllar. Hnwever, in call triggering, it isi: " _
~ not necessary to have a rediprocal respurise. One frog .,
fs:calls immedlately ‘afler another s call, 1rrespeutxve af}f¥ '
;f}whan the 1nitia?ar producas it's aall (Fnster, 19673 Eosen -

_and. Lemtmr LQ?Q)a This type of organlzgtion results in oneh'” 
"-3indiv1dua1 hecoming & .leader and the ' biher a fallbwer..iitf”'__
'5f has not been demonstrated in this study that a laader _.ﬂ'
:;Qcon51sﬁent1y leade although from personal observatlﬁnsy"
f}'switching of” 1eadersh1p in K, senegalensxa is & relat1Ve1y_

Y

.h.._q.”.. . ".l’--'

: ifThe resﬁlts hf the brnadcast experiments with K. maculata"'

'11 ahnw =Ehat 'ﬁhis specias xespanded 'tb the hraadaasts\ by

o T

o Althpugh a farnasin;i produced mast nf their evaked
' responsas withln 800 s from the onsat of a stzmulﬁg, their ',[

_ alternatlnq thezr palls with the. stimull. There  was: an;' -
‘inhibition of responSea within . 5 g from the onset of the
_V'Bﬁamulus,.with most af the respunses accu:ring halfway_f
. through the. stimulus pall perlad. ' This type of call
" alternatidn probably ‘exists as true - antxphnny between two"
,"]calllqg malas under natural canaitmons.. o

4

f;;cammoﬁ occnrrere. " This is very differant +to the
. arrangement found in antiphony where ‘the calls of dlfferanti P
.. individuals are separated by very simllar time xntervals.__;ﬂh;;
'_Lccnsequehtly, with an antiphonal seqiienceé it is impossible
tp deeide wh#ch frog is 1ead1nq or fallowing (see Flgw_}_'
2. 343) e Sy L



. was ‘uonsiaarabl
L _respanses*- Naarl :
o -_-hroadca.sts | overlapped w:.th av st;i_. o

_ '_organlzatmn is tefmed synchronaus qklling.-_ This' shrmld be:_ - X
| differentidted £rom ‘the ‘use of, ‘the  term synchronous in. .

"':"._-__descr:;);{mq ‘the responaes qiwan by some frogs. ‘such as: _

E.oog (i1 (Narms, 1982&): CH. abraacata, (Narins, 193%,;

Wellsi;and Schwartz, 1984a, Sahwartz and Wellﬂ, 19§4a), H--él.:-‘_l-"_:-

o phlé:padas, (Sehwartz and Walls, 198410) and H’. micraaephala_-;_

' (5¢hwartz and Wells, 1935} Which, atlfl:hough "synahmmzed" . o
 to the ‘stimulus (i.es a precise. -temporal relafionship--'_ et

- _éxmts hatweerx the- stfmulus and the nesponse),  are éle;‘:.neel"_ SRR

o ase -responses which occur withiﬁ 1 's of the &ti;gmlus onset |
| (Wells sdnd Schwartz,: 1984&) and- nczca.sionally axhimt a

oVl lap batWan
»JBO% of thd: al

'-small ambunt of overlap. T R AT
g ) . . : f;l ] .;1,__ : :

w0

o 'bhe fiva specias studied, only q]ne fg’ﬂed ‘co exniblt any -
" "for:p of tempc:ral relat:.onsh:.p wiﬁm the - stimuligl}?i Smpj.e -
'.“-acousfm broadcast experimenﬁs &f diffarent repetit:,on' |

'ratas “to. Hyperolius marmcrr&tus ﬁ J.Iad o identn.fy any
response to the: broadcasta@. ':Eemporal relai::.onﬁhips “between_].' I

@ B

'_'calls" wéra relativa:ty 1tmg (x «2 fﬁ; i 0 3 s}, ,aanthere"_
e stimulus And evoked ﬁ;_
L producéd dﬁring the_'-_ _' T
putus,, ‘This  type of .

. .

the, ‘st::l.mulusz and  the. sg.tbsaquent qzall of the. frog were L S

R analysed .and.. ﬁﬁ:l.s;p:!.aq.res:il a. fa:.rly umform d:.stributmn of |
C _-stimulus-response intervals..- ~Lewnon (1971), poa.nted out .

| ‘thﬁtx i alterna'wicn were precise, there ‘should "be - a mcada'

s

in the distributicn ot stimuius-responsa intervals, - This

was not appamnt -in. the bruadcaﬁts to H.' marmoratus,

-_'--Furtnarmore, when  the intercall inturvals recm:ded b&fore ;

the ‘experiment, during the broaficast and after- the

rate broadoa its was an- aggrhasa.ve'
cadcast surpasséd
on g .%*

o4

s _'_-'expera.meut wers r;ampared, na - sigm.fﬂ:l.cant Ldifferancas wera-._' I
~ found.. The {frogs called . at f-he:.r initial rates,
o :erespective af ‘the oustic brdadc _Bt.. The only response'
ko rogular repet:.t(g
interaction wien ‘the: SPL of the |



" fjmarmamatu$ aal wall as the nature of their spat:al,;f'

Each frog calls at its own: intrinsic rate, 'fWhlGh :l.s o

n;icertamqgthreshold (sae chaptﬁrs‘three and fuur) o
:-xepetltlﬂn rate braadcast was preﬁeuted - Ha maxmaratus: i€ﬂ?ﬁ 
,,_amales in-a fuxfhar attemp; to determine Whether a, tempdral“-gjgﬁ"ﬁ

. b, . R _.‘ u . - :\ . .. :.. v _'_,, C}: o
:_-..\‘. s e : C N

.‘.’.

ﬂ,~re1ationship existed hetWQen the stimulus and the frog's

- W

] .
[
.

L calls.t Aqaln the anamala ccntlnued o praduue calls at:fﬁ;"”
f.“)itheir 1nit1a1 rate, apparently unaffegted ‘by the randomly fT
__ _:;p1aagg stzmulm.u &he 1aak of temparal sharus organization L

- may be attrihuted ta ‘the acaustic bahaviour of H..ff.fx"

4

A

_-distrlbutian. o Thase frags call “at. very cana:stent_¢

" 1"fm¢frepatitian r&hea and;ﬁif unaisturbea ©all. cantlnunugly,'_ﬁ

with. ver& Ffew pausés (%ee chapter six. far more detamls)nﬁ"'

"indepen&ent of. snaut~¢ent 1ength, but- positively aorfélatea43”'

I@;crdar-ff

i
I

iniluenced hy external cués sugh as temparahure.

Tor- cnnsmdgrahl& temporal”overlﬁb o ‘poour beﬁweem the\fFfﬁ”

) calls. of némgﬁbaniﬁg frags, thag wnuld have to call at-f“”

QXacﬁly the same rate and start ata the sama tima. ff '
obviaule. in naturai papulatluns, thla is.a very unlikelyf;g;s

QCﬁﬁrrenQB,_z- ‘Under patural condztians, “Ha marmaratus“;?fﬁfy

< i oftel appeay to-call in an. anmphnnal ‘sequgnde but this

L RS

'i exPected to- ooeur by“uhanae alone when intercall intarvals

wbuld be due.to chanae a1°“9* as Pﬂlnted out bY AwbreY f ¥'f'
(1978), call ‘alternation can’ ‘oecur by’ chanc%hif both troga
- had similar call. rates because of similag body - temperature,n? 1”:

&15@ ‘Lemon (1971) proPosed that alternation of calls can ba

are equal tq or longer than the calls thamaalven, aﬁan ;f |
the frogs are ¢a111ng at slightly diffgggnt rates‘%arf thzé

A -'-random"-__ PN

_ j with ambient temperature {sea Appendmx c),_ ThlS xate 1s?¢{f99ft
'j probably set hy a ‘central pacemaker as suggested by’ Lnftusf?'_ __
- Hills (4 374), who presumed ihat the central pacamaker wag .

B

15 tne case, perinas 6f gltefnatinﬁ:fa&lﬁ@ed,bv peflads ‘o8 ”fg“..

wexa.ap, and ‘then “u: :geturn +6.-alternation, . would. beu L

‘Yesponge intérvals it can he seenﬁ‘tgat the | tempardl

relatiunship reguﬁlxly drifts fram a bouﬁ oﬁAalternatlan °'§ ff

- O
) Lo . '_r.\

. -w'ss"

Y

2% 'heard.. :l:n H‘. marmz-attisn Hhe call uaﬁ.s about. 10% an tha 9’;’“
avarage inheraall anhagval aﬁé apon axgpining stzmulusﬂ :L"i.”




.Although thare appear ta ba t'hree d.‘I.St:Lbe‘l: catagor:l.es cf
. ¢horus organization exhibited by these four spevies (call
e _triggering; antiphonal aalling and synchronous ca.llmg) ¥
these ahamld be rebarﬁed as three arb:.trary d:.va.sions
- within "= mntiﬁuum._. S P S ST
- . The common factor underlyinq thesa three ﬁypes of c:harua
- b : e argaxiizatmn_ is the "gelay’ between a. frog. hearing anotheér o
eall at’an ﬂppropriate 8PL. and respond:.ng ‘with his - qu
. aall..; " Depending upon ‘the delay and the lengtl'\ of tﬁe "
) -';3'_':--c:a11, variaus. types of chorus orgamzatwn can be alghlevﬂd.
. Po¥ éxamp.'ie, if ‘the delay is fairly short . (e.g. 200 -mE)
_ S 'thven this can give rise to elther call. triggering f:’m the
'3'.-_A:_-cqse of - species with short: duratian cali.s)q. (see Fx,g
- SBA i), o sgnchmnpus calling (ifa, s; egzies with fairly
L 'lang durai:ion cal’ls) (see- Fig. 2. 35;&:;11) ‘1E thse deiay is
. ':3,'equa1 to: the sum af Jthe. call ﬁura‘tion and half thﬁu _
“intercall mi:erval, ~ then an antz,ghqﬂal seqiiénce. will exist _' >
U (see Fig. 2.35B.10. . A’species with'a lorg &all. as wel.:. aﬁ
iy @ 1ong delay will exhibit a type of argaﬁizaﬁ&on wh:.ch was
g .__',,not £ound " :i.n hhe‘ spem.es inaluderi in ;I:his stuﬂy If 'l:he o _
délay and the imtercall intexval were both’ equal o ong. '. "w; ;
__’.-call duration ther a *hype of antiphnnal call. tra.ggering
muld exist whare the. 1eadaz: ol follower status was lust
(sea F} E} 24 35& 113. 'I'h:La type ©f chorus, oxgamzatian may _
exiﬁ/ in sone : smzth Z&hcan species of . Bufo and; Ty
Phrymabai:fachus { persanal ahsarvatiqns) but. fur%:her studies KRR '_a -
.-aye “neaded Lo elucidate “.the ‘actual s,farm(ﬁ of ah«grtﬁs
orqa.nizatmn exh:thig.ea,, by wﬁheaa apaciea.;@l o | _:_
Based almﬂst rs“ant:.nely oia a4;:'I:JE:e:r:vw:.:!.c*m,, Buellm n (1967}
nffered a basic mategormateion Jof tempbrg}
) chorus organizata.on. ‘I‘h:l.s has - been m.dely ace:ep _'ed-_by many
- @uthuks althwugh it has not. been, ‘tested axper:.mentalzly*_
Ai.‘his chapher ia prmarily concerned wii:n the tempora&

/_\ ._

-1

n,




3t '-.-&4 Stiort Delay, ) shot durétion call,

B Lﬁng leiay, (i) shcﬁ; duratro-n caii (u) long duraﬁen call




Sy

) _"arganizatlon lﬁfu uharus s structure “and Tt;,fﬁ Sﬁﬁﬁiaiiff
-;,ﬁ_relﬂxlonghip batween calling frogs is nat addressed naref_}'~

| Duellman (1967) suggested: that his categorization’ was;7f ;
-31suf£i¢1ent until our knawledge ofbthe aallxng behaviaur of

:__ frogs had been extended.' Since auellmanfs study in 196?_ 5-'“

there have  been . hew- reports ‘on, the- temporal choxusfﬂ; )

1&_urganizat1nn of at least 45 ‘species' of anurans andit is
[fnow necessary 1o recategnrzze “temporal chorus organi zatlor'

. _ *3&£0 spp tvarlnus) af',g- upug@imang 196? ,T @’”
_.“'doiastethus trindtatis o Wells, 1989 J'a*h“a n
. pépdrobates histrionieus  ]- ‘silverstdne, 1973

j:ﬂieutharuﬁactylus fztzmngeri Dueliman, 1967
| Gastrotheca ceratophryy

ffwhe different types of ahorus organmzation exhibxtea by
-spaoiea prGV1ously‘studiad by ather ﬁdthors.

"Lgptodgqtyius lablg;lgﬂ

w oo oot

]

. (13 species] ._ﬁf“iha'} €'37
4

R e

S S

Duallman, 1867
Hyperolxus marmoratuﬁ“yﬂ ..; Blshop, thls stqu
Duellman, 196?

.a. _._.“.._..’D_‘ ;Uj-"

pr . E

*of mnurans in the light of these findings. From the ,
”_results presented ‘in this chapter it is clear. that.firstly,'f .
_1ahdrqses are. eltherutempurally Qrganized or show fno act1Ve.f1f=..'
'ffarm of temparal organization‘ _ Secandly,  if uhoruses'f' 
are tempoxally organjzed then the type of organizat%on Eits
7;" into three - arbitrary categoriea depend;ng upan the . delay. .
__]between the anset OF the stxmplating aall and thez'f“
'f_ 1n1t1ation ot th@\rasponsa. _~:n; T I T R
- Thére  are published reports - onﬂ tha forns cf ohorus - .
_'organlzatian of at ‘1éast 85 speciea nf Erogs, all of which
_fall into one af tha catagoriaﬁ propoaed above (see Tablef?j'



"a:iﬁ?f Rana espulenta f}?'ﬂijﬂﬁ?”Wahl 1969

’hép tada“"?}*"s ’“Qlamﬁatus _':D“ﬂlman, 1967. - Brattstxom and
Phyilamedusa spp (various) Duallman, 19&7iﬁ!5;; __a_”.
Pipa garvalboi- . ' . Weygoldt, w6

‘Rana palmipes oo puellman, 1957'_1,_33 S s
Rhinophrynus dﬁrsalis . {Juel,‘]_man, 196? Lol “'. L

s%ll_tmgg.a:ing (29 Speciw)z S SRR
‘Crinia georglapa. . - ;-'Ayre et al., 1984 R
* Dendrobates: pumilio  ";}Si}fBunne11, 1973, ﬁy“; AT A
lmleuﬁhErbdactyius coqui fﬂarlns and Capranmca, 1978,_m{}f;¢’1‘,?
L _-_'.-Nmna, 1982a; Zelick and.
R X Narma, 1§82; 983 (a
E.I.eﬁtberodactylt.w &iastema DuelAman, 1967
El@utheradadtylus L f"". » - a_gh'{}ffij IR
- artinicensis’ Lemun .1.971
Elaathemdaatylus | S - S | : *
portorﬁceus;s . ..:ff.V_I291igk anﬁ Harins, 1983 ﬂ"-"'f;'; ot
Ezzgysi:omops pustulosus Brattetrom, 1962; Duellman, K& .
S Ly ~~y@v}1967; Br@ttstrom and Yarnell,jg_""“

Hyla Brbarea :_.-Ea.bl _E:.besfaldt 1982 s
Hyla crucxfer '. _ f”hf'ﬂb_repln, 1949; Rosen and,Lemon;_“-']-;ﬂfi
R j”' A f'pi-  1974, Fellers,_lﬁ?Qa, Temon Bk
B DS O T jﬁ_-_-:'and &truger, 1980 ff*;:-'
o &yl&-ébr&aqata f" ;Q“ R Narins, 1952a: Wells and
T e v sohwarts, 19a4a AT
 « Hyla alaeachraa .ui-_-j --“|;Dueﬂ1maw’ 1967 ' B
' Byla meridéonalms;  R offPaillette, ;9?6 f B
yla mzarocephaﬂa L; ffi.Z':.ESchwartz angd Wells, 1935 _;_'9 a*:;
Hyla yhlebadb& 0 schwartz and Walis, 1a84 BRI
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Hyia rosenberg:
Hyia versiaolar

i'.Kass;na .senegalenSih* =

lenodynastas darSaliﬁ

| Hyld regitila - - o i
R ";gFoster,.1967, Whitney and Kreba, o
< 197543 Awbrey, 1978 :
,3 Due11man, 1067 |
.. Wells and. Talgan, 193@
ffﬂﬁivkler and Selbt, 1974:
"'Bishop,thls study

- Phryhobatrachus natalensisf 

Phyllabates lugubris

uii-g Phyllbbates vittatus s

: ™

: Pseuaacris streakéri
P%arnanyla fadiena

Pseudacrxs n:grlta o

-Rana oatesbeiand J""ﬂfﬁ
Saaphzapus bombifruns
Semnodactyﬂus'wealzz |
Smiliﬁga sordida
RV

L w

L1g
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' Bombdna arientalis S
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Bufb~&aadhou5e£ .$;5f"

0_,,_0._. o

Bufb waodhausii ﬁnwlerz

|
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*Eleutheradaatyxuur:“' '
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o

latrans

Snyder and Jamesoﬁ, 1965,= f;_;

a

Loftus H;lls, 1971 '

. Stewart, 196?'*
- puellman, 1967 Ay
| ":Duellman, 1967 '”;ffﬂfﬂ' ST R
. Martof and Thompson, 1958,_f)ff;»;*_1
- Hardy; 1959 -au o
loftus Hilla, a974
. 'pogert, 1960°
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'7 Bogert, 1960

L”Blshap, this study
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'*;HSmiilsca phaeota

- smilisca puma g éxgsﬂﬁ-'

"-.fUpe:o%?ia_rugqsa e

'5 '*31euther0dacty1us

- ookendéni

I;ﬂ”EPipaaabﬁtes femoralis i
_}'*Gastrophryne (Microhyla)Q';'f : H
R 'TV~Anderscn, 1954

parollﬁenéls

. Hyla ai anborea _

_'”f *Hy1a a. meridzonalls
-f_ny1a¢a,gavzgnym alﬁhi__

_HyPerollus pletus ~
._=~: Rass:qa magulaba
'  1=Lu§f@dacty1us albzlﬁvris :
'”':fﬁept¢dacty1us melanomQﬁus )
 h*Laptoda¢ty1us pentadagtylus Duellman, 1967 :,___,
- :’Philautus lducorhinus - '
w . ‘Polypedates. maculatus
'__Psaudacrmswt, trlseriata -
“:, :£Ptymbadena anabzet@es:“=-:“o

_' -...-...,r__\’ .
"o}

.L.'

_ ; Ptychadena mossamblaa
;;*£¢yahadana axyrhynahus

S
." S

P tyahadbna porasissima

: ];Ptyuﬁadena taenxascelis
~ *Rana. aramitans f
*Rana crassa’ S

- %Rana llmnocharis = _' o

- *Rana porosa’ breV1poda e
:}ff*Syrrhqphus marﬁoeki“ w

2
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Passmore, 1978 e
BT
Paasmore,'197a
Passmore, 1976, 197&
Wells, 178" R
Kanamadi ‘et al., 1992
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"jf;f,I%uymommrus annsctens _  -¥'chann1ng, 1976 0,
'a;;_smilzsca sila y:-fﬁg‘jjs ﬂ gTutt1e and- Ryan, 1982 {bﬁt see

ﬂﬁfrixalus\fbrna51nzi . ':ﬁw-'quhop. this study :

| ';g;HBufo americanas ST wells, 1s77a ;r:ﬁ"afg” R

- Bufo cognatus, -?qf-f“”if*Brcwn and Plerce, 1967 ST
i"'Bufa p‘tmctatus PR : o

”fcenﬁrmleneila

._f“Frogs marked with an - asterlsk are on:

.”'”Jsufficiently studied to assertaln the actual call pattern

f.giln choruses, lut have been’ stated tc altarnate the;r callS’ R
or exchaqge calls. L L o A T

 (Tutt1e ang Ryan, 1932)

-. (B speaias) D L

B g;lsulllvan, 1985
;. Ibanem, 1993.% . . ..t
Byperoilus pu¥ct1au1atus . stewart,’ 1967 fAfj5¢%='}ufﬁ;-.”'*=cft

| Duellman and mab, 1955)"?.!3---_._

iwhzch have not been

o B W

-2 sila ‘has been piacea in’ ‘the’ aynchronous caalang category_]_”
!;'Blthough Buellman and ‘Prueb: (1956) clalmed that "males;f;f.”
__quften oall in duets“-’abwhe cqnfusion smxroundlng thlsﬂf -Qf
' .;rspecies again highlmghts the problems put61Y,," "
‘observational data. Althgugh it appearssthat s.: sila call -, . .

‘in dneta, experimpntal 1nvest*fﬁeaon has sggwn that mosﬁ;E' |
of tha::.r caJ..’Ls act&ally nverlap with a hroa.daast call’ R

[

_ %A aommon ﬁeature af frpgs whldn 1aak temporal organizatlan  _{ ﬁ7
§ "fgis the snart call duratman and a regular rapetltlon ratﬁ ':_ '
RN CORRT. trinztatis has calls which are 30 = &n s 1ung o
Cwith’ aneznteraall interval of 0.2, s walls, "1980) 1 .
 esculenta has‘a call duration of 40.% 60 ms repested at“f"

' W:Egular 1ntervals {Wahi, 1969): B..hisﬁraonlcus producea



';-aftér,thg 5amehqa1lhtfl§¢3

L

three'calls par secand (therefaﬂé, necessarlly of -a’ ShgrtyJﬂ?  
_  gduration} with a. reqular ‘repetition. rate. {sllvarstoner L
ff;19?3); H,.marmor&%us has; a call ﬁnratlan af 100, mS . and a"__ &
:  verY regularﬂnepetltaon rate (this Et“dY)‘i:,¢gf;xnjw_?; fh;_f “"5'

_ th appeaxs that, 1n spacies which n;oauce VEry Shartf;*>f
o ';duratian sounds ‘at- regular ;ntervals, ‘there is little needj'"__
:  1ijfar temporal nrganizatlon as call ovgrlap or 1ﬂterfarenceff£.u}ﬁ;
" iis -unlikely ‘to occur to. any great extent peven -~ in
,;:;unurganized ahpruses, ”".”T}ﬁr'f '?r¥;1ﬁ}g~.; '.3 .1}:&1L ?i__:“

_-EFrogs whach EXhlblt the call trigger;ng tYpé of tempora1 ;3; f_i
_. ;;organ1zat1on have a very shpr§ ﬂé&ay from, the beglnnang °f-f' o

_ ,tha stzmulus call to the iﬁztaatian of. the;r own-. cal;;_ H_i |
° With the six species’that have been studied in detail, the

5  aa1ay betWEen ‘the- termlnatlon of the stimulus Qall ‘and the . R

by

frcg*s responsa varies fram 27 = 420 WS (e dorsal;s,"

Laftus Hllls, 1971, H. crnc;fer, Lamcn and Struqer, 1980,"J_ :
_'jf“Hg regxlla, Awhrey, 1978* H. cruaifer, Fellﬁrs, L&?B&. E‘ﬁf%”¥5”“
",*aoqui“ H..ebragaata, Narins, 1932a, a. geazglana, Ayre et
_al.; 1984}, - However, . during - the broadaast of fastoo o
. repetjtion rate stmuh to - Qs georg::.ana, Ayre et al. T
-f(1%84) ‘found that, although the TeSponses were stzll call';j:;ﬁ'”
. ’trxggexed,f they were also syncuronous and’ averlapped with .
" the stlmull. They concluded that thla was. prohably “an“[na.ﬁ“
_I artefact of the alternatlan process®, noting“that: Frogs .
| would. not: normally encqunter such. fast.rapetition rates. o
”f_Two species ‘studied in this. report produced call. ‘triggered - .
_”responses. Kasszna sanegalenazs produced its c&lls within
200 mg, ‘and 8. wealii within 500 ms, fram the. cnSet oF - the'”
"'-"-stlmulus.__:_. f_ : :-_.;_. R - v T s -
~Even with. theadnuble and triple stlmuli presented to K.*
__“_senegalens1s, most bf the calls were produced w;thln 200" me -
"Tfrom. ‘the onset Of the. first stimulus.;;_ ﬂhﬁ&& results |
::.5uggest"tnat in\natural cho:uses one £rog Whuke..
. othars nedrhy would‘re5pqngjkz
d

'!\'

:ﬁ é}g 13- Y

\.\r . :'.

v e




ecnsiderabl_-awbunt nf va£1ap
-gesn tha# the aalla of 1ndividu ls. i aanaturaiacharus,'_,
- aqtually spreaa inoa aequentmal fashz with veryclittlaiiff“
-:,ﬂ,ovarlap,. ﬁnwever; the brnaﬁcast of twoRgr Lo
exactly the same "sound intenaity, sxmulaﬁes ap unnaturalsfffoJﬁ
ff sltﬁatinn ‘where. it appears:’ that tha ,phlls ate ‘either = -
 produced by ‘one BHPEr*lhleidnai ‘6r. by two or thres .
'"*z.lndividgals ‘exactly the same: -distance from thé retiptent. =
Wormally the-males of th;s Epecreg distribuge themaelves”:f S
arounagthe pBrlm&téﬁlof = pond;" and each  individdal wo d e
5 , have a; close ﬁ%;ghhqur on’® elther side aﬁ&»all tpeﬂ% ' g

f -

“Frow ﬁ%

2332 1t”san q§"

three stimuLi atiig  f X

1ndlviduals would be further awEv._{ In this; sltuat[onh“ uLLi

when k- frog haars a seqﬁbﬁce Of two: or threeﬁpalls,

*_c;:1ea**§ﬂf;+lﬂl a
call will be aonsmderahly 1 der “thar the others and iE ia;=je —

this call that the frog re ﬁaﬂﬂs k6. Thére- 15 é@%a a . .

slightly higher numbar of calf*trlggered responses tn the@;‘.._ a
sétond and ¢ thira stlmﬁli than mn .the. rgmaindef of thej aqu¢

stzmulu% call perléd (see Fmgs.;-.zz and -2, 23}v= Thisu[?2  f
- probably 1ndfaata$ tpat the Eirst stimulus was presented ko

‘& subject during its-refYactory pericd (Loftus Hills, 1574) =
cand . the subject was unaﬁle &U call unt;l after thq secondf}'-V-»

o ‘third stimulus. B D D R

....

Vary few detailea stuaias on antiphonal ualling have heenf;;,€n 
Gal‘." leﬂ- Qutan :\ HOSt authars . Slmply répurt Pﬁrfﬁﬁt : ) J.-
alternaflan dn one frag Galllng in the parlgds of silenee-F L

between anqttmr frog's callse Araka f1983h) i wor]ging on R,

leucorhinus,z round tnat ‘the int als betwaen tﬁa %gds ofgf;
the, calls of ‘omé’ 1nd1viﬂual and ‘the’ unsat of ‘a falluwer s
gcalls ware fairly consistent and always over 1.,;5.9 Thmsv

is simmlar to the situation found .in K. maculata in this*' -
study where the majorlty of the “eaponses occurred betweenJ g

¥ e 2 8 af&er the stimulus bagan.n: -.uf---» e ¢

The term "aynchronaus" has been. usea to dascriba thalkind;--fnﬂf

of tamporal interaction between the calls af “several . .-

species of anurans (Wells,41977a; Narlﬁkn 1982a. Wella and;¢“ .
Schwartz,, -1uega;z S¢hw bz and Wells,, 1984&; 1985)w ”- 
:nbwaver, authors have u ad thms term aithar tn describeﬁf'
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f f:ﬁtta f1977)' profosed. 'a'ﬁclassmflgation }ﬁ;f;
 }]1nter$at1nns betwaen male) orthoptera._[~ : ﬂivided
,.@finteractlons beﬁween calllng males into two catggoriess (A)
'a',Randqm- acaﬁstla actlvity, whera there was na tempanal L
| : ”rela£ianship between calls of indlvzduals,land (B} nan--*ﬁ"
;;hﬂrandbm acoustic. activity. Fpis latter category - has heen )
.__further dlvided 1ntougnsynéarbnlza& gallinq’ synchron§, @E;ﬁ.a
E falternation and spacing. g ,_---- L J._hp_ L :Hf
';; True synchrony, as dascribed aboVe, xs rare among anurﬁns
" (Tuttle and Ryan, 1932). Although synéirfi‘a‘ﬁaug calling has _
' r¢been rep@fte&”in at 1east B specles of anurans, in most f_; 
ﬁ_ cases. the extent, of synchrﬁny was not. studléﬂ anu may be
. the result of individuals belnq aatzxa at the same time.
_ "aand/or the chorys. being unorganlsed. : 8
:3:Ryan {1982),: dmsaovared that daen Sm;liSGa sila 15_%g_ i'

fsequenne of 100 consecutlve chi;pg hetWeen tw }
U callis were synﬂhrgnous ‘with ane call jusﬁ*fdllowing
ﬁf- nther, wiﬁh an. average delay between tge:onsat ‘of tha flrst
;- and second Q&lkﬁ?belng 27 + 17 ms._ He algo noted th&* the B o
(1ﬁi1eader changad 74 tlmes With one - 1nd*v1dual legdxng 51 :}F}éi

 “to pxoduce synchronaus rathar thhn asynchronous responses
' There may. ‘be §3=elective aﬁvantage in produalﬂg synchronous

(Wells, 197?&}\aﬁ anxmals whxch hamaﬁ%al_ﬁtlnct"timé-lo ed v
relatinnsh;b bgtween thalr"gaLls aﬁd the stimulus&ﬁA e.
thelr galls’ are’ synghronizaﬂ ko a” egrtain ﬁtlmulas although

F f%o nat accur gimultaneauslﬁl (nerins, 1D82R We%}s an@

Scﬁwartz, uatma,. “Schwarte ?m;&‘ Whils; Aesda, b, 19§'«"’3.- '1\‘@_3 = ]

striat méaning af the termlhynnhranoub (i»e occu&rlng a
'"31 fs heencwidely applied tn ﬁaad&ibe choru_

cher 49 timas._- :;;f';-_$

acoustia

=G

Hnmaver, Tuttle and

presented with a %imple call therp is a tendency fur‘males

 .cal1s sinc& hats (Trachops a,;rhasus) Whicﬂ Qrey upon ﬂ.: _¢

Ceel e -‘_.;:}_ -Qi\. : - R e .
I RN - - SR SR

R e : r\ 6 . :

\3\ o £ ‘%-‘_

:.é\.l.g'..: W .
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] .

delay bstween the onset of’ the atimula't:inﬁ S
’ '_":_'-_:*-onset of t;ha frog'a “‘resp&nse. _ Tha resu;!.i;a f thla cchaptar_ DRI
gave risa 10" various . quéstd.ons wh,:l.ch are. ad
E _:z:amaining chapiaerﬁ °nf ‘f;ha thesiia. . '

gila,, 'lcma\te them"x;_ ia auda.tory cuea, an& am: Ly

arqanizatiun m]f*l:l.scussad in Chapter f:h gl T
L 24 4 ] S N ' ' ' ;
cnarus crganiz@tion axist:a in mbst apecms

ss lzkaly to'_ '
respogﬁ 'm synchrzgnoua czal;!.a 'l:han “'aaynchrcmous c:aills.f-;_;
Afrixal;zs fornmini:. also produca synchronems c:alls but it

J.s unlxkely that tnis has any - hean:.t w:.th }respeat tcﬂ_‘-’-'
predatmn as there gre no knnwn predatars which locdte them. - o
ﬁy acaust:.& cués alorta, - fhe aignif:hwa ce af thla trpa 03:‘ c

ressed ln the

'of anura.ns ana_g_'

ca:u. ‘and the . = %

.w o
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" 7Iﬁ pas geen well dpdumqpted ﬁhat‘many speﬁ;as of anmmals;=;f.in
: jfoxm larggibxeeuing aggregations xn ﬁhlah the males Qrcducef.f j; 
- calds to attract females (e.y. Walker, 1969"A1exander,i’; ' '
f 1975: Wélls 19??&, by Otte-and: Loftus Hills, 19?9*a0ade ana;f,_“L _
Otte, 1982¢ Greenfield, 1983f Pallett'and Pasgmore, 1988).
 In choruses of anurahg. ‘maies assembl
- using, nhyﬁiulagical ahd- anviranment- : N
‘advantages of participaﬁ;nq in a chorus ake: 1) a chorus;g]
- oan’ advertise itself More continuously, 1h both the short
“and long term. (Robertson,_1984) than® can\\? 1adiv1dua1,if'*';
- and 2 'a chorus can be percaived at &
. distance than a singla aalling individual (Griffin and . .

