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'I'h:s work exammes aspects of sexual reproductlon in the prevmusly httle-

- stud:led Leaf—foldmg Frog, Afrixalus delicatus

The taxononuc status of this spemes Was deternnned umng the Mate Recogmtzon |

o o System to delimjt the species boundary. Male social behaviour was. investigated

with particular reference to the structure and fanctional partitioning of the two-
E part advermsement call; the maintenance of intermale spacing and the effects of

* chorus size on the spatial separation of males; chorus organisation; call site - |

saleetion and fidelity to call sitds. The chmatlc factors influencing male behaviour

- were also examined, The mating success of cailmg and satellite males was

detaxmined and tha ‘possnble canses nf the variation in mat.ing success were .

AU Fm@nala behamour was also extenswely stuche& Females were found to produce -
f'a mml] numbar of la.rge eggs that are protectad in leaf nests, vaposmon site
siments wem ~determined, and - the concentration of nests examined,

7 ferdiilsution suocess was found fo be high. Some females wers found to be

o pe a an s, maﬁ%:(é wittx up b three males. The behavioor of females in the

- cheves ‘was ohasrved and feruales were fuund to genarally wate with one of the

e am rales Irrespactive of morphology or  behavionr, 'I‘he potent;lal and actual' :

’ .accng‘acy nfmaba locahsation was determined

 Yhis shuﬂx oi’ a species’ maﬁng system and its ﬂaxibiﬁty in relatxon to wolog‘ical .
- physfelogienl and sacial pressures allowed for a more thorough understanding of |
o _'anmn rﬁpmdmﬁva hahaviour and its evﬁ’iutmn : . -



'. I deciare that ﬂns thems ismy own, una1ded work unless sPemfically acknnwledge&
in the text. It has not been submz'e;bed hefore for any degree or examination in any
) nther umvermty. - _
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| P&’EFACE |

Anurans prcv:tde a model system far the study of socxal behavmur and- '

behaviour have yet to be- mveshgated through detailed field studies, Afrixalus

. 'delwatus is & small anuran that has received little previous attention. Duetoa
' yariety of uncommon behavioural traits associated with, matmg, it pmwded awide
i seope for both observamonal and expenmental worl-: ]

I would Izke to acknowledge the asmstance of my supewxsor, Profesmr Ne* A

i Passmore His encoursgenient and guidance were greatly appreclated I recogni.e

. communication, In spite of increased interest in this field, many aspects of their -

that he is responsible for much of my intellectual development and he taughtrae

work possxble
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. Various papers repo'fting the findmgs detailed in hhxs thesis. have ‘been -
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GENERAL INTRODUCTION

'nmmm

_ Reproduction in blpmntal ofganisms includes threc complcx adaptations: memszs,
fertitisation snd syngamy Fertilisation is the bringing together of sex-cells of individuals
o“oppnsm gendes, All bxpmntsl orgenisms have "fuuﬁsauon mechanisms™ (Patemn,

| 1985) that includs characww involved in signalling betwesn the mating parters or o
" between thelr sux-calls. ‘The shility to fiud conspecific mates it an essential requirement

of wmmy:wmdudngaﬁmﬂs (Passmors, 1981). Bffective recogaition of potantial

- - gexusl pariners i wcnmplhhed by the "Spemﬁc-maw Racogniﬂon System® (SMRS) s

- This comprisee aaﬁquwcwfsmpsinvomngﬂae cmismnofasignal, itswcmﬂanby_ :
© the poteatial pastusr, and Its processing by the contral nervous system. This condidonally
reimasamsponsawbe similarly recolved, processod and responded to by the :

 pactoar o, (Paserson, 1977). Badividusls that dopart maically from the s6rm wonld fot

m&wnwﬂsmmsﬂmmmmmcﬁmsmmmmm'_*

memg this radical departoss would then mot bs represented in the following
aenmﬂm. Stabilising salecttoa would acmm'mmssiw generatdons and consequendy
mmmmmmmmmmpmmmﬂonofmm |
(Passmons, 1981; Patorsan, 1980, 1985), The signels lavolved in the SMRS are shaped
- by nstoral seloction 4o sarve the purpose of promoting the mostng of conspacific sexual

* pastoers. Thus tho sigaals will bo adsptive in the normal habitat of the spacies and will

- be most effective in tha habimt (Paterson, 1977), Thers is a wide range of sxgnalllng

 and rocognition systoms and channels in tho animal Kingdom, Recogulton way be

visual- [u.g firefliex (Buck. 1938), mdawbxrds (Anderson, 1932)]! chemical- [eg

1



'butwtfﬁns (Brower (1969), moths (Schnelder (1963)], tactile- [e g, sticklebacks |
(Ommanney 1963), acridid grasshuppers (Otte (1972)], oraudztory—- [eg Ind:go Bunnngs.
' (Bmlcn 1972). crickets (Alexander 1961), anurans (Wells, 1977h)].

" 'The mate recog’niﬁoh system of ahurans comp:i_ses (a) the advertiscmmt call which
 functions as a long-distance atiractant and also conveys infor.nation regarding species

- identity, and (b) the female anditory receptor system, that is tuned to receive snch

. calls (’I‘elfo:d, 1982). Thc fmquency structum of the advartzsement call is precisely
. matched o the best excitatory f:equenmes of the female s primary heanng organs
~ (Capranica, 1976; Ryan and Rand, 1990), ie.a close rclauonshlp has cvolvnd bcwem

. the s:gnal structure and tha rcceptor tumng

i 3]

Y

The paxt played by social mtemcuons in anumn mproducuon is prbfound and isan- - o

_.mtegral part of the ma ﬂ?ogmtmn system (Telford; 1982; Wells, 1977b), In the .

_“majo:ity of frog: spem ,mm h.hawour inclodes bmh “competitive male-male

" Intéractions and access 1o mates ('I‘elford. 1982). It is important 10 noto that the

_ meogniﬁm proczss does not nacessaﬂly imply any form of assessment oi‘gcnctlc quahty
BRY w2 pomnnal parent by either pertner of the nther (Pamson, 1977). '

_ R@pmducﬁvc s:megles encompass bdmaviom and phys:cal adaptanons spemfic o
| rnaﬁng, as well as the social consequences of theso behaviours (Vehrencamp and

' Bradbury, 1984). Tho mating system includes such foatures as the number of mates

~ acquired, the manner of mate acquisition, the presence of pair-bonds and the patterns of

parentsl care provided by each parent. Anuran rcpraducﬁve strategies are mmarkahly o

. diverse, both within and batwecn spocies ‘Within species, variation in population dc.usaty '

h _' 3 is one factor believed to affect the mating strategy employed by individusl males, to the |

extent of cansing a changs in the entirs mating system of the populat:on (Bmlen and

' Oring, 1977 Wells, 1977b). The density of calling males within & population may afect +

N the intensity o_f_antazmale compcuuqn, the mate- Jocating strategies, and the cosg_yf :
| TesOMNCe d_efe_l_l_ce Myson, 1986). Between species, the varidtion is substantial and may



o o

| be spht into. two broad categdnes‘ axploswe and prolonged bresdmg pattems (Wells,- . ]

~ 1977b). Tn genersl, prolonged bieeding covers peciods of mois than & month, while
= explosive breeding refers to penods of 2 fow days to a few weeks This distinction

E provided an evoluuonary framework for understandmg the relationship between social

behamour and ccology in.anurans. The length of the bmedmg season dstermiries the

density Qf males at the breedmg s1tc and hence the type and. mtensuy of male-male '

mteracmxbs {(Wells, 1977b). It also determincs the remporal availabxhty ol femaies at the':_'.'-

breemng site, Consequently, th,e length of the breedmg season mﬂuences the Seiecuve o

prcssures rhat shape the maung sys:cm.

Explésiﬁa' brceding is usu'aﬂy'a'ssociated 'w'ith marked spatial ¢lumping around

T t;mtable oviposition sites and i is characterigtic of many species that breed in tem,poral‘y

rain povls or cphemeral habltats (Wells. 1977b) The aggregations of males lcad o

_' high- densuy populanons anci thers is often active scarchmg for females. Socxal -
orgmsaﬁon is uncommm and active searciing behawaur is a responsc to the

| . -ggmbabzhw thag male reproductive success ig determined by the rate at which males'_ .
ﬂmcounwr pther indiwdua}s (Wells, 197?b} Thc advantage of sncountering an incoming

femaleymbably mtwmghs the: dxsadvantagc of rqmatedly claspmg other maies, and thus.
- a canmg stmmy or the defénce of a territory would be mvzabie, smce ferales would o
tercer by mchmg malcs bcfom thf.y rcached the calhng mdiv:dual (Wells,

. I

duotive states i fmcﬂimte& the Tocation of mates, and it pu'unts the establishment

.‘mmwammmwmm bymm (Avek, 1983b; Telford,
. ___1933, ’?e'aus, 1977h; Whitney snd Xrehs, I‘Q?Sa) ‘Males vocaiisc in choruses that
chabls _\..W&wheaﬂmmofh&dhgﬁwsmfmﬂssmdmﬂestn sm-ruunding' o

m(ﬁam,am Wells, 1977). The miore intsnsified sound source of & chorus mey

”'faﬁli&a&ammlmaﬂmlﬁﬂ ufmabmdmgma(Woﬂs. 197'?13} Bmd!ng aggmgations'
N Mdmmecmmmn&hommwimnamﬂmm&mm thechanceof

o



| encounwnng a pntcnnal mate (Arak, 19838). They also prowde the potentxal fm‘ females | |
o compare: males’ qualmes andfor resoumcs (Arak 19833) | ‘

* ‘Within the chorus, v_océlisations play arole in the a_ttraction of fernales to males (for
 review ses Wells, 19772,b) and in the raintenance of a characteristic distance betis 2en
callers, which allows for effecnve ‘signalling and may enhance & male’s chanee of
 seouing a mate (Arak, 1983b; Fellers, 19795; Whitney and Krebs, 19752). Since the
. advertisement call functions in mate recognition, it is necessarily species-specific and

o relatively mvanable in the features required for thls recognition. The advcmsement call

_ | may be variable in other features, Calls have been reported to va‘y due to both - “ernal
. (&g temperatre; Bellis, 1957; Brown and Brown, 1977; Litdejohn, 1976; M-uhaud,'
. 1964; humidity; call site and wind: Bellis; 1957; Wells, 1977b) and internal factors (e.g.
body size: Loftus~Hills, 1973 Zweifel, 1968 age and hormonal ICles Be]ks, 195‘7,IF
Weﬂs, 1977b} | | |

- chalas are presui:nably prefesentially attracted to conspecific"za]ls that dre most
andzble and locatable (Arak 1983a; Dyson, 1989). A male’s relative mating SUCCESS Duky
increase if, for cxample, his-call is louder than surrounding calls and hence heard by

| more potential mates (Dyson, 1989), Re:!anve malé mating success may also be

mﬂuenced by bchavmural variability [e.g. in the amount of time spent at the breeding o

o site, the reprodurtiw tactic. emytloyed; call sn:e fidelity; and other factors. (Arak 198811, _'

' Dyson, 198& Gerhardt «p_t_gl,,, 1987, and mher factors)] :

"Ihn admdmnt eall is pemeivcd not only by femaies, but also by congpcgjﬁc males

and may play ! role in the somal orgmnsatmn of the chorns {see Whimey Hﬂd Krebs, |
- 975&) Cliorus organisation involving anuphony and other ordered call patterns may |

o maxinsse signal efficiency (Whitney and Krebs, 19’75&) and allnw the discrimination of

. the s;gnal agalnst bachground naoise. Mala-rmsle vncal interactlnns resultmgintha spatial
o sepm'aﬂen of callmg males have been peid  considerable attention in
pmlongad-breeding anurans (Arak, 1983b; Fellers, 1979s; Littlejohn; 1977; Whimcy and:'.- |
© Krebs, 1975a). Intermale spacing may improve an individual male's attrac:uvaness as' o

- : © amate by maxumsmg h:s locatabﬂity andfor the disﬁncuveness of his call,



' I orfler to succesfully taaw., fewale anurans most recognise the calls of conspecific
males, as well as locate these calls. Stadies in many anurans liave shown that the female '

o anditory system can pmoess male acoustic cues and be guided fo the 'sbhic trget with

- extreme accuracy (Feng et al, 1976 Gerhardt and Rheinlaender, 1982; Passmometal -
1984). Alﬂnough the mechamsm of lncahsanon iy uncertain, the abﬂlty of some

 extremely small anuran species to Iocause & sound source in three. dxmans:ons is

| xmpresswe (Passmm-e eral 1984) ' |

As prev:ously descnbcd, ‘antran. mproducnvc strawgms encnmpass not only |
- adaptadons to ensure femillsauon, but also fagtors which facilitate (a) the survival of
= offspring, eg. various forms of parental care (Duellman and Truek, 1986; Salthe and
.~ ‘Mecham, 1974); and increased genetic variability of offspring (Gladstorie, 1979; Stacey,
1982),-’5 (b) coexistence with other species, e.g. differences 'in'adverzi:semeht eall
' structure (Gerhardt, 1974 Lintlejohn and Mamn, 1969); (c) the avoidance of prcdanon, .
B8 larval pmdanon (Duallman and Trueb, 1986, Poyntom 1964) and (d) the ability to -
~ overcome the physical &nd environmental restraints on the adult individuals, e.g.
 breeding energetics (Seymonr, 1973; Wells, 1976); lengih of breedmg season (Wens, |
B 19771:), temperature (Arak, o83,

: Spwahsanons in ovlposiuon are mlanvely common in aburans and presuma‘aly o

. affec; the survival of offspnng, partmulaxly in hassh cnvxronmcnts (Buellman andTmeb, - | .
'- 1986) The most common and presumably least speciahsed mode of oviposition isthe

 deposition of a large number of ¢ggs in opun water (Dueliman and Trueb, 1986; Salthe

 and Mebham, 1974). Specialisstions show a end towards the withdrawal of
) devclopnwnt from free env:lronmental water (Lutz, 1948; Poynton, 1964 Salthe and . C

o Mwham, 1974y, Various spec:es ‘have specxahwd by Jaying fowes egps, but: prowcnng -

them in nests eons:mctcd at the time of spawning (Robertson, 1984, Wager, 1956._' | .
: 1965}, while other ﬁpems exhlbit exu-ame forms of parental CAre ~ e.g. Pnpa pma. B
{Salthe and Mecham, 1974). The adaptaﬂons involved in these spccxalisahuns e

\pmsumably : rcsponse 1o predation on early developmental stages (Duel.man and Trueb,
- 1986 Poynton, 1964), or to rcduced avmlabxhty of surface water {Duellman and Trutb,
_' 1986, Robmson, 1984) Anuther spemaiisatzon in mproductivc. strategy that cnuld- |

'5 :
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- 'jmcrcase the cham:es of offsprmg snmval is the accomphshmcnt of increased genenc-_
. rhvcrsity in offspnng (Gladstone, 1979; Stacey, 1982) G»sncuc diversity in a p0pulat10n -
is a result of racnmbmnﬁbn and putation during sexual reprﬁﬁuction Variation in o |
-oﬁ'spring would allow a greawr adapmbxhty agamst ﬂuctuatzons m the enwronment L

(Gladstone, 1979)

__ Ai’rixalus delwatus (Hypemhidae) usually brezds on em:gent 'vcgctauon in the-_'

' "euhttoral zone of permanent standmg water ('I‘elford, 1982) Males' ha\rc becn found o
calling on watcr-llly Ieaves and roeds (Passmore and Casrathers, 1979) and from
R amergcnt eulittoral vegetauon (’I‘elfgrd, 1982] Males congregate at the breeding site
o _'mght]y fromi Sepnembcr to Fcbruary aazh year. They occupy call sms that they defend o

 from imusmn by oompemﬁc malés (Telford, 1982), Female arrival is asynchmnms and |
| -‘femalcs approach individgal calling males and initiate amplexus (Telford, 1982).
. '__prosmon (‘mcurs on Ieaves a%mve water and t'ht: eggs are enfolded by a leaf whose - o
upposing: faces are gluad togethem form a protective nest for the devclnpment of aarly '

stagas (Wagea'. 1956' chkexsgﬂl, 1984; Telford, 1982}

. Aﬁ'ixalus deliwtus isa mall frog Imala snonwm Iength 15.2 - 195 rom and - |
 fommalo 17.2 - 21.8 mm](Plekorsgill, 1984). Adults liave a Nght dorsom with two dacker
 longimainal siripes which do not, or only slightty, mﬂapthwppmyand Plckersgill,
: __'1984). The ﬁb&amayhaw an abliquu, ‘but nérTow trmvme hmdmthe lwwer; _
. oxposed saxfion (Pickersgill, 1984), Small dark asperieisy ra normally prosont on the
 hiest and bally. Tho dorsal asperities are minute, sumg‘ly,devalapadawdsca;ﬂemdow

~ the @mrm bm raw:ly concentrated on the sneut ﬂ’idmrssm, 1934, Poynton, 1964), |