- Hopkins, 1974) However, particlpating in a chorus has -
.. two main disadVantagea. 1) Competition among males.  In-
. derise ‘aggreltions, of calling @ales there is intense
H”.cnmpetition for both space and females.._ 2) Acuust;a '
_.1nterfarenca.- ~ The sonic environment of chnruses 1sf_:*;
' extremely complex and malés have to cammunlcate againet . o
* very high levels of ambment ~noise 'jaﬂﬂ'“ acausticifﬂ;
__%ntexferencg. | T el ) »

‘at breeding sites
cues. 'v"~*ﬂThefj“

much greatari""uﬁ



  P3.};é‘]*

'_'il'_ .

'J'lAa anuréns do nat possess sharp spectfal filtars with whlah;j'j?°"7
- -they canrextradt blologlaally ralevant lﬁfarmatlon from the &
_"~[baqurcund goise, it is nacEEsary for them to utilize theff;: ;
. time  domain in- ur&er -t commun;cate spacias-apealflcf;fJF:"
”_t']lnformation tNaans ‘and Capranica, 1980;- ‘Narins, 19§§b) o
&s dlscussed in t‘hapter tm, an effective way of avo;ding:" :
”w;__acoustia %ntarferencagpr jamming is for an indlvidua} to;';T; ;
., . broduce 'its ocall. at -a fixed time. intexval after &
”3j”ne1ghhuur's qall,w thereby producingua dlatinct call withf
an’ increaaed chance’ of detection. By’ temporaily organmaxngm- L
Qg'thair calls ma}es are able to minimmza cohpetitiwn ama{3j¢5 V
. ]aauaustla 1nterfarencau'{':"" R
. Thé consequences. off tempargl Jeall organization ‘arat
_'”5iffir$tly,_thelr calls may “pe more’ eaaxly located by females}  *f}:
. d.e. their ¢alis are more acauatiaally consPiauous, and
’ "sagondly, thair aalls may ‘be mpre aanspicuous to. otherl,;;\
'ﬁ*maleg.. Malas cauld thanuspace themsalvea accoﬁdxngly which
Lo may inerease their spatxal cpnapiauousness to £emﬁi§s (hrak_ ' Qﬁj¢
“?_Eet al'r 1990) SRR ET ’A.*Cf“ffnﬂf' o

] hlthough | any autnnxs hRVe suggested that | bemporal -
e organizati of ‘walls. raduces acouatmc intarfef"f:' '
. inereases a male's 1ocatability (e!g. cbdy and. Brof;fﬂ'

. Toftus Hills, 1974; Rosen and Lemon, 19745 wellg, 1977a, by |
 Awbrey, 1978; Narins, 1982a; Zalick. angd 'Narins, 19833
rSthartz and Wells 1983&, b, 1934&* Rcagfand Ca ranina,'

1984); there is very little experimental evidence to

_Buppart this idea.- Passmore and Tefinrd {1981} showad that.
_:femala Hyperolius marmaratus located: speakara hwoadp&stmnq,
simultanaous calls(/ ag accurately as - those bmadd%stizg :

alternating :calls._ They =~ demonstrated - that temporal

R *_'_95_“:

-'separatiun of calls ‘does :not. increasa the 1ocatabillty of -7*

males ip this spea;as.1 Schwaraz (193?) alsa foun& “that,
o in three gspecies of Hyia, temporal separation of signals_
I did not increase the ease of 1ucali7ation uf ‘males by




f ;fema1es.:In cnntrastﬁ  Ibanez (1993) found that. “
”  ﬁaanxr¢lene11a gxanulasa actualﬁy prefer altexnatan ‘catls  g5f-*

. %o overlapping out—cf~phase ealls, bwt not to ovef&appzng |
L nearly in...phase ca]_ls, S “ e o A wel AL e " .w' L

. 'Lgman (1971) wgas perhaps first to suggal\‘ that male
_ 'f.anurans alte:nage thei@ call@ in- nrder to malntaln aertafn
Sl spat1a1 relatlonshmps with
. and Telford (1981) suggss
.+ related  to male spacinq i%. has only  recently been .
.~ . demonstrated that nale ‘anurdns. avaid call overlap ‘because 5‘“77

_'1 another. Although Pasamora
ted that dall alternation may ha

“fﬂlt 1mpairs their ahal&ty o asaeas the intensity of the;r

f7aﬁ_subneat. waever*”
“{problems. - How does
. call ana ‘then mitiatge ‘a broadcast g0 that it exactly

_broadeasting to .a

”Matarials and Methaﬁs of this chapter) enabling

-;"neigﬁhaurs calls and their ability ta tranamlt information
ko patential mates (S¢hwartz, 193?) Tﬂ;. B ""-
. In order to assess the function of the temporal saparatlgnTg,ﬁ
“of calls it was nemessary to brbadcast a’ conspecific ca11, i_ )
. at exactly the same) tine as the ca.lj. praduced by the
his task was surrounded by tauhnlca1; n " ,
'ﬁﬁ-Predict when the frog was going to -

i

“'i;fcoxneidad with the ]r g's call? Furthermare, Af one - is
f og ‘and - record:mg his reap{msa_-
- -s:.multaneously, how is the prohlem of acaustic feedback
 avoided? - These d]ffxﬁu]tles were overcome

'mg A
sophisticated experimantal dasign (for datail

proadeast of the frogf*s own call at varying intensities, to

be. initlated at the instant of call production, without .,
» __belng' obscured by acaustmc faedback. - Util;sing thlﬁ _
_ n;procedure,- and another one inwolving delayed hmoadcaﬁts,.
~_the answers to- the. following guedtions were saugn [T
"1) Does a’ frog beh§v1aurally acknowladqe Y conspa01f1c. .
" call. broadcast at ‘the exact €ime . of :I.'hs t‘mn c:all
o productlon? I x4 o el

- : _ -t_n .f

= . :—. j

female

- see
- the




”ffwas canducted by examznxng a)

“the respanse 6f males af

'?f.Afthraa spaafés; o’ broadcasté’nﬁ'thelr nwn ﬁalls ﬁt the

|  Cf;H_Varying delaya after call praductlon:ha

. precise time of -call prdduq;ian,_and By the réﬁpanse of
- 'pdles 6f ong species o hr@adcasté‘of_their own 9@135~ﬂh;

N . . .

a : : . . o
: ' e o . e .
' - ow
I3 -
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: ’ - . C ° L. v . ’ = -
. 3.2 Metheds o .- .
B E I S Ta

El-‘he : species used J.n v thas:a experiments . wa:r:e o
."meﬁt'héré'ﬁﬁd'fi"iﬁ-gi 'bbqui, : HYPerolius rtarmora‘tuﬁ; __nd_-__ R
Semnodactylus wealii.  For a detailed. aescription of 'l:hesé:f e
. spac::.es and tne at'.udy s:.tes seg cghapter ane ami Appendix B '_

-5&2}25'
S - '9 R a‘*.x’-': SR S P T N A PR L AT
gl o A dzqgn«mmatm represant:atian af tha aqmpment usad f&r---_'-__‘:
', - simultaneous broadcasts is presented in Fig, 3.1.. The
experiments :analving E. aogm. were- pﬁrfom?d in Pue::tu -
Rico,. necasait:a*inct the usge of da.@ferent aquipment (the-
dmfferences are’ presented in- Table 3. LYo e :
‘Once an isolated calling male had been isually :an.atad the' -
' response and. nelay miarc:phcmes and 1audspeaker {ar spaaker-'_:_
- amplifier in the case ‘oF E.coqui) “were plaaed ‘as close as. . - 1 °
possa.ble w:::tzht:-ut causmg da.sturbance (10 100 vcm}‘ 3'A. |
~natuxa1 calling sequence waa fecarded ‘on. *tl*e relay tape- ”
}1 racaorder for 4 mln, or' for 1 min on a./“?c'iﬁﬁ?mous tape dloop
for - E.coqui and was . 1ater uSed as the unsynchranized

w

/ braadc:ast sequenca. S e e

speakerwamplafler direqtly to® the sauma@mm.tor nutput of |
the relay tape-recorder. | The relay tape-recordexr was. get .
to the renord ‘node. and . in the. pause poaition. CIn this, Jway -
SR ‘the signal received by ‘the relay. microphnne is dn.rébtly -
e tx‘ansmitted through . the tape-rec:order to the 'apeakerh' oA
- ampl:-fier, A hyparcardimd micmphone was essential in the |
. role-of. the’ relay microphane in. order ta avoid acotstic - -
feedback. : The dire.:t:ional nature of these mnruphones-”" R
. preventad tha signal from the JTondgpeaker being ‘received R
e when ‘the . 1oudspaaker or apeakermamplifier - ‘was plac-aﬁ_-_* S

oo

.'99..". __: _.ﬁ

- D B LT = : o T . - . :



'V}direatly behind the mlafOPhone (sea Fig '3: o
~delay from ‘the production of the siqnéi to 1ts subsequeﬁh
__ -.arriva1 at the subjedt was 2
:fj.fﬂebenGEnt upon. the aistanqe

) tashion . and, whan there was'n_u
_',ﬁffsubject, the BPL ﬁas 1ncreased to tha maximum ‘permitted Qy
'"jlftha physical ‘constraints of the. equapmentt- ALl peak’ SPL.
 ~measu# nanta were made using a Bruel and’ Rjaer (B & Kj 2209
soungd’ 1eve1 meter in canjunation with a B & K 4165

3 ms (Fmg. 3. 2)‘%5& was L
3 ,1oudspeakar trom the ;;g:t

n.

subject.3_ésyc:~. Ll S
@na SPL ‘of . the broadcaat W jreased'ixi a step-w;se

 hange in behaVLnur of the

Ierm"'~ghane, a mlcrophone dehumldiﬂiar {B & ® Uﬁfsnsj and aa-U;}ﬁr” 

' foas dindshield B & K UAD237). The calls proguced by the ;iv'g}f“
* frog during this broadeast sequence were racorded ¢n. the =
z__.:"rasp0nse tapanreaorder..__vﬁ-ﬂ~ T S *'“-' V”*“
‘ ':;[The broéadcast was then atcpped and tne frag wa&?allowed )
_f’“settllng" time [approximately 5 minutas) o resume - it$3 :;ﬂ 
. '[previoua*natural aallimg pattern.fg The upsynchranized _

B ast. sequence as. deserlbed above Was then presented to 3

- -;.'thh ‘;ﬁg‘ via‘

the relay tap3~reeorder and apeakef-amplifier.h_w:é-*

':5yﬂpe frogs® cdlls during this broadcast were recorded via

o

fjaihé”édnipﬁéﬁt:dasTi&eﬁtiéaifia”thét'ﬁsédliﬁ“the prévibus  '
__emwmmmwnhmmmmﬂwamswwﬁimwﬁthta
"-Rnland SDE 2000 digital delday line was plackd batyeen the

the responserm crophone and tapenrecorder.' The SRL of the ﬂfﬁ:ﬂ

__'“hroadcaat sequ:nce\ was: again, increased in ‘A step-wise _
jaffashion until ‘adgressive cails ware evakad orﬂa ahange ;n EE _g-gg
- .oalling pattern 'bserVed.__hs IRATR B B

Whenever thera_'ﬁs a change 1n callmng pattern the SHL of

8 of tha response“tapeﬁ on & Uniscan X apectrum h

. the broac aat wés moted and this was later combiﬁed with
'.;the'analy e
' Zanalyser (Hultigen Indusfrie&, Inc.? Nea York).a_?’ _,'ﬁ; S e

e

) -;\...

S e L

'Lﬁy tapa-recorder and the. Partaﬁqn speaker-amplifier (sea

o 3.3, Tﬁe broaacast signal v wag dalayed by 70, - 210 ms :f‘ o




il -in“&o s incramants'; Aftar:tha equ%pﬁant had bean plaaedf”
..., 'in’position and ‘the d;gitai delay set, the signal ‘intensity
L.°.. . was gradually increased until. either the ‘maximum intenSxtyf;
. rpermitted by the equipment. was reached or the ‘subject -
"*ﬁ.fproduaed aggreSsive calls.: The s;gnal braadcast to- thef@;_ -
e subject - was ‘its Lown. prEVLously proﬂuaed ‘call, .wmhe,jff@{ja
,iﬁgsubjeﬁts' oun,. dalls  were- recordad “with ' “the | responsa;Tyﬂﬁfm;'
o  ;:microphone and tape—recorde% ﬁpr latar analysis of ealll
L. duration on' a- Uniscan II s@aatrum ‘analyser. (Multigonf{*3f*;ff
' f¢nduatr1es, Ina., New. York). “The - speqies uaed in this R
; experiment was Hs marmoratus.,Tﬁ*;_ B . e

L I

} -77'E gkgnaspanse microphone Channel Maater _ 7*AKG~D9u0 - !

- .:@.B_iRe1&y mlcrnphane -,3* AKGmGEB -}{,;QBayer Dynamic HGG

":wl5ggﬁpon§e tape~rec¢rﬁer channel Haster ';_}f £Uher Rapart P .*5

e - _ oo T o 'Monitor azaa
i .Rel‘h? tape—recorder SOIIY 'I‘C-DBM | .'_-""-'-"_.‘Nagra fﬂII 1o

_3f;;13994kefhamplifier ;.. calrad 20&%55 ;j?urtamon o -
'_;i;Loudsp?aker  .fi_¢a3j;@.:* 5 \\_ 'f;?f7399r;738 GEOwMRC

~L-“=*'“'”*' S ;2_:&;,ﬁ.,_ _f{gvzu,_

-

-“-.~_.=7;

-1§5_ = < The microghane used hare was tﬁﬁ bulik in condenser e
| microphone of tha &hanng; Master tapeuracordar.gsf-:l

: . T « H— = . . o ou KIS i}
e '

Wy ET o
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: ._._..n‘:). - |

ajm Eleuthersdactylus coqu1*~f?iWhen présented with a

simu*taneous broadcast {often at very hlgh SPL] pnly ane';; f1i

nut of 44 frogs responded wzth an’ aggressxve call._- Thaj=
nther 43 frags pizduced nﬂrmal advartlsemant calls as: thay

had dnne béfare the broadcast..E- - .T-='~:-f'*?~ : T
Befare the: snmmltaneous broadnast B, aoqu1 malas {n = 12)
anly»prodaced “coqui" and "cu" notes and the mean call

.....

(Table 3. 2).; Durlng the almultanaous braaﬁbast the mean:
eall ratlo was unehangéa (33 "GOqulﬂ’ta 3" "co“ natgs)

Q\'

ratln, per 120 s, 739 “caqul“ nbtes?ﬁn 3 "ce“ nctes_ﬁ

Lﬁ(w11coxon test, Z= 0. A6, B = 0 32)%  When theae frags werey},}jf)g
i_gfpresented wikh their own- callé in a unsynchronlzed aequenae,;f{  -
thefé was a. ﬂramatic inerease in the ‘nunmber of Bcot notes v
and a decxeasa ln the nuﬂber of “aoqui“ notes prnduced.fii
The ahange fi "cogulﬂ to ﬁ"co"a ratxos during' the,%v
Pnsynchranmzed bruadcast wasg signlfiaantly different: £o 'the

‘ratios bqfoﬁa the broadﬁ%ﬁt and durxng the simultaneous_'”

‘broadcast. (Fgeledmanu mcava, 18 17, P < 0. 001, f = 2e
Post~hoc domparlsons. befcne 1& simnltaneous P o £h05;¢?"'”"

A

_before va “ﬂSYnChr‘ﬁanEd: P o% 0.05) unsync:hromzedgmf-' o

L

e f”?f (J::"

, simu1taneaus, P < G.0B).: £urthermore,. fouxr of the F2
" individuals produced "oogqui notes,’ which were, thought';7ﬁi
- to repreaent M. mly aggreﬁsive calls. (saa Appendix A). The
'-T_mean call ra&;o was - 5 “adqui" ﬁotes to 16 Pt notes ta one .
'ﬁ_“aoqui *“ note. (Table 3. 24 When 7£}esentad w;th the'}"
unsyy chrpnmzed broadcast sequenca, one indiv;dual stopped o

| chlling completely and &ik individuals movéd towards the
. loudspeaker. Hawevex, “when presanted.ﬁitn the s;multﬁneausm e
" j’j.:broadcasﬁ all subjects remalned ‘where - they were and-.'"”'
;g;cohtinued calling with normal advertisemgnt calls,__ R




' sdBject ,;aaqua B
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__ .‘Hyparoiius marmomtus. . The _
unagnuhranized braadcast which. evoked igi:‘é*séive calls ixt_ o
___21 males waa J;O*-‘i dB at the subgects"" call s:l.'tas.. When )
‘Ehase frogs wez.‘a preaented with" aimultanenus breadeasts at_.l e
_the same or. h:n.ghar SPL somatmes more than-twice a8 1ouc’l, AR
R Seﬁ suhjeet no. 8, 12, 13, 15; 13, A9, and: 21 in ’I‘ablé 3 3)
. n i _ey continuad to prpdune nnrmal advértisement Ig:alia (Tablé- ARERRE N

Y

b
[N
I
!.
3
.

S ‘I‘he mean SPL of the unsync:hmmzed broadc:ast which evmkad"_,;_"‘*
aggreasives c:alla was aigm.ficantiy lwer (Szgn test,” p= o
L%k P 0. ﬂﬂl} than the ma\m \’SPL af the ”simultaneous-:j oL
;{_braadeast. R D | ..-.--n-u-' o L S
';.J - emnex ctylus wealii*f-"-:-."'-""j-__".-'-'cmt of 11 males ;;;nduaed.;-a o
nm:‘mal a@v tlsement cal.ls m response to the aimultanenu& :
braadaa&t i i
ite (see T bla 3. 4).: The ane subjad% Whiph» praducad an B
aggmqswe ;:all dur:m%the szmultaneoua braaacast m& so at: 'j N
;the, begmning 8f the’broadcast. sequenaa and then- rasumed-:_ Lo
,, with nprmal adtgertisment aalls.. : It c:annot be &bmplately._i
r_u’led ougj, that thik may bave- been ‘a Tesponss to-the . -
 broadcast, but consideﬂng t:he respanses t:f all- tha ot:tmr P
suhjects it is more likely that this. résponse vas due £ ano
extranaauﬁ factor._ 'l‘he mean SPL of. tha q;synahran;zea o
e lﬁfc:adcﬁst‘* which evaked aggreaswe ca.'bls Was siqnifwantly’ff
e lower tSJ.qnﬂ ﬁ@st, B =10, P -,)n 001) than the m,:an SPIx of
; _ the simultaneau:s hmadcast. ST T e e

_u.

',)




fmarmoratus - re$u1ts nf simultanacus hroadcaat expariment

A S e “ ”w"f**fﬁm PR TR S SR U

s ;¢f_ﬁf,8ubject BFL of unsynmhronLZed 'g. Hax‘SPL aﬁ slmulﬁﬁﬂeﬂua

. _mo. . proadoast which evoked broadcast and type of
o | aggressiva calla (dB} -fff call Proaﬂced—(dﬂ)

'\an ST "--'._:"'-;-'-'f_."'-"'}”::-';'113 ‘adv
: ’f:.zofi-_.-:..:'f'" SRR -1} ady SR
?,__6*_]f,*;:_ﬁjgl-;hgr;ﬁlxﬁl_agvﬂ;ﬂ--:'"“" -
e e aa0 adw e
f*ﬁgﬁilﬁeyjf@fffﬂfl?“ﬁlvﬂ
'*4,:f iqgip? f ;i ;
 'fgif$00fELf  ;g.
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Ch=al . Fe1090 . 0 Feaado

S f'  (ady'm normal advertisemant.calls,_all SPl;ara tﬁcse:measured at .,-.;
S the subjects’ qall site) - “j:; 3_'ﬁﬁ S ST

- . ol }\‘ .
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_ rasuli:syf 'é_imultamnus brnadcast_ expazt: next

R R

o duject  sPLpE unsynehz‘bnize&  Max.SPL of simultaﬁeous
L Wo. o braacidast whi«ah evaxed _”___bma&uast and. t@(pe of

"agqressiare call.a {ds} eall prmiuced (c‘tB}

(adv m normal advert(é.sement c:all,, _agg = aggrasswe ma,l.‘;,Jt a1 ": ;pﬁ;,:;-._'__\:';- -_'3.' .
are thoae measured at the subjects"’ call si’ce) ' B SR

oMy
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ﬂ

s Delayed broadcasts were' presented ta 22 'calllng H. =;jjfﬂ¥

S

2 resultant time per;od i& referred tp as. the inter-s Q?a y
;,1ntarva1 (18I, see Flg. 3, 4).5. When the subjact ahaﬁged?, S
fromiptoduclng narmalf&dvertlsament calla tu aggresaxve [%j¢'ﬁ

7@.1ndiv1duals prqduced aggre591ve calls—and ‘the ninimum sz o
= whlﬁh evoked aggressive calling was . 5 msr; @enerally, *aﬁ; 
| tpeQ 18T increasas_ mara “and. riore subjects proguced*'

';'Q 'marmnrétus malés, The absolute delay (i.eﬁ ‘the. time delay
. between the sbeginning ‘of -the subjsctls =ca;1, “and 2 the |
fﬂfbegmnnang of the atlmubgs, ‘see Pig. 3.4}'waa varigd fromng;*iff
__;{Q_7ﬂ « 210 ms. The period of smlenae between thﬁ end O, thet ?f;3F
e subjert*s call ‘alid the béglnn;ng of the stlmulus wasﬁf;de;w
f?calculated by deductfng the aubgeqt*s mgan 'call duratianhﬁjjf**

from ‘the absolute delay and adding - the délay imposed upon ]?fjg
the signal ag it passea through the equipment (3 ms)‘. fThaﬁﬁ'

. - 5the— absalute aeiay was natfd. : The mean- aallﬁfﬁf”f”j
duratlon was vdetermined and deducte\“;rom tha absolﬁte]jfjfﬂ
delay £0s yield the ISI.  Regulbs ‘are. summanﬁzed in wable?ﬁﬁ?ffT
+3.8, . ‘The mean call, &uratiqﬁ'wag 93 ms (4 22, 7&%&, range .. .
51—%5?“ms” £ —'22). Thrga subjeutszggﬁjfaaxly 1qng calls'? F5;f

?  and” the first absolute delay - that ‘they were presented. withe =

. =_.o.

has ‘shorter tﬂhn their call;éﬂratzon (1.8, a'negative Ism).if£  j;§
cangequently ‘the ‘broadcast. b2gan whilst the' subject was

Lostiilc callmng dnd qmﬁe of _these - - subjects prnduced”; _f¢j
aggressive calls o this short ﬂelay.;ﬁ{_;?;;«u;-f~- .f @ -“

When theJ \,“SI Was 1aw tD-ls ms} si’x c:ut nf twelve-"':-__.'_.-,‘_:.___'..::_-_'

aggresslwa ‘calls. . - All the subjects respondeﬂ w;th_-?:f?”"

RENTESY

aggraqglve c;ais Wheh'thg ISI ﬁas g;eater than 50 ms.u_lThdﬁ¢_.:P-

;;»mean y'iﬁ “which” prnduced agggeséive calls was. 32 nm.{;f}f”ﬁ

Thare was a 51gn1f1cant carrglatlon betWeen the ISI and the”f -
propbrtlon of ipdividuq;s t@ ‘respond w1th aggressive calls'ff o
(Kendal'a norrd&atimn abefflbienﬁ,t T A G 73 P_~-0 04).5_~-*'1

B ) 2 WL’ :

*0 .G N T C R ST o e, !




Inter-siqnal i : '. :.'-Ho. gf "suhjects
Interval (msy 77 @ subjects | "‘.Whiﬂh rgg?@ndﬂd




=)

g

Frg 3 4 llagram te shc:w the rﬁ@latlcnshgp between a%solu%e delay,

LR
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_'_.“aeveralq specm# m’iactivaly »«crgam.ze them;r calls i“n such a Way
as to aveid’ acenst:.c __ m?erlap with che . anuther. An i:h:ua
'_ chapter t g data ‘show that male frngs do’ not respond
'-'---'behavianr .‘Ly to a- call whml; is produced at the aam@s time‘*
0 as their own ©8}l.  This. has’ mportant i‘apemussions m.t;:
Y '_'_-'.ragaa:d o the ;Etmctmn and avolution '&:E ta:gparal

‘_ :""._-._.'c:rganmatmn, ami ramsé’s <questmns regarding the damp;l.ng \,\
mechﬁn;r.sms ;anolVed dur:l.ng c:all pmdua*&:,on. LT T D

=2

'_ mrerlapging outwf-phase calls, R

’,‘,7«’

: ’--Tempural and spatial chorus arganizatmn ;Ln anurans has

. beén fairly well : dnmmam:ed (e 9. Duellman, :1,967, salthe
. and” Mecham, 19744 Wells,-_ 19’7'?a, Awbrey,_ 1978, Hamﬁs, S

k -'j_3.982a, By St:hwartz and Wells, 1884a B3 Wells and Sghwartz,

:198451) Inc chq,pter Awg ¢ Jit was’ damanst;;;atad tha:l: maleg cf ﬁfh

_-_.-PC‘SE:mara:s and 'I‘EJ.ford (1981) i Suhwa:r:i:z (198'7), Dyscm and :
N Passmore

'-_'3,9385:,-«-1:]9&:1& Ibaﬁez (1993 ¥ gee fnotnote)
B “_ov::.de the: enly. exparimantal prm!: thai: .m nhomtamf»}
experiments simultaneous stz.muli ‘are as easy £o. locate -as

\alternating Stl}nﬂll. - Dyson and- ?asamore (19883, b} have._; ot

sh::wn that femaie H. marmoretus prefer the leader. efof Ewo
calls - pla&ed‘ vaz;y - cloge . together, irres;aective: of

| ':“frequency and 1ﬁtens:.ty dlfferencea, .. within ‘the nc:rma,l_._" __
_'3_1range, +EHig is prébably due to the relative' ‘effectiveness
B of the calls on: the female's auditery syatam rathar than ‘a

*Ihanea (1993) ;omld that althouqh fenales d‘.ul not shoﬁ 3 préfemme for altematfng cails ovm:

overlaiipmq nearly ifsphase ‘501115, they am slm 8 preference o \\altematmg calls over

LA few 13-3 e P L L LI
- R o IR e IR . R

S




S : o . a;

.dehberaée aative c:hm.ce by the female. Tha first call a:_'_' CALT

| female receives causes- a neurqphys,}ological responsel-__l"._;

ﬁall red’ai in qumk succassmn,.

P ‘which probamy “masks any response elic:.ted from another{i s

___'The faet that females can jus'l‘.‘ as easily lccate speakeﬂ:s‘f:-

broadcastmg sinultanesus aalls and - alternating ‘ealls, _'

o Yogether with the. ev;dence that many am,xran:a tempoz:ally

'fj,_';.'_c:rgaﬂize ‘their- calls (ger, chapter ‘two for. referemces} v
- -suggaats tpatf/call alternatmn per se: haJ not: esfglved as a -
L restm: of, selectionu pressure impaaecf bﬂr the constraints ﬂf
the females’ auditory ﬂsystema . HaWever the famt rema:i.ns ' N
'-:_._-l:hat, in the spegies: studled’ here, 7o hales . were. ‘able. tn::

. ""-_behaviourally fp'spand to a t:alla presented at the. exact time
© ofcall’ production,. even in spevies which do mot exhibn.t

B

: .repraductn.ve succ:esrs (Eee Ara.k et al. 1990}
 “The. data in: ‘this chapt.ar confim tha suggecstion made by B
ffbassmore and Telford { 1931) that the mdespread occurrejad& :
) ok call alternatmn ig related *.:n the equallsf widespx:@ada .

-_ '_-"__.';.tamparal é:all ﬁr‘ganizatmn . marmoratus- sea Chapter two
,{"’.:f.‘m: def:a:.is). 'I‘el;.ord (1985) has slmwn that., in phonatgm.s

@xpeximents, female H,marmoratus prefer calls ‘that are’

_ spatlaily saparated to those that a.q:e c;ose tagether.
'-"___-._-Tempora.l call Qbrganizatwn has probably evelved from
:sélectmn pressures exerted by female prefereace fc:r snund
o "snumas that- are Spatmally separaﬁed.-g 1f males. aQtJ.Vely
o share t:.me ang’ avom masking edoh nther's ca;lls, them, t;hey
ean assess the posmtmn of . nearby ne:.ghhnurs and spac:e
-themselves aqcordinglm o It may -also. enahle tham to det:act R
" anather male mpangmg upon their aetwe sgame and "f’ 3
| '.___i.‘nterfermq ‘with ' their accass potentml mates..o
'-;Consequently, temporal ¢all . orgamzatmn nag e V:LeWEd a5 a
' *mec:ham.sm nised by ma:l.e anurans affec‘l: sp
y nrganization which may,. L in turni, a. incmrgse ér-:!ir

o phenomanbn of non-randam male SPaC'fgsﬂg rahhar ﬁ:han the
L bil:r_ty of females to: locate males. = Why th‘err, do 'some |

:J' - :_ -

o
T

-'_"speciﬁs fa:.l to. Exﬁlbﬁ: ﬁnY form Qf call orgamzamcm‘? Ii};{ﬂ:
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‘:has haan suggestéd'that°€he rhythmic cal_ ng;pattern of B
e frags is governed by same kind of ;nternal ascil&ator {sbeﬁ-;ii,jf
‘cﬁ_:a Loftus ﬂills, 1934' ;emon ana Struher, igan, zeiiwk and
'“i° ﬂ‘ar.ms"qt 1985&).3_ ‘a5 pointed “eut by Klump cand Gerhardtff?j j 
{19922 if they ptgrnal oscil&atars of‘twa indlvmduals aré
_very similar theif“frequenay and” aonstant in - the1rf"jf}=p
| Felative phase than it would not be. necassary to engage AR
'”f'dirert 1nteractlan ta produwe constant. intercall 1nterval“
ln gr&er tg»avbld QVEflap.n Hypera;%us marmaratus has a - o
very»xﬂqular ‘ealls repetitlnn rate, aoralatlvely short carl~<f.ﬁi“”

"f}fgfi (approxmmately 100 ms) and. a. fairiy 1ong intercall 1nterval~;f

(1000 wSY .o assa xesult, . even if- ﬁndxviduals do: not
1ntbract, there weu \stlll he very ﬁew éalls that overlap.j:_”
“In ordar to-'ffectl ly space themselves fram oﬁé-anathar,’: __“__
“male Cof thls”specxes must.pro&uce non-overlapping calls;.;;f v;
Srnqg thia is: anhleved hyfahanae alone (see Ch ipter two}, -
s.t :Ls not-'-nec:essar' "”fo:us,' _males ta actw*-_-_ "-avoid"call:_;f._j

?%&MMmmals it has been demonstnatad thdt; during the self-"g tE}f§

np?n&utgldn uf ﬁOﬂhdS,ﬂ thefg is an’ aﬁtenuatmnn whiah takes v

_ fhae.g antwa s arate paﬁhways {Hensan, 195% Barg andi

- 7f2akr£ss¢n, 1975] Firstly, there is an. acousti¢ rlflex in 1'”

?’”';raaponse to hlgh—level saunds mhidh causes contractiun oﬁh

- the: musclas ‘of ‘the middle ear” thua attgnuating ‘the: ‘sound
-freachln%,the imeér earhw SEcondly,_"thefe is a central'

':'.;ﬁ;“3 act1v%t1on of tha mxddle ear muscles which contracti._f;f *

JgﬁflmMédlately prlor to vocallzatiOn (Eenson 1965).%3 :<'1 S
. Wever (1979, 1985) squested that .in® amphibians, thare;ﬁ" '

3 gy: T'1s & Mloak ‘méchanlsm“ that protects the ear  against

T“exaesalve sbhnds, partlcnlarly the frag 8" oﬁﬁﬁcgll. g-ﬂjfﬂ}jgif
4uyesponsa to toud: saunds the éﬁlumella and opEreularaﬁﬁsclesjfjg“:Q&

_ work ‘ag an antagonlsh&c palr, 1ock1ng the pars intérns and .
: *' operculum tagather, ﬁhﬁs restrlctlng tha mﬂv&men& of tha:~“'"=‘

1  ;f;f:  ff ;€ ?;i5;” ;i, ;jI;jii;5;  f  ;j %;f.;;  f f¥;f;f f:E? ‘?;} 




 ip§r0tact1an agaxnst exue551ve sounds 1s fa ?mgre effactfvef :
© ‘than that achieved by the cantraction of jkhe malleus and - .
;fﬁ}Stapedius mscles. of mammals.; However; b%th the exlatenGE;}fﬁ;f”
'_“”5and the tunction. of ths ealumella muacle ;n most anurans xsj 1’ 
R contanplaufilsgue‘-z
. ‘that.thére way be passive damplnq sggtem in the anuran
'-1 . middle ear. - They, probosed that " during W"alizatﬁ’“*

Jaslow et al» (1933) have sugqestad

incﬁeased pressnre}if the buccal naﬁity exerta a

concumitant ingrease in. pmessure .on: the miﬁdla ear via: %ha

open Eustachlanc;ubes,, Narins (;992) has dlscussed anothav

mﬁ'd%ossible method - in’ which: the Lntier ear may be protected‘

“from . large dlaplacements of theécolumella Icaused by loud

znfiosounds) ‘'He pointed .out that;  as frog’s ear5=act_as

pressure-gradlant rdFal g (Rheinlaender et'@l‘;;

"’PinderQand Palmer, 19837 Palmer and Plndex, 1984) aaunds E

“ ;m produced’hy their Gwn® calls would arrive"simultan9°“512 and. -

¢in phase cn hpth sides cfbthe tympanum__ f;Thls alnne would
rﬂsulu Jln reduced tympanlc moVement;*“ U51ng 1aser
vigfometry ﬁarmns (1992) measured the tympanmc membr&ne
velqeltlas of calling E.=caqu1 malea.- He concluded that
thera was A strang mechanlsm operatlng in the frog ear that

'fﬂdampens the 'mavamant oﬁ the" tympanlc membrana during
= vgcalization.~- He’ suggésted Lhat the incraase 1n’bucca1

cav1ty pressura durlng, ocallzatldn exerted a pressure an

“the tympanic membranes via the Eustachian tubes. The data‘
| presented. in  this chapter suggeskts  that frogs ‘have a .

fa3)

dampxng eystem whiah %eﬂuces the’ damage o the inn@r ear

scunds ‘at the time- of aalr pro&uctlon' and shartly
thereafter. In contrast, Lemun and Struqer (19833 thought

tn random playback calls even whllg they were calllng.,@v _
As male H. marmorqtus only responded to calls broaﬁcast
w;th an. appraximate delay of 132 ms fram the begznnmng oF
thelr call (mean delay from end of call [32 ms] plus call
duratlon [100 ms}), thlS dela? represants the time taken

116

» and has the’ effect of . renderlng the frog . unabie to—perc&1ve “f

”Tthag

 ‘ﬁthat 1n some cases, H.cruclfer appeared to‘be sen51t1ve - S



";?fﬁfﬂnalogoua°wlﬁh the absblupa'behaviaqgal}refractory P@rgp-
L (ng).‘.‘_“ﬁ ‘in:_,*' 193261)_-“ fﬁ'"rhzﬁ-- 5 8 very small abs;'olute BRP

f?ZiO ms respectzvelYf (Narmns, 1982&}: P. étreakeri,'lﬂ?f
o . ',FH; aruaafer,,329a~'950 ms,

= Thehresult confirms Narlns’Ff

__all%ng'males (as fqnnd f
*:Tha -absolute BRP ls usually

” mhé %hsoluta BRP“mayf,

;1n Tact be the period nf tlme requlreﬁ\for the aperatianﬂaf;j.af:?




| 'Aﬁi_ans produce surprlslngly 1ntense vacallzatians andﬁ’ :_”_
 fm1rsevera1 authors have: auggegted that these- pluy an- 1mpartant;;[_ﬁﬁq
';_5_frole An ' inter-mald sPacing (Brenowitz et - ml., ‘19847 . .
. Wilczynski and Brendwitz, 1988; Rose and Bremowitz, 19913.;;7;’f;
'EjfLoftus ‘Hills and thtlejahn (1971) Wre Frobabim,the f1r5t3f13*="
_._ gto measure’ SPL of aruran calls.- ‘Due’ to the. ‘very: slow, . . .
| ff*reSpanse of ‘sound. pressure’ level: metérs&available at: thatfj{ ff
'._&time, they utilized field: recordings and dn- os&illpgcope to j{“ ' 
¢aloulate the 1nten81ties of: anunan vacallzations._ ?heygﬂg” -
_  ﬁd1scovéred that larger specmes ‘of . anstrallan frogs prnducegxyf_,_
.. louder Vocalizations-and the maximum reading obtained wasg*fff.
_75from Limnodynastes tasmanlens;s thh,a -peak SPL of 103 L dB?r[j
. .atil50" cm. ‘other authors ‘have alsg recorded very h;ghf'ff 5
| levels £rom anurens- (a g. Rana V1rgatmpa@*113 dB peak at 50 .
’}cm, Gerhardt, 1975,. Tbmqﬁterna krugereﬁéls ;20 dan" peak atﬁ':  _
ffso cm, ‘Passmore; ‘19815 g'a versionlor 109.3. 4B peak at 50f;;ﬁf
y W@lls aaﬁ*Taiqen, xaas) but ‘have . failed to flnd a. -
'-frelﬁtionsth betweenvspecles’ body size and call.f tehsity.
‘“However, many- anthq:a have - shown that, within a spacies;f'._ _
 1arqar 1nd1v1duals do groduce slightly more intense s;gnals_ff7'
_,(a g. Gerhardt, 1975, Wllbur et al., 1978, Berven, 1981)

-_;18f;:-“"




"*;f:are 11ke1y to: he*consmde A
o that theré are two majo
aﬁ?ertislng by soun?i | Fix

%;'tHE1r pray items by sound. jAlthougn Ryan at alt_ | s
sjgeated that mcradse iﬁ pradation ansk Was a _:major: na&t e

i __.and We:LJ,s, 1935,.

Al‘!:houqh the eﬁergeLs._

s::.gnals wil be high,. aignal mtens;tg plays A plvqtal mle;
in spatlal &istr;.hution ;’and “the maz.n‘ten%nce of - territory
‘ang: active 'space.’ mese factnrs asﬁaalated “with c:all'_-_.I'."'---?-_"'.'_--."_
o 1ntanslty are_autlinaé ST -

.'-z The energetic cast cf pradubanw very high call 1nten51t1e$ ﬁ;i
le . Macually {1934) guggestﬂ;?;ﬁ
'&‘aa'&s to ba cnngi’x;lered whenf

."1

neragetic r.:nsts nf calli

Epec:l.es the :major cost virm: ﬂ{gﬁ .1713 commum.cati. |

‘is"an energetic and metaboiie one” (Macﬂailyv 1934& 'raigen*

'__.'."-'ich 8 _-"j:":l., 1*939) Thls major costy ©
acting upan braed:n.ng males as’ th;!y aften_f’l' s
_expem.ence cons- __:"'erable we:.qht logs durmg ﬁhe breed:mg e,

saasﬁn (Wells; 1973ar Manna’ils’r, _1981. Afak 19’83&.;

Robertsun, 1986&),,, as well as reductign in bcdy 11;:1&5 and -
the’ nass af energy stor.mq organs (Jenssen, 1972, MacNally,;'._ .

1981} .:Fﬁ ) [&

Sevara[ author:s haV'e shmm ‘t:hat the restimg, !hétabolic r.'ate.;
“of frogs undargnes a five-fold P,ta‘.l.ewa’l:if:n'l during "periods of f_ L
vocallza“l:lon [Bucher et &.Z., 19825 Mac:Nally, 1984) ana'-z_-- R

'1'a:!.gen and Wel;ks (“19353 m&lcate that 'in Hyla vers.imlbr,

frcg m.‘l:h a:> parf:icularly ‘high intens:l.t.y call {Gerhardt ' .
":ﬁr_iyertisemant is . oné bf . the’ mos**-.'.-__"'
energetically expensiva actui;l.ties zegularly unde*rtaken by »
any anuran. Hence, mﬁsb anurans produce part::.cu?t,a.rly_

;ntense sounds for their siza a,t an apprec:.ab:te energetm-

19?5) £ acou&tw

(1981) L
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7Hj51975h“

1982 snd athers)

f'_Bram ('1'975) pcintad 'out that tne basw af all secihl
' behaviour' of  a  species. s aepement upon fhe spatlal
e '-di.sﬁributim} of the indlwiduals in their prafez:regi habitab,
o "'-,".:.;;_._'Random mstrlmtmns of animals °in makure are. ram.
usually they are. evﬁhly ai«stributed .°r clumi:ed togather -

_-'_Z-Due;lman ( 1967) reporte,ed t:hat mst; pand braada.ng frogs
ﬁ;fformed aggraqat;ons of valling individualsaan& ‘many’ authors -
. have-shown that the spatial. distribution of calling males
within these aggregat;ons s geldom fandomﬁ(ﬂﬁxitnéy an”_':
_Krebs, 1975b; Wells, 1977ar  Passmore, 19781 Brzoska;w--_
| ‘At eirst "this was thought %o:be the . '
,’""_’f'}'ffresﬁlt of ‘the’ hetemganaity of. tha vegetation causmg small = .
' clusters af vacalizing animals amun& “suitable call’ sites, -
h :f"_.ﬁHawesrer, ﬁupon ‘lomer inspection ;. ‘I:ha spatial distributmnf_.,‘lj
ok palling frngs was found -to be, independent eﬁ ‘vegetation
- with 'a‘relatively organized ‘arrangement (Whitnay ‘and Kreb,.: .
’;malls, 197‘:'&. | Passmore,»iﬁ?a, : Brzaska, 1982 and R

‘?_._Gthérts)g..\._. S D SO T
U IE ] haso beem t-m,ll documented 5;31&3: most callinq frnga. T
_ '_:."maintain a faf 4
' cheruses and the role of vocd*‘lizaticms in maintaining these

.'l'l

Aly ‘rigid -inter-flale spacing iif breeding

LI

. _@o

" spatial’ patmrnﬁ has been the sﬂbject of aevaral JJhudies.

oo

T (e ¢. Allan, 19733 Rosen ‘and xmman,-1974s Fella?S;ylf
© 1978,197%a; - Whitney and Krebs, 1975b; Brzoska et al., = -
. 19825 oTelfardr 1982} Rubarﬁsun; 1986a) . It hag »iso beeir | .
| '--sug‘Ieshed ‘that  thé -distance  between t:allmq frogs iz "
L _-related “-9 "l:he SPL 0; aaah i’l!dividu.ﬂfa caJ.Jy {Fellera,;
T a979ay - Brzoska e‘l: al-.j 19333’W11%Yn5m Et a‘l'h
- f-_'Robert:San, 1@36&)5» _ » R



;“  Althaugh the danvéntlanah~dﬂf1nitilﬁ o
| Wdefended area® (Nobla, 1939) was widely ua&d, it was very' ,*s“
: 'fsimp1&st1c as “the meaninq of tha tgrm "defended“tWaﬂ natﬁ’
specifmed.-: ﬁ;hde (1956) redeflnad territary as ﬁu- e
'lg- t0pugraph1ca11y 1acallzea, defended area and this. exeluded:
Lﬂ'ragions defined by raferenca to a maving po;nt* Brown anﬁ;;' g;L
. orians ilgvuiﬁsuggested that there are. thrae esSantialﬁ’*
. chavacteristics of’ a tarrmtbry and -if one'of ‘these was natﬁ' o
‘gatisfied then the area ccmlﬂ nat be classif:.ed as a. o
 ;iﬁerrithy.. Phe- characteristics are' ' L AR : ey
.. (1) A fized area, Whlch may chanqe slightly ovar a period:}]ff;f
| of time, . L e e B
(2). acts of terxitormal defenge by the passeasar wn;ch;r- *'

lnf territﬁny as a’

evoke escapa'and ayoidance. in, rivals and

| (Martof, 19537  Sexton, 1960; - Emlen, - 1968, 19765
. Wiewandt, 19697 Lemon;, 1971; Allan, 1973; " Bunnell, 19737
_'_"-'chn;Lamia and ‘Adler, 1974; - Whitney  and Krebs, 1975b;
- Wells, 1977a; Howard, 1978&, Fellara, 19?9&, : Ryan;f -
'g5198u). ObserVatians on_ the species studied in this thasis, f
f““hbwed on&y ane (E._aaqux} to have a ﬁmxad 51ta attashment."'_
.. Hyperolius' marmoratus and,s. wea111 tend +o vocalize from®
%kelevatad reeds ‘and graas tussucks respaatlvely and oncel' T
‘mated move te t @ water to spawn. Therefore. “the unly,_**-
'hﬁspecies studied is this xepart whlch satisfxes all threa3_7
_-Tcharacterlst;cs is B, aoquaj These frogs defend an ares in /’_
. which they have a aall site, a retreat site and yan'
- - oviposition ‘site and in some cases thess sites.are one and
U_the aame,. Hyperolzus marmbratus and s‘ wealll fall Lntof__
. the category flrst praposad by Gonder {1949} nf mndavidualjf“
_”1distancék ; In these cases, when another ~conspecific
. produces a vacalization closaf than,a ‘certain. tireshold
?;'-dmstance Cindiv;dual . diﬁtance) typica;lg.: agonlstlﬁ;ﬂ’

_-1(3) the araa bemames an §xc1u51ve area with respeat tgu.'  f:
hh.:l: rL¢taria1ity has bean rhported 1n many spacies cf ff“@st--
e

Fred L
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'*-;ieindlv1dua1 distance in anurans: is vocally mediated.a. _
_.3In someaspecies the adusrtlsemaﬂt “a¥§ Was thought to
_;_;cunvay a male's spatl?l positian to othar males as . well as
ﬂrj:attracting mates - Bogert (1960) used the term. “harrxtorial
- " call" to. describe & specialimd c:all that appeared to
'jjfuncﬁmon dine ‘the mamntenanae of spaclng.a Thiéitarm ‘was ¢
:filaosely applied to any’ aganistic call’ produaed hy. males and
. has ‘singe baen replaced by ‘the term aggreésive call (see |
_1 ¢fChapter one for the alass=f1¢at*on of calls used in thzs -a_cy;

':réPorted the nacurrenne of silent satellite males in close Ff;f

behavinur w111 reault. The fact that sevaral aurhars have

‘proximity te & vaeﬁilzing ‘male is stropg evidence that

';; General1y malas pradnca aggressmva calls durlng shart rangq
”ffmnteract;ons usually when themr indiv1dual distance haﬁ

‘been. - violated: ‘Ey a avqcalizing conapecific._. If “the.

:“ff;laggressive Gall " s 1gnored “tHen’ “ﬁhy31ca1 ‘combat: will'
iusually anaue. qpis graded escalation of s&cial 1n+eraptian

‘has been: repori:ed for . a- number oﬁ anurans € ?\!a:riné’ Land
ncapranlna, 1976, Whltney,ﬁ;:aﬂ. Brzoska ot - am-, 1982,J_

o coarak,. 19q3b,. Robertson, 19
“'V?-_Littlajahn and:’ Harrisan, 1985,. Talfard 1935)._ thaugh

fells and Scnwartz, 1984b3

'“*thera has been ‘considerable ‘attention paid to thé role of

'.wncallzatlons in Bpatlal arganizatmpn of- anur&n ahorusas,

© not.wany Authors have highlighted the’ importance of the JJj; £
“"intansaty of thesa vacalizations and s effe&ts on the '

”qpatial distribution of calling ;nd;vmduals.- As 1nterimale
spacing is vocally‘ mediated it would “be axpaatea that
_"indiv;dual distance is positively correlated with SPL of
- the advertisement call._ Furthernore, as manyeauthors have
. found' that larger males” produce more jintense vvcalizatiens\
. _fthan4smaller males (Gerhardt, 1975-' w&lbu et al., 1973«
 Berven, 1981; -but see Robertsom, 1986&), 1t would alsn be
. . @xpected that larger nales have: 1arger_ individuhl’
fodistancas.; Arak (19882) found that thera Was a signifiuant '?.

relatlnnshlp betueen a male's SVL and “his distance from 37“'

I S S A AT



. _1.."'

'€' j*ather callers over. the hraedlng Beason. -
C o thid might raflect that 1arger males ‘were moré’ sucnessfuli& S

S Ane figﬁ&s for calling sites.; It cauld, however,-aaqually*ﬁjf;_zu
'fiff"nefleat the . fmpnrtance of the hiqher SPL of - larger males mn_ﬁffﬁf;ﬁ
n malntaln%pg greater individua‘ distances.f.ﬂ SR

;  ddmenﬁiona1 quality, o

T

.“:'.:-j S

P

He suggesteg that _-"’§:

--__'--The area in whinn lnﬁividnals are 1ntale\§nt af trespasséra f;f¢;j
: _  {may ba’ deg&ribed by tha term "active space®.’ Thls term was'
*'f";first used by Marten and Marler (1977).,.cwhey suggested

_,tnat, ine oxder to determine’ the active spaaa of & voed1"

aignal,. ﬂhe famlnwing ﬁaramatars ﬁuat be. "know ; ag thejuﬁjf f;
iéuurce 1ntensdty of ﬁhe aignal b] the,aMﬂitory threshold’hﬁ,q-"

‘of the listener, and o) how thé listener’s earmis capabla;'.’_..f
'=ﬁ of hesring hhab—signal abova ‘the. backgrdund noise. ~They
estimated that the maximumvdisﬁanca at’ whiuh anathar canary'gﬁj” _
fserznus aanariusl cﬁuld hear: the»sbmg of & ‘male perched st~
10w ‘Was 416" W - This term wag also. ‘used by Branowitz’ 3
(1983) wiﬁh his sﬁudles cn rade1ngaéﬂblackbirds {Agelamusgffﬂe-w
| phdeniceus) and Brenowitz et gl. {1984} in~their studles on - -
;:_;~aprinq peepers cﬂyaa ¢wucifar1 ; R
. this term to describe a lihear ‘distance frof ﬂheosignatf ;quf
6'7,fsaurce dver wh;ah tbe Lntensity of the axgnal remalﬁs ‘above

”jﬁ A1) ‘these authars uaed _tfo5“

_O"'

. ‘the- ﬁaaring ‘threshold of pq&entiﬁl receivers. Branowmtz?{_ N
© (1982)- pointed out that the term 'sriace" dimplies & Jthree - .
) AS most anurans studiea B not}f-fj3
JProduce tatally directional calls, actxva gpaca in anurans"  !
- should be’ uged to describe a thr#e dlmensional area around*f"_=
 the éﬁgnaller. Active space - of Hn anuran can be generalfy;ﬁ"

redefined as the area surrounding .a cafla.ng individual

detection threshold, of tha recaiwer.'

+ which - is. delimiied by the distanve . at which tha 31gna1_5 §j_
*iintensity is abovg the. auditpry threshald i,e. the':f;;



el

Whe prévibus 9ect1nns in this chapter highlmqht the_

impcrtance of gcburate maaSﬁrements of SPL of VﬁG&llZlhg? 1ﬁ:jQ

animala WhlGh have been raaorded in the anxmalﬁs -nftural

' environmant at the hima nf day that the an;mal norma11Y7 fTﬁf

hﬂm;dity and air movemantg - SPL measurements in the{3

L$m‘y nOt mfleCt the 't:l:"ue propagat:[,on Qf ‘these Signals

; ?-lagaratnry or anaachoic chamber Wlll ravaal absolute 1evels' "“

ll’lgthe fleldh e S S . ST AT o e
T@ﬂ.a major prohlam surrmundinq the mEasuremant of SPL 15 the ”_ .
adburate pcsitlaning of ‘the- mlcraphnne relat e to: ‘the .

VQcallzing anlmal.m mhe mlﬁrophane shauld be plaeed clasefij L°
eneugh tc the anlmal ir order to mlnlm;se the effect of.7 i_

excess. attenuation, put” not - HO. clase 88 to rendhr:*'" |
measureménts inaccurate due to hear field effeats.;mTﬁap'f?T; 
ﬁigrophane dlstance use& by’maﬁt wvrkems*in tha tield o£5_9-5 '

anuran Vacallzatlon is 5ﬁ on. -};~:*' S

Andther important problem invnlved with SPL measuremants 13 3;.-**

_“the_ momplexity of the_ acoustic environmqnt. V;Tﬁe m
propagation of - an anlmal 8" signal ia affected by the’

: Jfrequanqy and SPL of "the signal tempexature gradients,_ _f"~'

 bumidity, air movement, density . offvegetatiaﬂ and ‘ground .

; attenuation: (Kurze and Beranek, 1971. Piarcy et al., 19?7,3;  ?_
ﬁi¢h91ééng 19785 z;mmermangalgss ‘cosens® and Falls, 1984,

Wasar and Brown, 1984, Nishimura et al,, 19n1,
Eirmksson, 1992, Romer and Lewald, 1992)b B '-f

4 1 7 Aim;

I invest 1gated the responses of three species of £ ogs £o a}ﬂfu

_broadcast  of a rormal conspecifis call at . Qradually . -
1ncreaaing intenﬁdties. 'Q'The 'an$wer'<toh thgﬂﬂfo;lowing»-ﬂ

quests.tm was sought'v- o . _,
_How do frogs respond to s conspeclflc call that gradually*f'l
gets louder, simulating an approaching heighbour? ' .

R

By presentlng frogs with broadcasta af normal célla,'at _l5~”

I3 . ) oo

; 124; FI







Brnadcast axperiments viere. carriad out an. thrae Spec:Les nf

S .anurans (Eleutherodactylus coqu:., Hyperohus marmoratus,

7 and S’emmdaatylus weakil). e s

"fEIeutherbdactylu& coqui was studled durlng July 1984 in

?uerto Ricn and waq vucally active"‘ o@ most nights between L

. the hours: Jof" 19,00 h "and” mdnlght . althcmgh so? e \
_'_E-;.::':'_'individuals a‘:alrl throughout £he nJ.ght {Drewry, 1870y %

’ t 'i-;.'-__'_-Hypefali‘us marmoratus was stu&:.ed at twa shallow ::c:ast'hﬂ. U

© . ponds [Matatiele and. Havungweni) near Mtunzini, 8. A:Erwh

S 'between the’ mom:hs of Septargber to March in 1983 amd 1984 o

Lo e :This sper:ies was mamly voualiy at.tive between the hourss of

'_ .__Semnodaatylus Waal::.i wag studied ‘Bt an artificlal dam -

between the months nf November to. J’&nuary :m 1933 a'nd 1984, S
.. 15 km north ‘of .ixopo in the Nakal highlands,. S. Africa.

e -;For a detailed desarigtmn of these spenigs and the stndy |

- .0 B

-_-A'__$i1-es see Appendix B and chaptaf t:me. R o et el B |

Qe
Iy g :
& 5_3 -
@
o
a

. :'I'he stmulus tape used :Ln the hroadcast expariments with ,E'._ .
_ 'coqui was prapared by Dan" ‘I'ownsend at the Depa:r:tment of
o -'._Biological seiences, State Unwers:.ty of “New - York at -

" Albany. It comist:ed of ‘20 ‘patural. aﬂvertlsement calls: .
. . recorded onto a Realistic continuqus tape 1r.mp af Gﬁne R
. mmute duration (repe*-ition rat:a anfm:m) S L

Tha stmulus broadcast tape used in- the eicperiments wn.i:h H. .

' _marmaratus WRS A synthetic call with a :r:epetitiorz rate af

_48 calls/min. _ 'rnis cg“ll Was ganerated ‘on-a MIHC computvar

o “1‘2’6_-_



" ff?Un1vera1ty, i
s parameter% were very: almllar to an average natu;;a;i_ C‘all and L
Vq_;are as follows:—{?fyf3_; - T e Y L

_Q ¢:St&rtDﬁ;e£ﬁenay ga"zﬁ%q;kéﬁ*f

+ .. Stop frequency -
" Total duration” «~$3 s
< Rise t;meaf?. a¢4_¢
o0 Fall time
'-”;};_Repetatlon,ra+e - 4s/min.-_*

B weal.u has alraady been desuribea in Sectmn 2 i 2.,.{'.';.513

Itﬁaca, Naw York by ﬁaﬁry

= 3380 Kz,

10 ms
=~ 25 ms"

o .

)

Chaptier” twc. he: stimulu& i:ape used ‘fox. this experiment

had 8 repet:.t::.on rate of 12 stimuli par minﬂte. P ST

  ;;4‘2;§;:..

'In the cass of H: - marm:aratus and 8. wealii th' si’iiﬁﬁiﬁé .
-tapes Weré b'madeast ‘tm callinq males us:;.ng ea.__.
‘III Lot a. Hagra IVS: tape recordeer, ‘A~ Pﬁrtamnn speaket- -
- amplmf:.er and a ?aeriess dso—MRc 3.2 ohm speaker (10 e
diamet:er, with a flat frequency response wiﬁhin i:he range o
Cof 1 = 7 ‘kHz)s - With - E. caqui the st‘imu@.us 'l:ape was Lo
+ - broadcast to the calling males with ‘a channel ‘Waste U
'-__"_-cassette tape’ recorder - and a calraa 20-257 porta
speakarﬂamplifier. A callmg :male was -selected Tor the

TR

.her a Nag‘ra

o

T axperiment and all nearby males that might inte::,fere were ;'

'_-"J:&IIIOVEd.e_" RS _ S . . T
L In all the. experments «the speaker-amplifier was® plar:ecl 79-
200 cm. from thé £rog- and ‘all’ J.ntervenmg vegatatmn Was
pruned away to give a direct 1:I.n@ of sight frcm the speﬁker

to the frog‘. - Yhe. st:l.mulus was - broadcast at a particular

R m*tenmty .t’cor two minutas, ‘therni” turned off and’ played at
o the next mtens:.ty level after* a two minut:e pause._ | This




_;,"by a B & KI 1A0237 foam_wmﬂdsnigm.ﬁ'_’_' :
'”aprocedura_ h\\d heen caﬁplatad for ane 'J.ndw:.dual, t_he ﬂpe&k"p

themﬁcnuple and a whir:l»ing hygromatar.s mne data was
e "-'-analyﬁed en a Umscan }.-"'II speutrur%, analyser (,uultlgun




: ;'-_Stewart: and Bisho% *‘4199__""

—fi';_'m@mtenance of Bp&ﬁing " __{stewart and Rand, 1991,. 3.992?

R -.Durmg : i:he no:ma1 balling Sequence Of 23 mal,es, : hefnre any
’-'f"]'-_-”_broadcasts had. been presem:ed, the. mean ©call types
-"-'produced in a two. mz.nute period ware 31 “a:;*c:v:gtui"=b nates, ‘mix
_ '___'__","_"f_“ao“ notes_ and - 0 J:M mulm—note z:alls.-
_departure----:.from ‘this. ‘sequence was abserve& “when the
“J.ntensa.ty of the broadcast signal. éﬁas between 83-88 dB. at
. the subjectfs cﬁll“'s:.te._ Jlt this intens.ity there was an
o -_increase ‘in the” mearr xrumber: of "ca“ notes praduced anc‘i a
shght decrease in - tre iﬁean number of - "coqu.z“ natas o
“produced g. e, ‘25 ”coqui" 12 "oplt and one multz—rﬁ ite._ The

'number of &cbqﬁ;" respogses @nd to mé'i‘easé thé number af
S mage 'nates “with mcreasmg‘ intensity of -l:he'_ _broadcaat
. $timuli (see Table 4 1 and F:Lgure 4 :L) > Alﬁo',-: ;Lt _'_was noteq

A nata.ceable

_Mcogui" notes dontinued- 'l:o decrease while the Mool notes

'_'-”inc:reasad m.th ‘the. . J.ncrease in the. J.ntansltlf ﬁf thes
. __:'__broadc,ast, At 1ntensitie$ betweeri’ 95-100 dB there were - i
':i,almast the. same’ ma&n number of" “co“'nptes
" ; _'__{i,e. 11 "coqui" and :LO “co'F notes). E addz.tmn ‘the fmean
B number: nf mu,ltv-natas given durmg tha two minutes of

.

" _broadcast ai: this intensz.ty a.ncreased tn faur frange o-1u) &

R Cao - Lo S LA g

? 129 '

'lﬂcaqul“ notgs-=5






S o :

and cf' qm + nates gwr.?ri’ in respcjh _E*Ea an anmased |
mtensﬂy ofthe_broadcast t@f‘}xf caqu; L A




o As thﬁ' intensxty)) - _
parzentage of ffffects whlch weré inhlblted from aallin_,by;;j[.:_yr
s v the’ broaduast'stimull aISQ inareased. TAt 1nténsltias 1@33f“77&7”“
: {ﬁg:fiff'“fthan 83 daﬂna subjgcts were. 1nh1b1ted from caliing, but at:
SRR 1ntensmxaqs between BS—BE dB 1s% (4" out cf 22Y . stcppedit
' ed1hing At higher iQten31tlas slgnlflcanp}y more and;?ya;:__
_"ﬁx“;,qmore subjects wére 1nhib1ted fram G&lll i.a.-abfaa—a4 dB«,:wa .
s -.-_j_gp% {6'out of 12), at 95-100 &B 66.7% e out of 9) ‘and.at .. o
__j'loo 8B and’&hove 75% (3 ‘ot of 4) (Spearman’s carrelatiah _”3ﬁ
ﬂa c¢efflc1enk Ty= L, P £:0.02; o =6, [2 taaled] aee Taﬁlew  { ffT
'4:3), “The 19" frogs. whiah wers 1nhibited from a@iing L
o ___@either remalned at the call site in a “law“ paé& 1an ar y_
"-fﬂ:moved awax from thelr eall 51ﬁe.3 NEarly all the frogs a
. _f_whlah ‘noved away trom thelr call gite mnved towards the B

_ "fiflaudspaakenn{a ut of 9 1nd1v1duals,_sinomia1 test, P ~{A'f_ .
LL0.08,02 tailed]y w@&fe one’ ;ndav;dual mnved aw@y from tﬁe<mjfi i
-1oudspeaker. @1.‘;w SRS S . : AR A

. PO

P _fl-Flgures 4.2 - 4 7 show how thénsghéects change the'teﬂboral'
_ ____   ,ffpasitinn af their calla wztn 1ncreasxng 1n%enslty, kt a L
__ﬁ“i;fg*gﬁlnw intensity of 76" = 80 dBm 12 5% of ﬁhe responses’ occur 'j:;;'
'”:_:f"fiwithxn 506 ‘WS from the' gnset ‘©of the stimuius (Fig.” 2).2_0”
L ]&f;é“when tha 1ntensity of the ﬁr &dcaét stxmnll wag 1ncr%&se&
.n'_“';f:up to 104 4B 62.5%. “of . the respanses occur:ed wmthxn 500 ms- -
"_f,é_jzfram ‘tle onset of -the -stimulus (Flg.-4 7) ﬁpftheuf:.ﬁﬁ€
;;lntensity of the stimmlus increases there is a aignmfltmnt e
" decrease in- ‘the méén stimulns~reqponse (S-R) interval- of*'”w
'}&"ﬁu" notes (Spearman's ccrrelatlﬁh coafflcient, g = -1, P
o < 0. 005, Eu}tﬂllEdjg n = ﬁ), and a conaomltant 1n&rease 1n
: 'f the mean  S~R . 'interval of "coqui“ notes (Spearman’s
"7Fcorre1ation eoeffmcient, rg = ﬂ BZB,.F = @. 06, [2 talled],
o= 8) {see Table 4.2)., Assaulated w1th this increase in
7_'ﬁ[the nuiber of reaponses occurrinq very shortiy’ afterutha
stimulu/jwas a decrease 1n the. percentage of “cagulﬂ notes
24

 : _ occurri in thls period (see Table 4.1), At a. broadcaat  ;
e - 1ntens; of 7B\— ‘80,5 4B 10, 5% of the Qalls @m@ﬂucaa 500 ? ,p_
e _;1_z'ms after fhe onsé§ of tha stlmulus Were "cnqui" nates the |

”:F'lf_ 132 ;f f157' -  T 'a'#:L_7a'5%%=m

- .cﬂ .



hf;fﬂB at sub Fct'sfi_

SR _'“_: : o

L wa& increa_ed tq 101"~ 104 a8’ aniy a% of thazcalls prcduged_

- :'-n‘hhjaspod were nmquiu ncﬂ:as (Speazmanﬂg szrrelatiow
aaaffmcaanf';_ o i

Table 4. 3) fgff

\ kaxvals (¢ sma farf!co" &nd “caqui" nztes during ekl
'"'nareaéing‘ﬁntansity braadchsta to. 10”@3 aaqui (n = ?04),,_”ﬁg”g,fﬁ

' “caﬁ SwR 1nterva1 "aagulﬂ S-R interva

8P of ﬁr :dcastfg

aall aite)*;_:{

'a_{,72ﬁ 5 (x 887, 1yfggrjj1571;4 (¢ 752 71;:;;;
598 (4 780.5) - 1801,9 (# 731.1)
f ~;f149 3 (+ zaaﬁl)f}j;,;zoca 5 (i 823, 2!};
7 (+’iz 9)]_;3'3191 (i 513 11;<;;:__




SPL ﬂf brbadcast % cuqui notes within N % siles
-(dB a:t: E“biléﬂt’ e 500 s from st:.mnlus T m
; R _ »ohset SRR SR
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CeE a.-

d ,ng a bmadcg//a_f _:at an mtenanty af 84 5-88 B é& males)
Tha sahd blar,:k "'frs mpresent the duration and positién nf

it

b4]
S

C’} .. RS
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NI

R rsrriis

o during a broadcast at an mtensnty nf &9 5 94 . dB (6 nnales)
 Tte solid blac:k bam rep’resent the Quratinn and position of
_._the stlmuli. R

Ty

‘ ._E.m. ,, .