The dmmm is & light goidan colour, and the t}n'o&t is yellow:sh in males and

- yollowish-whitc in females, The venter is white and the 16gs, fect and toss are yellowisisw T
" white (pers. obs.). The bosly is long and slendur the ayes are large with verdcal p'uspi]s L
| .(Passmoreandﬂarmthers.lwg) -
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- 'I‘he stuciy sm ;s snuamd neay Mtunz:m (Lat. 23"51’5 Lnng 31°46'E) ém the norm .
o coast of Natal, ﬁt the southcm extrcmny of the Mozambxquc coastal pIam ’I‘he study -
_ ammals wefe collected from three shallow coastal ponds on "Tmnsn‘esms Farm"_.
* belonging to Mondi Forests (sce Fig. 1. 2. Matatiele- is & natural pond in the Gonstal

 dune forest. It is a scmi-pcrmanent body of open- watct approzumawly 100m long and

~ 30m wxde, tapmng at ench end (see Telford, 1982). Mavungweni pond is man-made

 and estabhshed in 1982, It lies on the bordar hetween thc coaszai dune forast anda sugar o N

- cans field. Iti is apprommately 501:11 long and overgrown in p ans hy emergent vegetanon e
 Passmore's ponrl was a shallow pond in & natoral depression, on thu border betwegn the

- coastai dune forest and grassland. It was overgrown with emergent vegetanau and there
. .was very. Hede epen water This pond was approx:mately 30m lonig and 10m mdc

= '_.."Hcavy rainfalla ﬂeodcd ﬂus pond in 1988 and it has subsequmﬂy prowded 4 more -

'. dm:rse habimt with large ‘arsas. of ngpen watm- with denise, ﬂaaung and emergcnt
vegﬂtaﬁon. Thc ponds are all shallow, sﬂ,dem cxcceung Imin depth Alﬂa.ough ths-

'vegetaﬁnn at ’Matauale 1s fa:r more dwersc than ut the othcr ponds they all have » -
pronounced culitteral zone with fringe vcgctanon cons:sung of Pulygomxm puichrum'":*'?;; '

and Ludwlgia stolonifera. S e
Thr.-mean amiual gir mmperature'.i'si(}'ﬂ' ¢ The i-ainjr season begins in
Septemlm!()cwbcr and extemis until the end of March. These are dlso the hottést
months. 'I‘wamy five anm‘an spac!as occnrin the mgnem:u of wh:ch breed at the
"abov&»maudqmd pnnds e \‘3 e e o

"
[
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FIGURE 1.2 Natural breedmg areas of A, de!icatus on "'Twmstmams Fann“
o C (a) Maratiele pan' {b) Mavungsmm pan and (c) Passmom s pan.
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This thesis is essentially concermed with the adsprations that allow succéssful

' rt':prcducﬁou and larval survival iu A. deficatus, Bath pre- and post-aznplexus bchavimzr

were cxaminad in relauon to euccessﬁﬂ and efﬁmena rcproducnon

- -The majar @éstimis addmssed in this work are:

2} How is spatial separation mamtamcd ina breedmg choms'? R {.'--

1) L them ﬁmctmnal paruﬁonmg of the two-patt call in the crmmxt of mala-rrmle
ccmmncaﬁon and female attmnon‘? '

f
I .

- 3) What scological and soclal :tactors mﬂucncz male behaviowr? -~ % o
- 4) Tsthere variability in male ma&ng success, and if so, are there morpholog:cal and!or D

o _ behawoural correlates of mating success?

5} How and whare are eggs depnsned and what are tha advantages of nest bmldmg? _

o 6) How dc females behave wzthm the chorus and hnw a:.cwately can they locate a8

: saundsuurcea SR .

e



CHAPTER TWO

- NATAL DWARF AFRIXALUS

2.1 INTRODUCTION
- -2."1.1Geﬁex_~g- !  - )

It is wxdely recogmsad that armyan adverusement calls are specxes-spemﬁc, w:th N
. each speeiee’ call differing from every other in at least nna of the call atiibutes

' (lnttlc]ohn, 1977). The advertisement call forms part of the h1gh1y chm-actensuc Mae

Recognition System of the species and will dmtate preczsely the inits of 2 speciss gene" '
pool by confining matings to within species boundaries (Paterson, 1981; 1985). The
.definition of ‘a species as a “closed gene pdo " is now widely accalﬁted In ysing the
Mate Recognmon System, ohe ¢un d1snngu15h specles using the Yery same characters
‘that the animals themselves are using to recognise conspecifics (Passmore, 1981). This
- makes the anuran advems::men* pall a taxnnomxc ¢haracter of the ﬁrst order (Passmm‘e,

1981)

o Howevcr,' when dealing with: congeneric and very sindlar species, an analysis of the . |

- advertisement calls alone may be msuﬂﬁmcn: in an atmmpt to 1dcnnfy species
: _boundams. When the advertisement catls of two populations differ margmal.y, orwhen
. the differences are related to tempnral call characteristics, one conld etroneously sphit
] apeczes intg two taxa. It is then mcccsary to examine anomer component of the Mate
'ngmtion System: thc responses of fema}as to the ndvcmsemcn\ calls nf each
~ population or taxon. If fornales are atracted to the advertiseroent cﬂls, they are -

- conspcciﬁcs. If females do not respond to the calls, rhay are hequspeciﬁm

B Numemus other f:aturcs_ have been recog‘niSGd as important for _idenr_ifyi_:_\g_.anp;aq__ |

1



 species (Pickersgill, 1984; Schiptz, 1974; Stewart, 1967). The majority of these are

- “extemal morphological features, m';'.-'_wblum be: useful in higher level clagsification

 (genus, family etc), and in assigninig individusls to species categones Ifa
| morpholcgmal feature can be shawn to be unique to a pa:ticular spe:r.:les, as defined by

' its Mate Recognition Syster, then this feature would be useful in the 1dent1ficanon of

mnseun sPccunens '

212l

e genus shows some overall similarities to the Reed Frogs (_I-iy_perolius},'bnt'can o
.be readily distinguished by the vertical pupil (Passmore and Carruthers, 1979). Tn all
South African Afrixalus species, the tympanum is concealed; the dlgtts are webbed and -

o termtinally expanded into dzscs, s smalt dorssl skin asperities are present (Pasmom_ o
. and Carmthers, 1979). Thereisa clear distinction between A. fornas:m (a large speciss

"wnh 2 distinet mm:phology and adveriisement call), and the dwarf Afraxalus species.

. The taxonomy of the dwarf species is presently in a state of dlsordsr Poynton {1964)
. recognised A, spinifeons; A.. brachymemis brachyenemis snd ﬁ. brachycnenns', |
knysnae as the only small Afrixalus species in South Africa. He cons;dercd A. b
_-hféchychenﬁs' _and' A, b, knysnae to bi_s dissinct on the subspecific level on account of

" A, b. knysnae’s undivided tubercles on the outer fingers and A. b, knysnae’s greater

degree of spinvsity, Wager (1965) followed Poynton 5 (1964} classiﬁcauon ané added

: preliminary adyertisernent call data to substantiate it. He described the A. spmifrons call

. asa subdued but high pitched “zizezz" or pm-,attaee" Iasting about 3 3. He found A. b, *
. brachycremis and A, b,\lmymae morphologically mdxsnngmshabls but sach produced

4 distinet call, A, 0. brachycnemis ‘produced & " eall which {3 "like . -

) “zip~zip~zip-zne;a~mp~«zeep" repeated at intervals" wlnle the A. b knysnae ::all As .
B se-_ﬁe-zmm“, lasﬁng a_bq_ut 58 {W&Eer, 1965)

- schios r1974) racogniaad two dwaf Afrixalus spocies from Sotthem Africa A
: hrmchymenﬁs and A. pygmaeus I-Ia describad the call 6f A, brachycnenﬁs a5 a brief

-  series of chcks and. that of A. pygnizens as a bizzing sound. Although he. found i i

impnssmle to - separm them morphologu.auy, he claxmed that they wers clenrly

i
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: ﬁisﬁngmshable by th;elr voices. Lovendge (1957) had prewously rcgarded A. pygmaeus |
4% & subspecies of A. hrachycnemis

o Fnllowmg Poynton (1964), Passmore and Cerruthers (1979) Iistcd two dwarf
- Afrixalus species from South Africa: A, brachycnemis (which included the two
s'ib9pec1ca A by 'brachycnemis and A. b. knysnae) and A. spinifrons, Pickersgill |
k1984 in prep) recently described four cryptic dwarf Am:mlus species from South
Africa: A, aurens, A, delicatus, A. spinifrons, and A, knysnae. He stated that A. B
delicatus is & cryptic species within A. b, brachycnemis (as described by Poyaton
 [part], 1964; Wager [part], 1965; Stewart [part], 1967 and Passmorc and Carvuthers
{paxt], 1979); and with A. pygmaeus snd A‘ hrachycnemis of Schiotz, 1974,
o Unfortumxely, adequate guantitative call dc:scnptmns were not included in his analysis.
© Lambiriy (1988) examined nearly all of the material studied by Pickersgill, but was
umblc to fully agree with his conclusions, He giatey that the mamha’[ag""‘l &ffercnpcs j
: between the taxa that Pu:kemglll recwn:sasmnot clcar o cons’ ‘r : :, 2988}

In an attempt w cla.nfy the taxonoms of the Nutal dwa.rf A;rzxalus spmea. ’I have
- compamd the three taxa (A deiicatus, A. spinifrons and A, dnreas} with mpm 10
mozpholo;y. behgviour, advertisernent calls, and the responses of fer.asles to thuse c;alls |

22 METHOLS

_ Raourdingwfadvmisemm calls of 10 males ofeach ofthe three taxawmmade |
- in the field from October 1989 - January 1950 using a SonyTCD 5M wpe mmﬂar
mdaSanyEC@ﬂ« 1€Tﬁ~iqmphonn.liecmdinusmmade%20-250(air
wmpem_w_re) Rscordingswm analya;danaUniacaugl gound spectrim mmlym inthe
frequency nunge of 0« 10 kHz. The upper and lowsr limits of the erphasised fréquency
'_ _mngewmmeasnmd,asmﬁlasﬁwc&uwaﬂmthanumherofpubesparcanandﬂm
pulse xepetition rate. ?wmehafmmpummmummdm@ummm _
| "Om-way analysas of varlance and Kruskal-Wallis tests wers used to compare the calls
_cfthetlmetaxa.Asomgramofamgktypicalcenofmhspccmswnsmadnnna :
Kay model 7800 spectrum analyser.

W .' : 13



" Each recordéd male was photographed, captured and his snout-vent longth measured.
" The following features were alto noted: dors'al-c'aloumﬁon' chest and throat colouration; -
prcs:uce: and width of tiblal sirlpc, and presence and width of lateral stripes. The maley
were then euthenased. usmg a solution of MSZ?.Z (Ammal Bthies Scmenmg Comttee- |

clearance number: 89-61-2). They were placed in 40% alcohol for five days andin 4%

formalin thereafter, The preserved specimens were examined for: dorsal asperities; gular
- disc size, shape and texture; and snout shape. Specimens were lodged at the Transvaal
-~ Mussum, Pretoria (accession numbers; 69166-69198), |

‘Observations on the bméﬁing-bidlogx OF each species were undertaken in its natura.
breeding habitat, I noted: chorus density; the existence of clusters of males within the

- chorus. the level of aggressacn, nest—buﬂding behaviour and the plant species used in
- ncgt constmcuan, the ogewrrencs of sutellite ma:les, calling behaviour; and calling pcnad.
The behavioural obscrvanons were made between 20h00 and 221100 '

I canducted single-stimulos phonotaxls expenmsnts to ﬂewrmiua the extent of'
bctween—spmes mngnmon Three acoustic snmulus tapes were prepared by recordmg 3
an indwidual male of sach S‘pcciE‘.i in the field. The stimuli were broadcast using a Song

- TCD-5M tape recorder and & Phﬂllps A 5(1500 loudspeaker, The 10;’ Iﬂ})eakgr was

 “placed on one end of 2 % 2 m canvas arens, 1 m directly in front of the ) $male release
“point. Amplexing pairs were cap_rm;:d_ at the natural breeding areas. Famale_s were
 separated from their males before the first trlal and placed in a pesforated container at

. the release pomt. Females were left to- settle for two mmutas after call broadcast

_commm . The container was then Oponad. Females were ﬁrst presentsd with
- broedeast ;alls of conspamﬁc ma_!es (from their own .popu}ation), and if they responded
positively (deliberately spproached and made contact with the loudspeaker), they were

- presented with a broadeast of & "het:rospcczﬁc“ male’s call. The conspecific call was_ '
then rebroadcast and the female’s response agein noted. Femalss were assumad not o
have recognissd the "}mms-pamﬁc" call if they aprpmachad both the initial (nd the final
eall hmadcasts, Tut did not tespond 10 the middle hctorospnciﬁc" call, This work was

_cunductad dux'ing thn 1989!9\\{):wding seagon. (Octnber .Tnnumy}

- 14



'The coliectmn lecaliﬁes of thc three species were: A. aureus - temporary pond on the
| wadside 6 km from Emshopi Gate, Mkun Rcserve, Nonhcm Natal, 27%39°S; 32°10'E;
A, defieatus - Mavungweni Pan, 'I‘wmst:eams ‘Parm, anmm, Natal, 28“51 8; 31%U6’E;
A, spinifrons - Passmore’s Pat, Twmslrcams Farm, Mitunzini, Natal, 268°31°; 31M6'E.
. Photographs and sonpgrams of each species aro given in Figures 2.1 and 22.
 Advertisetnent call, behavioural and morphological data drs presented in Tables 2.1, 2.2

| and 23. A deiicatus and A, spinifrons produced & two-part advc:rnscment call

consisting ofa sustamed falsetto ttill and a short “zip" stmnd on a rising riote, A. aurens
produced only a n_zll n -qumponenn __S_-tatisﬁcal ar_m_lys_es of the advertisement calls
(Table 2.4) revesled that thers were significant différences between the three sia‘dcie's for

ool of the measured cail parameters of the trill calt compgmnt. The zip calls of A.

 delicatus and A, spiml’runs differed in two of the five meamed vanable.s‘ lower limit -

of the emphasmcd frequency and pulse repeution rate. The morphologzcai and

behaviours! data sinnlarly indicated diffe:enccs between the three taxa, althuugh meny
of the charactensucs exannncd shawed oonszdcmbl:: mtzrspecxcs overlap.

In the phanotams expmments, A dellcatus females did wot respond o the_ _
. advamsemcnt call broadcasts of A. spimh'nns males (n = 10). A. aurens did not

respoad to the broadeast calls of A. delicatus (n & 9) or A. spinifmns = 9) males
Al of these females responded 1o tha imual and tha final conspeciﬁa call broad.casts

i

i
o
w
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~ FIGURR 2.1. Sonograms of the three Natal dwarf Afrixalus
B (&= A delieatus; b = A, spinifrons; ¢ = A, aureus).
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' FIGURE 22, Photogrephs of the threo Natal dwasf Afeixalus species

= A, spiml’rona, b= A, allreus, o= 1\. delicatus)
Phomgmphs u and b by V. C, Cmuthers‘

17'
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TABLE2a

o Call parameters for the thrée Netal dwarf Afrixalus (n = 10). 'Fn.g'ures indicate " |
" mear values and those in parentheses indxcate ranges (A' aumus) did not

produce a zxp caII component}

A, délicatus- ' C AL spinifrm_is A. aureus
will - &p 0wl ozEp il

o Up;i'er.l'imit' S S L
- of emphaised .. = 58 5.8 B4 8T 84 .
| fiquuency (kHz). (526.2) (54-6.1) = (5.0-6.00 (5.1-65) (5258

L Lawerlixmt o SUEEE o o
: ofemphasxse& A8 44 BT 3.6'-_ A2
-frequency (kHz) (4.5-5.6) (3.8-5.0) (8.5-4.0) (3.0-4.0) (_3'.254,2)_

e ss o2 34 02 o0&
 durstion(s)  (L7-59) (0.1-0.8) (1252 (0104 (0307
pulsesper © = 8% 18 29 15 9
eall o (13-88)  (12-25)  (18-48) (8-28) - 6-16)
~ Puise repetition - E : o | .
ratefpulses . 19 13 . 8 - & - . 2@
B (B23) (L18178)  (413) (49112 (16-30)

D
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'__:TAB E22

'_ Behavlqural comparis * vhetween three Natal dwarf Afrixé.’lus.

. A delicatus -

_— .

A.spinifrons -

- A, sureus

Abundance :

" ofcall

' mmpbnents \\\\ .

Chorus

period. -

Chorus
-structure
- Negs

Satellite
- males

| _'_.wﬁ@_ o

o aatelhtes

intermadmta

zip more cormmon
‘than trill;
zip produced

¥y regularly

supdown-
Cons0

low denmty
~ chorus; groups
 of4-8males

~ sbovewater;

~ builtongrassor -

- Polygonumor -
'Ludwegaa

| about 2W%of -

males are

zip more common
~ . -than trill; '

zip produced

less regularly .
' thanA dellcatus '

_sundown.~ |
- 03h00.

" highdensity -

- chorus; groups

- ofd. 30 males

_ﬁbove water;
huilton grassor -
| ::-ypung Phragmites

éubou; 5% of

. malesure
 satellites

rilleallor -

no zip.call

component

. sundo_an |
_ 041100 o

. . n
very high
density chorns

- without group

'abcs;e water;
‘builton grass

shout 50% of

males are

__ =s;ate¥1§ités _

 veryhigh




. TABLE23

g 'Morﬁhdlbgicﬁl comparison between the thres Natal dwarf Afrixalus (n = 10).