'F“g 4, 6 E. coqu: Shmulus-ﬁesponse mtervals (ri == 57)
during a broadcast at-an infensity of 95.5 - 98 dB (3 males)

R The solid biack bars represent the duratlon and pos tion nf

o __';;,the stlmuh

R A e ST RS
oo T ’ :

o ) S‘“MULUSHESPONSEINTEWA‘-(Q} ER T
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o Flg 4 7 E caqw Stimulus-ReSpanse mtervals (n 60)
 during a broadcast at an intensity of 101 - 104 dB (3 maies)
- The solid black bars repr@sent fhe duratlon and pnsmon at
_' _the stlmuh. - o i




.Ten J.ncllva.duals of H. __ ma¥ : : |
_,f?-broadcast stmmuli at varylng @nten51ties hetween 94 - 169
'a *dB at the subject's call smte. - 10w 1ntensit1%a of 94 -

&B the - subjects dlsplayed slightly bimo&al

_“'j;;distvlbutlan 1n their stimulus—rasponse xntervals (Flgure |
.- 4.8). The first peak is at 200 ms and the second paakqmseir_ﬂ j;
 Cat sbout 1.1 s from the beginning of a st;mulus. ‘The -Yatter - -
'“-;peak correspodﬁs ta . the natural intar-call 1nterva1 and
_;@would occur ln thls pos:tlon even if there was no broadaast
_;ﬂfas evidenced by‘ the hist%gram“ of- natural inter-call
. :faantervals before tha brnadcast beqan (see Flg.“z 5 in
f: fChapter twol S e - 5 L

T

'ffi As the 1ntensmty of the stimull increases, slightly mare

;-* responaes are’ placed around this first peak andwless
. around the second peak (see Figsi 4.9, 4.10, 4.11 and Table -
__'}754 4). waaver, these chanqes are not 51gn1ficant _
'°35'f(59earman's correlatian coefficient, ry =~ 1, P > 0. 1, [g= 0
o ”_ftailed],¢ = _4,, ‘and. Kruskal Wallis anova,_ j_= 6.59, P§ =
e, 09) AN SR S

_=n :Z

:;lf At tne 1ower intensities (1 e..94 - 101 dg at the>subﬂ9ct¢ ;3' 1;
__   :¢&11 slte) 4. 6% of - the.suhgect's responses overlap in some,f%$ f_
__L;awdegree to- a atamulus Whilg at the higher: lntensltyﬁ'¢f -”'

_, broadcasts (i. e. 102 - 109 dB) only 2 1% uf the responsesf}ﬁV
foverlap with a~st;mu1us.- _ _ _

EE

. There Were ‘no’ algnlficant changes “in tha, temporal ar}f '”'
-:-__spectral prapertles &t the subjeqts*f calls until the -~
'}intensity of the hmoadcast reached 103 dB and then ane?Z;Lfﬁ
E aubjact changed ta aggrassive calllnq (see Fig. 4. 12): The
__jnumhgr oF suhjects whmcl producad aggressive ¢alls duringﬁ4:7*
© " the bmoadcast inarease with inureasing stlmulus inten31ty 'f _
| so that, at an intensity of 106 - 109 4B, 50% of the
'fsubjects had producad aggressive calls.gz ' S

Y]
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inhibited from. ualling and axthuugh all the: pravious

?_;subjedts which—stopped call;ng aasumad a '1aw' pOSitanf

oné’ of tha subjecﬁs which ‘Stopped at 106 4B remained inan:

";H ;aat£ve ponition ‘with Lhe vvaal gEC partially 1nflatedr _
zf?hls subject coﬁxinued calling after - the broadcast had
_f3hcaaagd, wa frogs mnvad durlng tha broadcast sequance, one
'”-mnved away from the'sgeakar When prESehtad with a: broadcast
: njnf 200 dB*n and the uther moved towards the syeaker ‘when -
'“fpmeSQnted with a broadeast of 109 dBa_Q;nBath subjacts
e :resumed calllng after thairquVu‘_-_*;v5»;fj '

ﬁlfThare vas o significant change in- the repetition rate af
. the Sﬂbjeﬁtﬁ’ ualls thraughgwt tha br@adcast SPQﬁBnﬁaB
';(Frxeaman¢ANQVA, F =0 asf p = 0 ga.Ldf = 4). L

o,

 ff;fIncreasing intensity broadcasts betwean 33 - 1;3 dB at tha
. éublect’s call -site were presgnted to ‘nine s&_wﬁaﬁaz.__as“*j'\
S the xntenaity increasad subjects showed a- gradual inc&ease s

f?ln the number of calls produced approximately 500 ms ffam
. the. end of a stlmulus," Thxs resulted in & significant
”;dedllne in ‘tha’ mean. S-R interval with increaamnq intensity |
. (Spearman’s’ corralaﬂion caafficiant, rg = = 1,'P 2 0. 001,_*"

'[2~tailed], no= ?, sae Table 4. 5)

At A ralaﬁ;ﬁély Low

' ~]broadcast xnt-nsity of B8 < 91 dB;°E%%ébf all thkmresgonSEs D

nereasedl

0
w

 were producéd within 506 W fromothy &nd:of = ataﬁulds,;;5
ifiijThe*number of respons&q\zn ‘this. pe¥icd J:e.t‘f!aatcl:i.l:sp’":""s
" /with . dhoreasing inten%dty,cﬂresuiiaqg Af ai%oébf the~§
R ‘responSes p&curr;ng in;this peribd-ak . ahbroadgast lgvel ‘ot w
":”Tifaa - 106 dB and: Mp—to 99% at an 1nt%nszty 1evel Qf ll% —“S'Mv
3';113 dB (see Figsfsh 13 - 4 19).”- i ' o
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o Three subjects &ontmnued ‘praauclng advertlsament cails;_;;fl f
; "; chrﬁugﬁout tha axperiment._ “The 1omast intanalty bruadcast;fi_T
“_which cause& a subject o cease aall;nq was 102 dB, ‘and 2
_:"-further suhje‘.ct 5topped ‘calling when present‘ad with a T
'_ibroadcast of 104 dB. R At 106 4B “ three subjects were;’
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Figx 4 13 S Weaj Stlmulus—ﬁesmnse i;‘ltervals (n = 99}

. _during a broadcast at.ai intensity of 88 - 91 dB @® m%!e‘@}.
" The salidf bi’ack bat« represents the duratlon aﬁ’d posutmn Qf

ISR

Lo




- FIQ 4 14 S yvaal rStlmulus-Response mte_.“_ il
~ during a broadcast atan intensity ]
- . The solid' b!ﬁck bar rerﬂreseﬁts‘"t e dun;at:on an“d hosition c:f
i :ff_"the stnmulus BT T T R
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Fig 4;"1'5" 3 Weahi St:mﬂlus-nﬂesponse mtervals (n = 95)
" during a broadcast at an inténsity of 85 - 97 dB (8. males)
- The solid black bar represeﬁts the Hura’tmn aniposutmn nf*“'
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Fag.p4 16 S ueali: Stimulus-ﬁesp@nse mtervals (n 95)
J durlng a broadcast at an intensitymf 08 - 100 dB- © malras)
" “The'solid black@%ar represants theg durauon and pogttmn bf’
@thestlmulus S LS T e e e f:s
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: -Rest j'_'nse mtenzals (n 11 1)
..duﬁng a brgadcast a't an mtensrty of 105 -109.dB (8 males)
- The solid black bar represents the duratmn and posﬂ:ton of
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Fig 4 19 S wealn Stnmulus-nesponse mtervals (n 97)
dunng abroadcast at an intensity.of 110 - 113dB (6 males)
The sohd black bar represents the duratzon_ and posutlon of




'frnughoutkﬂthe W“%mﬁadaasts'

-, 21) ghorter than the ft igure
i fﬁspﬁnseg; ware flrst produaad at_;@_Jf-;=-

_Qirwnmhree suhjects braduceg aégxassave calls (Flgure:g_zl)
'f;gfirst being produﬂed.ﬁ$ reaponse to. a bwaadcast"' Bve

104 dB.,.. Ocpasianallyyaggr3351v& caliﬁ wﬁre prnduéed,as tp

”ecand call 1n a doubla résponse._ anly ane 'sabject was

SR

. spted.
iﬁﬂ 3 qwiﬁh & broaduast of 107 dB. Furthetmore, ﬁnly nn 1 ..' _9
. movea ‘during the- broadoasts . The movement was away ~£rom
U the 1oudspeaker and. occurreq’at a broadcast intenslty of
L 4, ".."':.'_'-__113 dB " here was ne change in Qﬁe[number a‘E nqt%s w;.t:h #

”;xiincreasinq"lntensity cf tha broadaas-'
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“ “eall. " In this study,

: '_ uall three sgemes Was, ‘Ehown - j:u ‘be affected hy c:hangea“ in o
S ;-__the intenmlﬁy Qf »rthe stimu.’f.um -5 the stimulus mg. wﬁary
" oe, Similar to; a- ‘natural gali,’ the broadcast Eimulated a2
Ry calling neig‘hbuur mnvmg c:l,ose:: tca ﬁ% sub;lect. R o

y

'ﬂt ;ww
”'_ape” e_’ was “to- contmnﬁx% calling :m ‘a pattern smi }ar to. L
‘_"'curring ‘bofore ‘the broadcast hegan. o Hm‘rever,
__'.besides ‘Bail” alternation mcurring by chance, osome
precise . ca}alwtming was exmbited by 8. weali:. at‘{ 1aw_'_--'_'_._ .
’é*broadcapt intefisities. Althought Narins and Caprahica
{1976, - 1978) sugges%eri ‘that call alternatmn occurs in B,
. _'c:'oqui gt low :r.ntens:u:y broadcaats th:l.s was ncrl: observgd in 3
th:l.s si:udy. S - L @

xthat

- _;f4;4;1-br"' .

:ﬁ¥§;€; i;”ﬁf:3"57-‘_'

_Séveral studiés have.shown that an - Mfcrease :a.:q the SPL of
S 'adirertisemerit ca.llﬁﬁ’ stimulatea a change in the behavmur'-_
L pf the ariemp:;.en;t eaumall,v;\:tg'm, ‘I.'e;;lfc:rd, 19&5, ?Schwart;z,
_”"-':1.937, 1939). - cpnsequently, male&: alter ‘their vocal .
"-'-'behamiour’ in- response t0 - ““’the prammity of meighbours,:_;' T

wh;ch J.s judged hy the 'err:aivad E?L of thg ‘adwrtisantent
_--__'e vocal hehavmur ofs *the males af

Ty e
g ,_- :.Q "‘ s B o

.oadc:as:t: intqnsities ‘.:he general t;;end :‘Epi: al.‘l.

S

“ ‘5’:

; jg 5 the imtensity aﬁ tha hruadcast tc E. aoqui and 8. waal:.::.'

- was. gradually mcreased, the hwaber: af R4 ponsea rwhich’ were .

. timeriocked to the stimulus increased prnpartianateiy,_ and
. the temporal: relationship between the caJ,ls and the atmula .

K .bacame more precisa._;_ - S ST N D

) ‘._} e PO \\ = ____i-._.- L

_At very h:Lgh hwadaast :.ntensities, in all thraa $pec1e3’ o

. thg’ . males pmducad aggressive. “ealls instaad of
__a&vertisament calls. . I:E the hroadaast peraisted ai: i':h:.s

1_’6o'|-_ '



51natances would :
,aﬁy@rtisemant calls after hﬂinq ccntinually threatened byf _ B
"..'aggressj_ve qalls. SRR A el _. s T
* Algo, as shown . by prertson (1986a) the response ‘o thef
" stimulus may depend upon the relationship of the sibject o

o

ini:ens:.ty then malés ﬂft:an became si&éht ami many__-. RS
fféppraached the. lnudsgeaker¢ “This: type af” hﬁhaV;oﬁr has ffjjf.
been. described in other anvcans (Brzoska et al., 1982. R
"”Robertson, 1934:T WElls ‘and  Schwartz, “1984b). and cxlcketsfj"":
(Cade and otte, 19321. Thessllenca avaked by coqﬁznuousff,_?
‘broadcasts at ‘high" 1ntensitles may be an artifact’gf the
_.;jnom-interactwe natuma of ‘the axperiment. The %,gntinuausf .
'loud‘ st:l.mulus is produced by tha 1oudspaa.ker :I.r:mspectiva '_ e
Cof the evoked aggressiva raspansas af - the" subject. Thlsl; ot
‘represents - an - unnatural situation, . a8 only in rare
individual contimue to produgs

the. stimulus., TE the aubject was  the ' same weight or .

-n0hsarvad in these experxmentﬂ- e

. [}
ki . '11.

heavier than tha 1nd1v;dua1 which praduued the*étimﬁlus§;*f”f}
”then it attacked tna laudspeaker. waever, HE e werefwf”'
1ighter then it Wah abservad to vetreat.: - The results“”“N
ffbbtained in ‘this. study were aonaiatent “between . 1nd1v;dualsia_" ;
. within a species; aLthou@h males varied conaiderably dn
Cthedr: SVL.;ﬁAAthougn subjects were not weighed, ‘it is .
thought that it is ‘unlikﬂly thyt. a- subject*s weight,
?=rela£zve to that of the individual ¥rom which the saurae;;’
Stlﬁlﬁlﬂg was. made,, had any - bearing on- 111'13 hehavioyr”'

_“zt appears that nallxng males may assesa their naxghbcurs'nj ;];'
'9051t1ens, relative to.ﬁheir own; * by usiﬂg intensity cues.
The results O this study confinm that ihterﬁmale spaulng- ”I}-*
in ¥ aoqui, ' marmoratus and S. wealii ‘are’ vacally'_f '
nedlated ‘and . this hae  been; suggest@d A g@veraLbother' L
«specias (Sgnneldar, 1987, 19687 Pajllette, 1970 Plerce and-.
_-H;Ralln, 19725 Sthetdar and Nevo, 1372. Allan, 29733 Rpsen_.*”
.,'?and Lemon, 1974*'?911@:5, 1975, 19?9&. Whitnay and Krebsr, -



' oo

SRR
T

%) 1975&; Braoska ot al.L 1932, Telfords 1932, Robartsan,jgy;{ff
1984, Rose’ and - BranQW1tz, 1991}._ The: variatlan in- thafff}fﬁ*
| intensmty of the advertisement call within &n. iﬂdlvzdual of - .
A species is quite small,lseldom exa?eﬂing 2 = 5 da, while“"”
thu variat.wn bat:waen ::.ndwz.dua,ls can he qulte :Large,
uf:eometxmes as much as-12 dB (Gerhardt, 1975 B:enawitz et
E:al., 1984} but sea Lopez et als,. 1888). '_ Sl PET
.“j'canSEquently, when 1on1ng at the spatlalogrganlzatlon of
'fcalllng males’ of @& particular spacies,. the' ne rest .
'_"fneighbour distances will vacy quite considerably teflecting
 f*the var;atian in the intensity of - dmfferent 1ndividuals*.i f
:7_adwartisament ca11$‘ Interwmale spaaing withln 8 - speumea  y;””
g }¥W111 be & ‘direct affeat of. the camplex 1nteraations batwaénj”“ L
T.j,the walls of différing intensity. ' I B

Talford (1985) provided the flrst experimental vé%iflcat;on s;
of tha functlonal sagnlficanﬁe oﬁ inter~male Eparing.3-Her"

:showed that famaia B marmoratas were. alqnxfzcantly fore -
- often attracted to- 1audspeakers which were separakgd by 50
_om a8 opposed ‘to 25 cm in phonotaxis. experiments. If this
”'*WQre true for Most\speclas of anurans which axhlblt vocally_f"'

|  mediated spacing patterns then the selective pressure

- acting upou wales to adeguately space themselves’ from. theirfl

_il near neighhaurs would be quite cansiderabla. “ugg

1‘\
o

: j'V.;§E§QQ '

termad a terrltory (Hinde, 1956) ' E.aogui”do-nqt form
aggregations (Narins and capran1¢a,\ 1978) but call in
fairly low density choruses (M. M ~ Stewart,’ peraonal"

| _1szgzlr];  ;'

As mentidned previously, E.eoqui is the only specias inil
thls study which defends gn area which ‘can correctly be

-communication) from distinct territorles in Whlﬁh there are '
defended resourdes 5u¢h as ov;position and retreat sl%es.-
' However, H.marmoratus and - &. wealid anly defend speuif;e
_';indlvzdual distancea {Conder, 1949) which are compressib;e;:-

at hzgh densities LTalford and Dyson,. 19&8] ni

=
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'_\\themgelves,i
. mate- R i
77 Tha reaulta

o, .
=2

lntensitles (1 e‘

defending thelr'

rathﬁr_q

Lo

males, readmly' drbp the fam&l
faatnnta) of their call at

: ‘\I . L

attractant. note
raadcasts of fairly 1ow

(* @eee

83~BB dB) suggesting tha;m%in theae
tarrltarmal frogs it is more impdrtant to spend ’time
territbriﬁs and ensuring that thélr o
neighhaurs are suffi 1ent1y ‘well ,gpaced ralatiVE to. ”"gfﬁf

C the

ncreasmng

.hgﬁ;,g=rh-:'“

an canatantfy trying tu attract a

P

1ntansity brcadcaat

experiment 1n thls chaptan augges that maies are
5

mntularant af 1ntruders in the;r

"autive spaueﬂuﬁf

active space af an aﬂyart;sement call Ls determlned hy (a)
the 1ntensity- of the signai (SPL},
attenuatinn cauaad by vegetation or tha ground and (c) the
df the

audmtary thresh@ld
. raaa,pmnt@
' directionar

dbuhllng uf distanae.

(b} tha amnth of

(and. therafare ‘%ha _
Bs the aaiis ok most anurans are only sligntlye--

sex)

tha Shape of the aatlva space inan anaechplc N
‘chamber would be more or less spherical and. tha a%tegzg#’on -

|!

TR

f*would fallnw the spherlual spreadlng ruke tﬁ’ ‘6.dB per
Howeverﬂ in the fiald the shape anﬂ 4 \:
siﬁe af ‘the active spaaa will vary tremendausly dependihg

upuﬁ\vegetatzan, clinmatic. canditians and tha height a£ the

. slgnaller from thé ground. :_'j

'b -' - :., ’

e

Ao

nua to considerable dlfferences 1n the tunlng of auditary
fibres: af male and female anurans (Narins and capranina,;
bdt sea Enftus Hills &nd

19765

 Johnstone,

1970},

Wllczynskm et al., &984,
tha aatlva-

advertisement call’: can be’ div:,,gied into ..twn categcries\\

capranica, 19?83,

- .._.

3 The "qui“ nota has heen ahoun to play an inpnrfant rnie in f@nale attraction, B Harins and

” dependent upon tp se* nf tha recipient*

.

ﬁ;}

L

space | of - ‘a maledk )_;ﬁ*

A .'e,.\__.



since most anurans produce very intanse s:Lgnals and femalas-_ T

: have relatixzaly “low. audltory threshclﬁa whiah Bre

. ispeca.fmally ‘tuned to these signals, ~ the female. act:ive;ﬂ.j"-‘
" »"spaca may be very large. . Hyla ew.mgu has . been shown tuj:_-'. __
j%;hava afn-. effeaflve cnmmunzﬁat;gn distance of up to 130 mf.,g;“
B (Loftus H&.J‘.ls and I.ittlejohn, 19-,1)‘” In an anaecholr;_-_ o
- - ghauber th: distance muld ba equz.valent o ‘the rading’ of
~ the active space. o Unfortunately, ‘the sex of 'l;he

g 'J.ndxvidual used o de*t:ermine the- auditory threshold off.ﬂ o

| ';"H.ewmg,z wis not stated (Loftus Hills and Johnstone, 1970)1_ e

consaquantly “this can only prqvism‘hﬁflly be ‘called female = .

'-_j__.'ac;tive sbace. Brennw.lt.z ei: a.s.. {1984; dﬁmwxptratad that'_ e

the female ‘active space ~of & male Hyla . drucifer

--"-'__'advertisement aall may bhe: as ﬁarga as 71‘1 m (J.n raﬁlus),-_- SRR

"wh:.ch is K tmes 1arger than the nale :r.ndiviﬂw»l space (sea '

e :-belw‘) P Fema:i CER ara fraqueni:ly :Emznd inta dlfferent“ o

--_habitat fmm malea (L.e, dn- an elavated positmn rather

+  than at the water’s surface).. Tha sidhal willy therefore .
_._.aegrade differently fc:r males and fem-ﬂes, _ produgj_ng

”“aanother sexual . dlfferenca between thaa at:ta,ve spaces  of
advertlsement calla.;_ ity temale active space may bR qun.te
'1_éirqe it w:.l:l. surfer-, from cansidera.lgle gttenuation caused
by vagetation and_ g dund effects. - Therefore, . in most

é 8G8 female aatw’e pface wio.ll ba genarally ovoid :m shape,

with a dlscont:l,,n s border anc‘l a flai:tanad Iower 1im:it
' paused by grauna atten}la‘tion. Y Hehive a Female dn’ an
N \aleva**ed posi‘-t.ion near ﬂ’xe baundary of tha active. sp\aca may
F aaaidentally move out Qf tha actwa space a:.mply by 3ump:|.ng‘

: '_'__"tfa the groun&‘ R _ _
- At the boundary of Lhair acta.ve space the females exhih;l,t

'.'_:Lang—ranqe phonotaxia and move in the genheral direction of
the =i grxaller. o As thay approach “the sign&ller they begin

' | short-range phnnotaxis which is characterised by & zig—zag
'_type of approach. . The female actwa spacza of an

” '”mdixridual is not “an. axalusiva znna and may qverlap or

<l



v

A

”.vaacalizing cvnspeuiflcs. RS

!

intansity af tne call is posi

is termed the male individual space. - The ' isize of the nale

§;“; ind1vidua1 space 15 determlnad by the iptensity of the

| sourge Slgnal; . chmrus densxty and - the bahavzaural'

K threshald of" the—recipient.,f It is a partlcularly dynamlc

;~space and ls uumpressible with innreaainq dansitiag of

. ¢horus participanta&\' It may averlap with or be cont&@ne& o
- within othgr female active spaces and is a relatively small

© yolume in which other , @alling. ‘individuals. are 'not_
" tolerated. As & mutu&lly exclusive: zona, thgs space will

be - defended hy aggressiﬁe calling and - anmbat against

L2 s

| _'“_'When an J.ndividua}. of ' ithe ;.,__,_:sex enterﬁ or cal?‘-s Wi"-‘-hm thef
' remale active spac X
. the behaviour of

"3

L

f':contain many other feﬂale autlvé 5pace$ and male 1ndiv1dua1 ;j ;ﬁQ
.;_Spaces., whe paramaters which determlne tha aizﬁ &f femala;_'
) active spaae are ﬁalrly aonstant during an evanmng .
6; faonsaquent1y female active space is. an ahsalute value

'-fls not cnmprasaﬁﬁle. - ?p;;}?_g-- : S

_ f“0ne of . the parameters determin;ngﬂ@he smae of the femalejil"mﬁ;

_ active. space is the 1ntens;ty of ‘the: signal«_- Furthermore,}ﬂ'_m
. mény- authbrs have shawn that W within aespeciea, 'the}ﬁf
ixﬁely corrslated. with body

fsize._, mha size ‘of ‘the" &mg}e a%tlve spaea of a large'_ o

.'-1ndiv1dua1 will theraﬁure ba ;Jﬁater than xhat of a- smaller}f'p;f

o [1ndiv1dua1.,z Hnwever, the cnrrelation between . body size -

. 4ng the diamater of the active ‘pace will not be. very

_ ; .strong,. LB, other parameters such ag excess attenuaﬂion.'f  _

'1,fwiil play a major xole dn restriﬁtlng the ‘sizé of théj:f;f 3

- :Eemale activa Space‘ . , e "/f' . . R \_ . ;'. _ _.“ . “ _:' :
;Witnin the female act;ve space there is a- smaller, ?duﬁhly__ .
: spherzcal vulume aurraunding the m&le._ In th;s repnrt i&}p‘-' ,

\

. '\.'g:\ .
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@

"=However,_

__._:__._will be largar “ga’ _\_the auqury tht‘%ﬁhomﬁ: cf’ the'?!-*'-"
;;indiyiﬁuais ﬂecreage'wlth increasing tempaxatura‘ o

}These e&parimentd}essantigiiy s;mulated the approacn of‘aifh.
aaalling gohapecifin thruugh the femala ‘active space and -

n'1;?mnvamegts fbward ‘or away from the 1oudspeakar.”‘ s
'{@1nteractaons *only - ooctrred. onoe thﬁ male indiviausl spage -
| bad been invaded. R
'1fﬁin this(ﬁectlnn exhibited a graﬂad escalahion of timavll S

'"”cal% intensity, an&~hende invasion uf aﬁtlvecﬁP&Gaw-

when'a female entara or a. male oalls within a
male’s: indlvidual gpace ‘then ‘there 15 an. immedzata rasgansa}
-3 tha infeuder. " IE the,lntruﬁarnls a famale'; ‘malds will
aither‘wncraasa thair aall rate.: turn towards'the-fémaze'_
oF, sometines appruach ‘the female.  On the ofherchapa-ie =~ =
“the lntrudar ie a\vocaliziﬁq male, tha ‘résident male will*;:*jff?
Tswitch to aggrgssiVe aalling and if. thé‘lntruder persfsta,]?fﬁvff?
the rasident Will move. towards the 1ntrudar and anter 1ntafjf;
cqmbat. sametimea &1lent males are tﬂlarﬂtéduWithln the
- maiess’ indivn.dual space a8 satelliﬁa males, . put ‘are’ .
immeﬁlatelg attaaked if they begin - calling..;nqn warmerjfzy
“ nights, both femala aatzve ‘space and’ male ingividugl space,ri=

ﬁala Indivigual space. - “Pogether they have denenstrated- amo
incremental chanqa in response. acanxding to call intansiﬁy, SR
Thab-ia, as the inteps&ty increasad, “the - fregs* hehavxourak;j?

changaé fron the_natural calling pattarn,, ‘to timewlucked ‘
respanaes ana aqqressz'afcalls,:nnd finally tu ailandaaand LR
?;A@qres&ive o

In conclusiow| all the apaaies examinedfffoul

locked &nd” gggresaive respnnsas, “Linked with® 1ncreasmng? :Eyj7g

L

5 .

P YT P



”*ﬁbehaviour

Ry

i INTENﬁITY AKB DISTAﬂcE DISQRIHIN%&IQH BY FEHELE
a HIREHOLIUB HBRHDRATﬂE

R B

"]'The distanea over Whlch aommuﬁication is effectlve dependS'-;77
 :upan call - intensity,' call - radiatiﬁn pa*terns, hearlngai“ _
 .thresholds, eall progagation, and envnronmental uonditmons.j; qu__

The pravlous chapter highlighted thekrola of call intensity = -
in-male-male imteraction and this chapter discusses the

"'significance af call Ehtensity in resPect ef famale S

o

- one obvioua advantaqa of praducing very loud calls is7
related to the distance over which an individual can
' cammuniﬁate. ﬂhe louder the calls the -gréater the distance . N
 -over which cammun;oatmon is efﬁactxve.; There ‘d&
’;_:conslderable selective pressure for. frugs to cammuniaate-'
" over 1ang distances (ﬁassmara, A981)., Moat frogs are .
Co dependent upon surfaaa water far reprcductaon and therefora'*;' .
:f'cannnt afford to- vocalize at’ “any great distanaa @ram the
- water surface. ‘Marten et al.(1977) ‘suggested that the mast
'_ueffzciant way animals ‘can  inckease. thexr effaa*ivaf'

a
e

'-CHAPTEﬁfﬁr#35Jf~’fffilf?{f~f3 ﬁ1f-55;!i "
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o 'fﬁesmmunlaétion range is tn vacallze fram a pns;tlnn at least;7gﬁl___
7 1.m above the ground, thereby-minimizing eXCeEE. attenuat_anﬁ;f;§f}g
:1R{ydue to grmund effacts.? CQnsequantly, although ;Fogs aref;"aH ?”
' T_;;llmltad by physiolegical constralnts to vocalizing close to ' .
“the ground or - the. water sufface, these very intansenjv' ;
‘yocalizations ﬁ%y be an  adaptation’ to. long distané%ff; |
L ];cnmmunié%tion in clome prg'lmity to: the graund. PO S
”"%fmaasurements of - patﬁral snund lavals coupled w;th;[ﬂ;'“'

n}neurophy91oiagiaal data, ‘enalile the daterminatmon of ‘the

’fimaximum dlstances over which ' 1ndiv;duals can communlcateff'f
“effaqtivary._ Toftus Hillg and:Littlejohn’ (1971} estimatadtj‘*; )
" that as Crinda paralnszgnlfera has & mean 'SPL of 87,5°dB .
_']jf(peak at 50° em) and a hearing threshold af,ﬁn aB, then 1t_f1'j f
. can only communicate over a ‘magimum . diatanée of 4.m, while_-{”7?-
Hyla ewﬁngi,, with a wmean SBL o£=100.8 4B (peak atOs0 cm}j:_

~ and-a hearing threshold ~of 55 a8, ‘éan communicate over a

| ”ﬁf;accurately in. the

' distance of ‘100 m. ﬂyparolius marmoratus has a ‘mean SPL. af‘;"if__
__57193 8 dB- (peak ‘at 50 / ) (Passmore, 1981) aﬂd a hearing . fff“
“fﬁthreshold of 71 aB (Glelst, 1985) which. corresponds o an
”:-effectiVa Gommuniaatinn diatanda nf B2moons s Y ?“;'   °;
" The ‘numervus applicatioas of 3ound level méaéﬁfeménts ':___
- warrant the . tediowj efforts requifed to  record SPL[f-L__
_ field In many of athe earlier” ,j-g
,'f_ﬁhehavaoural experiments in whidh male o famaly anurans“  ¢'
_ __were subjected +6 broadeast: calls, ‘the level ‘at ‘whichsthe -
- call ‘was broadoast ‘was chosen .subjectively. - Gerharwtff‘_.
- (1978a) deménétrated the - impmrtahce of bro#icast level on -
' the phonotactie behaviaur of female Hyla cinereas —He
- showed ‘that when the broadoast levels were set at 75 or 85
das, femalas preferentially selected a ~wall that was '=
 entirely pulsed at a depth of 50%. Huwever, “when the
H'broadcast level was only 65 aB, thig preferenqa was ho .

:“1onger prasent. It is important to know more’ about’ ‘the SPE

7;;'of animal’ vacallzatinns in different habltats, tcgather*;f'
- with sound prupagat;on Qata, to enable us to predict the -
extent  to which particular ‘signals are adaptive in
"-partiaular env;ronmants. | Further%ara, gpis informationf“ 

“c.._ .‘_;.- - . .- . o N J(t.._v_:__; -



'-1 3wquld facllltate tha calculatmon uf energy expended, ana'
ftharefore the ”cust inaurrad by the a1qna11er durmng

____fIn studi&g af famale dhoica and phonotactln behaviour,ﬁ;:;f;w
. ther call’ radlatlon pattern. plays an. “important - rale.;

e,

 Light. (1976) -noted that - female B. - dmericanus - were

| _h;frequently seen to bypass “calling males on thezr way to a']f;

.x]-partlcular callar,;and he 1nterprete¢ £hig in tarms af“

o . o sexual salaction.--m Howevar, _ Gerhardt (1975) nas . .
| ‘vfzcharacterlzed. male’ B. ameriaanus ‘as " directional’ saundﬁ o

; '5ouraes,. ahd 1t is possible that femalas only appear. to;;”’f

. ‘bypass males as thay do nataactually entar the male*sﬂf}'

o ﬁ;alrectlenal sound field, " L oo s T

. call’ radistUon patkerns may be - obtainad hy tmking SPL   .
;;{jreadings at-the: sama distance from the frog's snaut,ufram_gpf"f

and’ raar.mqseyeral authors: hdve plotted =

‘and have’ found some speciés to be very
sources ' (Hyla chrysoscelis, . Bufo

{5;-the front, 51de
.radlation pattern

directional soun f

- anericantiy, ‘Gerha¥at, 1975,u- 'acosternum boettgarz,’

_.u\fﬂyperaiaus pusilqﬁs, H, argus, H. tuberilinguis, 9aasmore,,gf~ $r,
a9s1y. Philautus lef}nrhxnus, Arak, 1983b), while' others -
: 4.agﬁwmas ‘amnidlrectlenal soundu sources (Hyla ,Q;uqifer,.   

| Gerhaydt, 1975, Hypérolius marmoratus, Eaésmofaf“'iéél:';
"~tupen31eia rugosa;’ “Robertson,. 1984).= PRIt e
.'As excesk. attenuatlnn caused by plants may be as ‘high as -
'5 7.5 dB at 2 m (Walls and SGhWartz, 1582), the above authors

;'made absolute maasurements of direativity by eithen prunlnq- 

[ T AT

| - away " ;ntervening vegﬁtation ‘or hav1ng ullneﬁof”SIgh;:. E
,:;g1aaranuen frum the mlcrophone of the SPL meter o the  ;”":
_:,calllng 1ndmvmdual. waever, th& physmcal cﬁaractérlstlcs_i 
of the call: site can have 8. profound effect\on the sound
_,-radiatzan pattern. - Male theiqporus call’ from breeding .”\i
?jhurrows and the bmrqu%fﬁaye be@nyﬁemanstratad te—anhanca]§ ,r
tha prinaipal frequenﬁy“dompag?nt@ﬁf the call by resonance'“

[



.;F‘(Bailey anﬂ Rdbert : S _
";z}xhat the burrow system may campen$ate faffthe'%&ck Qf
__ﬁ.vocal sacin’ HEIeloporus app. (Balley ‘and. Roberts, lgallgm‘: o
. Greer -and: Wells (1980): suggestad ‘that dg most maleff’”'; 
____3Centrolenplla fleischmanni eall. from -the’ under 31da nf:_hfff_
‘  fo1eaves, ‘the ‘ledf may- act’ PN a :eﬁleﬂtnr affecting the)ft ﬂ¥
_ _dlractionality of the. 51gna1.. Wells and’ Sahwartz (1983)_5ff ;]_
" 'demonstrated that although €. flelschy?nnl Lare- mot 7
~directicnal sound sources, the ditreational i'1i:.-==;'m\irng" ‘of the
f'acall was B dlrect result of the phys;cal nataxe of, the. call o
' “_site.g Narins and Huzley (1982) alsc. fﬁund *hat althoagh' _
- male E. cogui ushally ‘had ‘& uniform ‘sound - ‘radiation ~ ¢
_ gfapat$ern, three ‘out of the 14 ind;v;duals .studiad. hadf=;ﬁ¥f'_
]f1{d1remt1onal radiation Eatterns, wath a front-back zntensity_  B
.- diffefence of #t. Jeast 5 dB. ‘The directiohal nhture of
"'-}these 1nd1viduals' calls was directly ralatéh tn the;!j"”'°

‘"7;_Ma;§ authora have demonstrated that the $auua pressure°”___ P
 level of mafing calls-in anurans is-“ ositively cgrralate&l;fJ7ﬂ7*
_ =with bndy size (e. g, - Gerharﬂt, 19?5. Wilbur et al.g 19787
__-Berveng mgal, Passmore and Telford, 19&3}»: Also, females Iy
of some Specles exhibit a preference fur~Ja1es with. 1ouder:: ";"
galls . in experlmental situatinns (Feilers, 19?9a-onyan,g;? o
' '1980= Fajrchild, 1981; ‘Dyson, 1985). . From ‘the. results of
:these experlmants, \1t has been suggesteé that considerable- B .
 selective pressure$ may be acting on large mala body sxzeﬁﬁ'*'
 _through female preferenae for louder calls. - This is an .
:-atxractive ides. for advncates of  sexual seledtlpn theory,[ 
_ Cbut very fow ahudies have examlned whether & femake can' f
_:ldszerentiate batween qulet -calls thét gmanate from a
_  -,nearby source and 1oud aalls fram mare distant ﬁﬁlnts.“"

..0



e

L '_'m.gheat tﬁtehsity. R

}}

'f._'-assaaa the ﬁisf{ancé of .
his -absolute intensity‘
thatr{éamalea mayaa seleat Jerger males hy usinq acousta.c cues
- alorie. . They, st;g,?diad .Rl.;%lamitans ﬁmich proﬂuces (amtmg
. “‘others) a single note advertissment \ﬁa_@f}.‘,
3gﬁgd1v1deﬁ intd{%wo frequency ranges:
0 ran :4200 - 450 Hz),(and
o .1000 Ha)
' _' by Rayzag:) a“l; ali (19831 for scoring paﬂvertisement calJﬂs and
* . was obtainea by ‘dividing the . 1ow fre;gue&;ﬂy ig{tensxtv by the ",
" mid frpguency 1nten51LyQ'
'I:positlvaxy with SVL in’R
males bhad a low EIR,

. pr:caduce more intense sa,g‘nals y. bheéy wc;uld neea ta ba ablé to

for the mostcp:mtensa m:l,d frequehey. . fone oppe;ssa.te is truea
for l&wge males.r
. epergy in. the mid. frequency range “thau the:
" range while the oppamte bccurreﬂ%pﬁ 1a:r;ge males. : e
' i‘suggested that- a;,, large EIR sc:ore{ wcml& mdicate to a female'.'-__ .

Perhapa femalas' are rasp“ondlng s:.mply to the ‘Loudest“ m@la
“because. ke is the alose.st, and imt “ﬁecessar:.l{ bwausq his’
call is-x_;-_-g.- _tmn# ¥ one’ of - tl;' 1ot dest .in the ﬂcdorus..
‘Arax’ (1983c) demongtrated’ . 3 ta,
px‘afer:red cams which fliffered only by 2 dB. Huwe@e:, ﬂhen 1
the loudspeskers. were piabéd a-l: d:.fferent distances frdm’ ! e

e

{

- the female and their intenmt ies ad:{usted tb he ‘the sane ah
Cthe :Eemale . ralease pa:.nt there was jpreferance '
eghibited Ccmsequentiy hg/juggestfed that females ware R
gimply’ pasaively attractad ta the call perc@wea at tha

L

In&foraer fer femﬁles ta mate preferentlally 'with malas thaﬂ

T T e
i P o

R\callingﬁtale and. then galoulate
*. Ramey. et aly s (&@83? %ugqasted

T S ——

Fl'..ﬁ :
2) & mdq;.ﬁreq“uency range (590 - _'
'I‘héu axcitﬁtory-inhiha.torgy tatio (EZIIR‘] Wga uged

ﬂ‘hay fouﬁd tHat EIR. cox‘related
alami ta.ns Coneaqueni;ly uman
‘as 4l ampi.,itl,ide fur the mést J.ntense '
“low Fréquency vﬁs conmderahly smal:l.ar than the" ampl:.tudé’
!z-harefcne small males hi H a: 1ot mora_'._
Low, Zaquenayg HE

that ﬁha call was prodﬂcgd .1@;( a large ami lcnr;g livad ,maie,'“_ g

~and femples should be.'moye attracted to.these' maj agxis. (1
_'However, as -high' fréquenqiéé ?"j:anuata, fastaas than iﬁvw
fraquencies (Koﬁ;,l.sm., 197‘&%; fmm & da.st:ance & small male -

[N S
. i

®




EE woulﬂ appear'to hava a hlgher EIR, as the ratfo ot 1owfmidﬁﬁ o

“.]ﬁ frequency attenuatlon Seéns nnlxkaly, and was tested using
L variaux tombinations vE. 1nﬁenaity and distance in simple
S twa-chalce dlscrlminatlon expériments, ' fc': S

. "the ‘ability of grayid. female Pseudacris streakerz to ..
; fmgdiscr1minate hgtWEen calls bf conspagific. males and calls
et A sympatriu cles. TREy braadcast ‘aither cunspauxfic_?_,p:qm,

_i__ }cal1s, ox thq2§

" gpeakers at .esth end of an enclosure. - Females were caughtyf; ""'
_uffineampleﬁus and testad after heing separated fram the ‘riale -

7 and ‘allowed & short periad £ hecoma adjusted to the .
:L;artiflcial envzronment. since that time, “the two~chcﬁcef A
_ 75diecriminat1on experlment has been widely uséﬂ to tesh- thef_

'vpreferences of . femgla anurans to Various syqthetic and'
" patural matinq calls.-f-:i 9#5-~ N A

. Indeed; ‘many Authors have axperimentally damonstrated,-"{

. 'using the two~choine. discrimmnaticn exparimenﬁ, that fomale =
o anurans‘preferentially select “the ' 1ouder of ﬁwn hmoadcast RN
_ calls (Fellers, 1979a; Fairchild, 1981; Ardk, 1983¢; Dyson,

:flf1985).= Large male H. marmoratus produce 51gnif£cant1y": o
'{;alaudem calls: bhaﬂcsmall malas (Pas&mcra and - Telfard 1983)j5 -’-Qf
- and *emales p;eferEntially approach 1audar alls in twe- f-ﬂ;w\h
:Qchaice dzacriminatjon expem\Pents {Talford 19827 Dysnn,_.;ff

o0 1985) . quwever, ‘there seema‘éo be some confuaion over the

“ -J;fd1fferences in inggnsity that a female can detect which’ mgyf_:__
f_j.be an artefaﬁt oféfhé f§perimanta1 dasign (sea Taiford ‘\f'

freguencied awings A tavour of ‘the ' 1nw frequency.}f?j:fff
consequently females could—only use EIR as a cua far 1argej*;- .3-

B males at. clﬁae dlatances. SRR . e

CAB mbst frogs' calls. do not have sepazata alements that-"
degrade predictably with distance,  the possibiflty that' a-
temale could calculate absolute inte nsity from d;ffarent;alp_g;.

\«."_.

;jThe tWQ% haice; dlscrzminatlon experlment was‘ first]iff-hg

"introduced by thtlajahn and Michaud (1959}..; hey tested;

of a sympa'tric. species, through loud




£ i'y_ T a

SR

_'wh:l.ch are mom olo

.. o r;‘:_

Il‘i ""th"is dhaptar .-_:I: r&—'examine th-.. ) praference ahi:i'- _.
ﬁiﬁcriminatmn abn,:l.u.ty ..... of female CH. marmmratus to e
Z:__"--"canspecifm calla varymg :Ln intanslty an& dlﬁtgnce .m the

'alnipz.e twnwchaiae expemmenm e R w

o = As mentioneﬂ abmre. - the results m:l':‘ s»imple two*—choice- .
o ;-ri:r.anrmm&tion axper@ents puggem that femaie anu::ans
- praferentially selecty the’ 1argar or Jouder male  { Fellers, L
19'29,3. Ryan, 193% S:E‘alrt:t::h:i.lxi,, 1981,.Arak. 1983:::* Dysnn,':t"-f
%985] Sk ha& already haan mant:mned that 1arga males of-__.}‘ .
| qmarmcrratua proﬁuca louder ‘calls than - small ‘males '
-:-(Passmbre -*and *I'elford, 1933), consaquently “in naturalzl
7"papu1atians females . vpuld be expacted to ‘exhibit a7
[ : '.'--preferaxwa :Eor the 1argar malam However, m observatmna S
. of ‘natura}v pairings of H. marmoratus ‘fewales were mot -
; : mfluenue& ‘either by’ "5123 or - age inthe selectmn of ‘their RS
,_}mates (Pasamore an?i 'Ji'e.lfn::e:l:':iliP \3;983, Uystm e!: a}.t, 1992}.._"_}
" Althdugh la:m‘ra‘r* -male  Hi marmowfms caJ.l 1buder, sand
:__-'_"f;amales are preferent:.a,lly attracted to’ guder c:alls m-__-'- f.
'___'twa--c:hm.ce d:.sarz.mmatmn trlals, 1: a prefemnces a:r:e not_-
| __._.;ref.'lected in n&tura:; matings. S T A P
., Gerhardt (1982) discovered that when: femalr H,a a;l,geraa were
“given a choige of. our ] laudspeakers broadcasting different .
- fraquenm.es, ‘their perfqrmancé was somewha,t reduced when_
~ compared to a tio 1oudspe&er cholce, The two loudspeakerf_ T
‘choice is an unnaturally simpite chﬁﬁce for a female to be - . .
cbnfronted with, and perhapg mure rellabli‘e da;;a can: xbe--si e
~ obtained from fes of multiple lnﬁdspeaker chaipes,-_:
fsaly alla,ed t.o nattira.l condlt:ions. R |

o

In t:h;s Ghalﬂ'-‘er I J.nvestlgate ;:he effect: c:f increas:.ng theff__ __
ccmplexity of - choice on “the " intenslty ;:refemrmas and
'_-:__-dn.sarimination ab:.l:.ty of female r:.g marmaratus. . The




/;:eaults“ were"the ___compared w::.tn those __ gbtam_
tWO*Gthﬁe dlaariminatian uxmals {{&he Ver
this chapter was gei:amine if female H.omEciy |
'.l*- dlfferantiate be een u‘thh cbnfu _ing effects «of sz?z. and
digtame,_..and a:i.sc; td examne intensity prefarenees xn_"'
e e s:l.mple and’ mra cbmplex discrimnatmn expe,riments, e
anards thia main objectiva the anawers cﬂ:.a the _£ol5§.¢mng’_—;_
quea‘hiona we:::e nugh‘i;-* L SRR

: "':l.)"- W‘nen presented wz.th twgcalls 'da.ffermg onlY '_:;;111":_{_
intensity Ao - :Eema:l.e H.' ]

_;_.armaratg,zs preferenhially apﬁroach..-'_::
"the mc}s}t J.ntensa cal]., anﬁ if sa what is the ﬁma' lest

Ty
s&gnifmantiy_ altéred h}g 1n¢reasz.ng
.'*:ftrchoiae in'f Sy ot
3} ca{l fiehra;e H. marmrams dis'hﬂgui&%h between fime-. calls e

e

experiments’-‘



et

\-}.,.'

: see Ghapter i q and Appendix fs“)

W

'I‘he froga: w&re
transparteﬂ sa after capture 'l:a the testing aranét 1ess
than _\3""km away, and females were' tastee within hm‘u:s o:\?

e T c:apture.v SThe tastmg arens was . §1tnated in an open autside

area, a.way frum any buildmgs or 1arga treas, . and
canaisted of a 2 ‘B x 2 5 m flat canvas fltmr éurrnunded by
g 1‘“’". caﬁvas Walls "40° mn mglm« [ Ihe arena was prov:.ded w:r.‘hh

above'*’ the: d:‘e:nale rele-.aaa p&in‘k, : Py SN e
.Air 'l:en'gpara’!:ure :rangea frn 1 18.3 =~ 26 3 c durmg the.j peri,nd
in which theae expemments were aanduz-j-:ted__&: e

Each female was gent y %apamted fmm the:' amplexing male
immed:.ate?ly bafere ﬁha Tiret trial and placed at’“the

' relegse pc:int in’ 't:he centre o‘r the arena undeﬁ a plastic

mesh release caga.: The sts.:nmh wera braadcast ta the
female Cand after two znmuteg t-.he re:l,ease caga was’ slowly

A

;dm ill.ymmatmm by A single sm h redu hulbqé‘uspen&ed 1 m

removed without disturbing the femgle, ~%If the female

failed tcn %.c;cat:e a 1ouﬂspeaker er:hin 10 :min sffe was

B P

amcarded and’ not. used agam. A pasi bive raaponse was

scqx'ed when a,a female aprgmaahad within  5° rm o &
| 1oudepeaker“,bj ﬁr cnntat&ta& & lﬂzudsgeaker. .y ance tha fENIElEc
- had r?omp‘j eted ‘a“trial ‘she was reﬁﬁined to 'l:he release cage .

and the " aboVe pr&cedure was I'Bpeated fcuf the next L

gomblnatg_qn Qf stlmuli. - _..;.{"_ : :.' o e <' S
_ _J_ - _,X- ST ;_:_ * A T o w . e
'I‘he agrmstw f“stwu}us Was an synthetm si:andard dal]r (See

uhépte:r 'ft:ur, msér;tion 4 2 2) that was behakurally

i

. .-\ ‘I t_ o 175 : ) ) _ Q .

. ...:\ H. E\n‘. . . L
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e

o

 5equ1va1en_3
- _Pasamore, 1988a, bi . Baakwell ot aq;{j
- had a repat;tian f&te of ﬁ%}aalls}'mn Whlch appraximates ;7’~5-'

- the natur&I.CQalllng* rate of -males &t the pondm ' .The .
e "Tst;muluautap_ﬁm?a relayed from a Nagra IIT tape recorder°to R

e four~¢hannél analaque sequance cbntrnller specitlaally

'3; des1gned for ‘this. exparlment “The seguence controller was,
_;lcanstruated hy J gﬁel (ﬂentral Eleatrenmc Services, -
 _fon1vers1ty of the Wiﬁhagk?srandf The sequence aontrollﬁr
j""iallowed thenstlmulus to be rauta& +to success;ve Partamon
 -v3apeakaz~amp11f1ers in a regular SEquence. It was imperatiVe
T lte uthlise the' ‘gequence centroller as  various, tampnraﬂ e
'”3?_xalati”nshipa betWean broadcast stimufi have bgen shown ﬁc;,_gg,}"
| have /
o %dlsc‘.mlnatxnn'experiments“"

S S RaR R L {
i o a typléal natural call (see nyban and X
:;91) Each stxmnius R

r-stzongfjlnfluence -on - female prefarenaea in
' :”If ona st;mulus aveﬁlaps or
shortly #011dys another, femalés of this speaies have heen ﬁ;
hpwn to pre if“ﬁhe 1eadihg stimulus 1rrespact1ve of

fraquency and/br intens;ty differances 1Dyson and Passmo;a;iﬁ

W

any pusbmbie ftemporal bias as the 5ame aynthetically < {;{?”
generated sxgnal was broadcast from eagh 1oud5paaker Sith |

“an . 1d€nt"cal lntercall 1nterval. The numher off sequant;al»gﬁlh'
outputs nould be vaxled from'one tu four depandlng-upun thegL; _ -
exparlmental demand. The loudspaaker whfch brnadcast the5 V~g?”
firstieall ih a’trisl was randomised uﬁzllzlng the fuur~ pl
ahannal sequance control}ar.,.:g&f"f' f B

_,\.3. .

_ . R e ”_”“_Q gt T
Peak SPLs were measﬁbed with a. Bruel and Kgaer 2230f“f
precmslon lnteqratlng 'SQun@ ‘level meter,_ used  in -
qenjunctmn with a B & X &155 mwrophona, a[1 :ﬁlexible;
mlcraphnne extensicn rod (B & K UAO%QG) and A mlcrqphonegﬁ?;;'
dahumadifler {B ﬁ K U3ﬂ3081.,f;a5]1'1_{:_- Con R

Femalh‘ﬂ. marmaratus were placed in tha centre of the arena?iéﬁf:.
and presanhed w1th ﬁour dlfferent palrlngs broadcast fram

78 . 'fﬁuf'?' R A R

L e
oA e

e A e T




m %_nd agaln to aliminate any blaﬁ, the end whiﬁhj
“ﬂstandard“ 1oudsyeaker :;wh frequently%

'”“;Htfénuated to a S?L ef 35 dB aﬁ:the amaﬁe reléusé_paint4 5'5jg;ﬂ

R

_ jTrlal 4, Standard speaker gﬁ Experimental ap@akar w;th 52;  ;iTﬁn
_ﬁ_brcadcast call ‘of 104 4B (peak SPL at 50 cm).g Tﬁis callLAEVE""”
'={attanuated tu 93 aB (paak SPL) at tha female releaseapolnt.-a

L . . P PRI .
N R . - r"~"‘0- X . S o : l . K . W Y

| ﬁ<] fTria1 & repkesénts a aontrﬁl pairlng, as bath laﬁdspaagars 3 iusfj
. aré broadeasting calls at ‘the" same ‘peak BPL A 204768 o

o };at 50, cm), and ere: equél ﬁist&nces from the fkmqle ralease
- 0 :‘pﬁlﬂt. B Sl . _ ,, TN J'_%; -

Joalo




v




arana and presanted w&th, elght trlals afiffcur caiis

—nroadcaat at equal dlétanceg from the female release pointg

e (the arrangement of laudspeakers and a- dlagrammatia
",zdf. representatlon of" the qulpmentéls shnmn?in Flg. "B 2}« _

' "" _ﬂeach of - the emght trials at least one of -the" laudspeﬁkers

was; brcadcasting a call at & paaquPL of 104 dB at. 50 cgw

N "o

X'ff-_ :? The order 1wah1ch the aigh;atrials ware pres tea ta tha

a1l

three  spéakers

L ,,_stunﬁard spaaker *g Cthree %péékéﬁgffélijsf*ff'”:
broadcasting calls at a SPL of 98 dB. ﬁ.,¢ =;a;;}£;5¢f:; e e

Trlal 3:  Standard speaker zg threg wspeakars
brnadcasting calls at a SPL of 92 dB_ﬁ?-

| grial 4.__"'-Standard speaker _g one. speaker broadcastlng a.

e fﬁg _Ga11 at. d SPL of, 101 as, one- apeakar broadcastlnq a £a1l at R
"«¢ ?:" a SPL oﬁ o8 dB, the ather speaker broadcast;ng a, caﬁl at a e
{}b ‘ ’ | B ? o 4 _. 5 °_-_'G' o ) c,,ﬂ,[& T

B Trzal 5._ T standard speaker xg one speaker brc&dcaatz' i

cafi at a SPL of 98 dh one ﬁpeaker broadqastmng & caf,;' e
- SPL af 92 dB, thé,other speaker hmnadcastlng a*ca;l at a i\};g
SPL of 35 dB. L .; RURT r :; * n‘.}‘. o q‘ n

BT
]
w
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S § pa;rzngs in whlah ane XondSpeaker a1Ways B&oadcast a ”alliﬁ;-e o
';f“f";f*. - @t 1047dB SPL at 50 om and was at Sgixed position 1 m from . .
ST L the female yeleade palnt {stapdard speaker see Fig: 5.3). .

B R This. call attanuated to give a i ef 98 d
”iaﬁ;iJJ".7a reﬁease pamn ) : iminate :
B “the el WRibh lapst S
“fxaqnentry"chénqed, and the order wmth Whlch A femafe was[ﬂjﬁ';f;
T - presented”with the: seven{gtimnlus Pairings was randqa}sgd.ﬂfﬁéfg” 
sl The standard speaker was—palredvW1th on@ ef the follbw1ngffﬁfgj'i
e for each tnialﬁ SR e e T S e e e

at the famale

Trlai 1.=stan : dﬁspeaker”;g EXperimegtal apeaker'w;th a_;;w;.f?
”gpadcast dal‘ of 169 dB (peak SPL at 50 cm], plaﬁed 2 m;g_.;fxf

;bréadcaét call of %1o'd3p(peak BPL a@-su cm), placed moeo
-frde#he female releaﬁe pbint. Thls call attenuatedatn 99;fj  TWf
 dB-(peak SPL) ah the famale reiease pu;nt,m_ N 4

Trlal 3* standard spaaker x& Exparlmental speaker w1th a
;hroadaast call of 118 dB. {peak S?L at 50.. cm), plaaeﬁ a m '
frbm the female release poxnt. Thxs call attanuated to 102
idﬁ (peak,SPL) at the. femala release pblnﬁ.;;;u{'_--n o

‘g a PN R
.;Trlal 4y standard speakgf wg Expanlmental speaker w1tn a
_;'broadcast call of 104 dB‘(paak spL at 50, cm), placed “ m
- ,.from the female release poant. This calﬁ(atnenuated ta 93
' §f'dB (peak SPL) at the femalé release Pblnt. SE :

SR J_' e Yo A _,_1,%;;,.ﬁ;:.:: :
; Trlal B3 standand speaker Zﬁ Experlmental speaker w1th a’ A
; @broadcast call af 104 dB. (peak SPL at 50 cm), placed 1 1au@ *;‘*?'4

Ja

g



; &k - __paake: .wa,th. a
S 1'1\"" : ﬁ .
_broadcast callo _olf.' 104 dB (peak sPL amzé‘;o cm) v placed 2 07 m S
"f*rom the female .release point. 'Dhms sa,’l.l attenuatea 1;_,_, 99 P

) dB (Peak SBIE? at the-"fema;e*-relaase pcsint*

o | the Binem:z.al test was used 'lﬁc:o detemme 1eva1' -e_._-.'ﬂ'f
J“ s:.gn:l.ficance. 'The xesultb obta:a.ned in the fourwapeakel;
0T trrials were-compared with the- raape::t:we two ‘spedker triale

and F:.sher*s exact test fwas used £0 - {ie‘terma.ne if any

s:.gnifmant differemes existed at “the 0.05 probabillty
o :l.evel. 'I'lfa Chi-v‘?quare tesﬁ Was used tu determma J.:E' th.e
dlstrlbution of female resp@mses, rtc jl;he rpfour :Loudspeaknrs

- 'w )

was smgﬁ?i.ficantly dlfferént ﬁcm{ a un:afa r:ﬁ distfribut ipn. e

Cee e
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B A
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~ BPL = pehk SPL- (dﬁ) at 50 cm. 1n front uf speaker, peak SPL 

E 3 - .. . o 4__,__ ) X . . _. ’ _. o‘;_:, .. . : .- E )

Thlrtyufive tWD~ahoi¢e 1nten$ity discrlmlndhioﬂ'trfals("

using 21 f%malas, were ﬁmnductad.;w “The  yesults are” 1
summarised in Table 5.1. - .In this experiment both the .

1oud5peakars were kept at a flxed~p%sitianeaf 1w fréﬂ the=ﬂ ” i
female release paint (see Flg, 5« 1)._ ‘When the difference;jQ-f'

. between the SPL.of the 1oudapeakers was 5 dB or morq at-the -

. female release poinf:“ the females- annwed & sign-_ mant";:'_'_:’

prefarence for the loudest call, thnamjal tast, .
ﬁ 05)*:;J_;g:{. fffﬂ” . h~hm“ g;ﬁ.,*; ;.¢;_3th~_a_f£”ft*

5..--.»- s

Standard speaker

o v
T e
B
o T L ; l Coi o 0 Ty . .
. T I
S R N A
T R

£
Hfg;j§fﬁi_f';

T a

r‘/r'__,‘}' S k\_ P ce . ;‘i" N . A ‘\ A oo

The standard speaker was. saﬁ at a. SPL -of - 204 dB at 50 cm ja

which attenuated to. 9$|dB at tha female releaaa polnt.

(4B at tha female rglease polnt in parentheses.-s S

_ Score: | Wumber: of . femaiaa “positively. respondina to a"_".

partiﬁular speaker. - Each speaker place& 1 M ‘from fEmale !5-“ .

‘release point (see Fig, 5.L)+ Significant reaulta -are -

| pnderlinedi{B;qom;a;:p_cfomp5);'T

2 =]

. _ | Experimental apaa?ar  fj f*
Trial no.:_-_ SGore _;-?s,;fb:[,-hf score BREE -

S e
;_'1,3598ﬁ.i90T"
b 104- (93)



_ experiment. o R T o o g R
IE- all the 1oudspeakers were broadcastlng calls at the samé-f,_
;-1ntén51ty (trial 8y then the: females did not show a
Tpreferance _fur a. partluular 1audspeaker ' and thefg-
distriy tion of fémale raapanses was not. significantly?_ .
';dlfferént from a uniform distribution {Chl—squara test ¥2 = g
'n 35,P>09 df—a}._--;.---. BRRET SRR -

'f.When there was a step~wmse 3 dB or. 6 dB dlfference at 50 dm -f
in front of each’ speakar (trlals 4 an@ By, the temalesfi, ;
_showed a cansiderable preferengg’for the iaudest b;oadcast.E'f;ff.
If two' 16udspeakems were Kept at’ 104 aB at 50 om, ‘and the =
‘other: two at- 101 dB or 98 dB at 50 om: (trials 8 and ?),f'
_then there was a preference £or the loudest broadcast, .
'although these results were ‘not as  c¢léar-cut as the

: carrespandlng triala 1n the two—cn01ce dlscrlmlnation 

._mp.

- Twa '"”Hﬁna#éd» and furty-thrae fnu§~chaice intenemty, ;i;{?
H'diacrlmination trlals, using 37 females, were . conducted..';]-*
| The results are summarised.in Tahle 5.2. When females weraﬂ5_fﬂ3
“'presented witﬂfthe chozce in trial 1 (iie. one :I.c:n,uile;];u%]*;len:'''.'.__'_,=

. ata ‘sph of 108 dB at 50.com ‘and: the other three at a:SPL of =~ .
1 }101 dB at 50 cm; “equivalent to a 5 dB differenca at the =
female release palnt), ‘there was no. significant preference7

- for any 1audspeaker._ Alao, with the ¢homce in- trlal 2,__ N
‘equivalent to a 8 dB differende at the Female releass =
_ §a1nt, thera was no sxgnzflcant preference for the 1ouder':fhf
-“call* Trlal 1 and trlal 2 dlffer signiffbantly (Flsher' .
_exact test, P <'0.05), frow trial 1 and trial 2 of the -
-'twouch01ca dlscrlmination experimentsn Thla indicates thati;i: o
ﬁ”altnough the difference in SPL is the’ saﬁa, ‘the female*s_a}v*'
fbehaviour has been signiflcantlyualtered by the additibn nfit'_ |
- ‘speskers ‘or ih othe words by ificreasing the complexity of
5'chaice._ Only when’ there was a- 15 dB dlfference at- the .f.u3;
-f;iumala rel%aaa palnt (trmgl 3) dld femalqg exhibmt af’]ﬂf,;
'ﬂ_distinct preferance for tha loudest speakér, :,g;:;- Lo
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-;_;4;;Fxpegimeﬁgal;gpeakax numbers’ stanﬁard
T S L - speaken

el
Ty
i

':f}iﬁ-f,s?ﬁ;' 101 (93) 'fldl;fssl"ﬁf7i§§;(93i:L{f}ihéf{ggjfff,v“*

seore . & - Q-» llf“-*fffj;.z}"f--wﬁu~vﬁ

"'?fs;fi?sPL*iéi;;?éifsﬁ)ifrv?éz?fsﬁiéf;*99?>*351¢*1”“‘;"
o B R CER I A SRR
957 (87) . 98 (%03 Tmﬁw“tezij
o2 s

ulw

R :5 L SPL E 86 (78) ] _.1 ’ Igz (gs )6 rll 98‘ (90} 1‘04 ( 98 ) o |
©oseere 0o E R T R -
6 8PL . 101 (9%). 101 (93) . 104 (98] ,1og:gsa);g;”i‘

s Scdre -6 '*“}?;fﬁzg],fﬁf}{j;;g ..3;;¢4g_

7 sEL 98_c9a3 ff”lﬁé*fsﬁi_fiﬁlbé.csaj 104 (98) L.
T T ere Ao T3 e an s Y s e
o ;:s_fvjsptt~ff°1o4 {98) ;f164'(g9)'j);inq*rsajgfr“5104;;§af R
s Boores 07 ..f'j;?“ﬁf=.i?Tf'*Si”»*';ﬁw'-f.§ ;fF7$ V“'””

SPL = peak SPL (dB) at 50 cm in front of speakar, paak sﬁL'f”

tam) at the female release point in. parPnthesas. S

-:-'

| L“SGOre = Number of ifemales pasltively raspandxng ta af';_iﬁg

.partlcular speaker._..