A, dglicatu-s_ )

| 'A;, sp_inifra ns

A, dureus -

178202

tange

chest and throat

“eolowr.
dorsal 'cultmr "
“tibial

 stripe

 dorsal
- ssperities

-

._Sﬁnjit shafpg

 dise

1.87

_goldeﬁ/paie~

 yellow -

..gtoldeﬁ yellow o

sometimes present;

- variable width -

present but not
conspicuous -

_pointed

i

-~ ‘npaque and
‘granular

 present; variahle -
- and often broad ~

189
© 1.79-2.00

dark yellow

gohie_n- brown

uauﬁlly.- _

~absent, always
~ inconspicuous

largeand

concentrated

- onsnout

© rounded .

f

~ large; white
~aryellaw;
. granulation
. varieble . o

__ pméeﬁﬁ;' .
variablebut =

often narrow 7

R -

207

182238

yellow
 golden yellow

cons‘pic'umis.

andbroad
presentbut . -
g not conspicuous

a

© pointed

whité;

. granulation
.« yariable

SR 3

‘gresent
but varishle

0 -



'I‘ABLE24

Analysxs of the advertxsemeni; ca;ls of the three N atal tlwarf Afrixalus one way _ _- -.

~ Analysis of Variance (F) and Kruskal-Walhs {K-W) tests. S1gn1ﬁcauce levels in
- parentheses .

Upper limsit

of emphasised
- frequency (kHz)
Lower Iimit- o
 ofemphasised

) frequency (kHz) o

o | Call duranon
"._'_=($)_ :

._'Nmber'bf o

481002

49,28 (0.00)

. 21.1140.00)

- 19.96(0.00}

~ pulsespercall = -

. Pulserspetition
- rata(pulses
o

.“\'.

~ 28.89(0.00)

6.66(0.04)

20,12.0.00)
- 19.440.00)

- 19.89(0.00)

18.22 (0.00)

0.33(0.58)

1459 (0.00)

0.61(0.45)

10300482)

36.38(0.00)  14.30(0.00)

© 0.58(0.45)

6.82(0.00)

0.34(0.56)

0.77(0.38),

(o
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Based on the resulis of the phonotams expenments. A, delicains, A. Spnmi’rons and

B A. aureus are undoubtedly tires distinct specxes ‘Pemales are not attracted to thc

advertisement calls of hetarospec:ﬁc males, and ﬂas prccludes the posmblhty of

: interbmedmg

| Further evidence supporting this concluswn comes from the analysis of the tnll call

compcnents of these species. It is thy tril call that is used for female atraction in A,
- delicatus (pp.'aa) and A. aureus (no other component is prescnt). Itis presumably alse

the trill call thai functions in female attraction in A. spinifrans, It is therefors the trill |

8 call that woﬁld_ be important iu species recthnilion. The till calls of these three species |

differed from cach other in each of the five measured call variables, This provides

" strong evidence that the three taxa form distinct and sepacate species. In A, dolicatus,

the zip call is used for male-male communication and is not involved in mate

- recognition (pp. 33). The zip calls of A. delicatus and A, p:mt‘rons differed i in two of
 the five measured call paramcters | o

'Ihe bahavxoural and morphologxcal charactcnsncs showed cons:derabls ovcrlap o
- between - specias and. were therefore . poorer indicators of Species idenuty t’lan :

advamsemant r:alls. However, the concentration of enlargcd asPermes on the rounded
snout alluwed for thc identification of A, spinifrons mdxviduals A, aureus and A,

- delimms males were, morpholog;,@aliy very mn.ular and 110 unique featuxes were faund- : .' B
W ﬂisﬂnguisb btween them. This undecscoves the necessity of analysmg advemsemcnt e
 calls and f.:nale tospouses to the calls before species 1dennty cin be established. -

o

Nz
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CHAPTER THREE

2 TWO-PART CALL
3.1 INTRODUCTION

Maost anursn-species possess a small organised vocabulary (Caprunica, 1963). The
advertisement call is the most commonly heard component, and it generally serves two.
functions: 1o attract gtavid feroales 1o conspecific calling males (for review see Bogert,
-1960; Gerhardt, 1973; L1ttlejohn, 1977; Vells, 19772}, and to attract males 1o the
_ breedmg site and maintain their relative distributions dunng calling {for review sce

Ak, 1983a; Fellers, 1979%; Litt!e;ohn, 1877; Roibertson, 19845 Salthe and Mecham. .

1974 Whitney and Krebs, 19752). Thus, within the vocabulary of a spcczcs, a parucular
~ vocalisation may fanction in wore than one capac:ty -

'I'he wo pmna:y ﬁmcnons of tha adw:rnsement call may be comb:mcl into one
mont:phasic sxgnal that simulwncously conveys scparate messages to males and females
{Littiejohn, 1977 thtla;ohn and I-Iamson, 1985; Wells, 19779), or they may be
© separited between the components of a biphasic call (Littlejobn, 1977; ] n!cjoh;:

“and Harrison, 1985; Narins and Capranica, 1976, 1978). Biphasic advertiseent calls
have been mpdrﬁcd {0 a pumber of species: Hyla ebraceata (Wells and Schwartz, 1984);:
“Hyla nﬁcrmphala (Schwartz and Wells, 19855 }’\&g:alaemus pustulosus (Rand and

Rya:i. 1981); Geoerinia lacvis (Hn.mson and L:tﬂejd 1985); .Philaums Jeucorhinus
”'(Arak.wsmandothm._' B ¢ B SR

Narlns g, Capranica’s (1976, 1978) studios of Eleutherodactylus cogui were the
first to examiue the crmmunicative significance of a two-note cail. Although both sotes

.23_ _



 are pemmved by males, thc- first note ("co") is used dunng male-male encountess and
| thfs sezond nots ("qui") serves 1o atiract females. The functional dichotomy of the two
 notes roflects a difference in the distribution of the best excitatory frequencies of
. primary suditory nenrcas for males and females; f.e., the peripheral auditory sensitivity
* shows a sexual difference (Narins and Capranica, 1976). Littlejohn and Harcison (1985)
found that the functions of a:tracﬁon of mates and repulsion of intruding males are
paruﬁoned between the two components of the blphaslc call of Geocrinia victoriana,

' The eall consists of an introductory note followed by a series of repaated notes. Females

*are attracted only to the tepeated notes, but these have litdle effect on male celling -

 behavionr. The introductory notes are directed at other tnales in 2 territoriel context.

: -' They found that this d1ffercnt1au0n was based o tcmporal rather than spacu'al, S

_ properucs of the two components

_ Thers sbcms tb havc' been convergent evolution of complex multi-note calls in
- chbmsin‘g frogs from several different families, but the advantages of complex calls are -

o sﬁll unc!ear (Ww:lls and Schwartz, 1984}. I those spec:es which show no clsar-

funcuonai pmnuning in the call cum;:onents, several advanmgea have been ascribed to

the comple:: call. Tuttle and Ryan (1982) suggested that multi- note calls in Smilisea

B facﬂmlo the umlapping of calls by neighbouring mﬁzs Thls resultsin 4 synchronous
 bursteof calling which 15 confusing to predatory bats. Rand:znd Ryan (1981) siilarly
 proposed that the call complexity seriss of Physnlaemus pustulosus allows a male to
. effect 8 compromise betwoen tifxinung thate attraction and minimum pmdauon risk. A
further advantage of the complex call was pmpmaj,y Wells and Schwartz (1984), who

suggeswd that the lmmablhty of<ales by gravid fomales would be easier in a chorus -
if a male wag repetitious, as it waould prov:de maxioum contrast with  continuous

- background noise, Consequently, the sacnndary tlick notss of Hyla ebraccam would o

’ -nnhanceanmlasabiﬁtymmactamate.

| In t’hose specles that havo the two funcﬁans clearly pm-titmeﬂ between the call
omnponsnts, the advantage would pwsumably li& in the ability ofa mala to solectively
aitar the mpordons of the caﬂ componmts n various social x:ontexts (Arak, 1983a)



©The advertisement call of the leaf-folding frog, A, deficatus, provided an
opportunity o study functional partitioning in the context of both mate attraction and

* male- male -cominunicatinn. 1 examined: (1) the structure of the advertisement cail; (2)

 the effect of each call component on female behaviour using two-stimulus phobotaxis

' expcnments' (3) the effect of esch call component on male behaviour usmg call

playback experiments; (4) the effect of chorus size on the relative proportion of call
compenents; and (5; the effect of female presence on male calling behaviour,

32 METHODS
3.2,1 Recording the Advertisement Call

Recordings of advertisemment cails of 30 males were made in the field ﬁo:.n'.

~ Ohiober to February 1984 and in' October and Noveraber 1985, using a Sony TC-185
" SD tape tecorder and an Adastra electret condensor mictof ae. Recordings were made

at 21 - 25 C (air temperature), The recordings were analysed on & Uniscan IT sound

B spwtrum analyser Withm the frequency range of 0~ 10 kHz, The upper and lower limits |

of the emphasised freqmncy ranges were measured as wel! as call duration, number of

- .pulses per call and pulse repetition rate. For each of these parameters, the mean and
mngc‘\m., calculated. A sonogram of a single typical c:all was mads on a Kay model
' 78&0 spectrum analyser. Callmg males and amplexing pairs were collected from the

coastai pans. Alr tempcratures were mnasumd using a Bat - 12 (‘Baﬂey Ins:ruments)

N order 1 prenate acoustic snmuh, an adverﬁsament call was recorded in the fisld

~ using & Naga I tape recorder and.an AKG D900 dypamic mimphonu atcan eir . -
L mpmafzsc(smmmmmmmwmmmmmp A goguent of this -
fzmcmﬁngmnﬁngamglamﬁuwﬁpmnmm d noise i

*omalmtwovmmloops Two smeot&pasof&ﬁnﬁnmaﬁon wcxamadeusingthc

mspccﬁw calksonlaﬁnndﬂghtuacks, Gnsthmhis tnpa 1. the calls wmnotpresemed'

=
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in a fixed pattern, and there was no set altemation of the two components, Intercall
~intervals for natural mals calls were measnred from recordings of natural choruses. By
manually interrupting the tape transport mechanism, intercall intervals were varied to
resemble the calling pattern of a naturai calling male. The intercall intervals for the Zp
stimulus ranged frem 0.7 - 4.8 § and for the trill from 2.0 - 3.1 5, On stimulus tape 2,
the calls were presented in & fixed pattern with the repetition'rat: of the zip call
increased, so that the total sound output from the speakers broadcaéring the zip and till
 calls was equal (each had 2 s "on air" in every 10 s). The intercall interval for the 2 s
h-lﬁcallwas 8 s and for the 0.2 5 zip call was 0.8 5. Athzrdsumulustapewas;;mpmd
(stinulus tape 3) on which one wack carried two trill cads incevery 20 s (intercall
interval = 8 5) and- “he other track carried ane trill and 10 zips in every 20 s (the total
sound output on both tracks was equal), Due to the rapid tiss time of individual pulses,
it was necessary to use 2 high powered amplifier (Klein and Hummel SB280 140W) to
reproduce the calls with adequate fidelity, The stimulus tape was broadcast using a Sony
TCDSM tape recorder, the above amplifier and a pair of JVC $-M3 miniature HiF}
' Idud'speakars (18 x 11 x 11 cm). These loudspeakers were placed 2 m apart facing each
other on & canvas arena {3 x 2 m). Playback levels were adjusted to the natural sound, -
 pressure level (SPL) of the species (97 dB peak at 25 em) using a Briiel and Kjaer 2209
sound level moter. The arena was iluminated with a single 60 W red light bulb
suspended 2 abova ground level, Each female perfarmcd a single trial in each of four
- experiments: (1) the zip component was broadeast from one speaker and the trill from
the other u_sing stirulus tapes 1 and 23 (2) the tril} was broadcast fom one speaker and
- the, whole call (zip and_'tﬁ}l) ?rom the ather usiajg stimulug .,tape £ -(3) the zip was.
broadcast atons as 8 singls Sﬁn?;plus using using ane travk of stimuolus tape 1; and (4)
- the trill was broadcast "'aian: 28 4 single stimulus using the other track of stimulns tape
- . 1‘ . '. Co . - ' o .

._ Famalmmsepmtbdfrommﬂw b@mﬂmﬁmuﬁaﬂm& pheadmspmfmawd
;_-mmumﬂmadmy botween mammmfmmhommﬂmqm -
mnmmm&ernwmgmsﬁmuummﬁomWMd&smf _
~The contajdbr was then opsued. mammmmmmm}, the .
- female sta_rtad_mnvmg to the moment she made physical co;:ta;ct w_ith ane of the
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Speakcrs Bxpc:imént 1 was conduct'éd.'dhﬁhg the '1ﬂ85~1986:bmding season using
~ wpe 1 and during October 1986 using tape 2. z:xpenments 2,3 and 4 wers r.onducted

dunng the 1985-1986 breedmg season '

'3.2.3 Effect of-' Call Comg' _oncﬁ;_s on Ma_le_-}?.eh_aviour _

o Each track éf stimulns tape 1 (see abové) was broadceast separately to -calling males

SM-3 miniature HiFi spcakcr The ioudspeakcr wis placed 50 ¢m from the subject. The

SPL of the playback was set at 103 dB peak at 25 cm using a Britel and Xjaer 2200
- sound Jevel meter (6 dB higher than the normal call Tevel), This represented a male 125
cm from the caller, which was necﬁsaxy to initiate aggressive rosponses. ‘The stimulus
~ and the evoked vocal responsc were recorded on a second tape recorder (Sony TCDS

' PRQ) ' o

- To facilitate changes in chorus size, this study was cb:iductsed on a caged population
of maiss. The cage @ x 3% 2 m) was constructed using a wooden fmme covered with

pan was planted in the pond and included Polygonum pulchram and Ludwegia

. stolonifera, the plant species favoured by A, dellcatus ss calling sites (see Fig. 3.1).

- "I'ha number of calling r‘nalﬂs in .’-:hﬁ'cagu' was controlled and the chorus was recorded

using a Sony TC~I85 SD tape recorder and an Adastra eleciret condenser mcmphone.' |
“The microphone was suspendgd 1.5 m above watcr level in the centre of the cage. Ten
W gecondings ofmhﬂfswen J:orus sizes (1 = 2 - § males) wefelaken at different times

soording was 5 mlnlans The numomafzipand trili
componsnts was mmd&um ﬁanmmrdlngs.‘lnlarge choruses (seven or slght calling

_ mams}, thiwraa faﬁtamd by zhnchnms‘mgmisadon (c-all izﬂti@ﬂoﬁ, bcmts and

. [[ .
27 _

- usinga Sony TCDSM tape recorder, a Klein and Hum. 3 SB280 amphfier and a JVC |

 polypropylene netting. Access was gained thi‘ough a sealed canvas door, An artificiel
pond 1x25%0.5m was dug along the length of the cage. Vugetauon from the natoral



a]temanon of cails) found  in this SPECIGS. 'I‘hzs study was conductcd durmg the

1934*1985 breedmg seasm
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. 'FIGURE 3.1 Photographs of cage (a) extemnal view; (b) pond inside cage. .



#

3.2.5 Bffegt of Female Pre

“The chorus wes reconded 10 min after the introduction of a female into the cage.

- The change in calt composinon was caleulated as the difference between the numiber of
- components produoed w1th a female present and the number of components calculated
' for ihe same chorus sm: in the previous expcnment, when no female was prcsant.

Between 60 and %0 min elapsed between the two rounts, 'I‘hxs experiment was
conducted s:x titnes at single chorus sizs (ﬁve callmg males) B

3_.3' 'RESI L "'r§ -

. 3‘3.1 _Advgm. '5. gm. gr_lt _Qg. 'li': -

o One part nf the call is a rapzdly pulsed "zxp" sound ona rising note and thc B

 otberis a sustained falsstto il of variable duration (0.3 - 11.8 s)(Figare 3.2 and Tablo

3.1). The two components mffar considerably in their pulse mpctmon rate and their

- durauon, but are similar in other respects. There is nio fixed pattemn uf altemauon ofthe

two components, although the zip is given more frequently than the trill, The two_'

- COMPONSNts are not lmked ina smgle unit or produced in a set sequcncc and maies may
'_ 'produce one component only for long periods of time. | -

5

g o



e

| FIURE 32 Wi bugd (300 Hz ) sonogran of th two-percoall

 FREQUENCY {kHz)

G THE®

T

. . wr
: [ = X f e .
Lo} v

\

%A dellcitus, the zip followed by the uill.

-]



__Pulsé yepetition rs.-ﬁé, o
w o (pulses/s) )

| TABLE31

__ 'Call para.rlneteq'_ﬁf&. de_iicétus__ad\_tértiégment_call n = 30). o o

Zip

. -(r_ange} |

Trlll _
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| 3.3.2 Effect g'.f Call Components on Female Phgnomxig '

| The first 35 fernales tested elther failed to respond or fled the arena, It was therefore -
_necessary to investigate the precise conditions required for female response and to

. constraet the arena to allow easy observation of the individuals. Responses to the

_ brondeast stimuli were oﬁ_tained on nights when a-li_ght'd:iz_zl'c fell and usually after

~ midnight. It was necessary to releass the female with extreme care, as any disturbance

 caused her to remain stationary. In the initial experiment using stimulus tape ;, fernales

were preSented with the zip component from one loudspeaker and the trill componcnt -
a from the other, The calls were presented at the natural call rate, The exght females that -
responded all approached and made contact with the loudspeaker broadeasting the trill
(two-tailed binomidl probability: P < 0.05), The response time for each trial ranged from
160's t0.330 5 (% = 196 5). The air temperature ranged from 22 - 26 C.

Since females may have mSponded to the trill because it had more time "on air", the

. expmmcnt was mpeated using stmmlus tape 2, in which both cottiponents had an equal
aound output. Nine of the 25 tested ferales rasponded, all approachcd and nuade
- contact with the speaker broadcasting the teilt (two-taﬂed binom? 1 pmbabllity P<

- 0.05). The response time for each maI ranged from 60 s to 455 s (x e 156 s) Tl~e air
tempcrature ranged from 17 - 24 C.

In exparimcnt 2 (sﬁmuins tape 3), ten females responded to the wrill and 12 to
the whole call (two-tailed binomial test: P = 0 .53, In the single zip stimulus lmls, each

- of seven fetnales was testod four times (a total of 28 ma]s), but on no occasion did a o |
S fema}u approsch or make contact with the speaker, The single trill stimulus initated

o _ﬁght positive responses, one each from eight of the 14 females tested.

2
ATs

_ Twenty callmg males m mdividuall“y pressnwd with both zip and trxll calls 8y
acoustic sﬁnmli mrer 4 range of air temperarums (22 25 C) dunng the 1985 - 1986 o
~ breeding season aﬁd i Octob@r 1986. The ﬁp ::mnporxent clwited ohvmus changes m'_”'

- 33



»

calling behaviour. The changes ﬁaﬁed.'ﬁ'oni\ 'sile.nc'e (n = 4), through increased ZiP"‘.m". o

{n = 2), to encounter calling (n-= 13) Encounter calls are produced by malm dunng
_ | 'clese-mnge interactions when the adverticement call has fsuled to tepel mtrudcrs that are
calling too closz io the resident male, This call is a more rap:dly«puised and sﬁahtiy
longer version of the zip .component of the advertisement call at a slightly lower .
frequency (Telford, 1982). Although the respanses were variable, 19 of the 20 males
 tesied must have perceived the broadcasts of the zip calls, b *"ause they altered thelr
calling bchaw} \r in response to this stimulus, In comrast, 17 male& showed ns veSponsa __
'(thmr ealling behavmur was unahered) to the mn wl:nle tluee males respnndsd by
| Imcreasmg the rate nftrﬂl calhng - '

334 Rela

The mean number of call components per male was calculated by divi_c_ti_ngihc otal
i_mm_b.er of each’ call ':component by the nu'n:'ibcr' of psrﬁcipating males. Thete is &
- marked de¢r¢asc in il calling with an increm in chorus Size (Pearson’s cormelation -
'coeﬁ"cmnt: r =-080) and 8 marked increase in the zxp c:allmg wzth an mcrcase m

. choms size (r = +0.80) (P“ gure 3,3; Table 3 2).



TABEE 3.2

Relative abundance of call components at different chorus sizes (= 10) for each

- size), -

Chorussize =~ Zips permale Trills per male
(no. of calling | in 5 min period in 5 min period

- males) R+ 8D ¥ & SD

39 180

2 8 5.6
'3 29 177 4 2.6
4 89 118 8 0.8
5 33 13.1 2 0.6
R 48 184 2 0.6
7 57 240 2 0.4
8 2 04

51 - 194
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- Six choruses with & single female in each were ekanﬁned duting the 1985 - 1986
brcedmg season. Each chorus consisted of five calling males The numbgr of il and

#Ap componenzs was -counted beforc and after the female was placcd in the cage. A

~ Wilcoxon mamhed-pmrs szgncd—rmmks fest was' conducted on the data using the
propomon of trills cut of all calls, The two-sided P value (for T > c) was 0,032, thus
the prcsr;ncc of a female in the choms sxgmficantly mmase;d the propomon of mlI calls'_l .

(Table 3.3).

o



Withfemale 279 & 86 80

. Withoutfeminle 888 & 138 18

TABLESS T

Relative proporhons of zips and tmlfa at a choms size of five, and without a female
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Zipsﬁer-m&le _ } .:Tnlspermale o

inbminperied - In5minperiod

R

T

wy

09

0

£, & D & & $D

a



24 p’;s cnssrg N

" Ampan advertisernent calls fanction to indicate the callers’ spccws, sex and locaht:f
to gramd fernale wn*pemﬁcs (see Weﬂs, 1977 a & b, for teview). The call therefore -
.famlitatcs the meeung of the sexes . A second funcuon of the call is o advcn‘hse the

_' mamwmnce,ofmtennmwdualdz_stance between calhngmales apd thos mtprmalespacmg »
in the choriis.In this study T found that, as in Elentherodactylus cogui (Naring and

Capwnca, 1978) and Geocrinea victoriana (thﬁc]olm and Harrison, 1985), these two

 fudctions are separated between the two comptmcnts of the ¢all Unlike these specles,
| " +he two components of the A. delicatus ca.ll are not linked in a single unit or produced' .
| in'a set ssquence, Males often pmduce one cumpone.nt only for long pmods of time.
For thzs reascm I do not consider this call o be b1phasac, but rather 10 consxst of two:
| separaw pam, each with a specific function, |

In As delicatus. se_xua’l advertisement to conspecific fomales is facilitared by the

| irill note. This. note is pj;rccived by gravid fernales and acts s a releaser of the
 phonotactic respanse, Femiales do ot respond to the zip component and do not display

any preference for the whole call over the trill alone, In- previous work on functional
~partitioning (Litejohn and Ha:rison, 1985 Narins and Capranica, 1978), the natoral call

" rate has been used in phonotaxss experiments. A possible criticista of this (raised by an

‘anonymous reviewer) is that the twa call components do not have equal ims "on air”,
- and the femals may respond not to the temporal cifferences in the call notes themselves,
but to the total sound output of the signels. I have shown that, in this species, there i
~ o difference in the responses of females when the alternative stimuli are atthe normal
| call fate and when they have aqual'towl 90“.“‘_1 m:tput. o

| When 2 fcmals is present in the chorus, males alter the relative proportion. oi‘ the
Awo call camponents, pmducmg an increased pmpamun of till componsnts, The
'probability of mate sttraction is thus enhanced. Since it was obscmd that the till
ccnmpcnent initiates Jmilhng by other males, it is possible that only a fow males dimctly_
perceive the female and i mcrease thezr proporuon of tnlls. Other males mspond to ﬂus

%



| vocalcue by also'incrﬁa_s"i'n'g- the number of' fcmaie; '_att_rag:ihg_-combonents m thefr éalls.

.

_ Males percewed and reacted 1o the bmadcasts nf the Zip component but showed no
response o the trifl. The zip call funcﬁans in male-mals commumcauon and pmsumably '

- facilitates male spacing, This spaual separation may improve an. individual male’s -
 nttractiveness as a mate by maximising his locatability and/or the distinctiveness of his |
call. The most comtion response to a loud zip call was encounter calling (see pp. 68)
o Ins this species, encountér ¢alling has three poss'ibln effects; one of the males moves . . .
| away and contznuz:s r:alhng from a mom distant posxtwn one of the males becomes
silent; or an aggressive interaction occurs between the two males. The aggressive

interactions involve. physical combat in which one of the males is d;splaccd and the
uthar continties. ca]lmg. Endmuntcr ca!ling in each of these cuses leads to spatial
separatwn of callmg males. ' ' ' '

Bxphasw calls presumably havc avolved from the slmple.r monophasm szgnals, smce

they offer ‘added advantages in the efficierncy of commmmication, In functionally

pamtionad calls fottlegohn and Harﬁson, 1985; Narins and Capramca, 19’,76, 1978), the _

- male s capabk of selectively modifying the proportion of call components in different

social coniexts (Arak, 1983!:) This is also cleardy evident in the two-part call of A,

_ delicatus, Males alter their call composition in different social contexts, presumably o
- effect & compromtise between mate atiraction and the repulsion of intruding males in
- sucha  WaY s 10 mammisef the afﬁcaency of (1) their calhng mm and ) response 1O

their voealisanons. \\

e

The benefit of & functiunally 'partitioncd two-pazt call lies npt only in the ability to

~ communicats separately with cach sex, but also in the alsihty 10 communicats

| exdumvely with one sex. A, delicatus maley are able to stop g.ivmg female-attraction

- signals aud 10 produce only mele spacing signals when pn inguder is present. B
Females would thus ot approach &m inmracung males and the rcsidcnt would not risk

losing her to the intruder (Weils and Greer, 1981). The possession of 2 functionally
pamtmncd call may enhance the efficxcncy of vocal commumcmion and hence increase

 the ind;vidua]‘s chance of mating, Possibly the two-part call of A, delics_tus is more.
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easily modified 10 produce a Jarger repertoirs of signals than are the fimetionally
parﬁtioned biphasic ralls of other species because the two componcnts are not linked in
2 smgle umt or proéuced in a set sequence

2
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* INTERMALE SPACING
4.1 INTRODUCTION

411 Gc_ﬁgg‘ 1

- In prolcmged breedmg anurans, a ma.ta ] mproducuve Success dcpends on his abﬂlty_
to attract fenales to his calling site und to prevent interference from other males (Wells,
. 1977b). The mmntenance of an individnal distance may increase & males’ reproducuvc )

~ suecess in thrce ways: it may enable f:males to locate individual males more eamly. by'

 reducing 'acﬁus_tic interference between callers (Wos  and Krebs, 19750); it oy
 reduce the nuinbef of competitors by prevanting new muales from calling (Wells, 1977h); |
and it may may pmwda a clear pathway for feraale approach (Wlumey and Krebs,
19758), Males may thetefore be undcr selective prossure 10 maintain adcquate spatial

' separanun (‘I’elford 1985)

Ma!e spacing is ws}.! d:.uummted in prolonged breeding anurans (Aral:. 1983b,

Crump, 187%; Fellers, 19795; Whitney, 1980). Agart from aracting mates, the
advertisement call may inhibit calling by nearby males (Whisme - -id Krsbs, 1975) and,
" through mutual avoidance, function in the initigl separation of calling roales (Gerhaxd,

1975 Ryan, 1982; Telford, 1985; Wells, 1977b), Encounter calls and physzcal combat

 also play an jmportant role in the ‘agonistic behawour requu'ed 1o maintain spatial

~ organisation (Arak, 1983b; "“unnei 1973; Fellers, 19?%, Schwartz ans Welts, 1985
Whntney, 1980) -



The distance between each male and his nearest calling neighbour has been used as.
an iﬁﬂex of gpatial sepa’raﬁdn within anuran choruses (Awbrey, 1978; Dyson, 1986;
' Fellers, 1979g; Robertson, 1984; Rosen and Lemon, 1974; and others). In many species,
nearest neighbour distances m:tially decrease with an increase in chorus density (Dyson,
1986; Fcllm, 1979a), hut males mamtam a specific minimum inter- individual distance
at high densities. This often results in an even dlsmbunon of calling males in the choms
Dysen, 1986; Fellers, 19792; Robertson, 1984).

C4l2M ﬁmm of Soacing
| 'Ihere is a ﬁu'ee-lcvcl systems for the maintenance of spacmg (1) ih'e
advertisement call (2) the encounter call {3) physical comibat (Bunnel, 1973; Fellers,

19793., Robertson, 1984: ‘Wells and Schwartz, 1984).

" 4.1.2.1 &mﬁmm call

Mot authors agres that males perceive the calls of conspecifics and respond to
_ them in some way. ‘Whitney and Krebs (19758) state: "One behaviowr that Seemms 16
- _function in maintaining spacing between males is the [advemscmcnt] call; the presence
ﬂf an [aderﬁsement] cal} alone in an area can inhibit other males from callmg there.
'Tlﬁs suggests that, in nature, males can use [advcrﬂscmcnt] calls a5 & cue to avnid areas
having high densiﬁes of calling fwgs L '

n

Some specaes appear to be able to modify thetr advestisetnent calls acaording w0 thc |
 social context in which they are nsed (Arak, 1983a). Schwartz and Wells (1985) and :
~ Pallett end Pa smore (1988) found that males incrensed the complexity of their
adverﬂscment calls in Tesponse to mnspnciﬂc male calls. In a number of species, males
- have Teen found to altemate their célls with those of near neighbours (Arak, 1983%;
Fellers, 1979&. Jaslow, 1979; Robertson, 1984; Rosen and Lemon, 1974), Wclls _
{1977b) seported thut males tend 1o space their signals so that calls of nc:ghbnuﬁng .

- males do pot overlap! In some species cull alternation s precise and leads © the X

- 'fozmauon of duets, trios and quartets (Wells, 19‘771:) Males appear to hcar the calls of
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other males becanse they orientate towards them and alternate calls even when these

* neighbouring males are obscured from view (Jaslow, 1979). Fellers’ (19798) study of

. Hyla crucifer showed that males respond to neighbours’ cal-l_ing' by shifting their own
calls o that there is no overlap. In playback experiments he found & distinct tendency
for a frog to avoid ttmporal overlap of his call with those of his neighbours by shifting
~ his vocahsauon to an interval of silence between successive pre.mcorded calls.

| Awbrcy (1978) proposed that mdmdual callmg males conild determine the proxxmny
of a neighbonr, or intruding male, through the intensity of their advertisement call, The -
.results of numerous experiments have prowded strong evidence for this (Broska & etal,
19823 Robm'tson, 1984; Telford, 1985 Narins and Hurley, 1982). There is, generally,
a threshold intensity above which a male will- ot tolerate another male’s cali; and
aggression is then triggercd. In many species, it has been found that larger males have. |
higher intensity calls than smaller males (Gerhardt, 1987; Given, 1987; Loftus Hills and
Littlejohn 1971; Passmore and Telford, 1983), It is thus possible that larger males may

- - defend larger mdmdual distances than svualler males (Telford, 1985), Other factors,

apart from body size, may inﬂucnce the perceived mtcnmy of a signal. Sound
 attenmation would depend on the transmission properties of the call site (Robertson,
1984; see also pp. 91); the radiation patiern of the signal (Telford, 1985) and the
 frequency of the call (Brenowitz ot al., 1984). Brenowitz gt, al, (1984) further indicated
- that the sensory threshold of the receiver would be an important factor. |

Vncalisaﬁnns involved exclusmly in aggmssivn behakur have been rcpmed in
miany spacles (Atak, 19838; Enlen; 1968; Fellers 1979&, Jensen and Preston, 1968;
- McDiarmid and Adler, 1974; Passmors, 1977 Robcmson, 1984; Wellg, 1978; Wells

., and Gma- 1981; Wells and Schwartz, 1984; Whitney, 1980; Whitses wd Krebs,
1975a and other). MeDiarmid and Adltr (1974) suggested the terma "sncoutiter caﬂ" ”
" to describe the voealisations occurring in close rangs encounters in territorial species
{this call has more widely been termed the “mrritorial call" although Litdejohn (1977)



: termed the mmtorlal call as one u‘ie:i in long range warmngs to conspec:ﬁc mtrudsrs
~ and the encounter call as one used in short range aggressive interactions). There are
 other calls involved in aggresswc mteractions and thc maintenance of intermale spacing,
Pagsmore {1977) described a “chorus call" in some Ptychadena species. This call was
~ produced regularly in large aggregations of calling males and was particularly common

a8 the chorus was building up to peak level. He suggested that part of its function conld

 be to influence the distribtition of imales relative to one another. TFellers {1979a) found '

- simoilar behaviour in Hyta versicolor. Wells (1978) found that male green frogs have
four types of vocalisations that are used in territonal ad* ertisement and defcnce

_ Fc:llers (1979&) reported that - agonistic interactions in I-Iyla versmolor were
o always mttmted by an inmguder w:th an encounter or advemsement call, The resident
- male responded with encounter calls after which the intruder often left without further
-chﬁllé_n'gé. 'He concluded that territories were maintained initially using the encounter
: calls and ultimately by ﬁghﬁngi Encounter calls are en;ergeticaily more efficient than

R physic_:a.l interactions, but are not effective without the _ﬁlﬁm&te threat of a fight,

Arsk (1983b) described sn encounter and ® ferritorial call for Philautus
: !eucorhmus. Territoriel calls were given duzing long-range interactions and served as
a challenge, leadmg to further interaction i answered with a territorial call froma rival
- male, The sncounter call, which resembles & long territorial call, was given only during |
| close~range: mtars.cnons, usually before physical contact was made. Both of these -
 aggressive calls would presumab!y funcuon to mmnmn the spmng between #anmg '
males, : -

ke

<y

__Encquntef calls are _genéraiiy cxc_hanﬁéd- between resident and intrader. If the
| intruding male does not retreat, fighting may occur (Emlen, 19685 Robértson, 1984;