'¢ Each speaker placed 1 m.from female releasa paint (see Flg,wf'f ;;
©5:2). - Results that. digger’ Elgnlficantly ‘from . the@ij\j.c
v carrespcndz.ng ‘t‘WO"‘tJhOiC.‘E z,ﬂtensity discmmnation f“rials_- g v S

'7Tare underlined- (Fishar's exact test P< b, 05). o




'disxaﬁaa—vexsuwgfntansity

- nlnateen

m_;;;;:ffmhe resﬁlp& are . summar;seﬂ in ‘Pable 5.3, - In the con$r01}¢?j}.f:
L  3.;e§per1ment E;rial 4),'whera fémales«ﬁ%re presented’ withff”{“;“
<f’ R call 5 frn m thé same d:l.stam::a at equal intens:.t ies 1o
. 14}fprefarence was. ahown fﬁr aithqr spaakar. In trmala whgrqg;f
””}the diffamence hetwaen tha SPL nf the 1audspeakera waé 3 4B -
i ;5£or less at thé femala reyﬁase<pa;nt femaies fﬁlled to ﬁhﬁﬁﬁﬂff;'
RN N ﬁignifmaant preference’ for eithe: call.ﬁaﬂbwever, ‘when
“.;-°theﬁa5ﬁ§ rence in SPl.at the female;release'pdint was 4°dB
‘or ‘greater the femafes showed. a-gigﬁif1¢ant prefefente - for}
.th'_a ltpudest Gal'_.' .-_-firresﬂeﬁ:t:wa Df dfsi:anqe From: -l;ha
-release. ‘point, or its absalute aPL ‘&t 56 om from tngj;__'_ S
mbudspeaker‘; For @n:rcasmplee,J in trial 3, there wag a 4 dB:idg?.fﬁ
“point; 2  ;tha £ema1es showed as
& B <0, oss) :Em:' tl;e’-’l?'-

cay s T

- R B : ﬁs'dB dlfference,uf:
e -aand femaies s:gnlficantly ahase “the e "loudest ‘broadeast, =
T Whiah in thzs uaaa wa&fthé clasaﬁt‘ﬁmudspeakerg{Hinomial{;_1;5“”

Femaleea xgspnna szgnif;aantly to “the - ca11\~whinh“ 15_M L
perbeived to be 4 dB or greater than the othe: ca;ﬁ at thej7:
%emale ralaaae paint, irrespeative nf absolute s?L. N -

WL

o




e &

e ﬁtan dar a’
ial $peaker
e _-_'_-___.Ssom

- L I 1::9 (983

b.;?Saaré

"‘ "paxtxcular speaker.; * Lo T R
. _“__ »ﬂD1atance = Disbance aﬁ>exgarimenta1 speaker from femalq
o ) glsighifieant results are’ uﬁﬂerlaned (Binomiar --;'“'7“ <
n 053 R U UL S SR n L ¥ ) :' D

D e {}. o

a7




o ava: in annﬁlzct W
" that fenple. H. nar

. The reﬁulta in Tabla 5 1 shoﬁ“that famale H. marmoratus are
fa@gmifiaantly more attracted to . tha lou&er aﬁ twa callava
~when' ‘the’ dlfferenae bedyeen the calls,g at. tne female . -
. trelease point, is 5 B or mor@’: ‘The response can be geen *
7f?tb be gradad 8O tnat tha larger the intensxty dlfferenaeng ‘
'wiffthe greater number of feﬁﬁfes ahoosxng the 1audar ca11~ W

_‘.!

e Thesa,xeﬁplts suppn the flndinga of Dys¢n (1985} Whichi3“}_
| g;jthbﬁe af - . Telford. (1932) who found- -
; atis sometimes exhibited-a clearhcut;_' r
. :Ilpreﬁarance fdf calis that ﬂiﬁfered by 3 -aB at 50, o from o
- the lﬂudspeaken, Whlle at ‘otHer timgs gnly exhxbiteﬁ th%s_;"F"l
_ ' praference when the. calls d;ffarad 2y 6 4B or more, at- én_:" .
- om from the 1oudspeaker. Unfartunataly, naithar of thesef:___
g'athQrs neasured the actusl SPL perceived by the femmle but .
-eimply ‘assumed the inverse square law to hold true under - <.
Tffield condmtians. When they were. comparlng fem&le respanséhfjh”}.‘*
~ to differences in intensities of 3 dB, at 50 om from the '
- loudspeaker, this dlfference was prabably 4 -~ 6 dB at. thef'ﬂ'-
* female’ release point, - dependent ‘upgn the many° factors
. involved in excess attenuatian of signals clofe o the- .
.ﬁgraund (see sect;an 5.1, 1),- cbnsequently +this may. explainfi*
f  wny “Pelford (1982) obta;ned conﬁusing xesulta wnﬁh a 3 4B
difference at 50 cm but a’clear-cut response)at s 6 dB
Altference at 50 cm. - In the. ‘latter case this dlfferenca.,-
'”fwas'probably as much as 7« 9 dB pexceived by the famale.

° In the experimants deacrmbed ‘here very prealse ﬁeasurements'f7
. were made at the Qas;tman of “the female’s head In order- o
”aalculate hhe absolute differences peraaived by thaofemale [
S 'é u '5_1 _f;_ 90 ¢;f”;f37"iﬁ >
. . . & . [ =
o M v



.....

&iunderzytne experimqntal condi%zons.,; °Eaah of these';;j'{
fme&surements was pepeated at -L&hst 10 tlmeg in mxdqr to”
eliminate. any egrors aausgﬁ by ﬁllmatlﬁ ch&nges, Héwaver,qH,H;w
ffthe; ?L measured’ by an SPL meter may tell a very dlffergot%
AR -5 o
. to (see zelldk and Narins, 1985b)., In aadition the designfff_:._
of two, chalca axperiments is spch: that ‘ag-soon as & famalEjffwg
. begaﬁa to appraach the louder call the intensity of = T

~§zpm wnat A fimale hEars ﬂnd.thElﬂlnglﬂﬁily'£E§nénds Tf

'flathar call wilh dlminishﬂwmth d;stance.-, This has the’ f$i“

. 'effac’l: of J.nﬂreas:mg the SPL dlfference of tne calls'.” :

,V_frefhforolng ‘the phanntactlc behdviour af thd femaia ta thanﬁfn'

"'-'__\_call she f:.rst xespands ta. _ S o } .

% Paisive attraction ‘of females to the c:all parcewed at, th%\?
1 '“;ulaudest 1nten$ity may% ba attr;bnted °tﬁ “the phys&caﬁJ

propertmas of thelr auditory system. For example,_a call;'*ff3:

.3percalvaé at’ a 1mw SPL duat above the aud;tnry thresha1d - T

would provide a relatzvely Low" level stimulus when compared”;{fjff

_i 1tto calla“percenved at 8 SPL. much highex -thas’ the a@ditoryf'?ji;é
'.}threshald- . Fangﬁilﬂsi) stu&xed@thg éixectlonal xesponSEf;__{ﬁ;

]u

v f;:characterlatlcs L bE s¢ng1a _neurons. - in. tﬁa Ctorus. -
_-semi&;raularis of Rana plpzens and ﬂascoveged Lhat there  j;i
. wAS BR Overall 1ncrease ine the mean number of; ‘spikes . per .

;'sacond (ﬁlring rate), An’ g Blnqle unlt wuth lgurea31ng_i*gf s
¢in;ena1ty “He 5howed that when the stfhulus 1nten51ty was . ‘

533ust above thrashald (32 &B), ‘the firim@ rateawas silghtly;?;,
; abava the spontaﬁeoua firing rata, however thh a 20 &Bff““3“*

elevatlon in st;mulus intens;ty there was at laast a threa 1,_5f;
fold increase in firlng rate.. capranica and Moffat’ (19?5)_ S

 studieﬂ the responsa praperties to dlfferent frequenciQSgﬁ-
and. lntensltles of slngle Auditory. nerve ££mges in the

-7 31ghth nervaynf aﬁspaﬁafoot toad . (Sbaphzapua %%ﬁchll)rrﬂT'

_ -They dlscoverad that as ‘the. 1htensxby of the stxmulus was5
_'”;increased, lowdfrequancy aﬁd hlgh—irequency units 1ncraased=
V¥':tha1r discharge rate monotonically over a range of, about 30

40 dB above threshold. . For example,: akl a "stimulus

_3intansity of 80 7dB SPL ‘one. iaw~frequen&y unit had a firxng;_f__ 
;o rate af 28 spikesxs,-at 90 dB S?L it had a firlng raté of,f-y o

- . ' .- .



L .

  “3;5 These authars h&Va demonstrated thatua 1nudew aalli_}yflg
. -f7f3111 Pﬁ°ﬂuCeﬁﬂ°hlqh leval sLimulus dn the audita;y“system,;gg;‘;"
'ifiﬂqampared with & ‘call: Just ‘above threshold. level. Tpis - U
"L;lsuggests that the reasam why ‘females prafer calls whidh ate:

: qp &ouder than arhar calls is due to the inprease 1n§ ﬁ;“”

g

.....

"'”"females ara simpTy ﬂhﬂQ51ng the ﬁaml which prnéuaes the5¥  S

”,Tghlghest 1ave1 of stlmulus 1n thexr aualtory SYStme_,__

_ifIn the twn»ahoice dlscriminatian axperiments fSEB Tahlaf?” ] -
B k) and - “tbe distance & 1ntensitgﬁjdlsﬁrmminat1°ﬁ7w,f  f
 ﬁexparlments (ke qmb;e B, 3)fﬁﬂ= was ﬂhgwmfthatstmales;jg.;_,
'.“dmsplayﬁd 3 Slgnlficant preierence for the ‘Louder of Bwo -

JV;fﬁallﬁ, when “the dlfference in: intensities, ﬁEraalved by tHEfl {$f1f
_, ;femalas was enlY 4 ~'B as.’ Thla preferance was shéwn toJ;T

: ,ba independent Df t.he absoluta 1nten3;%ty Qf ‘tha si,gnal and

q

.. the distance of the sourae from. tha famale. waaver, "when

‘the females wqre prasenﬁea wiﬁh a. sexies of three: quiat"j “

_:. ca11s ai the same intan51ty and one 1aud call (Saqtluni;gif;;
_-f';5 2.3, ‘trials 1, 2 and 3),_there was’ no pr%ference for the:; T 
'3_'loud call whan it was B -~ 8 .dB. (Sectman 5, 2.3, trials i and

2 1ouder than any of the quiet calls. The preference fﬂrﬂtfl1  A

__$”1the -louder call ‘was only' present. when this. 1nten$1ty  g'_"°
:ggfdlfferenca waa elevated to 13 da at tha femaIe relaasen-m'
;ffPoxnt*,-”-;Q,,_éz-m T e ST
' InFthe fﬁur»eholca dlscrimination eﬁperiment, . where éachf;*7*"

_i  ca11 is- at: laast 20 dB above the. haar;ng threshald for. H.;.
| -marmératus (trzals 1 and, 2), there(wlll b a hlgh 1eve1 

"Gystmmnlus 1n the audltory nerves fur Eaun gall. 3 As theﬁ;_g

.9 )
- T o

192



S '.-.:_.:35-.a signal irz’bansity Gf only 15 dB above '!:le‘eﬁztiq;:i.gi_= gas @B inl'_" :
L trdaliay, ‘thére will be a cansiderably ‘vediced. ﬁiin& rate s
wben compared “with trials 1 and 30 ..'AS ‘the“'Femalesis:
C.o L. présented with gour. calls, ‘all of: which Bonstitute' a, hi‘ﬂ&
. f'level sta;mulus in the aumtory s’.?stem (i.n tr:.ﬁls 1 and “2¥,
* . then rqhe may be confused ‘with :;'espect. +£o. dz;ffarantzatmg
f_’.'the glid ?ﬁly hlgher—lewel st:mulus _snd salec'b.s *:che calls” "a‘t
L _.“;-.__random !When the &ifference in flrmg rates prpducac’: //‘"py
';'f'the ualls uhecomes greatar as t:ha 1ntensity d:.ff@rence
B ___’_.;'inc:reases ,}) tnen femalas ‘are abla to dz.fferent__;ate ha‘“ween o

CF

f:"fama}_as are pré’_ented m.th many calls at._ lar.
intehgities she-' is- aunable ta dzsmnguisfh which» calla aﬁe'_-zl" o
f--'--.-'_sliqhtly lotrder, pnas:.bly as a- result cf ﬁhe ph?sie.al

pmaparties cf h\ﬂ g Huwever v _when th:.s

;.ﬂifference J.n girinq ratfa: ;m tne aud;ztax;y_ syatem than |
'?_ -j,.lfamales are passively attracted to the palls whioh- pxoiiuge
\_a é;igh 1ava°l ata.m,,lus witpin the auditnry sy‘stem. e _ -

Lo ?’faxperiment,"" '-;'-'fgmalas prefera\ﬁtially Belep‘[‘:ed the ':rea_; ast
. call, This fs probably- dus to the Fact that in trials’d
. and. 5 the. female. was qiven a” r&nge of  SPL. and "th:r.s
:‘:;,gnnsequently 1ed ta a range from 1ow-—lave1 to. n:.gh-leve.l
- gkimuld o dinsothe - au&it@ry system which » fapilitated
_detemination of t};eﬁrou&est calls - In’tmalg ﬁ and 7; the
: %’_"nalls presented o 'Ehe females pmduced an equal ratm éf

. low-level snd high-level stimali in the auditory system and
females. we:r:e -able’ to aasa.ly differentmte between the quiet o
" calls and the loud.o#lls. These latter two trials actually .

_ -__'represent a Qouhl;ng of 'l:he s:mple two*r:hmc‘e experments
. where females:. could easily d:.stinguish batween two calla -

éf d:.ffering by 5.4B (sep tt‘able 5 1). SRR D B e

: R
o .

T A - e




‘:r { ] .(.‘.. R

_L”;fﬂ”Bon Hz~51gna1 oyer:

_ 'g:;(Passmore
. clusters, -

e nnfortunately 'I:ha relatmnshw batwaen 0311 ’**‘ten"lw and

ziﬁndiV1dua1 ﬁ&bras’ ﬁlacharge - rate. W1th1n the @worusiiff f

7 ,semic1rcu1ar1$ “ie unknown for H. marmaratus, In addltlon, ;;;\; 
~ the discrininafory ability of their. auaitory apparatus tey o
;fifdlfﬁsrentiate bethEn‘many calls of samllar intbnsities has. f_  ;
Jﬂhfnot Yet been Examlned-“ NeuroPhY51°1°91¢al data °f thig e

e

the Qﬁo Hz—ca11” He suggestad ﬁrat the

nales aalllng at smmilar intensitiés. Trzals 1

oo

i

_nd Telford, 1983) and as males call in dense'  
hen it is lgkely that femalas will hefconfrontaﬂ :

" Gshaat (i382) ‘compered tye ability of peiste B viseres
Lt d;scrlminate betwedn. stimuli of dmfferlng low frequahcy”;gffﬁ_
- peaks ip'two~ dnd fonr-choice situations. He found thatiin .
ff,jfourwchoiae situations "contrary to; thelr perfarmance in. o

" “the twuwstimmus”g:g‘%}mtmm ‘the animals didonot’ prefer the =

. _be'ls redﬁcad in the:four-chaice or more ﬂ yfaT
”fﬁlicomplem 51tuations, especially “when the differences ‘among ffff
_f,]the stimull are . smabi In: the experxmants reported here,-_;f-i'
f&fjhen a twa-chnlce situation was made mnre camplex byfthe E |
_ :} dd;tzon of speakers playlng b&oadcasts at the ‘same’ low R
) Jintemslty,_ ‘the . female’s perfarmance © was dbnsiderably
;:areducadi The females ﬂnly preferred ‘the lquger ‘call when
f}it Was. over faur times 1onder than the quiat calls whilat
'uln the twn-choice altuatlan,_femalas preferrad the louder

...“

-

[/réé‘the foar—cho;ca dlscrlmlnation experlment), , :e_fj.},Q
@ experimental conditions that mbst:closely represent the .
atural Sitﬂ&tlbn‘n Consequently thlE would axplamn whyr__'“
mating was  found - tn be random with respect to Bize andlf}°f
therefnre qall intenslty (Passmore andwwelford 1983)a;4a



_nf; In summary,
'ff;fassumbtlons of: the - 1mpnrtangeqof varlousocall ‘parameters,
_ffffrqm “the resultsa; simpla twq—choice phcnataxis-
_“V;experlments without;

" g5observatians or mora f

.'fffIn maﬁy f;eldustudias females have been found to mate
 ”f*preferqntia11y wzth larger ‘malee. . and the bnﬁy tﬁg.ihe
o f}differences hetwean unmated males and matnd males ‘have.
" often been asoribed to the effects of actLVE Female “choice.
- (vavies and meiliday, 1977; Wilbur et 'al.,’ 1978; Péilevs, |
~. . 19793 Ryan,°1930, 1983a;. Fairchild, 1931, ‘Gatz, 1981a, b)Y
. Several of these authors sug@ast that the’lncxeased 3
_”}yfsuccess of large malas i maznly due to. females. choosinq
'ﬁf?;}mates ‘on-the’ basis ‘of ‘oértain’ oalll parameters and; little,
  f'attent1on has heen given;to'the effects of cerﬁé;n male’,
[¢*ftraits known to fhfluancé mate ehoice, ﬁor example, male*-“lf'

: sfarowth 1n frogs 15 assumed to ba.indeterminate an
._ gmales- ‘are. thought to’ be alder males. : It has bean
: 'g_demnnstfated -that a diatlnct relatlonshlp exlsts‘betWEen
© the $PL, -call freguency and male body size in anurans
';;~;(Zwe1fe1 1953, Gerhardt, - 19?5, aldham and - ‘Gerhardt, 1975;
wilbur et al., 1978; Ryan, 1980, Berven, 19817 Passmare and o
 _3ﬁgTe1ford, 1933). ‘Consequently in most anurans,. 1arger males :V*'
' ‘Q_producealouder éalls Wlth Iower frequenazes.nvremales have
 been - shown to- praferéntlally approach the louder -broadeast
_ _'*call in 91mple tﬁﬁ*ﬁhaice experiments (Fellers, 19793*&9
~* Arak, 1983c; Dyson, 1985 and this. stuay3 _In the 1ight oﬁ,
'f-these.experlmantal abservatxons man9 ahthnrs tave. sugyestaﬁ |
that the older, 1arger, males are "fltter" than the smaller .
‘males and that females actively choose these fittér males = =
 faas mates, on the basls of certain call parameters.uvmng:J,_'”%

gpﬁhoxs should ha 7very wary gf,w_aking 3

suppertlng 'eV1denca_ £rom - f;eld

 t1ng

ﬂilarger

‘"piex phonotaxls experimants,;g_;vaf-ﬁ=

-ai‘.




R gL esiof the fittgrmmalea ar' as
__lﬁ;jiﬂhatited by;théir cffspring¢f§lthaugh both_Borgi_
--a_:;1981) and Arak (19830) consider this nnlzkely '

__“T;In H.;marmaratus 1argpr malesfﬁave béﬁﬁ_ﬁémﬁﬁstratea taf{fﬂf;ﬁ
W’?ﬂproduﬁe louder’ calls with a lower frequancy (Paa§mare and? _;:_
3[ Teffurd, 1933) and females prefereutially approach louder
_?f}or lowar frequenqy calls {Dyson,_lsas- ‘Telford at“al.,fjf$fo
_-”'7 989} Conﬂequently; 1t wbuld be iogical ta predict thatf7§ﬂ'
"fwln natural populatlons of H. marmoratus, ﬁemales would

T'[ffmate preferentlally wzth 1arger malas anaxsaxual selectianf ;ffff”

' 3”{re1at1¢nship between aga and body aize of male%ﬁaﬁf @a ngﬂfjfl;f
L was found o be. nf;an & w:r.tn respect to, &ge _and bgg;m i o
" order for £ female to. actiVEly ahonSé a'mat__-“_;_.u
an. 1ntr1nslca11y lauderi ‘call sﬂe must jfﬁfm_ IS
. “ﬂifferantaate hetween sig‘ ls!hmaadcast from a closa m§ieA :;, .
o and & dlstant male Henae,;the feﬁaIe needsnto be able R - BRI
:f},gasséﬁs the ahsaiute 1ntensity of & male's szgnal and also;;ﬁ;_,' 
7 to caleulate his't tance from her. The results summarized =~
S w 1n Table 5, 3 ind«ga that females are .only" res“:nding to“ffﬁfjj
-jﬂ:ﬁﬂdlfferenaes in 1ntansity perceived at the'femare relegge;i“ff H
,' fg91nt irrespective af’ ‘absolute lnten31 y. . When - thef3f7____
: fndlfference in S?L at the release palnt Jas | 3 dB or - 1335,;1f;';
'(tr;als 1, 2,4, and 5}, females dld not /hnw B praferenceiﬁ'jf“'
Cfoly either loudspeaker, although the dlfference in absolqtagy, ._,?
 ;*SPL of the’ speakers was. sometimes 4s much as & dB, i.e. ome s
_ _ _'ff bein§ twice as “laud- ﬂs the other (trﬂal 21 Inwmhéaa;*f~54-
Vi%j?“=f :f,fr%su1ts females appeare t{foﬁibe fonable ‘to ASSERE. thaf;;f”ﬂj:
AT _.lestance qﬁ 8 signal tand_.{éﬂegbreethe?ébsblute;SPﬁ}faﬁa;-. %fh
, %.were szmply pasaively %ttracted (sensu Parker, 1982, 1983} :
| to the loudest call perceived at the female release. polnij-;[
 If “the call ‘contained _sevakal ~different -fraguency
”’fico%pqnents, then parhaps tha femalellcnuld aasess the




RN assessmeni: of - dlstance by ditferential attenuatmn seemé
Very‘ ﬁrbcllkely :m tms* sped:l.é ‘o ST :

da.:.-;tama fram & callmg sale by. d'tectmq' the; diffe:entlal
- a“l:t:anuation of thase ,freq\lendi' CﬂmPOnentE" :
L the fairlﬁ‘ short: digt&naes over “which :a_;‘.-jema.le aei%a}ly
reapan ds :to aza ind:!.\j-dﬂal ga]_l, th,ese differences JAne
attenuq;:mn ‘of the da.fferent frequenc:y rcompanents "”-11 'be

SR

However, due ko

7 dinute ang prnbably (oo small to detect. (‘I’he ?ﬂll of H.:

marmof%d;us, ‘28" degcribed dn: c*hapt? one b does nbt have
ST e::tens:we fraquenc:y modulation a:nrl thereff;ore,

- " the cohflict . -between - axper:.mental ‘results  and natural
e Qbsez'vata.ons of mat:mgs in H. marmoratus. i Althqjh fﬂmale

ﬂ'

thef"'

| In a smilar at.udy on’ Bufa calamta (@rak, 1%3::), aled
e _did Yot respond preferentially o 1quder calls: when the SPI,
L af the loudspeakers Were 1dent1qal at the female ralease

--;;preferentlally ﬁﬁ@sa the louder call when the differenqg ﬁ
T 'SPLYat the release Lupoint wag only 2 “aB. - Also Fe,llers

T (19792y -
__:f"praferent.ially approached the ' J.nuder m‘:‘ ‘l:wc apéakars When
- t‘he difference in SPL at 'l:he centre pm.nff‘ 0f. the arena. was

'-'Ld:.scnvered thatﬁ féma’le éﬁyl

'I'he re.sults summarised ir«i hble 5 3 may he used *o 1&-5;2’%3..' SRS

.simple two-choa.tga e:éber:.:ggnt o in the fiélai females are _
c—'onfranted with many males - at di;Eferent dj.stancas fgom 4&
R them. uLJhay would be pdsswelg aftra&ted o 'l:hé ones which é’g\
ik théy perqa:l.vad to be calling: at least * dB ;Luuder than R
neighboura.ng ma:i.es, .jirraspactn.va c:f the: mala 2 da.sﬁ:ance
:Eram tne female. : cﬂnsequently, as t:he prefarenc:e for
-flouder calls is attributable to passive atttaction and=mot
L actw ) female chm.ce, .—then random matmq mtrr respeut ta
- s::.ze _'ould be expected in’ -hatoural populatians o GALSG; in

. e i:-_ expeka.ments, females unly showed a signific:anﬁ
'-preference fo\:"\\ galls that dlffered by 4 = & ﬂB o Furthar, o
) Gl e B R T T S e

i)
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R

- 1982a, b} and it is

._hiffas the maxlmum‘ var1a§gan,'between individuals in thas }}_ff;
_;1 gpopu1ation was only 5 4B {n,=:21)° [Passmore and Telfard,;f”_ff
S a988) ‘there y;ll only. be a small: number of" males in the; f'"”
'f natura1 anulatian,which are aali;pg at a- suffxcmently hlghWt
_ _*;1ntenalty to gain an advﬂntage over the other males.'; .
. However: ‘ag mentioned . previously malgs call at elavatedfgfff[
H “ positions in distinct eiusters and it is llkaly that smzef"V:”'
- related vogal cues such as intensity will be confounded.
 '_’Fema1es approaching clusters will be presented with similar =~
ﬁwfsizad maies produclng sinilar calls at dxfférent distancea_ﬁ7ﬂ_z_
"_fram the females. whe&aﬁdre, At 1s very . unlikely that- ajf;};_

loud. calling male will be at- any advantage over &: quleterff*

11

e . -

| fmale with raspect to female: ‘choise. - Active. female chciae;_;f"”
__may play ‘an xmportapt‘%oie in spepies which have :a greater =
~ inter-individual vamiation in SPL and call at ground 1eve1f B

o ]from the perimeter of a pondi SR __1;--,_~;;” PO

) _igfsongf&ﬁabm mating with respect to size haa been dacumentad'f*ifv
| for  many ‘species (Licht, 1976._ Davies and Halliday,j;-;,w
f__1977 1979, Wells, 1977a, b, 19791 noward, 1978a, b, 19807
'_wllbur et ‘al., 1978; - Ryan, 1980; Berven; 198%; Gatz,
~198la, b; Falrchild, 1%31, Lee ‘and Crump, 19817 Woodward, - -
11 uncartain whst roles inter—malaf T
~ competition aqgfﬁétive female choice n¢ay in determ%ping |
© the variation in male matxng sucaesa. . L .
-~ IE famaleg ar diaplaying active choice far B particular
i 'aall{parﬂ mter sggh as lnt$n31ty or frequency, then this
"ijreferer QHoulﬁ parsxst 1rrespeative of changes in other -
 5¢a11 pd._netersw_ However, Telford and Passmore (1985) have
__Vdemnnatr&haﬁ tﬁau*ﬁhe Low frequency praferehce of  female H.i*-
. gmarmoratus can be ravarsed by . incraasing the intensity or
1_ rrepetiticn rate ‘of the 1east preferred ¢all, . and Gerhardt;
_-(1978b) axtinguished the prEference for entlraly pulsedf
“‘amlls by fenale HFla a&nehﬁa by décreasing  the broadaast'_f'””
fllevela; Also,_ﬂhret and Gerhardt {1980) discavered that
~ female F. cinerea chose a continuous noise broadcast, as =
\'.-atten as they chose the unmasked synthetla mating call when o



L famales are passlvaly attracted to certa:.n stimu}.:l. as ay S
+- reault c:f tlw neurophyﬁmlogmal demgn of the:f:‘r auditoryﬁn.- _




L]

t i£"ﬁas:ﬁéaﬁﬁgff _ _ y -
H}ﬁompetitors tParkex,f 1983),_ thEreby 1ncreaalng Eﬁeif

";;ﬁ :oug~$1gﬁh1fh1$ cbmpat@tors-'”j'3zg.-aﬁr_ vr S
'”gji) simply by, 1ncraasing tha Hunber-: qf nights 1n whiﬁh he BEOEE
::partzalpatﬁs in the ﬁharuﬁ, & ﬁala may influence hms matzng

'gehances ﬁ@;securmng a mate, - Within a breadiﬁg,asﬁemblage f;;3; 

;fnskthara are several ways in wﬁich A male hay VL

"sucaeas -fe: g. Greer and wglls, 1980,9@&tz, 1@81b, Arak,-

0 1g83ci Godwin And Rebld, 19837 J‘ac:bb**&mr 19853 Gerhardt, €t
;.al., ﬁggy, Murris, 195@ ﬁitke and %eml@#ach, 199&),,5” S

2) Also, by ipureaaxng the -amgunt of skime. he,Spends calling-ﬂ&VJ :
_wiﬁhin & night (aalling pEKS%stenﬁg) & male way” aﬂtracﬁf;“

N3

| slgniflcnﬁtly mare females were attracted to. speakers that .,

“Hore . matés.f’ “Porester et al,3 (1939) faund thaﬁ\eg1“'

T

‘were "on the airn go% 89% of the test period, rather thamf g]}f*

20 - 608,

e G A RIRETEN .
-‘..'s':{.‘ 5_-. T . _||.- . C e

; $9 BY mncraasiqg his call ﬂnr&ﬁian a male may spend m@re_ _;¢f

“-,ftime Moh the éir“ gnd females of somerpeczes are mﬂﬁﬁiffﬂﬁ
: at.t:racterl to 191199]: (:alla [Klump and Gerhardﬁ‘ 19837} o :
;gi4) By inarbasing thg;antensity of his call a male IIIf-i!l? baﬁ"ff;_y-
;;,,abla to- anmmunicateh ovek - longar dlﬁtﬂn@ﬂ%_ therghyfii-%?f




=3

oo

-his mvals, and it has.
" ‘two-cholce discriminaticn
'_"--;"rataa (Forester and . czarnc:wsky', 1985, Gerhard'l': 193?, o
';_ ;1988; Sanartz, 193?, sullivan, 1987) ;_,. ’% %\a‘ f*

t’"\')

' diffemntial matmg succass [Arak, 1933:&,_ ;198,31::; i
._r ‘and gzarnowsky, 4985; aerhardt,cass7; vﬁgf.ﬂ:-}”
' creasz.ng call rate, a male may obviously out—signal_
en: shown that many spacrzes, Cdn |
s, prefgr faster” fapetmion_‘-'

. ol

"Q'

o HOS'b Of 'l:hesa fema_le preferences haVQ been demtbnatrated :Ln

R laboratary experiqantw or aaauatwally . simpl&\ fiaia

o situations,_ Tworchoice discrimmation ‘test.%, a8 f&ﬁé‘rﬁm  ;
S odn the“ previous ahapterq, hava been eXtensa.vqlgy-.?; : d

. _1abcratory @ per;.ments to demchstrate various® faiﬁa) o

_ _preferenaes (e.g‘ Sull\\gan, 1933-"._’ Wells a‘m} {}

e _1984&: Klurﬁp and Gerhardt, 1987, ﬁallsiﬂigaan&\;‘b{?‘ :

. Narins,’ 1991).. As: pnintgd cm:t:t.in Ahe - p,agviow whawér the R

'_.-:;resul*ts:fy&;ﬁ lﬁbbratcrv gxpem&pmts » h sucl': Ay hti‘mﬂ-uhc:,j,ge

:_..pblebnataxm, do ‘not alwwga reflect thire:'1 ou'l:cume of . mate ..
_.--c:howe in thé " f:l.am.,: “The - ab:.lmty ‘aF :ﬁemales o det " cm o
. dhanges in male behaviour:and.thereby ath}u/ - afeyahces

. for cartain call ﬁarameters, is dependent ugbn: 1) ‘females

. ba:&nq able- to make s:r.m:.lm: unoicas in acoustically c‘nmplex

environments at the breed:.:ng si,t.e, (Hnrris and Yaon, 1939), h

. _.""-__and 2) 1!1?:1‘&*1!1&1?1&11&1 ‘copsistency in the 'ma:l.e*s eall

' _parametser that J.s xespcns:r.hle for the mat:.ng preferéhce,

' over . the femala sampling per:l.cd (Sr;a:rcy and Anderssan,
:198@ Sulllvan, 1990,_ Sulliva‘n and Hinshaw, 1990)

_,_.;;Directa.onal fe.lxdale mating preferehcea ﬁbr males ﬁraducmg
.;,_courtship signals at hz.gher rotes. nave heen doctmentaa in

numerous taxa, including m&mmalaa (Mccomb, 1993.),- 1rds!-

'tharsson, 1939), ingects (smmons, 1988) and - frogs

(Garhardt, 1991}. Martcsf anﬂ Thampson (1964) ‘were ‘the: S

| 'first \\to ‘test; the effects of gall rate on female chome in |

- ‘\y CL Zbl : o |>' _ DI .. o

&




;;g{"; £r3gs, and surprisiﬂgly faund ;hat females prafarred ratesj*"'i
"“"ffthankgyere ‘#bout " the saméf as. a typical natural rate.
HBwaver, aavaral othar authars have subeequentlyﬂ}ﬁ
.i;anB&tlg&tEd the effect of mncxaas;ng Gall rata on- fema1e ;?
'{:Mbehav;&ag and a1l have found that females. ‘prefer the fagter;; 
. rate (e.g..Schneider. 19827 Sullivan, 1983; Gerhardt, 1987:
 *”iK1umﬁ and - Gerhardt, 1987, Wells; 1933),__g 3ieldm¢h°1ge a_ o
'.fi éxPﬁFimEﬁta, in which malas were - preaented with “a =-;;n:
_&naaural* -choice, ‘bbtween £y nalling males An the field, jj'g
were. conducted by Morris _nd Yoon L1989) heir results _?3 |
_'V-EhaWed that 51gn1fi¢antly mora famaies chose the male W1thff' *
 the higher call rate,. Howevex, stud;es on the relatianshlpi":

'” _fbetween ‘call, repetition rate and.male ‘mating. success T R

7§ natueal braedlng ‘assemblages are’ limi%ed.__; -In order for .
o females o preferentzally select high call raﬁea thare,ff}-;
. presunably should be consistent differehces ih male call .~ .
.zate over utge female 5 saqpllng period {Sulllvan andff;j. ~

o Einshaw, 1980),. T s T e T T

' Certain male B. waadhpusa; haVQ been. damonstratad te-Q;]' |

| ?Gmnsistantly eall more’ f?equently on sucoessive nights thanf;g'ﬂ.