*‘Whitney and Krebs, 1975 and others). Encuunter calls may also be exchanged during o

. physmal comhat (Arak 1983h; Brattstrom and Y’ame]l 1968 Wells, 1981 aud omers)
: In some Species 'tliere" tenids o be 'an nll«or—hona response with males é&kching |
* directly from the adversisement to the eacounter call (Telford, 1982). Tn others, males
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B 'shcw"a graded response by incrﬁasihg the prqu_rtion of encounter calls (Wells and
3Schwartz, 1984). Tn Uperolia rugosa, Robertson (1984) found three distinct
. behavionral thresholds evoked by particular sound pressire levels. The males responded
1o the advertisement call plaback at 76 dB by calling antiphonally with it, At 84 dB

| the males began giving aggi'essive calls and at 91 dB there was a ﬁght or flight |
rc‘sp_onsc..- This adds evidence to Whitney's (1980) claim that If the mating call fails . -
m repel intruders, males have a second bine of defence in the encounter call”,

- When calling in bouts, males cannot detect the positions of conspecifics during

periods of silence, and hence it may be importent to establish dominance at the
_' begmmng crf each bout (Fellers, 19793) This appears to be effective if g male
accentuates his presence with an encounter call (Fellers, 1979a), '

" Playback experiments have been performed on many species in order to determine
- the effects of the advemsement and encounter calls on agonistic hehmour Conspr.mﬁc

o fencnuntcr calls are pmeived by males a5 dis”act from advcrusement calls and males

'g;ve thc_strongest Bggressive responses 1o the crm_ounter ca_il_s_ (Schwartz and Wells,

1985 Wells and Greer, 1981; Whitney, 1980). Allan (1973) found that playbacks of

4_.1.2.3}1@1@@@@;: |

encounter calls in Hyla regilla inhibitéd calling by ncarb:f males and were often
followsd by thelr withdrawal, Fellers (1979a) reported hat malu “challengc the
o f spaaker during playback of aggresswn calls, '
The mcouhtergall is mdre effectiva!han the sdvertissment call.Tn eliciting agonistle -
 behaviour. X heeded, the encounter call may prevent combit, It Is cloarly svident that
- the encounter call plays an mpnrtant rale in mamtaining Spatial separaﬂon of calling
m&les. '

. Apoaistic encounters involving physical contﬁct between conspeiciﬁé males have
- besn documented in several species (Arak, 1983b; C‘.rump, 1072; Duellmm, 1965
’ Fellers. 1970a; Schmeder, 1968; Wells and Schwaﬂz. 1984. Whimey, 1980). ‘The
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* form and intensity of this aggressive behavioar s quite vesiable (Wells, 1977a).

. Tn Hyla versicolor males frequently fight by '-shoﬁiﬁg. each other ‘with their
" fore-litnbs, butting with their heads, kicking with their hind-limbs and jumping on each
other (Fellers, 1979%). Such ﬁghts .aI_Ways resulted in one male leaving the area or
_' ma_ving 6f'f'a few ¢m and remaining silent. Telfnrd (1982) described physical combat
. involving wrestling and kicking in Hyperolius marmoratus, He found that fighting
‘resulted in displace:n:ﬁt of both males in 17.5% of all observations; separaﬁdn of males
' gd fesumiption of advertisement call emission by the victor with occasional aggressive
calling in 57.9% of observations; or the loser departing or adopting # passive position

_  in24.6% of qbservgﬁons.' Lutz (19_60) described grapples between males of H: 'a faber

 where fatal wounds were sometimes inflicted by the sharp pollices which were dug into
- the opponent. Wounding seems 10 be rare in anurans and documented ﬁghnng generally
_e.nds wsthout m_mry :

. | Actﬁal co_n_rzbat_ seems to be the last re_._éours_e m the attempt to maintain spatial
separation between éaliing males, Aggressive calls would not be effective without the

o ultimate threat of & ﬁght (Fellers, 1979a). Bunnell (1973) came to the same conclusmn :

in iy study of Dendrobates pumilio and stated: “The vocalisations serve as an
effective distance advertismg mechanism for spacmg wim.n maintains its potem:y by .
wcasinnai behamoral minfcrcement through attack and ﬁghtmg" | |

E 'I_‘hm are moums of species in m:n_ﬁghﬁng is inﬁ'eqﬁent. Wells and Schwariz
 (1984) and Fellers (19793) found that & relatively Tow level of physical aggression
characterised many hylids that meintain regulsr spacing in choruses but do ot
necessarily defend fixed territories night after night, Thoy concluded that ﬂghting seems
| to be mors frequent, more prolonged and more violent in anurans that defend resources
~ guch ay pvipos:lﬁ,on _sin_es Tharc are accounts of physical combat which are not _
~ necessarily involved in the spacing of calling males. Veloso (1977) documented
' agoaisﬁc behaviour in Caudiverba candiverba “M'th& frog produces an aggﬁasswe
call, 1t jumps and attacks any moving object located 20 - 30 cut i dts vicinity", The
adapuva signiﬁcanca of these encounters sesms 10 be mated to the presence of

O



| 'prc:lntors A‘lt:g (1972) also found that the defenswa behaviour was d:rected at bmh-
| predatars id conspecifics in Rana aerolata. Wh;tmy (1980) proposed that some frogs
. attack and others subnm due to vanabxhty in the physmloglcal state of the individuals,

. | specxﬁ,ca]ly in the;r level of wx hormones

In many studles it hag becn fOund that one or mom males gwe aggmsswc calls
. dunng physical interactions. It is even more common to find that the fights are
preceeded by exchanges of aggn.sswe calls (Arak, 1983:1, Bmttstrom and Ymeli, 1968
 Fellers, 1979a; Telford, 1982; Veloso, 1977; Wells, 1981). The ocutrence of physical
combat is now well established in anurans. Fxghtmg clcarly funcnons in maintaining

o spacmg in many spegies, The outcos of the mteracnons seem generally to  be the

 submission of one pamclpant_ after which spacing seems 10 be m-‘;s;abhshed.
4,1.3 Function of Sp abing .

o Vanous funcﬁnns of mterm > spacing have been proposed. 1t is important to
distinguish between spacing a8 a rssult of site-specific territor: ty and that which urises
 from the mmntenance of an- indjvidual distance (Telford, 1982). . S1te-.»_uec~_tf‘ ]
territoriality occurs when intolerance-of uther individuals centres around pmcuiar'_
locations (Wclls, 1977b). Indméual dzstanoa is a result of mtermale spacing yrittiont R

- gt attac.hment (Telford, 1982) i : :

- Antran tmmomhty involves s:tc attachmcnt as well as fhe mtulcmm of immdeaa

- (Croak, 1973; Wells, 1977b). The pasticular jocation (territory) is defended with

aggrossive behaviotr and may contain bne or more of the following resources required
for survival and/or reprodugtion: oviposition site; courtship areq; foeding site; shelter; ~
N sourcs of moisturs (Wells, 1977b)..The possfbssion of a territory would be advamageous'

_ toamalclfit giveshimexclusivc or priority access to arcsoumc that is in shortsnppy

o (Wells, 1977!:) In some cases it may give a male direct 80038 10 females in an area

. or may enhance his attracnvcnbss 10 proqut‘i"ﬁ'y mates in terms of offs;wing survival
~ and/or increased audabthty (Wells, 1577b).  Howard (197Sa) fonnd that malu matmg
sucoass of Rana eatesbeiana dcpcnds on the oviposntion site quahty and on the ability



| abitity of the muls to defend the site from intruders. In summaty, the erritorial dofence

of resources may provzde an adva.ntage ta the holder in terms of survival and[or_ -
repmducnve success ' B ' '

Alshough it is ofam dlfficult to thsnngmsh between the maintenance of & tersitory

 ond that of an individual distance, the two types of bebaviour may have differemt

o fufictions (Wells, 19‘?79.) Individual distances are maintained thmugh hostility without

~ site avmchment. Miales may ocoupy different call sites on different nights (Whitney and ~

. 'Krebs, 1975&) and there is no defence of & resnnrce which is in short supply. The -

S ‘maintenance of an individual distance and hcncc a minimum dlstance between callmg‘ | _
. ruales, may reduce interference between callers and enable a female to localise an

. individual male mors easﬂy (Whitney and Krbbs 19758). It may also reduce the' -

L number of competitors by pravenung nearhy males from calling; tales ‘would not.-'-'_" S
- compete for calling sites- but tather for the oppuittanity t call (Wells, 1977b). Both
 tertitoriality and the: muintenance of an individual distance would limit the density of

" caﬂmg males and may force "sxcess” males 1o adopt altcmauve matmg strategies or to . .
esmbnsh suh-nptimﬂl call sites (’I’elford, 1982). S |

. "The aim of this nhapwr 810 axamine tha sucuﬂ orgamsmtion in Afrxxalus dehcatus -

B with rofwrm to iumnﬁale spacing Answers wm soughx for the folJz)wing questions

"'-'il bemanca&ﬁngma}usinm hom? © T
" '3‘3 iﬁmayamg&mkaftmiwmm& or the mﬁntenwcaofan indmrlual&istan,« e

: '__4) Imwdmnhtms mmaffactthesmcma?

" 5)-'What s the Amotions mdaffemsofspmhginthis species? e

acl - ;_ .
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42 METHODS

- The tiatura'l.peak sound pressure lévcls (SPL) of each call comporient were measureﬂ ; .'
. _usmg 2 Brijel and Kijaer 2209 precision Sound level meter. A foarn windshield covered

the mlcrophonc durmg all measurements. The mitrophone wag placed at a honmntal N B
'dxstan.ce of 25 cm direcdy in front of the calling male, This  distance was ‘measured -

| _with a matal tape. Vngetaurm mtervening betwuen the caller and the nncmphone. was

o pruned aWay, and nearby calling males were rerisoved. Peak SPLS were measm'ed tothe o

. neamst 0.5 ﬁB wuh 10 rcadmgs bemg taken for each male

| The meari SPL, was r’ait:hlmd from théSe readings. It w‘as not ’néot:essaf}* to convert
c tha readmgs mto tmcrohars before averagmg them because the vanabﬂny in SPL was

low (Broch 1967). The SPL of the mp call was measured for 16 males, and the till ca]l; o
for 13 malcs : '

'Calll dixtcﬁvity pattem# of bcnfh cail cozhpnnents were determined by mcasunng peak'.

' SPL (as above) from direcdly in front of the male ((F), directly beliind the male (1869,

. "and fmm one side (90" 27% This was done sepamtely for zlps n=7) and rifls (n =
e PR |

. 'I'he am’biant nn&sa 1evu1 was measumd on 25 nights ‘The mmophone of thc SPL |
 meter was held hﬁﬁ‘xzonrally‘ 30 ¢ above ground level, at a distance of 5 m away from

-  the chorus and dirscted away Fror r‘alhng male%Rendings of the background SPL weid

usetl to gauga tha rc!anve intcns:ty of the A, delmatus advemsemem call

Id@&ﬁ_. ~;tu,,,‘.-:- ._ 3

o Recmdings of encawmter calls of 26 malc§ wera made in the field ﬂunng 1984 1985 | R
- and 1986, 'The rccerdings wm madc on a Sony TC-ISS&D tape recordrr using an

- Adastra electret c«nndenser :mmphuna ora Sony 'I‘CDSM tape zecmﬂsr using 3 Sony )

_ _5()'_




ECM—16T eiectnet condense.r nncrophone Rﬁcordmgs wcrc madc at alr tcmpcratuxes

’I‘he recorﬁmgs were ana}ysed on a Uniscan 11 sound apectrum analyse.r mﬂun the

: | _frequency ranga of 0~ 10 kifz; The upper and Iewer limits of the emphasxsed ﬁj,f;uericy o

- range, the call duration, number of pulses per cail and the pulse repeuuon rate were

' measured. The mean and range were calculated for each parameter. A sonogram ofa’
-:__smgle typlcal caﬂ was made on a Kay model 7800 spectrum analyser.  The natural .

- sound pressure level (SPL) of the calls of six- mdmduals was measurad o tha nearest . |

- 0.5 dB, using a Brilel and Kjaet 2209 sound level meter. The micmphone was held25 -

. cm in front of the caller and 10 readings were taken for each male. The mean SPL wis

B éalculatéd'dire'utly from the 50 readings. It was ot neccessary to convert the i'cadings

o uucrobars before dveraging them because the vanabﬂxty in SPL was low (Bmch L

1957)

| 44'23' A eressive Iteucions ._"‘\_?a_‘cw 'd._"th's_'ic_ai. o

ke Calhng males were cullected ﬁ'om the namral breedmg areas (pp 8) and n'ansporte.d '
_ 10 the cage, which was. lluminated with a single 60 W red Iight bulb snspended L3m o
. above water Ievcl Ghoruscs were closcly observed during Now,mber and December
| 1985, Twehd mteracnons were nbsc:rved from the initial approach of the mtrudmg male. . )

3 and a further 16 ﬁ'om the’ cmset of encounter ca]ng 'I‘he spatial posmons of the callmg | -
males, their movzment, the occmmnce of vocal mteracnons and the form of phys sical |
. combat were docurmented. Time measurements were made using & stopwatch and the.

g outcome of the in*temcunns was noted with refmnce to the posmon of the resident andf o

-' thc intrudm‘ befura and aﬂar the inwractic:n.

o 'I‘he shmtest d:tsmm:a from sach calling male to bis nmst c.:amng nmghbonr was;ﬂ: -
- .'__mmsm'ad for five chomses at each of seven chorus sizas @-8 males) “The |
- | measurements wm_-_;e mads using & % mﬂexible tape mem “’h‘ch allowed mm 0 a0t

&

S5

e
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. the nearest cm. At cach chorus size, tha ﬁva readmgs were taken from. d:ffemnt o -
) ~ choruses on different nights. A lmear regrcssmn and a onc-way analysis of vanance e
was pe:formed on the data. A Student - Newman ~ Kuels. test was performed to
- caleulate the mgmﬂcancc Tevels of the differences between the mean nearest neighbovr
o dxsmnces at each chorus szze. I—hstograms were drawn to show the ﬁ'equency of nearest o
neighbour dxstanccs at each chorus size. In order to determine the dlsmbutlon patterns - E
- of the chmuses, four tests were conducted: Clark and Evans’ (1954) tes:: Craag 8
S (1953) test; chi«squam test and Pielon's (1962) test, ) |

T]JIS expmmsnt was conducted ona caged population of maIes durmg November o

| 1986 Nearest ne:ghbour ;i:stances were measured (see above) for five chomses ateach

of three chorus sizes (3, 5 and 8 calling males). ‘The number of encounter calls and
physical mteracuons was counted in each chorus over a 30 mmute period. At eat:p

L .chorus slze, the five readings wam tiken from dxffemnt choruses on different mghrs o
Readmgs wers always taken between 21h00 and 22h00 1o avmd the. possxble effect of

time of mght, whmh has been shown 10 mﬂuence thc el cf aggressmn in Hypemlius | B
marmoratus (Dyson. 1989). R

Imﬂ.&!ﬂ

%emcanpenkSPLofthe z:pcallcomponentwas 95.1 dBat25cm(n=16 SD==

| o _zg(j) The -trill | cotmponent had a mean peak SPL of 941 dB at 25 ¢m (n 13 SD =
© . 3.01), Individual vasiation dn call SPL ‘was low for both call components, with the .
 largest individual rangs vof 1.0 dB. Vanab'my betwecn mdiv:duals was. alsn ow
o '(eoafﬁcfem of variation; 2p = 3.16%, n = 16; till = 3.33%, n = 13). There was no.
d:ffea'ence bemeen SPL mathngs takr.n from 0 ; 50 and 180 for either the zip or mn L
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compﬂnents ("fa“ﬁi.#*-g,‘—‘&.ﬁlus mdlcates that thc sc:und cnveIOpe aronnd tha male 13' '
\*{oughly sphéncal and mniform. ¢ ¥ | o

'Ihc mghtly ambient nmsa IeveI was found to vaxy consxﬂerably between mghts and o
ranged from 68.5 dB to 1175 dB (® =87 dB n =25 SD= 13‘6) Tt s, hﬁwever, e

o wlauvely intensc in companson wnh the A, dehcatus advemscment call. Thc A

: -delicatus call is pmdnced at a low intensity relauve to both. amblent nmsc and the
: _advemsament calls of sympamc speczes (see Passmore, 1981) o

.....
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o "I‘ha encountercall is produced ata h:gher mt\.nsuy than thg: zip- and mll component’ K . ] _
. of the advertisement-call (% = 1010 dB; 95.1 dB and 94.4 dB peak at 25 em -~
| zespecnvely) Analysis of variance showed a significant d:ffc_m_n_ce between the zip and - -
 encoumter call SPL (F = 34.3; DF num = 1; DF den = 10; P < 0.01), and botween the .~
* el and encounter call (F = 33.2; DF numerator = 1; DF denominator = 10; B <0.01),
_.":-Tha lower limit of the emphaszsed frequcncy range of the encounter call is 1.1 kiz -
- lowcr than. that of the: zxp and the call s, on average, double the length of the zxp (see o
B  Table 4.2 and Figure 4. 1) The encnunter call has been accumtely descnbcd ase more. o
. tapidly pnlsed and slightly longer version of the zxp component of the two-parr call 2t
R shghﬂy Iower ﬁ'equcncy (Tclford, 1932) |

___ssivéﬁint:érac'tidnsf- Vécéi’___and' Pﬁvsiﬂh -

.:\ . - C o . . ;.'-"

_ In the twelve mteractions observed from the uunal approach of the intruding male, o
it wasg always near neighbours that intetacted. The ni\trudmg utale was mthe:r calling mu.'. o

~close to the res:rdem: (n = 8) or was silent ’but wnhm 31) cra of. f;ua xesuienr Mm=4), The o
imruding male generally appreached the: Tesident and was alwayb within 15 cm of hima. .