: E,* ather ‘wales and. femalas .show a ‘significant praferenae for
-~ " these hales (sullivanﬂ 1982b), - In_-similar studies of -
"";'natural pepulations  of t@o other sgecies,' fles with a?;-j:,

' higher mean call rate -achieved mnra natings - than_ males_;m  o

. with lower ‘call rates (P. erugiter, sullivagiand Hﬁ%shaw, LT

-x”-fﬁ'.lggﬂ, E._aaqui, Lppez and Narlnﬁ, 1991) e -

s . F4

c~_ A ; . . . ) - I
w [ ¥ . p . ! .
. o et o = 3. 4 N o R
= =8 bt Lok L RLY B ) x| o S A

: vg& _Sullivan (1990, 1994} nated that aertain mafe charaeters _
- used by ‘females for mate choice : vary 6ver tha tame period
in which & female is seaking Q mata. Th:s may play an .
. _'1mportant role when cons;darlng such male characters as
”:ﬁﬂisplay‘ rate which is: Xknown . *Lm . -change rapidly o Br
_._rglativaly short periwdﬂ of time._ Certaln anurana call’ "L

e .

_ihﬁ£ ;j_; bouts, where males call rapxdly far shnrt peri&ds of- time
W and then remain sllent until ealling resumes in another
| . 2020
PR y
b 6 o BT



f}beut (schwartz'
'%advantage uvef

1991}._ A baut eallax may,not have an{ii: _?
\g-male that calls: cansistently, egpecl&lry;;,;_; 
‘when ‘the" femalers sampllng periqa ie qulte lﬁhg,_ ag the:;_ﬁf;'

*;;call rate of the baut"caller and ﬁha conglstent caller fg  i ;
. owille be percelved as equivalent*. cﬁowaver, even “though- the'f_'Q_-
__f’f ca1l rataa may be ‘equivalent over a-‘vertain time parlod,-::  fr
_:Ta=,this ‘does’ not ﬂecessarzly preczude mate ahaiag, as this may i
. #till - eccur. ‘based om, the. tempaza}. pattern of calllng. o

. ‘Pemales might dlﬁpriminate against béut callers if the =

.,.,f{fability to call kn a regular coﬁsmstent manner is mare-”
'515_“;indlqativa af male qualxty..__, SRR

.?i

i“l-Thms chaptex descr;bas my 'lnvestigatlan into Ahe callinga;Lff?f
*‘pehaviour of males*in &, natunal populatlan, the ‘call rate

"”_preferanpas ‘of ‘femdles. in-natural populatiane and . in- tmo-ﬂlf”'""

| choice’ diacriminatiun trials, ‘ang tha time perzod over-~-~fﬁ

 '€wh1eh ,females sample cali rate.;; ‘Thé - answers ta théﬁa; )

©4) Db the results of {2) Tetlect’ tha situatlnn fpund in the:; L

natural. population? e RN ey

.‘_"5) Do malas exhiblt dlfferantlal qallj-g persistenne in theu”f
' fiEld? ' : ' _ ; . L

:"?”fblﬁnwlng questions were snugh *-ffﬁ-‘rym A R
© 1) Do males . in natural populations exhibit consistent"f”'ﬂ
-diffhrences in nall rate? v BRI L
" '2) Do temales show & signxfidhnt bre,
“ _;rate stimula inutwo~cho;ce disarmminaggon trials? o
L 3) If females Qo show a- preference for faster call rates,_:,[f;?

i\) .,

"_over what: permod of - tima are sthey. aampl;ng for rate?

Hﬁmhe work preaanted in this chapter has been puhllshed (9?::.

'm::e for fastar cau”-:";'

£

:-suhmlttad,"sae Preface: for details) and ;t fael it is =
_ ﬁimportanﬁ to aaknowledgé the 1nput of tha cowauthors at .

‘7:

~ this juncture. ' Special thanke are due to Pat Baakwe11, 7'
'f _Nei1 Calthﬁess, Michael Jannians and Neville Passmaray '

S T 1. T T T



;” £5;;ireprdBent an . arbitmarz Bample ot the bapulatinn ‘of callinq__ R
“tsing a B

"*5uf'pand near’ Mtunzinz, zululand (for 2 detaile& description af“g

"'Z]fWhe study site for this experiment was a shallow xamporary;fﬁ?7¥”f

:fgffthe stnﬁy aiteaand specles see Chapter one. amd Appendix a).;;if_ .
| This study wag canductaa aver 19 nights dhring DeaemberTﬁﬁ*.ff

. 1989 and January 1890. - Air ‘temperaturé ranged from 18.5 C
3 _LC duxlng the period in whmah ‘the experiments;ware

-”f{a netwnr ,of paths Wera uut througn the emargent vegatat;an;_'

'inaqﬁasaible males with diffarent doraal Golcur Patﬁﬁfns werajf]
. selected. mhasa ‘males. were nut usually nelghbours and

; ”-fgma1aﬁpj A«amall dynamic minrophane (Acyat;ca M31,
'=l;¢axdiuid, painted hiack) waa carefully posxtxoned,-

*i],allowlng aasy acoess to many palling, individuals, - Otbe tha"affﬁfz;
.- malgs had estahliahed flxad‘calling sites, " a:qht e&aily;”"”*'”

: _, _  nnopad within 10 om of etoh male’s call site. Scraenedﬁ{fﬂ;f?f
- -,;fmicrophonauaables,_supported on ovarhead pylona, relayed j ;;_~

- the males’

calls back to an 8 ~-channe1 ‘event: -recordhr in R

| mobile laboratofy ‘st the perimeter of the pond.  Fach - '
“chanpnel had  an adjustahle audlu switch {1nﬂicate& by a:-
';:flashing light-emitting diode}.’ A mult;plexer analogue-f*ﬁjfj

- | digital’ ‘converter identifled’ the - active channels and

 relayed a digital signal to. an acquisitiun card” (93255, : f T
.a_bscar Elaatron;ca Lhd ) 1n tha personal aamputer (sea Flg. SR

ERC w.

. PV
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S Theaevent recorder lcgged tha tlma of occurrencegof avery-?;_
'7;_ca1l ‘made by, ‘the subjects and & flashlng signal on’ thafﬂff
a_]:fcamputeﬁu ‘screen. for ‘every _call .made, together withu' & 
'f.phlstograms of callsfmln, prnvideﬁ a cnmpiete vxﬁﬁal reaora :ff
| for each- frng.. Tth enahlad any changes i cqlling

flibehaviour €6 -pe- 1mmediata1y identifled and’ promptIy
. investigated using dinm red’ Izght.5~ uales tﬁat were -in’

_ amplexus, had - been ‘attacked by a predatqr, or were 1eaving

©their call site Were collected immedigtely; ‘those that werk -

'fsllant but stlll occupylng call 51te£ were, Qbserved untll

':f_thev elther 1eft ‘the site or had remaineﬂ smlent for 30 o
;f'minﬁg Fiqhts between males were: nnted and. 1£ the suhgeatu_-n L
:_Afhad baan displaced fram his arig;nal pasltlon, bﬁt resumed |
'° fﬁca111ng closeby,” the micrnphnne was repas;tlonad.;;3,fuy=':_”__._
| After calling ‘had caased, each male was! captured, heat f:Lﬂ;

_\"wbranded {see Appendix D jnr details], phatagraphed, ‘and
:f_measured Wlth vernlér calllpars (to ;he nearest o1 mn SVL)*'

.:ﬁ___.. B

v | e g‘f'-.f '
o }The repetitlon rate phanotax;s exper&ments WEre ‘carried’ out
© during December 1990 and January 1991, air tempenature"g'

-ranged from 18,6 C = 24.3 C during thé period in Whlch7_:ﬁ

*fthese experlments were conﬂucted,~__ TSRS = : o
The acoustic’ stimulua wis a4 synthetzc standard call {aae..l;f o

206 , ;.f  f

'f_Chapter four,, sectlon 4.2.2) .that  was behavinurally]f; '
2 eqaiv&&ant to . a typlcal natural call (sea Dyson and '_
'_Passmore, 1988&,.brxmaakwall et al., 1991).'- Stlmuli“_T___
1'd1ffering in repetltion rate were . brodduast in pa;rwise;if  “'
"-camhinatlons using ‘Rebis’ RA digital samplers (8 bit, 32_]-_ ‘
; kHz sampllng rate, Reh;s Audlo Ltd.¢ England), a Klein and S

. ._r;'_

_ ;_Tha grocadura for phonotaxﬁs experiments has a&ready) een;;i;“T ﬁ
. qutlined in Chapter five, Section 5.2.1., . The study site -
._;5 far these experlments was the same as. chapter tmve.sqﬁsj_.~'“'



prsviouslyf (see chapter frmr, sér:tién 4 2 2),
;_igaded onto faur Rabls RA226 ﬂmg&tal saﬁplers frnm a Hagraﬁy"

: arderi . Tape. l.nop L
;;;were made oﬁ the apprapriate 1ﬁngth and recorded onﬁo“ag  T

.Eikagr@ E and usea aa tha '8 stlmulus tapes,

'i"equalizad over 10 s, is descrlbpa belaﬂ gnd fllugtrated in?'Q ffT“
$ Fig' 6.2, N e T e
R T #%ﬁg;; wﬂf""'.L'

-_"séqqéﬁde-i}__Reqular call rate, with avary calf haﬁ:ng an R
: e J:c:t of 1000 w8, -0 ] : B SR VD
. ‘Sequentce 2: . Fast. rapid ]gout w::,th ten 1ls Sepaaratad by _' SR

e an ch of .5os ms fcﬂowj__ hy 5446 ms. Of £ o
'.'Sequenqe 35-._ ﬁed:l.um rap:.d baut (A’) ’. w:l.t' en call*a _ R
S e _vﬁséparated by an. ICI of 737 Ls followed hy 3413*&jfﬁ”"*
LT e ot siemea, T

. sequencs 4: *iedmm rapm bout (B) . Wlth five r.:al,lss ( ST




separated; hy an :I:(:I; o""'
1'”__"_-{2094 ma u:f sllence anti

relatmnsh:.ps the stimulus tapes ware 'at synchronized _5_.;;_.
L an;a way. As saquence 3_ was nsed :m évery tria1 the em;
. 013' the a::ena whi&h housed th:n.s speaker Was 'alternatea

e
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SEQUEMGE7€f_a?;?fﬁ;*f??,fﬂf[;ffff,fi

'ffﬂ§5ifﬁ, _ SEQUENcsa;f?pf;ﬁf;ff7*9f5?fo ?}fﬁf’

plmg penod” expenments

Fig 6 2 i.’emporal pcsltlon of StlmUIE used m the



:raupeta.tmn rata on matmg s_u”_"“cess was' <ava1uai:ad'_'hy _d':l.wd:l.ng M-z' '
‘l:he.-_ deviation ut ttw oalling' rate o;E each matezi . maia fmm_
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Befbre malas “ake up fixed cali sites ﬁhare 1s a great deal
n;’ mavament and - aqqre551ve vocallzatlons,' and as the
miarophnnes were only placed in pa51t1an once the nales . had
"seﬁtlad" down, any calls made before this time wers not7;'
. inciuded in this study . The'mlnute by ‘minute record of the'”
calling hehav;aur in this atudy comprised manh than half a B
willton adnerthsement calls preducad by 11; malea Cover . .
0124J9 min : e . . . . . '

: Tﬁ%nty one cf the 111 males mated during this study, and
_.gthe &isgrlbution of tha time of mating iﬁ-illuatratad g
) Fig. 6.3, - A8 femalas initiated ‘mating over a ‘period of -
"~ moré thah two hours (20,20 = 32,49 h) the number of calls
'wzmemaﬂﬁyby‘a mala prior. to mating was extremaly variabla tx
213 ;I: 1866, raﬁge 9 - 7286 calls, .n - 21) o

Coa .
H .
—

: . A '\,,- " By . P .

o

All reaords in which calling was’ interrupted by externa1_ -
faﬁtars such as rain, predation or mating vere excluded.
o . complate ealling recorda ware abtalned for 73 malea,_ of
§ o ’;". whiah, sn (82%) males called beyond the period of mating_”'__
.. [{see Figb 6.4).  The mean calling perjod was 160 min (. =
e . 40, range 80 *f 236 min), and there was a slightly -
4" significant correlation between male SVL and the duratién
of: the. calling parlod (?Garsan produet—mnmant uarrelatinn,f:f*
'r = 0,26, n = 65, P = 0. 04). Alr temperature was not
51gn1ficantly ¢orre1ated with the duration of the aalling.f
<4 period (Pearaan prbduat—moment gorrelation, o= u 41, n=
Voo 1&, P > 0. 05) ' - : ; : : 2

B {f“?x .

3 . :
e C : : . . : s f ( A

B ' e



me o

b

———

w

Lia

e

IS5

e






AR b R

o .
__w”h: Pariuas Qf silenceﬂduring the peak aallinq perioa were
o° ”'{;luncommon and mnst males called during every minute of thelr
o °32  ca111ng period (see Fig. 6.5). - 'On average males were -
L '::4allent for 3. 3% of thelr calllng period (ranga~ﬂ g~ 37, 5%'51

= 110). Duriﬁg silent pgr;ads males remained stmll w1th

. a partially inflatedévacal sac, Aggressive ¢alling and

| -.ffightinq Qcourred duxing the monitored ‘caliing period of 14 .

_ _male$ (out ,of 111 = 12, 5%)._ These . aggressive. encaunters f;',

::i}ware normally shortmlived (¥ = 5.8 min # 8.1, range 1 = 35 BT

| Codmdng X #‘14)¢and seldom xepeated‘? None. of the 21 ‘f:*
.. that 'mated ware 1nvnlved in aggressiv& ancounters.f;l; e"

: fjgmgﬁn SVL of malas that fought (29.6" umm) - was. nut i

slgnlfiaanply differant ‘from. that of males bhat did hbt '_}

fzght ¢29,2 mm) (student’s t-tast, t = 0, 79, B = 11%, b=

. | _I_fah.;;ﬁﬂ"ljﬁQﬂjﬁ;f;fﬁfgkﬁf'ffﬂf.iﬂf RRINESE

i”_%-_gﬂL Call répetition rate, w;thln the palllrg parlcﬁ, dmsplqyea

5 S - mnnsistent.pattern Wlth tlme._ Males nnrmally bagan with X

'-f[ﬂg'.;;; ‘a high eall rate and Ehls was sustained for 1“5 A.5 h,“;m_"'

' ' foliaweﬂ by a gradualiy and then mure stéeply"dﬁﬂlininq

. rate (Sée I”-g 6. 67 ' o N

' 'a_j The very small tempakature dmffarpnces between the
haglnnlng andathe end of the éall period (0 1 h_on k-3
nlghts, n 2 - 1 0 c an -3 nlghtaﬁdl 1 = 2.5 c on 4 nxghts

'f and 1.6 < 2.0 o on 1 night) ‘precludés’ iemparature ‘g the_fs”;

f‘n a:

o . facgar resbonsith fox: this degline in rate. . Therd was’ a  5;;
e " highly siqnifinamt po&itiv& cq&qglati@ﬁmbetweég@%yeréﬁe ajr " ﬁff;q:
L 0 temperature snd maanhgailing tate gﬁ males on, & q1ven;)aght N
‘fﬁ (Pearson prﬁﬁuct-mamant cdrralation, r.m 0.84, n 373(:? _ “f.--
o 0.01)s: . caxl rate was not: correlﬁted with bodg Blze when -*“
x the effect«af air temparature on. aaIl rate was removea 'ff
E (parﬁigl currelaﬁion coefficient e o oos) L ST
Tl e L - e T _ N | @
LT e T e zum o e
t.% ' 6. .;;f".“ PSR R :r._;;_'§'“._ o



¥ :g? 6 5 Bxstnbuhon of the Qercentage of the call
period that mrales spent saleﬁt (ﬁ ‘i 10);

i -Q\f :

o s e e
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'iEIjTha‘eall rate'of tha monatored male% varied o siderahly?;; S

”;from ‘minute to minute, The rﬁnge in Gall rate over  the = o0

- course afru typlcal slngla nlght 19 shawn in Fiq..ﬁg? g;A£_ _f
;fthere wag & atronq comxelatzon between%mean 1nter*call” _,,,
i , .”.-171nterva1 tIc1) dnd - caafflazent ‘of variatian for 1c1{5iﬁ. B
N j;;-f'_if*4£Spearman's correlation coeffmcient, rg = 0, 53, n ='26, B
Ll “Q 0L}, malas With faatar avexaqe ca]l ratas 3howed 195555;9344
:_.*_,ff*;varzabillty AN TCTL o el e
”f"&f?’”lmha average aifference. betwean the hlghast and lbwest ratasf ’
durinq tha tlmé'zn:'jmatings_oacurred was l5 8. calls/min,

"'1 17; P ’< 0101)50

" 6 3 1 5

}jj&The uall repetitzun rates qf mated and unmatad mﬁlés Weréf”ﬁ i 
| o Gcompared in three different time frames; 1) the' minutef 7b;"J
: :J__immed;atary preceding mating,: 2) the last 5 min §t1°r -
. mating, and 3) the last 15 min prior to mating Figureﬁ -
| :;ﬂ_“k?,. 6m8wi1I“strate5 ‘that ‘a aispraportionate ‘nunmber @ﬁlmatad A;ij;u
e males hadnan above average call raﬁe (reflecééﬂ¢by ﬁ large R
0 &7 mumber 6r . positive  z-scores) .

S "-1qupu1atiqn a£ calling males‘ ;

s .::_l;i.




o calsmin T

"‘°%° 2’ 3“ 2zao £a.‘bo amh

D _..g__ y K Q, S 0. .__- . ., L S

E o ._ Tama °f night

Fug 6 7 The drfference between the hlghest amd
" lowest tall rates, during each min, on a typlcal

o-.ii""a “night (6 males par;?,mpated until 23.00-h, 4. o
B @between 23 00 - 23 39 h nd 2 theréaﬁer) .
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F:g <6 8 Gall rate z-scores for mated males -
~{A) Scores in the inin immedlatéiy preceedmg ma’tmg __
* (B) Scores in theJast 5 miif immeédiatdly precedding matmg 2t
(O) E,Sooreg i tﬁ‘e Iast 15 min immedrately preceedlng *matmg
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'Q.

éfff"f]&f7:shown.

praference ﬁnr the fas%er rate stgpuli

was ahout,lﬁ or mpre calls[min. CEme
einfiles salecte&;the;ﬁz" |
and . although these;faj_jiz
differanaas were not ﬁignifiqant, thew guggegt that sama"@ﬂffﬂ[f
'Pfemales can disarimi"”te between twg vai cpy B

n twice as many 1
Faqt rata rather than the slcw rate,

“ave sqmmarised in Tableqﬁ 1: Females f

T PP TR

| . The time taken by females 'to. contaet thef] E
loudspeaker was not significantly &iffere%t in any. nf “the
,trials ngiedman &NGVA, F-- 1 97, 3 = 99&9, af & ﬁ] {seeﬁgﬁf“”*
’_mbla 5 ih el Ty T '

'sistantly Showad a-
whén the ﬂmffarenae;

€07




i .:Fer all trials peak SPL =(dB} at 50 cm in :Eront of speake " S
" -_'10463, which at%:enuated to 98 . dB at the E&mala reléase _j.__ o

S pari::.cﬁlar speakeri

& Contral pa.irirrgs. C




2 af tha ather sec;uencas.
a:pepia& Llo cﬁglajlﬁ ﬁ)._

& f'-"mwo speed bout .
- Alterndtin& IC:QbQR

@ 'S;:.gmf:.uant results' a:r:e undarlmed (a&nomial Tegt,:
e 0,05), T P e T s
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peﬂl"dﬁ-o-w* _ _ . _ _ L n S o
, '-mhiso, study shnws\:hat males vonalizad for nw,ch longer

'-=Brevious
'ﬁfexamaned tje provess thorougHL"

. peériods than the
L the chorts (ses’ Fiqs

 ofroplls produced ky & male in the calling period (6110) .~

;”;994).,
et féﬁal@i-
. snapshoth.”
”Qﬂreflect tie)

sampling' maieé‘@.
. females are sa\ P25
-'to ebtaig for mus

tudieﬁ of female mate choie:e mayo not have
“In. t:h.’ts regarﬁ, thg" need
ml characters *l:hat femalgs

' -"-'_paral ahanges A

dse “is of utmost mpurtanc:e (su:tlivan, 1990,

‘mate ::hui e tend £o use. an "mstantanemus
the ex gting.. vamation and this may mt
¥true amaun& uf mfa‘imakinn ut:a.lized Dby .the -
In thi# s&udyr tng auﬁamate&

-:.Horanvar, J.'t: allows the analysis crf ca;ll
'-_.ariod when females are. pra&ent: :.n the

"__owevar v data :Eor 'Ehe periad in whi@h

- - gpecles {Sullivan, 19§0) and. in tl'Le
presmt gtudy . :l.t: es’m.mated at less thar;,ﬂ@ % |
18 based upon’ e:é ensive field. nbsap%a.ta.onss in whith .females =
have nrot ‘bden.

.zb\ ;;..

S H

me window when females wara present in

63, amiﬁe 49. - The average. number_

iexceeds the. average per nat¥hg (313‘5) almsast by & factor of

b A reault; it s unla.kely that malaa which cdll' |

-__for 1c>ng periodﬁ of h\g.me gain any amating advant ga ‘at all.’

- DEten, - when fﬁ'talas waﬂa nbservad J.aaviﬁg the charus in ‘I:he

aarly haurs of tna zhoa:* ing; thnay appearad o be in & state

§
:"-‘_"\ \,}..g T ,
N {\ : 33'%1

":‘1‘0 l} .. o .. Sq

hE [T I .

-5 ullivan . (:}920, 3.9?94) Pmnt:ed cmt, mosﬁ; studies

=/

e ‘.
IR

bsarved tp remain : unpa;u.rad far 1onqer.'-'_ )

‘E»,' S

By mlas in the fg.eld is very diff:mult“* o

VRN
L

- and the tixq.g windw over which females R

N3 .
(MﬁfThis S ‘

- b, L
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a0

. sullivan and Leek, .1986% sullivarw - and Wagner, 1933'-;;45
”Eulllvan andaﬂinshaw, f990) sl b h

”ﬁafn

: at{mulus rateﬁ but was

exhﬁu&tlbn.

- have been shuwn in. sEVQral oth&m apacias in rha wild 'CH-N

. :'.\1 . ,\t. Sa T

when fsmalas warerresent in the chorus;.-. e

]

" ff@s'the matang,suacess of malea has beén”
. shown te be influenced bY. the: nifnber - of nights they aﬁeﬂ:¥ s
'fpresent in- the charua nyscﬁ at al., Lsgﬁ), grom én{-[{

' energetma vaewpoint a male should benefax fram aallinq for g
,'f short . periods of timé on’ many nzghts, rather than 1¢ng'gp””
"-;’perlcds of tide on a few nlghts. o ~*u;=~---:-: = g---v -

: ‘Males of many specles have been shown to either pall iﬁ o
© L Ybuts (Rnsan and 1mmon4/§974,,Wh1tney and Krebag 1975&4 1}{f~
"}{schwartg ‘and Walla, 1933&: 'Suhwartz;” 1991y ar callf;~ fL_
_ ._spbradiﬁally Qiprastar =14 al.. 1983} arid this haa b&an f; J_
“”'-_5§uggested to, play an impqrtawt rpla in mate choice nr@fg;?

- raduction’ of acaustic 1nterfarene¢.; Huwevef, H. marmoratusg-;_'_
N ;- showd « to - chll - consisteniiy - with ofew, ie any,
S _"-in 'erruptiana (see Fige "6.5), heme the- pcmantial gor:
.  ? varjation in ‘galling: ‘persistence ko infiuence matmngfs;*'
" mucckss or acoustic 1nterfer§nce’is%verynllmitﬁd¢ el o
; rates are’ sustained over time and the rela;ivejrankinga of -
"othe majes are. consistaﬁgq Cansiatent ‘el rate a;fferencasj*“'” '

'"f_ The rasults af mha two—aho;ue dzscriminatlon experimants-
.confirm that fehale H.® marmoratus share. the same prafarence}"
. for Taster call’ rates that is prevalent: in nther species

_';fte$ted undeaxr *ﬁxparimental cpnditmans (saa raview bylfkr

' Gerhardat, 1988:  lLopez and Narins, 3991) ®r in field :::

. gdlsmrimlnatmon tasts (Harria and Yaan,_ 1989). 4 ::Tha } e
’ .fpreﬁarence for faater ratas i sushainad uver a variaﬁy of -

| qtiongest w@an ‘the difference
;'bétwaen rates was 1arga (see Table 6.1), Even the 1argest'f
- difference. hetwean the stimuluk rates. was’ evldent in thg -

-'_natural pnpulaﬁian of calling nales durihg tha tima winduw';'

 The preferenca for hiqh call r&tes peraista in tha field,'ﬂ-'°'z



_-_dispmpartianataly mozre matings ‘than males with betow
| __"_f'__averaga rdtes (see Fig.6.8). In “the field experment this“_ e
preference is pa,wtir:ularlsy stxong, %s the ratea that the__-,'---- -

mated male are ‘compared’ with,  come” ‘from. an -arbitrary

e

e i-aamﬁla ot fcallzlgug males rather* than the mams that the.
. fémsle may have sampled. = If ths samg),}e of c:omparai:ivelﬂ
T rat.es includad high valuas not sampl,ed by t'he ‘female - then - o
thae potant&ai exists for rate—depandent preferences to be

- nb:scnred. Hm{evar, in, ;spite. of this, & elear Lmatinq_"..
_advantaqa aeagciahed with high call rate: :l.é ‘avident.  As.
_ -’-maleﬂ H. mipmoratus call from fixed call sites, then femalaa_"
" entering a ‘chorus wau:l,d be pmentad ‘with aahsistently- e
L different ua.ll xates amanatmg from a- Etgble ayray af
. points with:.n the chorama High call rate males,” fn the
o ehorus, may achiava mm&a mat:.ngs by rendering ﬂhamselves L o
. omore acm;sticsall}t, and therefore spatially, canspicuairs to FU
o aexually respansiv& famalea tGerhardt\ ulaa'n.. e e '

= r\-\‘_-'.
NI

As. \neni:ioned prgviauary in 'l:his chapter, ‘the aat!ial' : périéii_

thut d female samples males in: e chorus. is very difficult’ oo
o determine {sullivan, 1990, 19&4)., Famal:e g, marmoratus'_ R

usually take less ‘than 45 min o ,sampla males, Howevar,:_.. o
©.in kthe 1ight of the abave findiﬂgs that females prefer fast

. yates in exparimental and . !;'iald aanﬂitinns, fﬂmalas must be S
”'-ahie to assens rate over a “particular ‘gime . pariad.

S{:hﬁarﬁz { 1991) though,t that - males might attrhut NoTE

_far@alas by calling periodically at & fast: vaté (in bauts};___"
 rather, than consistently at a slower rate. However, in -

hisl -study "he failed to show thia ‘preference and . auggasted R
. that females ‘may be abla to. ingegrate, sound energy, Tinl

~ which ase both his stimuli- waulﬁ be regarded &6 equal,’ m.

© ‘the famale aampling “period. experments in this study
L smilar results were found when the “call rate was. equala.sad___'
s over 8" tera saatmd period, except whan tha calls JWeTe

!’ .

26 T




ffprograsslun,g B A L
 In all the ather“\a;rxngs with the regu ar Eequence,a there:f
.. was 1o preferenca,' indicatinq that female mgte choice wasf-
.ot influenced by varlabillty in the tamporal pattern of.
: calliug.= Furthermore, given that femalas .in this study
j_ware shown o have a strong preferanca f&x faster calllng-

males, and faster calling males were shown ta have less-
'-variability 1n IGI; Ehen these phonotaxis experlmenhs show
. that females are choosing the fast rate males by calls per . -

In. theaa trials females appraaahed t\
"threa - gteps forwa;d, two ataps& baqkwgrﬁ"' typa

R
53f  N A

of ‘the trial until tha,.

'ffiarrangad in a fast rapid bnut aﬁquenae..a Tﬁhiéxééqﬁéﬁceﬁrﬂf :
___ fsequanca 2, Flg. 6.2) cnnsmsted of ten calls wifh very
;; short Ier fallnwed by nearlm 5.5 s of: s;lence4j During "ff7f“
observatmns “of- natural matings, males wera frequently _ e
 5_haard tn produce a aougtship tall- when “amalas weré in ” 
Colose pwoximity.:, Thessa aourtship aalla conaistea uf., 
_-1narma1 aﬁvertisement calls rapeéted at a veﬁ@ fast rate,f-____
Cpimildr - to the fast rapiq bout (Sequence =2y in - thls} _”'
N experiment.  Perhaps the reas&n why femalea failadato ghow
_;j*a prafﬁrencé for these calls in phonota&ga studiea is due o
-t the fact that these type¢ of cdlle are oniy: produaed*jf' )
_ :_“when thé female 48 in close proximity to- the- male {< 20 am);ﬁgigﬁVg
"_J;and the females rapidly raspond by init;at;ng amplexus.];j---*
';}In “ghe phcnataxis experlments ‘whent the "fomales warejjf
T?gprésented with this stimulus, they. ortgh“mrlantated tawara;f
_ﬁm_jthe fast rapid bout hut dQang thé. inter@uut periods of
Tf;silance, after failxng o 1qpata a. nearby male, “chey - rehj
j";orlenﬁated ‘and - began ko &pproanh the fa@eaﬂy ragular;
jfstimulus. - This process of re—ofyentating ta the dlfferent-
- stimuli’ continued ‘throughout. mosk
 female was’ quite close o, the ralular stimulus speakex.- -
-3 regular spaakar 1n a

. unit time ‘rather than by conslstancy of ICI._; These;ﬁj'
“,i.axparlments suggest that ramales are not using suacessiveflan_,
| ICT to assess rate, until a critical length of ICT is
. réachéd . (i«e > 3418 mey . ‘Saquence 3) and a. complex

¥Zralat1°nship may exist between aalls per uni@”txm& and_;-~

Ao



1 mntmucua stmulat:,on,

o 10 s, Purther exparimenf

-:-_as ‘these stimuli aig {not”ﬁiffer :Ln theix- rates ‘over & :m a-_
B __fperiod, thé‘v t‘emale samplmq periad g’ probab.ly }anger ‘than, el
| _ = utzl.l.smg aiffemntff{
. '-'_'..cambinatmns of aalls ‘per lmit time, Care. ﬁeuessarx €0

-'-i"_":'_:_alucidate the exact period o% t:i:ne mrer which fema‘leé? az:a___f___- T

. -&sﬁaﬁaiﬂg fatﬂ- N _ 6 S

& .. -

. u_-.

5’ “over: long Perioda ‘of twte ‘and thara are: consistent;zf
'-f'___d:.fferences between trxe g.'all rates of d:.ffaréntg males.}'_

.. L .
-:_-with a sa.mple twn*cl:mme aituation and this preﬁerenca is,-_-

:'"5'.-:_“1&a1é H. marmaratus eail cnnsistently at ver:y h:ugh ratas.---_

o '.Femalea preﬁerred 1;;19 :Eaatar af twq} rates ‘when, presentad

|- reflested in the disproportionately large mumber of matings - -

. :-__:;aahieved by h:.gh :eate calla.nq males in natural pnpulati@nsk:} v
UFaster call.mg males may ‘enhence. their aonsp:lbcuﬁusness to o
gexually - responsive females:, thareby influancing thedr
_matingc sUcoess: - When aal:t rate i& equ sed nver 8 tén'}_u__

. secand mi:ervé}, durmg phbnmtaxzs expemmenm females only  © o
i _dmm:imnated against saquences ‘with lcmg [ Fkrinda OF
Lo milence, 'l'ha.s- sugggsts that there ;3 a° afmnlax,_.,

::-":_'i"_lnteractian betwean calla P uni!; tlma anﬂ fr:é.L ‘;;tzr
: -stimulatinn..- ﬂi i RS




 cmr swEr

. cowcuubméc piscusstaN

- ‘ekperin
o nf “taxec from stecta, througn Elsh and: amphibxans;; o
mals (Falls, 1992). Bnqart {1942) wag the first\

In tha 1ata 1940'5 workers in the flﬂld of aaoustic 3
'cqmmunmgatlon were beaommng awareqqf ‘the. signéficance ofn@'

ts, playbacks have been carrled mut on a varle"“

:a”ﬁird

ofF +to conﬂudt playback experiments on anurans, and‘%e]

increasing number of playback studies on malés and females

:Iwere carriad out {e.qg. Littlagohn and’ Michaud, 19595 Blaix_ 

'anﬂ Lmttlajahn, 1960~:capranica, 1965,.Garhardt, 1974a, ).