. -befare the msidcnt emitted sncounter calls, In each of the 28 nbsemu mteracncns vocal..'

- '-aggmssmn pmceded phys:cal combat. Imtially the sneounter *a° 1§ of both males Ji-e

inaarted betwaen zip calls, Onno. occgsmn wera teili calls given hy mtller male-once |

o .anaaunter calis had beent” amitted. Afeer both mahs had emued encounter calls marq :

was an escalation of aggressive bgjhaviour with the males nn-nmg to face each other and -

* even laoking over the edgo of the call sitc loaf while calling directly at the other male .
© (n=9), Tt was ganmaﬂy the resident who uumd 1o the intruder to mxﬁate Ph)'ﬁlcal_ i
_eumhat(nu11),swmgum4zand43 i .‘ SR

' _r??..- o o
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" Call pararheters fo‘r-_A.'&-alicat_ujsen:ounber-';:all'axi&zip'cail,: o
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Bncovntcr cal!s are gwen by both males altemately. Only enoounte.r ca]ls s -

emmed thronghout the physical mteractmm “The ma]es grapplle grabbmg éach othcr
. thh theaz fore and hind limbs (see F:gum 4‘3) Males were observed klckmg,
: parncularly at the face of the opponem (n =18)i ‘One male is generally thslodgad from

" '_ the site; &nd unless he retums 1o continue the mtezacuon (n = 2), hqmmams where he |

Lands but emits encounter calls imregularly. Eventually the defeated and displaced male

* coases encounter calling and mmains silent for a long period (3 - 7 mm) before movmg |

5 . away or resuming normal calling, The successful male alsoevenmally ccam encounter
o calhng andremamssﬂent before resunﬁng normal calhng. o | |

o -

:ﬂj? ~

. \wv,y T

Res:dent males succceded in dmplacmg the mu*uder in 12 of tha 14 intemetions and .

| __rewned rhexr call sites. The mtcmcung males were ‘always found at least 40 cm apart o

| after a physwal mteract:on, and always furrher mmaved from uach other than before the
o mteraction. The aggmssm interactions lasted 2.5 mm (range 0 5~ 3.5 min) although o

physxcal comhat was gencrally bncf and lasted. 1.0 min (range = 05 2. 5 mm)



. TABLE43

o 'Néa_rés’t ne:ighboﬁr.diéﬁances (NND) at différent chorus sizes (CS).

o Cs

% NND (e

- 25
80
35

a0

88,2

6.7_.7' -

. 52.8

334
35.7
3y

a3

183

e .

29.8

26.0
249

18.9
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© MEAN NEAREST NEIGHBOUR DISTANCE {cm)
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CHORUS SIZE
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4y FIGURE44 Nearest neighbour distances at different chorus sizes (0 = S chornses at
. each chorus size). | - S
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| TABLE 14 -

Muli'ﬁplev-rang{. analysis (Student-Newman-Kuel) of d.l.fferences hetween mean o

nea#est nexghbour dxstances at d:ﬁerentchurus sizes.
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434 ﬁga_;gu _'§'_;' ﬂgig_hbog_bﬁ_ tances -

. An increase in the chiorus mzc led o2 decrease in the nearest nelghbnur dzstances. |
Ar =091 DE=6 P < 001) - see Table 43 and Figum 4.4, One way analysis of

' variance re.vealed sxgmﬁcan‘t differences between the means (F = 12.77; DF num =§;

.~ DF denom = 168; P <0.01). A Student—- Newman- {Cuels test revealed that there are
no significant differences jn spacing in chorus sizes df 5 6,7 and 8 bur that significant
differenices exist between chorus sizes of 2; 3 and 4 as well as betwesn each of these -

a8 chorus t.enmty icreases. The histograms also dapzct the vauabﬂ:ty i nearest

low chorus sizes and ali othaf chorus sizes (see Table 4.5). The histogram of nearest
ne1ghbour d:stances at each chorus size show tha!‘. males call mcreasmgly closer togcthcr

. inmghbgur distances (see Fxgure 4 5)

B 435 m Neigh

The ana.‘iysm of mala dmmbutmn pattems in A. del:catus mvealed conﬂ:cting

As thn charus size ‘increasm arri :ha naamst neighhour disﬁanccs decm&aed, the

' nnmhar of vocal m! physieal aggrossive imeractions. Increased. Thers wm ﬂo
_'._'Wmmmmatawmﬂﬂhmcaﬂﬁngmam (q.ee Tabln 45).

Y 1*

—=ee,
e

o results for each of the fm:r mcthods employed to detmmme them. A nnncal exatnination . -
- of the meti:ods was undmaken and is mcludad m Appendix 1 (pp 16‘7) |



'I‘ABLE 45

Frequency of vocal and physwal aggﬁﬁsswe mteractmns (FAI) over & 30 min penoc.

for three chorus sizes (CS) ]
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. 44 DISCUSSION -
_ 4.4.1 -g‘ ene'r'al' |

_ Afnxnlus dehcatus displays prolnnged breedmg behaviour where the male attracts
females 10 his calling site using vocalisation (see Wells, 1977b). A male’s reproductive
o suwess pmbably depends on hig ability to attract females (Arak, 1983a; ’Wells 19770)
: -and there would be strong selective pressure on the male to be heard and easily Jooated
| by fernalés. Afrixalus dehcatus dxsplays spacing behaviour characteristic of many other -
anurans (Arak, 1983&, Bunnel, 1973, Fellers, 19798 Robertson, 1984; Wells, 1977
and Others) Chomsmg groups are found within the natnral bmedmg ared and
“interactions between males ganerally centrs around tha defence of call sites. and' |
o “mtern:sle spac:ng : | |

i this spbcie's.' Oh._ i‘;iﬁian' dm::s 7ot oceur at the call site and there is no resource

 defenco. by males.  Thus intermale spacmg is due to the maintenance of an individual

_ dlstance rather than tzmtonalxty (sec Grook, 1973 Telford, 1982 Wclls. 1977b;
 Whithey and Krebs, 1975a) :

'I‘!i:a aﬁvotﬂsement eall of thm spacms is pmduce.d ata relanvcly low intansily when- -

compmd io symp-mi:: anuran specins (5068 Passmom, 1981; Telford, 1982) and to the
- levels of background noise. Inmspaciﬁc vaﬁmion in advertisernent call Intensity has
| besn rcpamd in somerous species (saa Telford, 1982), but was negligible in A,
delicatm Atthongh it is possible for males to _,ndgo the distance 10 fear neighbom _
- using the immshy of the advertiscmantcaﬂ (Gerhardt, 1975), it is thfﬁcult to determing
 whother larger malos defend larger individual distances based on their increased call

o _'inwnsity Vmation in the bahaviowal threshold that ehcats aggression, chorus dmsity' "
R 'andtﬁaoofnightaumﬂnenwmstndghbm distances (Dyson, 1989; Telf‘-s;d, 1985)

and may obscurs the small offact that intensity differenaos may have, p&’ﬁculaﬂy in this '
| specms where vasiation in intensity is low. |

| -&?



© Ths call directivity partern of & male, could be an important factor in both'ferﬁalé o

| attractian and intennale spacmg Passmore (1981) suggeswd that the nature of the

. duecuwtypanm may explain reported observations of females bypassmg males while -
_spparently mspomhng to a certain individual only. It wouid, sunﬂarly, be. mportant to

_ fletmmme the distances separatmg celling males If the call intensity bchmd a male was
.~ Tower than that in front of hun, neighbours could sprce at shorter dlstances i, for
examp]c, they wers facing sway from each othm-. ‘The circulgr sound envelope found in -
Aﬁ del:catus precludcs thls cft‘ect. -

- *_4.4.3 m i gmm of_ s_gacing

. Spatial separatlon botween calhng males 1s pmsumably mamtamed through the three

’ 'Ievel sysnemmportedm many other species (Bunnel, 1973; Fellers, 19792; Robertson,

.. 1984; Wells and Schwartz, 1984 and others). 'The zip component of the two-part call
'ptesumably funcuons in the mmal se:paranon of ca]]ing males (pp 39 A1), The :

. encounter call is similar to the zip but is produced at 3 hzgheu- intensity. 'I‘his may -

enhance its andibility over the background of lp calls. It is possible that the encounter
- call ovolved from the zip (Telford, 1982). - The ancountu call is emitted dming R

© uggressive inweractions and together with physical combat, or the direat of comb, |
Wmaimaina g:e spatial sapmnon betwaen c.a]lmg males. Vi 1 aggms
 physical combat in mismdm&nyotharspeciw (Arak, 198311, B

1968 Telford, 1982; Wells, 1981). Vocal agmﬁw inforactions ate mors common
than physical combat sincs the encounter call is cifu;: sufficiont to chase away the -
' ftroding mals. The form of combat i A, delicatos is similar o thet found I other |
spocies (Bunnel, 1973; Fellers, 1979%; Tlford, 1982 and waa;./am) and juvolves

| wresﬂing,kishngaudmshﬂng al:huughnowuundingmahmw&d(asr@mby -
_Lutzilﬁﬁ@)huylal. Physlcaicombmmmhem}mmminthemt

| L 'mpré*wnmﬂaarmmsﬁmneﬂlmgnmby

; Despiﬁe ceasaﬂmhle docmnantation of social spac g hehaviuur in aamran choruscs, '
: _Jwyhtﬁaaumﬁon hashaenpaid tothap&ssible efic :
- patterns (Telford, 1985). Rellers {1979a) found a tesid

&2
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 closer to one another ag density increases; His analysis shows that spacing changed
£rom umiform to :random at hlBh dcnsm:s "Telford, Dyson and Passmmn { in press) also

~ found that spacmg breaks down as an effect of the bmhkdown of chorus orgapisatdon .

at high densities. They concluded thaw: "Spacing can only be mintained in socially

~ organised chorses whero individuals are capable of ltemating their calls ith one

" another, Through the mamtcnance of opt:mal spacing, males increase their probahﬂlty _
- of atn'acﬁng & mate bt a3 dbnsny mceases. ‘thoras orgmusauon is aﬂ‘qg:ted and. spacmg B
s &mpted” It is pred:ctabll: that spamng would break down a lngh densities if one

cunaiﬂm the funetion of the ad\remsemcmt call in this process, B:shop s (in prep. )' B
L _evidance that call alternation functions to allow Hyperolius mamorﬂi? Swngles 10

_ esﬁmate the pmxlmny of near nexghbours using the relauve call sounei przi,sum Iavels

- suggests that when call alternation is possible, males may mamtam uniform spacing,
. As slcnsny increases and call alternation is no longer poss;‘ble. near nelghhour $ calls no

onget p:ovxde awmdmanon of c'hstance, and spacmg wuuld br.come mndom. 3

: In A. delicatm the neamst ne;ghbaur dxstancc decreases w:th mcreaamg choms :
| dms:t? Unhlee Dyson (1986) and Fellers (1979a), I found that the distances deereasa’

- onlyupioa puint, and thit males then defend an mdwidual distance of apprommatcly -

30~ 35 om. At low shorus sizos (2 - 4 males), males &o spiced maximally and very,

o m ﬂmmw Interactions ooeued batween dhom. At higher chotus sizes (from 5 - 5
) 8 mmmmm mmquked mma.hmain 3 prﬁfcmd nnnimm individuad

i Elmmw afmmnrmomm&eswm mmalymm Pound only on

_ %hatauac_hms e ofeigm males, 5o more males. wmammndmdin the chums_
mdaﬂﬁ&mﬂmﬂssmi&h&k&dmcalﬁn«g Dyson (1986 andp«rs. nmnm)ﬁcun&
at addigione mdited m&uchmafﬁypermmmm sud

/"‘*4..

" “The snalysis of malo distbution paterns in A, delloatus us woll as & coiteal

=y

. o :__..__. ! : /} ..: . .. _. @ |

é aggrussive hnmcnans im mquired “’:' |

 dpsssportive of the samber of raales Plﬂml in the eage), Tt is proposed o

Rcing a et ""-.!'-5"”'“ hy@kg g{gwn ﬁﬂm ﬂm ghm m’bm a h@ ﬂwshy L |
¢ Thsmpmafmﬁmin thesetwnspamas mnh@gy}y o



) _.ﬁxannnatmn of thr:. methous eniployﬁﬂ' is mcluded in ﬁppendu: 1 (PP 1573 D“" o the .
- uncertainty of the methodsforanalyzung d;su-ibuuonpattem& conclusmnsmg&ring such o

: patfems wﬂl not bc made here.

. ‘I'he s;:acing ‘:ehavmur exhlb:ted by A. delwatus may reﬂect the abﬂity of males to v
' reduce the nvudber of potential competitors (see Fellers, 1979a; Wells, 19776 under

~ conditions of hmlted area. Under namral breedmg conditions, space is wot lingiting and |

" additional males wouidbcaccommodawdonthepenmcmofthe chorus. 'Ihahmuatlon_. SRR
" of competition may be an effect of the mamtenance of spacing under cortain ndfural - . -

- “conditions (&g, at a small breedmg pond, where space is Timiting). Wells (197?b)' .
'pmpased that the mamtananee of spacmg would reduce compeuuon, evan under

cond:ﬂons ofunlu:tmcd 5paca smce newiy amved males would have to search for calling

sitesat sudtable distances from other calling males, and in 5o doing, would logs valuable

o .mate attracnon ume 'I‘k'e extent 1o which this. would aﬁ*e.ct 8 residem malc 55_{‘:, L

B mpmductive succass is quesnonable

-

o Tha prabab!e fw’mﬁm ﬁf spacing lies in tha inmasad mah ?epmducxive &u;:cass' R
gainad shrough: (1), the decmases of acoustic interforence between acar naighhnm I
(Whithey and Kvsbe, 19752), which msults i an incroase dn & -smale’s locarability and
sion of a vlear puthwey for famale
¢ (Whitnoy end Keabs, 1975a), which oveas nﬁshbwrlng mslos fm* _f; |

_the tﬁsﬁacﬁwmss ni’his sail, and (.2) the provisic

Mﬁns prontiog e, ©

m:a (mz, msppmlm that spamag evoived a8 msun of the nm{ S

mmisasﬂmﬁwuﬂvmmmal@smmimhdngammmi ” | dismﬁ: _

.Q :
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" closer dzstancas up to the puint whem the advantage of bemg spaually separat.,'
 ‘matched by the disadvantage of spendmg increased time in aggressive interactions
| (Telford., 1982; 1985}, Dyson (1986) found that adct?mnal males were accommodated
in H. marmoratus choruses since no minimum individual dlstance was maintained, thus
_ there may be a compromlse. However, in A del:catus, the advantage of bemg spaually'
'scparnted outwelghs the d.sadvantage of spendmg increased time in aggresswa bel’lavmur
;'at il charus s;zes. and 1o compromise is mad&
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L9

. )

o o
. o
@ . . . . R
. L. T
. o .
- R Ry
& o .
. L]



~ 51INTRODUCTION
s'.m Gepersl

Tha dlffcrences in matmg systems uf anuran speczes are largely due 10 dlﬁ“erences

o m ecology, physiology and dosinl behavionr, The mating system of a spccles generally o

. reflects aspecty of its cvolunonmy and datural hxstory Within spemes, there is often
 considerable ﬂembﬂzty in the ‘mating system, abd the extent to which a spemcs can be

- saidwhaves "typlcal mating system" is questionable (Arak, 1983a)

lemaie mpmductwe straﬁegy can bc vzewcd asa consequanca of the way in whmh '
mdiwiuals mmct in responss 1o various soczal and ecological pmssures (Arak, 1983%).

- .:.  Autecology provides a framework for the evolution of reproductive strategies (Saltheand
: Machan, 19?4}, but the role played by socml mtqmcﬁons is a profound one. In order

to fornmlate an m&ﬁlviwaftha mating syswm ufa.spocms onemus;necassaﬁly_,- :
oa;amina Indivicual aspects of behaviour. Tha purpnsn of this chapter ig to reveal the .

‘collective behavim of malns in response to some aspr,cts of e¢ological and soc:al __

| 'pmsam:as, namely: cliwatie factors, cal] sites, :ﬁm‘buﬁon at the natural hreedmg arce, -

o jiﬁaumﬁdw]w, andalmms mgmﬂsaﬁnn.

| "“r' ' .
 Climatlc facrors raay dictate tho soasonsl availability of broeding sites and may,

o



" therefore, affect the breeding behaviour of an anuran species (Telford, 1982). Many

early studics of amiran ecology have demonstrated that calling sotivity is influenced by

weather (Bowker and Bowker, 1972; * Schaeider, 1977; van Gelder and Hoedmaskers,
1971), and sainfall appears to exert the greatest influence. Telford (1982) found that the
- Jevel of breeding actmty of 13 sympatric anurans decreascd as the number of days since
_fhe Tast rmnfall increased. Furthermore, air as well as water femperature havc been

' ~ shown to be mpnrtant variables mﬂuencmg breedmg actwlty “Telford (1982) found that
the air tempesature had no sxgmﬁcant sffect on individual species cailmg acnmy above .

16 C, although the level of activity was greatly reduced below 16 C. Schnelder (1977) o
o snmilarly found that Europcan hylids did not call unless the gir temperatum exceeded a

| Tower linait, but calling behaviour did not ccm-elate with ambie ot temperature above this _
- threshold. There is very little documcntatmn on the effect of hum:dlty on mghtly calhng o

actwuy, nut humdxty could percewably mﬂuence male behavmur :
The effact of tempmmre. ramfazl and huzmdaty on ﬂm level of calhng acnvny was o
> mvesugated in A, delicatus. The puzpom of this work was to re.veal the extent L o

o climatit variables detennme the Jevel of calling acuv:ty and hence the avmlabihty ofthe E
. panasa su1table breedmg arez ona mghtly basis, co

e 5‘1.3 Can Sites and Caﬂ Site. Fide]i o

Anurans with prolonged brosding seasons generally call from stafionry positions

| around or near the breeding pool (Arak, 1983a) Some species call from & wide range

) " of sites, eg " Hyperolius argus, while others snlect parﬁcular sites, L Lo Leptopehs -

natalensis (Telford, 1982), Subrle variations of habitat suitabﬂigy within chorus Jocations

_may makve soms calling sites bexter than others for attracting femalas (Arak 1983a) For :
mstanca. Fellors (1979b) rcported that males of Hyla versicnlor that occupiadcertain-

- perches had an advantage n atiracting mates. These perchies were horizontal and o

smrounded by relatively litde vegetation, thus c:reatmg lcss nxtznuauon of the
'adwﬂsmnem call, Greer and Wells (1980) reported a similar increase in ath'acuvness
i male- Cenﬂ-olmella ﬂmschmanni where males with call sites over 0.6 m aBove
ground level obtamed more rtes than those on lower sites o

13 N
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In those temtonal spccxes whe;ce ca]l site ig also uszd 94 an owposmon site, there-

o '-wﬂl obvmusly be suong seiectmn on the males. m pcssess an opm:nal site with respact R
B ¢ hoth 1t§ sul_tablhty ay an- _ou_pomuqn sne_an_d to 1tﬁ sou;nd_pmpagauon p_roperues

Can sne fidelity has been reported in numerous anuran specxes and is usually

explairled in terms of territorial defence (Emlen, 1968; Mc Vey et al., 19815 Schneider, |
i 1977). Me Vey et #l. (1981) suggested tha: call site figelity may have arisen as a "
. 'cansequenca of site fa:mhanty conmbunng to predntor avoidance or food gatheﬁng o
o efﬁmency in non~*amtoml species, Talford (1982) suggested tnat if non—temtunal ”
' males renurned tﬁ the same cail sites, they would not waste time and mcrgy on locaang o
suitable sites each mzht "He also pmdlcted that selection pressums causmg call site
| ﬁdehty would be morc mﬁense in h1gh d‘ensuty pOpulanons : -

A prelmnnary mvesuganon of the selecuon of call sites and the level of call site _'

- fidelity was undertaken for A, dellcatus I attempt 1o answer the following qubsuons* _' o
 Are particular call sites chosen, and if so, what are their characrensncs? Is call site

fidehty d:spla.yed and if so, at what Icvel?

- 5.1.4 Chom _§diétﬁbliﬁén :

Pmlonged brc:edmg maIe murans genem]ly vocahse in choruses, and, it 13 beheved '

" that the more intense sound source of a chorus 1~ facilitate casy localisaion of the
L hreedmg area by. fomales CWalls, 1977h3, Howeve?, chorusmg may have the effect of
S decreasing t}w\“;onspicuousness of individual maies s:gnals A compromise between tl1c_"
. twa alternatives could be achieved if melos formed small-groups within the chorus, The
advantages of chnrusmg wmﬂd then prssumably te mnimainad, wpﬂc the signals of
individuals retain their conspxcuousness becauss call overlap x‘:ould be avoided, either -

actively or by J:hanca.szthm 2 small group, (;aJJ, ovarlap may. be avmded if the

'pamcipaﬁag males acﬁwly place thuir calts bctwuan the calls of other male&

_ Q

The o:mmal gmnp size. for the avmdance of call m'erlap would. be fumtcd by the

. | call duratxcm aud. ropeunon rate ('Brush and Narins. 1989) In Emuthemdactylus mqui S



oy .

| the optxmat group s:ze of 3 4 males would prubably allow thc mamtenance of toml" .
| acoust:c avmuance (Brush and Nanns, 1989).

a1

- Three. thconcs have recently been proposed to explaln hnw and why malcs form_ -

. ""-j;;raups or clusters w:thm a chums-

' 1) Epg,a;g grefe;gnce model (Bradbury, 19&1)

"Males gain no mtrmsic advantage from spatial ciustcnng, but clustered males arc_
o favoured by females since it allows a female to co'npam mate quahty

2 Ll_qgl\gg,mm (Bradbury and beson. 1983} _ o
o Male. clufering § is produced by the sequanhal setﬁement of males onto sites orpathwnys L

preferentially used by fomales, This implies that some sites are preferential in terms of
 their mats attraction patential. Newly arriving males can exther cluster at suitable sites, o

or settle sohtanly at sifes wherc access 1o fcmalns zs reduced a.lthough exclusive. o

 3) Eg;s_li,gt_m_m; (Beshler ami Forester, 19;3&) | - |
~ This model was formulated due 1o the authors’ behef that the. prexrmusly pmpnscd_
. models were mad;:quatc to explain much of the variation in wale clustermg systems,
wers maccesszble 10 empirical testing; and were over-emphasising the role of female_ '
- choice. The Hotshm: ruodel hlghhghts the importance of mals dominance interactions
~ and downplays the the importance of female choice based on male phenotype. The
- model clauns that, certain males, becavse of behavioural andlor morphological attributes,
ars extremely successful in attracting mates: Cither, less successful males, cluster around _
thcse "hntshots" and 50 obtaina greater pmbabilzty of mating thnn they would have were |

they to. have dlsplnyed alonc |

o mucgl extmiriation of the thme appmaches, itis relqnvely easy to ehminate the_
‘J "‘leazi ‘mmnce Model since it proposed that female choice is the driving force. The
axlstence of femala chmce needs to be imfutably demnns:ratad befors tth model |

“becomes a visble . proposition, The Hotspot Model i conce:wably plausible aad would

b perdculagy appliceble o speciesin which females retun t ther "usual” mating site

s



when speking & now par&ser (which could possibly be the case in A. delicatus, since ©

- polyandmus females -ses p.. 142~ may mtum to the sams ares oft subsequent nlghts)

The flaw of the Hotspot Model lies #tot in its logical w‘tdlty, but in its inaccessiblity |
o empmcal testing .do clusters form arownd hotspots or are hotspots formaed in the

" clusters? The Hotshot Model is an atractive altcmauve but its app.:cablity to mdiwdual

v

5,15 Chorus Qrem

' anuran spames must bc. exammed.

1 conducted #h mvcsugatmn into the d:sn-ibunon of males witlun a natnral choms .
in order to determine whether males form. d:stmct patches. and if o0, what the_'_ i

chamcmstics of these patches were,

© ‘The most ”'cbmmmy reported form of temporal chorus  organisation is the
|  avoldancé of call overlap with the calle of neighbounng miales (sce Wells, 1977a for . - N
o review). It is evident that call aJtcmanon is 2 form of social mteracnon in many species
(Awbmy. 1978). It is generally viewed as a means of decreasing aconstic interfersnce **
- and $0 mmmishlg a male’s signal afﬁczcncy (Wells, 1977x). Passmore and ’i‘elford' - |

{_19_8 1) equrimntall;_r demonstiated that the temporal separation of_ca;!ls did not _enhanca
their locatability in Hyperokius marmoratus, They proposed that call altenation may

s be smportant in the spadal dxstdbunou of males rather than in the ability of fuma}es 10.
- Tocats malles. This was verified by Bishop (in prep) who has shown that,%n H. °
_mamﬁmtus, call alternation nllows maleg to esﬁmata the proximity of near neighbours.

A mmale. cannot yercem the ealls of 8 netghbburing male durirg his own cgll emission. _

' ‘Thos it is only' by sutiphonal calling that males can hear their neighbours, He has also

~ shown that call altornation Js probably not due to social interaction. Cha@ alone may
- be sufficient to pmvent conﬁnuad call Ovm'lap Soeial inferactions may be basod on the
soundpmssmlavelsuf&mcaﬂsmhwthmonthammpnrﬂfwmm& e

A prolmﬂnmy exmninaﬁun ofchorus argunisaﬂon wag undertakm in A. de!im’msin -

: ordertozwhethermaleshaﬁmaaﬁmmmapmﬁwofneighbm nﬂ.nﬂ‘ L

wbether call tnggmng occumd. ancl whethar ca!l almaﬂm wag g wgular bccun'ence



52 METHODS

Szlmmmmﬁ |

The ntimber of callmg males present at Mavungwem Par was counted over 27 ;
'Succesmve nights during October and November 1988. Counts were made between
20000 and 21430 to prevent the possible bias of time of night which has been eported

to influence. tha calling activity in a sympatric species (Dyson, 1986). The relauvely low

o - population s:z:e of the species allnwed for an accurate count to be taken, by follnwmg
- aset route through the vegetauon each mght :

E Nightly_ ambient 'terﬁpai'ann'es were taken at 21h00 using a Bat-12 Bailay.mst_ﬁments- |
digital thermometer. Humidity veadings were taken nightly using a  Batigo

aE mhymm The occmém of mnfall was noted over tl_le.enﬁrc 27 day period.

Speannan $ Correlanoxl analyses were pm‘formed on the data and tha sigmficam.e .

-Ievels of thc comlaﬁnns were calculate&

'_ 522 M Sl Site Fidel

. As a pmHmlnary mvasﬁgaﬁon, 28 ca]lmg males wem stadied at Mataﬁcie pan' B
 during Decomber 1983 and Janusry 1984, The call sites used by these males were -
examined nsing:hefulmwmgpmmem theplmtspouies usedasacall site; the height o

_' . of the call site abovu water level the position uf the call site ralatwé, te open watsr and
the occumrence of vegetatmn amand the call site - From these: d&ta it was found that the

call sites were highly speciﬁc and & siore compmhsnsive stucly was :l;arefore undnrtakeff o

inthe cage ‘during Jauua:y and Febmnry 1985,

Eis

Hﬁymgplam‘spmv%diagcaliait@swmpmmnnthecage Thasecmﬁedzsl

. leaves of smrying shapos and sizes which providnd a wide rasige of potential call sim. o

| “The following measurements werc taken (to-the nearest mum) for oach Jeaf: Widthat
”._wzdest point; lnngth from sm t0 8pex and the height sbove water Iove! Calling )

.0_



males were cnliecmd ﬁ-om Matatiele pan-and transported 1o the cagc Once a stable
~ chiorus was established (usuany after two nights), the call sites of 41 males were sudied
- over 10 nights. 'I'he Jeaves used a¢ call sites were mcasuwd using the parameters lsted

: abova A t—tcst for the dtfferenca bemcen the two samyle means ms conducwd on thc
data for each leaf pnmneter ' '

(]

R order to investigate call site fidelity, calling males wers colleated from thc.'
natural breeding arens and branded with distinguishing marks of their hind imbs before
being placed in the cage. The call sies of the branded males were noted for five

successive nights follawmg their relsase by dmwmg the brand-mask of the male on the

- underside of the Izaf used a8 a call sits. The malss were considered. to be dmplaymg
. call sitefidelity if the sites used on different nights s no more than 15 em apart. Tt -
~ 'was ofiep postible % identify branded meles without catching or disturbing them
- althuugh it WaS DECessary to catch a few of the males for xdenuficgv‘a" ,.—~ ‘“*L‘a; of £3

| oalss was nbscrved. This wetk was canducted over tho 1984{85;’ S %8!89
- hracding seasons. o S Yo
The chorus of cantug malus presentcad Mavungweni Pan wag examinad cvcr 19

ivo night duving Octobor and Novommber 1985. Tho chorus was fond to by
- divlsib&imadismtmscfmﬂns (pmches} Thummh&rufmalca;msenﬁnmhn '

- p&&hmnn%dm&ﬁmnmmnﬁgi@mﬁhmmnd%mchpmﬁmmm
(ave pp. 51 o mothods) . The distanice to the nearest patch was measured using a 3m

| -:Mm%%mﬁmﬁmmh%nmhmmmﬁmﬁ‘ -
night. The paich fidality was maminadbymordingthupomﬂmnfaﬂpmheswant'
on eack of the 191:1;11&#,8:1& “paich fidelity” was saidmnccmifamoup of males

h 'mup&dmmmawamofmmmamﬂmnigmaﬁﬂmm

ol &mmmmﬁmamd% mr

 sach mta in@idarw

1:& imam-mls interactions {inthafmn of voeal and
C | B

o i P T S —. .
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. .physical mi:?:racnons) occu:rred axclus:vely within a patch or whether nhoms group o

mcmbers mterax:ted with males from adjacent patches

Rea;ﬁngs wero taken nighﬂy between 20h00 and 21400, Arbient tmperatures |
ranged from 16. 9C - 23 4C ®= 19. 5C), and the ralauve humidlty ranged from 43.88%

E & =T1%),

Pearsonn’s” Correlation coefﬁnwnts, as mll as the sipnificance levels of the' ;

correlations, wcrc caleulased for the folluwmg data: :
1) the totst number of males present at the pau and the numb@r of patches prescnt;
2) the total nuraber of males present at the pan and the &Fstance to the nearest

. neighbouring patch;

. 3 the. nurber of males within & patch and th,e ean nearest neighbour dmtance mthm o
that patch | e | :
4y the mea nearest nelghbour distance wuhm a pmh and the dlstﬁm:c to the neamst . '
:nczghboumxg patch R : S
. B 5y the total numbcr of males at the pan and the mean nea;rest nc:ghhcaur distancc for -
" each night. | .
A t-tost was conducted on the dm for iwr’

- 1) the number of males wuhin patchas that cuntained new nests and pawhes m L

comains:l 10 18w nests; .

- '9) the nunber of ma}es within patchfes l;hat displayed patch site ﬁdelity and pmhes tha:t'_ :

did no* ﬁnplay ﬁdelity.

Apprmdmmly 130 sound momﬂings of chorusas conmining 2 14 ‘iiales wm". "

'm&a during the 1984/1985 and 1985/1986 breodlog seasons using a Sony ((C-1835D

| --mperemxdormdmAﬂas&aelcc&etcoudmarnﬁmphnna. From those, 15 wore

randorly salected and anlysed on a Uniscan II sonnd spectnmm analyser within the 0

| '-10kHzra~nge mmmnmmamwmmmdﬁxwmmcansum e |

'79'_ ”



[sepsirarély for wills (n = 25) and zps (0 = 17)]. The possible existence of call

trngerlng and 'calf}laltei-nation were examined by messuring the *'delajr-paidd“' between

- __the calls of two ne:ghbounng malcs (sce Figure 5.1). A single typical sonogmm of the |
o zlp calls nf two ne:ghbounng males was made ona Uniscan H smmd spsctmm anaiyser

@
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Figm'a 5 1 Tha measurerent of "ilelay penuds" betwsen tha catls nf two neighbowdng
males. (a= "ﬁelay period" for maie A b= "delay pmiod" for maie B)
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534 g_m ic Factors
Over the 27 nightpenod A mean ot‘74males ca]ledan each mght (range 0 - 25;
8D =7.6; 0 = 27 nights). Rain fell on seven occas:ons with 2 ma:umum of six days

'-”_betweenrainfans o = Sdays,n 6.

’I‘here was no s:gmﬁcant correlauon bemeen tha number of callmg males present

. and air feraperatire (r = 0.316; P > 0,05 n = 27). There was also 1o sigm.ﬁcant' -

| '-_corre!aunn between the number of callmg males and the relative hurmd1ty (r=028P
> 0.05 n = . 27). 'Ihere was 3 mgmﬂcant negatwe correlation between the numbcr of
ca]]mg males and the number ofdays smce the la.st Tain {r = -0 55; P <001* n= 27) o

 Calling occuts on jt_'lw_”'le:am*azz of the plant_vspgciés. Poly_gonnm pulchrum and -

- Ludwegia stolonifers, The leaves of these plants are also used a5 oviposition sites

- {pp151). Of the 28 natural eall sites examined at Matatiele pan, 20 Were on the leavea _
of Ludwegla stolonifera and ¢ight on Polygonum pulchruin. (Since. Ludwegia is
appmmmawt ~twics 48 common as Po!ygomm at this pan, there saems to be po
: prmm-.ce for either plant species) The height of the call sites above water levi)

'rmgadfrom&icmwiﬂ.ﬂ em. (x=21 5 om; n = 28), Thecalisms wemallm the_'___ S
sulittoral zons of the pan or in patches of low eulittoral zone vegetation surounded by

resd clumps aﬂd other taller vegetanon Small chorusing groups werc distributed around
the pan.