 However, . it was not until 1976 that intricate playback
: -ﬂaxperimenta designed spacifically tacaddreas a ¢°mplexusat;;
~‘of guestions were performed (Narins and. capraniua, 19?6)* :

.03{

hw_'jplayhaeks of consgecif;c cafis in altering the hqhavmour of;;  =.;'
\an;maljgésogert 194?: ka@h, 948),| sinaa theﬁe earl;ariﬁ;;

L Sovered that both ‘male and famale Bufo’ tar:gstris ware \
~ attracted to broadoasts of a c@nspeclfic chorus,  In the |
 ~_130 years . ‘following. Bcgert's report, as the acnustx@”:T- 

~ broadoast equapment impraved and "becane. Bore ?ortable, an

.



Thes& authurs weraﬁtha‘farst ta 1dent1fy sexual aifferenﬁesﬁif§+7;
~in the perlpher&l aud;tary sensit;vity of a vertébrate_  BY
combining acoustic ,playback experiqentsfﬂan }»twuﬂahcice;¢;g'V
disarimination experimants they were. able . nﬁtrate al;-
“ﬁunctiqnal dmahutomy" in- the two~note q_ :
This exparmment paved tha ‘way for futura&k%‘, ; S
. mpon increaalngly mam'{suphmatlcatad playbaﬁk”BXperxmentsr73;.“
.as evidenced by tha ever grmung usa of camputera ‘and - L
digmt;zed ‘stimuli (Gerhardtr 1991,. Schwartz, Caseny
BrenQW1tz and Rusd\&1994)n ,--~g,> B .

“wﬁﬂadnL-ﬁ . ua; r;jﬂg,,;ff'w
The vast majqrity of the exparamental data collacted 1n_ﬁJ} __
th;s theais tha results . a%mustlc playhaﬁkiﬁh.,_

experimants. Aaouatic prayback axperxments fall into two T
general categories.;. Firstly, they may be of the two (or-f;.,__
more) ‘spesker dis¢riminatian ‘experiment type (Chapters five?;;f-'*
Cand six) -_,}; nﬁly, “they may take the fowm of various -
gstimuli broadd. . to naturally calllng pales. in the fzeldff ffj
‘(Che vors twp, ‘thre¢ and four). In eithar case the
‘agoiirate measurement ‘of, SPL at tha poaition nf the test ;;3;1

. subject’is extremely important. ' The perceived intemsity:,
' of the ; s&imulus has a. very stronq 1nf1uenqe on th51

bahaviaur of . the subject and aan cmnfuse expermantalf’ o
rasults Ty not taken into full consideration. An émample_.'.ﬁf-

of - agnf&icting : resul;g [ e-',to'} inapproprlate ’:5PL'=_  ."
measurements are represante_ By Talfqrd's (1932) data | .
. relating to the intensity dis _lminationuability of female -
H.. marmaratus. ' He discaVered that dn 1981 certain fqmalas;

. cug@d discrlmznate between calls that varied by 3. @E (at 50” ]'

cem from the 1oudspaakar), atble dn 1982 ha.found that
femalas cauld only discram;nate against tha softer call
whan there was a 6 dB diffargnce. I, however, haahad“_
maasured the SPL- at “the tenales ‘releage point &nd adjusted,;r~
thq_SPanaa'mﬂ ngly (thereby avaiding problems cauged by - ./
- : Chapter five),: the -




Yo

| ftha fomale in. executxng her. chgxaa.;-"' : S A
,:g-Althaugh, nall disarmm;natlbn experimenqﬁ nave 1eng been A
_;”uséful toul: for determ;nzn@ ‘the effects. of vﬁr:ous male-’?gf_
" epll characterietiGs on female behaviour, authors should be =~
e*very wary of*making assumptxons based on: ‘the. res&lts Qf -
- these. axperlments w1thdht aupparting ev%penge frum f;eld
_studies (sae chapter fmve) __5”435-__yh-gw;;w:_gﬁn___

. c'-

f:i.eld. o S

differences in SPLumay'haveﬁreflactad,thusa péree;ved by

33chwartz, 1934&, b, Huare et alg, 19&9; Schmartz, 1991:

u___ﬁaf thé stﬁdy, the stlmuli used were analague xaaoQQings of
. ['inatural exemplarﬁacf a&vertlsament aalla.d Later -in - tha R
. study, ° as tedhnology advafced, synthetic digitized stlmull f--'"-
L hecame'moré’readlly availabla and standard analogue tape o -
fﬁrecarders ‘were “:replated. thh digital samplera .aﬁﬁ~"
,ﬁncamputers-\ Host previous stuales of maleﬁmale agcustlc
fﬁ;intaraht;cﬂé have ‘besri Timited to “two' individuals at &
_ ;time._ HawevErj the usa of - a uustam built endbder anabled
 ¢Bruah. and Narjns. (3989) g investigata the - acaust1n
__-1nteraatians of up to fiva aalllng nales. These snrts oﬁ
;- investdgations - involving many individuals, are very
_f impartant An elucidating the. true &ynamics of cha%usas, as
- most previous reparts aasumed that “the gligrus was Slmply

an- extension - of. tha 1nteract1ans ‘betwesan o males.

{ Ukilizing en s-channel event recorder:and personal computer -
.*(as“described in . chapter iy, I am presently‘invastigating

' the complexity of . chorus dynamucu (as:outlined in chaptar ,
' twe) by studying the _acolstic intera%r aris between up o

aight indivj.duals in tha lahoratc)ry s well aa fn tha

Bt B

N The hmnadcﬁ@t of spaaifia stimqll to callxng males from' '
“""-mndapeakara has ‘been. used on many ‘nocasions to study
" hatterns of ‘acoustie 1nteract;ona ‘betwsen calling frogs
. (e\g. Nafins And - cdpraaica, l973. Narins,_lasza, by Wells
-and
-Erenoﬁ@tz*ﬂnd Rose, 1994) As moat of the m&la hroadcast

,ﬂ_

. {
L ® :
ﬂy/
a



__'“Hagt’of the sacial 1nteracti¢na in anurana acaur almcst;} ;_ :
Ja-exciusively during. the breeaing season. . Typically;. much of
~ this saczal hahaviaur centres araund cumpetitmun among;_;j_:f
' males ~for adcess to. nates.  * Most. anurans communicatgi"'"'
durn.ng ‘these -sdoial interactions, by ‘means <of species .
specxfln sounds.; The prnductian of Lougd' calls. haa evalveijgihz'~
to en&bbe anurans tn communicaha effagtavaky over, 1nng; L -
distanaesy'whilat being canstrainad by the naed to be inf' “”7'
close prnximity to. the ground. These c:alls are seldam’f"-'
nttexed at. random ‘and. often a claar type cf urgaglzakiqnhfi.--”
exista. 5everal dlfferant forms of choﬁus awqanizatian have
baen pxupaaed and the results mf Chaptér two clearly,,:f;_5 
indicate that the dszarenq typea of’ chorus argaylzatlonj{f  [*
| %xist @5 a- cuntinuum, based upon. the’ dalay fxom: wh%g & o0
I“'@ frag hears a call o when- he: replia& wiﬁh a reﬁponsa. qne'ﬁ-”;. 
""specmas studled dn “this thasis exhibitad threa arb;trary,:  ,ir
. classes (1.e¢ 6allmtﬁiggerin9;_ ﬁntiphonal ealling .and, . ...
aynchronnus calling) within this caqtinuum, with g further”.  -
dlass béing poss;b&e, put ok represanted in thasa spaames?;:;_
- (see Pig. 2.35) . Tnera hava béen several reports on-the
machanxsms inyolved in call timing (Laftua Hills, 1974;4¥ffg“
“Liemon and’ struger, 1980, Naring 1982a Zalick ang Narins,_;

:'*. -19825 Moore et- al., 1989) which ;ll saem to be in agreamanh;»”:;

, . that, following an acoustic stimulus there .is &n #bsglute

" behavioural refractory period “(BRP).' During this BRP an

1 external’ stimulus ‘cannot’ ellcit a respanset ‘The results_ _

_ .;presentea. in. *this theais qunfirm ﬂ;he existence of an\*i-[f.
- absolute BRP: in H. marforatus where it was found°to havr "-f“mf_

1 mean duration of 3z my tsae Chapter threef Table 3. 5).-ﬂ-ﬁ'_
.~ Howewer, in. cbntradiction to other published results, Lemom, ~

. and struger -(1980) suggeated that a stimdlus- ooenrring. in~_' -

the -absolute. BRP .and éven duran “the produqtion of a aall,f:¢

_ will influsnce the @uration of ~the callncycle perlﬁ&. The

'] rasu1ts reported here. do not lend &ny support to. this .

,'suggastlon aa males who wara preaentgd w;th stxmulx durlng“-“.if 

.-"'23._2_ |



o :;;the production of a call, or shortly nhereafter, fa‘IEd tﬁ

' inshaw any behavioural raoognxtman of the'stmmulus.- The next

'fizperiod o cacur after the absolute HPR\zs tha relatlve BRP, R
-during which tlme a call is. %11cited by tha perceptlgn of A ,jﬁ;~ ’

5: VStlmu1US (Narmns, 1982a1.- If. A strmulus 13 not presentad

? =ﬂ;terminated by the spantanepus production of ‘a. ‘oall. :,;In}Qiﬁ

_ ;.aﬂdit1ﬂn SEVEEal _authors have saggested the pwesence of .

" Teall - suppresslan,= as there BYe - ' fewer reapanses than

  iexpeqted from the onset, through the duration, to shortly

L after the end of the ‘stinulus  (Zellck and" Narins, 19827

'4 3;HQare et al., 1989. Klump and Gerhardt, 1992) | Shortly =7j"
| - préceding a call. itself is a period of excitatian, where

the frog during the relative BRP, thxs- perlad is

:jftthe neural clrauxtry ‘Has been éct1Vatad and’ thﬂ PrDﬂucti°n

”'f'natural

A

=fztha cho

of "& call s 3nev1table, irxespecti@% of any acoustic
. stimulus pernelved’ S . RS Lo L T M
_3The sheanﬁfomplexity of interactions that occur within a

= f '§g; in;;; ?;“.

_"._'_‘:.7-3 uama.ﬁumaﬁ B T LI \ O

'jOver the last decada the soclal behaviour af anurans has f-

'3racaived a great ‘deal . of attant;an from behanoural
'e&ulqgists.- certa n aspects of their breadzng béhav;our g

have 'made- thram part:.cularly suitable sub:;ec:ts ‘o’ test

o L . o

. orug - hamper s;milar Wdetailed studlas bemng SR
 carried (ut.: = Tn most.cases the responses of isclated B
_ indiv1dua1s +to~ acoustia playbapk experlmenta ara studled
. instead of inﬁxv;dual interactions., here is no. Teason’ to
"helievegyhat these studles cannot be extrapolated to’ embcdy _
- us., as a whale. However, decalled studies of how 5_.aﬂﬁ
'11ndividua1a interaut wath eaah other in the chorus would: be
"naaassary to- substantiate aome of. tha prcpose& mechanisms
- of call klming.__._." _: BRI A

__7var1aus tﬂaarles rqlating to sexual selactiun andnmatelniQf
"_choiced Firstly, they form large aggreqations which enable
- 'repeated observatinns ‘of social 1nteraations.. Secondly,
7'f.£ert1112ation is emtﬁrnal thus praviding unambigunus'



o b
Todm

"p’“‘m‘ma‘le in- mét 5pecws -_-(however,
. been suggestad to, voeur’ in C‘hiramgnf:,is xerampplina by
"f'_:j.DiIennicns ot al..,-_.m_--._- o
markad, approacheu ‘and ohservad with 111:1:15: @a.sturbama_:.:;___v:___,.:;_.._-______..:_
| ‘The litei'ature cmre;:ing 311 '!:he aspects of sexual slection o
“and. mate chaice in anurans, is: exhaustive (see Gerhardt.,f-_----__;-:"_-_--_-;_-:_;-_.:
..;.::-,1938 fﬁr reviaw) v nevertheless ‘& summary of “the all ...
- ._parameters that influence mating suc-.c:ess Wh‘é‘-?‘h ﬂireu:].y o
5 _-:;_mpintge on: the wark repaﬂ:ed in tm,s thes,is, i
'-:-'hare,, el S S

mu}.tiple spawning“iaa "

.'92)', ana thirdiy thay an’ be easily-._-'_"_

Chapter o 1denti£ied tha‘[': most anurans grqauize their':.-
choruses in seme way or- anotner. ::I:*l: has haen suggestﬂdf

-

N R S

presented -

‘ximse thé numbe:x of\, un«-maskad ca,lls he praduces,t'
e faasing hi$ 1ncatabili1:.y. Hcaweve::* sevaral authmrsﬁf—_ 8 -
3__'hav shown' that similtanecus or overlapping calls are as s
. eas:'}tn locate By females as are alternating calls: feag. o
warealﬂ:er apd” Harrmon, 1937,,! schwartz, 19873 nysan and‘l_; o
| Pasg;mre, 198,351, by Klump and Gerhardt, 1992, | Ibanez,:_;.
o Conseqxie Etlyy An Chapter three, 1'1: wag auggested thé‘q thefg_'}"] e
S ubsi.qmtous phenamﬂnon of call- tming ik males ‘hag . not RN
; evolved as" a result of salectmn pressures impasad by 'l:he-”'- j-\;_':
cénstramts of the’ femalaa' suditory system. - Rather; it
As.a mechamsm used by males to eifeat spatiai argamzat:.an o
whé.ah may, in *l:urn, . :fo—.fluenc:e the:ar mating suc:cess.f._; ' : 
g Haweve:r, the :.nh:.bitery reaetting strategy utilized ﬁy male’“_ SR
- Neooonacephalus spizd, Which has- probably ‘evolved as & ¢
":_result Arom the- selactivé pressurea axerted by female"-_'._'_
S _'_-_preference fcir :Leaaing tsalls (Graenfaald and Roizen, 1993*" '
T _'Shemdan ei: alﬁ, 1993), has not yet hafen desara.bea ,for any_'l
'.'_anu‘rans. e ST S . -




f f*'?urtnermone,
o famale k2 marmaratus

_'“;et al., 1939~' Dysuh et ul.,

'.;fdiscoverea a' simmlar scanarib w;th Hyia c;nerea and
_ suggestad that the inUonslstgnt behav;nur of females in
~ ‘laboratory experiments and the -natursl environmEﬁt nay be

'“f_133plained by . differencgg in the. complaxxty of ‘the acoustic -

_ Several nuthars have suggestad that dszerentaai mating
N  §3“¢¢&38 may‘be achieved by active female chalce far smze-¥ o
. xelated variation. in- the males‘ calls (e R Ryan, ;aao, ~.»£;Q
- 1983a: Padrehild; 1981; “sullivan, - 19&3, Forester and
_ =:Czarn0wsky, 1985, ﬁobertsan, lSS&b).h The main parama;er oE
e male’s. call that is. uorralaﬁhd (1nyarsely) with ‘size is
. ffthe ‘domiriant. - frequend”' componeht, . and - in twawchoice AQ"f-*
jf“fdlscrimination trials many “authors have shnwn that females = =
__"';prefarenﬁlal 1y ‘select” ‘the lower frequencx alt :nativa j}" o
% (Ryan, = 1980, 1983b. Fnrestar ang Czarnowsky,;;“-'
':"jnabertson, 1986b)

1992)* Gerhardt ?1932)

agyirenment. s Chapter flvg hlghlighted a simllar problem

’ ~invblving call’ intensity (seEfﬁectxun ‘7.3, 3 below)k wheré
" the .ability ‘of ‘the females to dlﬁcriminaﬁe b @ween
-} diffarenues in BPL. was :mpaired when the. c@mplex§;
_.fch01cemwas 1nq;eased.; ohv;ously, as the complexityjuf the
 acoustic | environment _changes - “so :do . the. temporal
'.relatlpnships between the calls of indxvidualg. Dysnn apd
. Pasemore - (1988b) - ﬂampnaéraﬁed _that ' although females
' 3-p:a£arent1a11y selected the lower frequency call’ whan the
"f{tmn cails- Were altarnat;ng, thay responded at randum when
Athe calls were. simultaﬁéaus, and prefenﬁéd the laad;pg call

Y of

.v':- e L .i;ﬁ_._; "L' .
D |- S S

-fﬁ..



f:ﬂ’aquency (Wl‘l:h:.n aertazn 111!15.1:5 :
VIR "’h}’ random mai:ing mth mspecst to size iv; gbsm‘
AR na,tﬁral“z\ Rﬁpulatinna ;¢ wdnd nj.ghltht the? Jdangly o

s extrapolatmw tha rfesu'lts af two-chaice ﬁiscrm : ln &1&
*i:rials ta natural popuiat:.ans.- B e P

Advertlsement call intenslty ' :LS tne only oth .
| {‘% parmueter that is correlated with male bady size (G :-
L. 18753 wilbur dt al., 19m,_aerven, 1981 Arak,
L :Pa-ssmorae ﬂandn 'Jzelfgrd, 1933),3 _However, Ryan?" 98!
CR = | asted that SPL wgﬂga :Lkely to ‘be. ‘a za:e;_g‘iahle p

*

ey T mici\oclmatic changes. |

e preéexenaeg “w fenales foi hiq;\l :r.n'bensit,y aalls

“Yenbnstrated using_',__ ﬂﬁw&’t—-a;wm

w(;l?*ﬁzlla:':s, 1979&,_"‘” 1 7
igsaa« nygon,, 1935_.

preferentia,llir seléatqd '_-"’é lcudegt uﬁ" 'l;w ca,l:l.s _'.:.en the °
T perce.weﬁ diffe:rence in 11;tensi Y Wi asasmall as Aﬁ - 5 {IB.'__. e
Hawever, ﬁ :Ls prefei:enc‘e wa pot:, sc: avidenta wl en th‘e’:_-’f:,.j_-
. camplexijzy of. chmr:se was mcreased,, m@m Ik has -
been. estab.'f.m hed that if the :Lntensfty Q%j tha pr&f bre S
frequency cafl was reduced, ~female§ then salaq_ed ;l:he L
1&31&31' high fréquency call in two-cholce “discriination
® trials ts:.hwartz, 1986‘* feﬁfor& et Al 1989% --’M-itiam'
"'__-;;_'_axperiments on  the combined f;pffez;’z of . intensifty ~pfd.
-temporal ralationships af ‘the . si:‘s.mui::., resulted 4 in the
- legger of two calls bed, ; ‘preferred oyer the followd ¥ even |
whgn the following- wall wag J.caurier {Dysén and B 'smorr,,,
-"'1988a).- Femaﬁ‘es W&re unabla 'fto assass the . a_so’hute B
R :n.nt:ansity SF thg stinul:. -dn: discriminatmn tmalsi (Arak,
L 19B3c; this studyg ql‘:hapter Five). sug*gestihgj that - j‘-émale“s
o _.aré pa.ssive]_% at:t:_:;a_tgqtgfl _j:___c:____the qa‘_;__;s_____;;e_;fpa&‘vaea i *the .




hl@hﬂﬁ# amplitude,
tha alosest @ale; IR t S :.-- ~~;. T
"."f_":tha abuveqresults 5uggékt thqt theregmﬁfan axtremely_

0 gomplex reletionship between call frequency,. cdly dnkensity
. 3}}5fahd the tampnral pnsition mf tha mall\with reapectééo ath&r;*

. .”.

:fsfdiagrimznntian trialﬁ”ﬂﬂYmbe very - dlffanant frum thnsaﬁ{f}fff}
”*Fﬁahamues ﬁada in. the acnust;cally"comglag natural hreeﬁinQJ,”[jhg{f

{ _';q'zsaa far‘reviewz W%ﬁls, 1988;|Lapez andfk; o
aring, 1991)*< Algo, in. mple twowchaice exparzmamka withj“ f"'“
_ aturalxy calling malas, famalas were shawn to prafer thanf>,,:
TR ._:fast’ez- ‘caller : (Morris and Yooh, 1988).¢ In:this study .
L “‘_‘ 1’;8!? aix) fem&lés were fo'l.md. 't:c) prefarentialﬂ.y 5‘»91&@1‘.’._.
= tna faster rate  in twn—uhaiqe discriminatian triais andwTIfj%ff
_";;;;this praﬁeranaa was reflactaﬁ in the natural. payulatian,ﬁeﬁ7 f1ﬂ
T as. faster nalling malaa were mdre suaceﬁﬁﬁul in securing afi;f}i :-
_._jjmahe than slaﬂﬂr nalling malaa. “This appaafs to ‘be. aﬁj *§;"{
' fﬁstraight forward . “case’ 'f_ females ‘@xhihitinq a realff _}ff;
'”?fiprefarengg, ‘which has: been ‘vonfirmed” by fleld sthﬁzea;ﬁfj_asf
?71However, Schwartz , tlsss} : discoverag that in . §<Hy1affgf]f;
miarncephélaa althcugh fenales showed a prefarence for the . >
_L;:faster rate in two-choice . discrimination trials, thiaﬁlfj_QPj:
| " choice: cauld ba negateﬂ and evan raverﬁedab“_deareaaing the “Q‘ S
'~QESPL of - tha faster rate stzmulus. o Th  efarﬁ@ it aeems
_jlikely that SPL alsq plays B’ vital role in fast repetitian N
.ﬁi"?rate praferenaes nf“feTalas,j;ﬁf':];jafz,'-“ﬁ;;.fg ﬁ;@“rif-}wﬂﬁ_iffff




‘I‘h:l.s Wu‘rk. identified“ unmbiguo%a wc;:n.a:t int;@raai:ions -in G
o 'several apeamg of fmgs and. hz.ghlightad tha importance of R
7 3PL. on - {hese intexacntiuna. oIk .also demonstrated . that
females showad a- preferance ﬁor 1aud fast: caiz,s amd wara
. unahle to " c:nmpute ahsnlute intensity I{awevar, as LU
. ddscusged  sbove,  uider natura:l. uunditinns there it an o 7
| extramaly uamplax interaction between call’ frequenuy ” call . "
B inteqsity, pa\ll mpet’iti@n ‘rate and the- t&mpnral pc:sit.:a.nn '
0 of a vall. In dimpld two-chpice triala, fenales may show
Sl strong. y;aferend‘es for lower fre,quancy calls, lpﬁder c‘:all,s,
7 e faster’calls and 1eading oalls. '-_';rhesa parameters are .
. _____m*twwrelatad :i.n a mmplax way in the Field, such that - the - L
:.:--_prezfeaz-émes axhibitad in J.abomtt:ry axperimants may bear - m :
;'litﬂla or ng. re%x’atian ta tha choices made in natural
P ___1"'._;Breedinq arssemblages. T e T EE M :
- S <. i felt that this study prcvidaa Valuabla msight inta
' o fhe func:i::mn ‘and siqn:.fiaanca of ‘the . ubiquitous phenomenon
. of chorus grgam.zatinm Furthernore, this study promotes'a -

. . better undaratanding of the nature of acoﬂsi;w in‘l;éftrar:tmns
0 petween ‘animals, as well as reac:»lving some, of- thé_ prohlems
o o .__;?.__-surrounding m?;t:a c:hnme in tha field; clelEn e
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'-':':,Mmt...; 'of cthe calls illustrated Hers were olst:aiwad'__-_ in'
response tS. th bruadca,st stimmii. présented *‘ha”thq frcgs--j'-
e '_'.durmg the inareasing ""intensity a~experiments, and represent'-___
S thes full. ‘array of Ycogui +" notes as described:in Chapker,
. four, | Huwever, the twa very .long mult:.-—-nate calle (Fig. . o
" AL.3) were _em:n,tted ‘BY fro@a"_' in“the ea:r:ly huuﬁa of the " ..
o _'_::__'mornmq a'l: ﬁaytme retreat sites, _andb ware nm: in raapnnse‘-_f'_.__'

- to broadeast, calls. = . el - : S

:._'_,"_Fcar :Eurthe:r: : details af thase ca!.:l.s ;\see Stewart and' Ran&-




;flfaur,_ HoWever, the th vary &ang mﬁltiﬁnota aalls (Figu” -
i;m_ '3 )_ were amitted hy ﬁrags in the aar,lya haurs of tha

_'Far fu%
e }5.9923 and stewaﬁ't and Bishop (19943. |
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”fﬁ;g 1engtn up to 4l mw (Pbyntnn and Broédléy, 1937;,;; T
'[f[an& fenmales are &overedi@n “the dorsal. sutface by blaam{f”'
| ffasparmties whlch are vnslbbefta “he nakeﬁ*eye ‘and areigﬁi,,v
?’"fgacc;ntuatad in the dagk e
© 7 light aveas.. There is a madlan, broad dorsal.. b%nd whichf h¥}5[g
_u;  tapers to & pomnt betwé “ o
' ”fthe dnrso*lateral bands pﬁsterlarly.:_ The grﬁund calaur};};,ga
'i;ﬁvaries with the incldent light from a cream colour to a . .
S dark qray-brawn ‘at Whldh palnt the medzan_ddtgal hand{“ffﬁaﬁ
'"Lfﬁib3comes difflcult tﬁ dlStthUlSh (Flg* l 1} e S

]

’:’Eauhfamiyy HYpernlllﬁaer

E Subfafms.ly Telmaﬁobjelnaea. :

'-”reaahlné a maximum length of 62 ™. (L@pez anﬂ Naring, ES
1901). . The dorsel surface is. grey td°grey—hnawn sometimes ~;
. “ wuth an’ ill-detined “W“ bahmnd the éges, anﬂ'scattere& dark M
H;f'mottling (Figa 1.3). Often there are ligh@ snripes %himh

'1 run fram tha snbut, uver the eya, 1&tera;}y tq?the vantm

" :H%=;f'

. g_l_ _;. - & )

81asalf1catlon._

?‘Hpecias QESGrkptiun._ i 1arge Afrmxalus, with a;body53 ; L
The males - v

reqlﬂhs.by Baing surrouﬁded by“5-”

thé eyes and ‘does’ ot join: wathfiﬁ;_k»_

Elaﬁtherpdactyius cagui Thowaaw 1966"' e e
dﬁhssxftegtlnn“‘”' order Anura Famlly Leptodactylldae,a{' 5

Spgcles descriptlon.. A medlumrsiaed Bldhthaﬁbdactylus e

: u.o. W , W ow : r

Ta

Hyperal;us marmoratus Rapp, 1342 S
L . SER “.;;;. »- 3fﬁ73ﬂ

clnsgificatlane1  Order' anura;a Faﬁily' Hypéroliidae, ”
suhfamily Hyperolimnae, : y

o 3'e,\'. .
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R __§pgniaa ﬂesc:rlpi:ian y
m%ximiim “body °1eng;l;h of abouﬁ 33 mq (;:ersonal dbsarvatxonﬁ) Vi

-

th:.g "aupempec%as“ (Pﬁyntm;g &n _:;".--"'Broadleyf ‘1§873 . LT
specmgs s{mdieé in th:.s work‘is_f"maogn:.sed, :_gn;_fﬁhe?f:baéﬁé-;;&agf EARE
: g _'_. marmaratﬁs mamoratus:;}j DRI
2 (Lamhi&ié -.;:1992‘; and ﬁur’ther q,iscuss:.on nn the curréntf:_' AR
L taxonomm pasxtmﬂ af tl‘ils specxes fa,tls outszde the scop%__ S
> ;. o:ﬁ this thesisu_ At the breeding sn.’ces nsed :En th:.s stady'__'-?: s

WL :.rregular ser; ?s Whmh snmet:.gn o
S cdlour (Fig-l 531\.-_ The juvem.les were brown “‘Wi‘l:h somatimes":
' --}-_darker brqwn str:.pes and uaually a th:.n silvary 1atara,£_'_-:__'l' ' '

Fam...y HYpérala:L}dae,

"_'_Subiaﬁily Kasaimmae. e R el T
Ee smci’es descriptmn' A 1arga, mbust Kassina reachmg a
T _-_'_mﬁxmum size of ‘68 um (Poyntcm. 19647 - The dorsal, surf‘ace'-.--

s covered' “in irr,egular dark brown sﬁnts with ‘a p@lei C-
gutlme on g | sxlvery-brnwn grmmd ¢olour . { F;u.g.__ 1+ 7:}* "I‘he
: et “ﬁ%oung t::olcur and-pale outlinas are replaé;zd by.a hr:Lll:Lant TR
2 R sc&:r:let 111 ‘!:he axllla, waist, and mner ‘bh:l-gh (Beg:mns (Flg._;___f_‘«-*"-

I r.R'iﬂss.ma senegaiensus (Dumeru.l and B:Lbron, .1.841) o
tas L F classificatmn-'""i:_- Order. Anu%a, Fam:.ly Hypeml:.idae,j‘-’”. R
T s_;:,bfamiiy Kasgininae. e ol VARSI )
I @Spacms desc:riptmn- A meda.ume s:.zed K&B.srina reammg a__\ T
U maxfhum size of 52 -mm (Poyntonﬂ,lQGé) “The dorsal ‘surface -
L r‘,"__‘*” typieally es & ‘*unbrak.en, ‘vertebral,’ dar]r stripa and two L0

’ _bx:olcan latara:t dark strlpes {F:Lg; A 9) v J he. graund cnlmir-:ﬁ_-
Ay s ;rom yellow thmugh ol:.ve to dark brown and in ﬁhe L




' _Speaieé _._desc ;iptiﬁn"
réachif;i} a '._m ; :




ST correlatmn between 'r::all "xepetztion Crate,
S tempamture .m Hyperoliua marmaratus _ (n = 28)

SR~ R 25 80 .35, 40 45 50, 85 dﬁ 85
el Oall rape:iltlonrate (eallsfmm) b

<o '-""F'Q 01 1 SV’— vs f epetlt;on rate (Pearson scorrelatlcn e

: ."_.e." E




Uy 3:"_.‘_'temperat:ure in Hyparolms marmoratus (n 33).-'_ S o

- "-"---‘erﬁcient r = e 045 P 0 83)

S .-_-j:"_-'-__ICorre‘iatian %et}een : calit rapet:u.tion rate,'"*""”' VL snd  ax
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_-;qu the upx‘ight par:t of - ‘the brand wEe. 3. oo Using the
 f;Tays*em shown An Fiw. D1, ‘the number oframpniblags whfcn
- e _aimarkad 48 Limited by«tne area of ventral surfice .

B -;f 7whi¢h“nan be utilized. -In' an amphibien of SVL 3¢ Wm, féur’ ?kmq”
e ”.=  aclanr hwanﬁa cah be appliad allowing*up ta 9999 indlvmduala

tﬁranda ébna maﬁe of NlCQ wireﬁandﬂapgliad aqcarddng taf?ilic;ﬂ

_ ffThB hwstoriaal M?thod of“markinq amphihians has been taa—?ﬁﬁ;
_, ,g clipp1ng.p- Hawever smveral authors have repnrtea C e
. considerabls blood Loss fallawing tae-hlipping (see clafk,u"“-f'”“
"7ff19?i)u_ ‘This. method was ‘thought o b totally imprﬁctical

in species. of frogg which are mainiy arhoreal, sunh as H.

7 marmoratus, | Y have. suacessfuliy branded avarvsﬁnn male H.,ns ;i_;}
'7f7;:mammaratuq in the field, using a pmrtabie gas burner, d?ffiffﬁff
,":_fjthe ind;viﬂual idantifiaatman af ﬂhﬁﬂﬁ males has played a\ A
__,; vaita1 role 1& “arious publicatiofs (Talford ‘and Dyson;. . o
"”“.3ﬁ§:193$, 199&; Dgson at ai., 1992:‘Passmnre at al;, 1992). g;aﬂ?;3+ ﬁ2;f

:ﬂ ?*For smallmamphib%ans {caﬁ mw], the 1angth

clarke {1971). % - After “the brand was &pplied the mark jwas.

immediataly pﬁinted with marcurochrome and was veryf{” L
abvioua.f Individuale showed no ‘signs of q;sgomfnrt, males RS
‘resumed calling wiﬁhin minutes of - the appl;cation ¢f|the ;zm,{f?

;ibrand; and rin GaptiViﬁY, with® an. ad. lib. diet of hmusa '-[CJ f

fliss (Musca domestzca), 30% gainad weight. The marKS%had f%j

f tqta11y healed within a week and were durabla up BB a-41775'%
_,_;fperlod nf thfee months, at whlah “time soma fading nccurrsd ‘
ﬁé.and rebraQa;ng was ﬁacessary.f;:-*;ﬁx~t-;v e -
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