Males sclecwd parucular !eaves as call sites, and the pmfmnce was for the shorter,

~ wider loaves of the population, Thadiﬁmmcahtleafwidthbetweanthepnpulanon md
_the sampls means (x = 1.63 cm, 0 = 251 x = 2&1 cm, n = 41 raspectively) was

signiﬁcant (t=481 DF=40; P= ) 0001) Similarly, the differencs in leaf length
bctweenthemulaﬁunandsamplemaans(x=911cm,n==251 xssll.naﬂ '

82



respacﬁvely} was mgmﬁcant = 2,08 DF = 40' P < 001) For each lcaf, thc mdth'
was mulnphed by the length to give a leaf area index. A t-test on Ieaf areas revealed' _
a sxgmﬁcant_dlfferencg b¢tw_een the populanon gnd the sa_mple mg:a_ns {X = 16.23_cm AR

B = 25%; £ = 13.9 e, 0 = 41 respectively; t = 3.03; DF = 40; P <0.01) which

' indxcatas a prcfetﬁnce for smaner feaf area, The hmght of the leaf above water }evcl did - |
__not s:gmﬁcanﬂy influence the selection of call site (popiﬂatmn' X 18,90 cm n=23l;

'_.samplex 2‘1500m,n=41 t=057 DE = 40~ P>01)

A’Ithc;mgh the 1'eaves selected by males s call sites and those selected by females as
.owposmon sites (p. 151) were the shorter, wider leaves in the population, A comparifon

- betwsen call gjts and cmposmon site Jeaves mvcaled mgmﬁcant differsuces between leaf

0 2}

_ Ineted that not all males obserVed over a f’ve night penad called onjtach mght (see N
-.Tabie 5. 1) Of the 40 observed males, 14 dlsplayed no call site fidel and called at -
N dlfferent call sites on each night spent calilmg, ten msplaycd totel fidelity and nine
-;-.dxsplayed mcomplete ﬁdelity Males dxsplayed 2 mean Jevel of 50 % call sxta ﬁdehty

I_(see Tabie 5 1)

L

q

'wxdmraass D§=95 P<0001)butnotleaflength(t~057 DF= 95, r>_.7-'
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533 Chorus Distribution

R Males fof&z'distiﬁdt'patcﬁcs within the breeding area. There was a _mean of 79

m"‘ 5 at t.he pan per mght (mge = 0 25, n = 19 nights), and a mean of 2.9'.§at¢hes_' S

_. permght (range =0 - & w = 19). Fach patch contained 1 - § calling males € =275

" = 57). The mean rieaest nmghbotir distance within patches was 41.5 cm (= 137) and

the mean distance separating patches was 2.33 m (n = 51). |
o

B

| The m:mber of patches present was cmrela:ed with the sotal number of males

: | 'present at the pan (r = (. 89 P <0.0Lm *'15) Theu*e was a’iso ) posmve correlauon

between the mean nearast nmshbc«ur distance: and the dzstancc to the nmmst pmh (i‘ -

= 0 3P <: 0 OS n = 39) No sigmf’ cant cc:m:lanons Wera found hmn

'1) fheﬂmﬁﬂﬁfﬂiﬂhﬂ Pﬁ‘&smin lhepawhaudﬁwﬁissmww me mpawh (m'_'_:'

-021,P>0.0§'nmﬂ$)

o 3 2) the mean nemadghbomd!mmwiﬂ:mammhmd the nnmbar afmasmm] e

Pﬁtﬁlff”" :Pha@ﬁin "43) ] . . : .
' .-'3}maWnumhmafmlcspmwtmﬁaupmemhn@mm them&mawgat
w@bwdtmmﬁ:mﬂpmhasonthat n&gh:(r @1‘7 P:-fQ-Uﬁ.nals)

. . . G )
B T N

* Patcies o which soos oveusred ad sigrifcantly mmaies ﬂm

i

_".:_ﬁ&xmmm&(tamruzmnmn»m mwgﬁ-‘wﬁcm_- '

\_ mmwmwemwdmﬂ%mmemmm?ﬁdeﬁtym

- mmm and patchbs in which no ﬂdelity was nored (t =0.69; P> 0 05‘ =20 32

| '85-_ )
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Iﬁ ‘h? maidl‘ity of éascs Y 5.%5, ﬁe#té IWére '?réée’m in p.atchas that disméye'd :ﬁdeiit‘}' .

: In 23% of parches. 1o nests were found al:hough patch ﬁdality had been d;splayed, and :

in 2% of patchcs, thm were old nesl: sites a!though malea had 1ot exhibited Patch A
fidelity. o S -

On nc occaszo:: {n =19 mghts, 14 hours of observatmn), was 2 male observed '_
- :nteracnng wnh maIes from anuther paxch No vocal or physxcal aggmsswn occmed o
- hetWecn patches and tha dismnce separanng patches was presumably large enough 1o
“ -__prevent call mte:fercnca (e g cnll overlap) betwaen males from ne1ghbounng patches.
A rﬂatms_ly large m__:mher of aggre_ssms .mtgrac_:uons occarred between males within a

 single patch (n = 51),

534 Chorus Organisstion

.9-‘;

Thm is ﬁo ﬁxad call rabe- in. thm spccms. The mtercall mtcrval vanes berwaen : _
succn:saiva nalls fon both mps ami mlls (saa Table 5.2). 'l‘he zip ca]]s afnear nmghbours o : _ .
. Were faumd 0 almnme for a pemcd ofﬁme but then to bo emitted closer and closer .
et the call overlapped before Agan approacing altomarion (see Figure 52), This
patern was irogaler and varlable according to_the variation of tho paxﬁcipaﬂng'_ -
 individuals’ call ratos. Thoro was 1o obmus call tiggering of xips and the dalay_ R
penods batween zips af wsighbummg males were vm'},ablc 'I‘nlllng occun'ed in bouts - .
n hetweenlongper'qu when o tr'lling occuried. Trilling seemedminiﬁamtﬂling b
- aﬂmrmalesakhoughmcaﬂmggeﬂngmthsatdelaypmdswasnotfound The trml-". =

L c:alls gf na&g!;bmu'lng males wera found m nveriap in 26 of the 48 nases analysed. In

o



g the rem’mmng 22 caéc:s there was & vanable mterca]l mtcwal but in 21 of thesc cases the

|  calls followed each other very closely (sae. Table 5 3)

) .
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Flgureﬁ.z Wide bmd(ﬁmliz ﬁhm}mgmmofzip calls u&‘two ndghbounng
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 Intercall iritervals between successive callsof individualmales (n = 20). =

Malenumber I Intereallmtervals(s)
o mp man

1 3
S r2 . 248
04 80
19 231
L5 22
08 80
e 18 S 159 -
B & -
. 8F -, 88T
S w o sl . 120
- N . Y
wo 48 180
18 o7 - ° 88
19 B4 B8
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TABLE53 o

: lnta::.all mterva,ls between the calls of twa ne1ghbounng males (n = 17 for zlps, 48 R

I- . tnlls)

Con, o wr e -mEe .

W . 8A. (B oeas)

. o gZips - S s
Male ~ = x ~  (ramge) = Male = x

98 49178 126 Oor<0
178 (18.0.222) . 27-46 <03 @,
635  (160-222) - 47-48 289%
.80 (87T8.80.0) 0 T o
L 488 (244-844)
670 ' (44.4.88.8)
U128 (111-143)
o -188 (87 -88.8)
S 120 @s e e
A0 0107 @aeasm o e

- N I S RS

1wy @e-l8®
w84 -{4'3 &5),_ U
s _sa._l' ©o(124-429) (.

BT AR E B 78
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5.4 DISCUSSION

541 Geeal

'I‘;h_é: mating strategy e‘nip_loypd by malcs of any anuran species would necessarilty

roflect the phyqiolo'gy a0d ecology of the species, Social factors may also be expected
- : | to play 4 pmfound role, Tt is not smpnsmg that manng strategies show 2 h:gh }evel of

ﬂex:bﬂny Both between and within spec:es “This chaptm* reveals the extent to which -

_ seIected ecological, physmlogical aml social factors mﬂuenoc the male maung strawgy :

in A. delimtus. _'

it m%pm &m maay ﬁ'og specms are ca;;\able ofdetecﬁng climatic changes, and that

_-_mﬁm fufiueuse the evel nfoalﬂngmﬁvity . tlelicatns. climatic varisbles
sy iftoenoe the engih ofrhahmﬁnsmﬂcﬂmﬂ 1982), bot gppear o have 8.
'-mmm‘w&m

£ males calliog st
i o By ¢ & aparsturs o mmhm&ity

m with cam acivirgbolng hghest during or

( i the offoc of rinfal on the
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imhar snggma thmifm

| _. were 'sz-,l___gcted and are ge:;ei‘ally sursounded by wgetaﬁéﬁ,".which may cmam greater
.sound attenuation {Féllérs, 197§a), but would presumably uffa. ﬁdvant_ag_{:s in their |
iné.cc;ssibﬂity'io predamrs The leaves pmfcn'c.d as call sites were the widér;.shiiﬁer'

o léa{rés :"in e population although. the reason for tlus is not clear _’i‘lw.height Of the call

Chapwr 5}

cal ﬂmﬁmwmmwbywmsn%ofmwmﬂwauﬁh'_..

prmbiy confer sn advanisge in fumiliseising & smale wity his s

e [}

SR M T S T T A e EWE e e g e e

- site .ébovb_watér tsvel was lower than that for other syrapatric species (apert from those
* calling at ground level (Telford, 1982)), Somo Wl sites were betr than others for .,
“attracting mates (as propnsed hy Arak, 19838 Fallcrs mga and Wr.lls, 1930» sea---' |

 would mnnibm ) pmaamr m (m Me Vay m;.. mu fmm - !




In gnuran 'chor’usss; é‘allihg sites are often associated with pérticutarvegct'ation types,

E the dwtﬁbunon of wh:ch may havc the effect of lituitmg the d:strihunon of the
~ associsted anuran species. 'The spatial arangement of mﬂcs roay szmply be the effect

of vegctauun dtsmbunon and call s:te prefercnce It is mportant to pomt out that the

| patches foundm tho A. delicatus chomses did not ca:rcspnnd to vcgetanon distribution, B
and cluawxs of malos wm found within areas of homoseneuus vegc!:auon. Wlthin these . :'. o

homageneona ve.gata:tim areas. there was no detectable dﬂmnce in resouxce avaﬂabﬁtty -

B -_andthuuﬂmgamhaswm notscpmdbyunsuitabh bmdmsams

!



It also appcars :hat tha number of males consututmg a patch does not mﬂuencc the
level of patch mtc fidahty, and sopau:hes that contmned a gmater numbcr of males were

not nem,ssanly mused on followmg n:ghts

The mlamnsh:p benveen the occ:mence of nests within a patch md the dwplay of

fidehty to that patch mdmates that mthcr malez. pmfercnmlly select patch sites in wh:ch -

'matmg had prmously occurred de., , the presence of--nests resulwd in the ﬁda!ity), or

| , .' tha.t the pmsence of nests 1s an abvmus rt:sult of the fact that males d:sp]ay ﬁdehty (1 €.

'the ﬁdelxty msults in the presence of nests) The fact that 23% of patchcs in wluch

fidchty had been dxsplayed contained no nests (as opposed to the 2% of patches in

| whxch old ncsts wc.rc found but wherc fidehty had not been avldent), mdlcates that the_ "

o ngnce of nests probably exerts little mﬂuence on the chsplay of ﬁdelny o1 patch, o

S appnars that patchas that are most widely saparaned from athe.r patche.s are also
- thoso tn which tha malos (within the patch) are most distant from each othez This is
_' not mﬂumed by :he ntavber of wmales constituting r.ha patches, and ﬂ:ese pat.che.s s |

o Wm 1 am unablo 1o uxplain these results and further ivesigaton of o

_-,__:'phmanmismqm o !

‘Whm ennsideﬁug the propmd modds on the evoluﬁon at clustmng, 3 is d:ﬂicult ”

ljhordnrﬁnrﬁmﬁutsh@t%mmmphmanmg,mﬂwmmammﬁm_ ) :
nallingmalns manﬁvw&s;«in the mwaythatfamahs}udge wchatiribm

@
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In

Pmsomably there 13 a contmuum of malo atuacuvenoss, ami th1s wouId neo..ssuam that .

o malos aoutely poromva the anracnveness of a caller relatwo to lus own amaﬁvenoss .

7
L

o 2) The Hotspot Theory may be a plausible explanation of clustertng i &. delfeatus in
. thatfomnales may rotum to previous mating/ovipositon st on subsequent alghts if they
| 'display ﬂOI.Yand!Y '(see pp. 139). 'Males mat'cluster' axound such sites may boar 3mﬁn§ R
B advantage. This wou‘ld oxplmn the lugh level of call site fidehty and occurence of old

. -'ncsts within pau:h mtes

“
T

' Clustering may also be an anti-predator adaptation that makes ach individusl harderto

© locate within the chorus (Wells, pers, comm),

Dyson (1986) proposed that spacmg can bo mamwnod in socxally orgamsod chomses

only whem indiwduals are aolo to altomato their calls thh near nmghboms As ohoms |
_ density mmasw, cali alternation is no longor possiblo. Since males cannot hear a call Co
ct the instant their own call is soundod (Bishop, in pmp')u choms orgmusation isaffected -

and spaclng bmaks down. Call aitomaﬁon and chozus organisation aro thofoforo ossential_ .

' oompononm“& &ao facilimﬁon of spacing Qy:on, 1986)

#

Imwmﬂiowﬂam varlahlciaA.ﬂolicams ando&lisdonotfomamgaﬂarwin

__ mmsthnyﬁoinothatsgoﬁ%s Caﬂa&wnaﬁonaswoliosmﬁwoﬂapmmm Tham.
- fappomwbonocaniﬂgg "w"mm"Mouahuﬂicaﬁs&owpo&wsﬂmﬂmothw

malas to uiﬂ.\l’unhw iwesﬁgaﬁon is roquimd. but this smdy has mvoalod ﬂiat apparent '_:

call almmaﬁon and chorus organisation muy bo due 0 chanoe rather than soolalf

-

"



'-mtcraction. Bishop (in prep) has cle.arly dmnsn'ated that careful ﬁxammation is
_ mqmrcd befom any canclusinns can be drawn regnrdmg the inﬂuenoes of chance and!o::
| sonial mtetaction on choms organisauon Whethw temporal choms suucm is due m

B

. chanee or “social interaction, it plays a fundamantal role in the sPaual separation of males -
Cin anuran chorusw.
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© 61INTRODUCTION

= T_‘he nightly oPmuonaJ sex ratio of most prolonged breeding anurans is-"maléfbi#sed -
© (Balen and Oring, 1977). The aggregation of males into 'breedmg* choruses provides a

: forum for male-male cOmpeﬁtion ('I‘elford and Dyson, 1988) and increases the potential - |

~ for mala ‘mating sncesss 1o vary (Bulen and Onng, 1977) This msults in males being
- subject to intense selecuou pressure in attempung to secure matings: Males genemuy nse

- ont of three methods to obtain females stationary calhng satellite behavionr and

_ opportunism (Hownrd, 1978a), S:anonary calling is by far the mnst common tactic

_ amplnyod. Males call to drfend territories or individual dlstancss and 10 atract

| 'femalus Satellim males do not call and do not defend an area. They rempain close. 0. "
- calling males and atempt 10 intercept females attracted by -the territory (riolder:. o
| Opportnaisdc males cali ﬁnm spemﬁc sites bnt do not dcfend these areas. \\ |

/

“Mslo A, dalicatus employ stuﬂonmw mﬂing and wtaﬂite tacties, This chal’“ﬁ"_

sxamines the varlation in mating success within and bmfcegl theése alternative methods. -

Vﬁaﬁoninmalamﬁngsmmshasmeiwdmﬁdmﬂnaumﬂminm&i&sof'

'anuraubreodinschm Th@focusnfearﬂerstadiesnfmalamﬂbmsﬂmmay'

" inflnonce mating success was on male size CDyson, 1986; Howad, 1978a, Ryas, 1980;

__ wss« Mummnambs. IWSB)Mmremntsmdmshavntmmdmidmﬁﬁmﬂm o



 factors that predict mating success, e.g. call chamcteristics (Fellers, & 1979b; Gerhards,

1987 Klump and Gerhardt, 1977; Sullivan, 1987); age (Howard, 1978; Wilbur etal, =

. 1978); changes in the numbnr of call notes (Schwiirtz, 1986; Wells and Bard; 1987);
calling pamsr;ence (Gerhardt, 1987, Jacobson, 1085; Woodward, 1982); call site
_charactcnsucs (Bzenovntz ___g_. 1084; Wells and Schwartz, 1984); call mte fidelity
_ (Gczhardt et al,, 1987; Telford, 1982); spacing behaviour (Dyson, 1989) and call timing

(Dyson, 1989 Schwartz and ‘Wells, 1984), =

It is lmportant to recognise that a correlauon between mating succcss and apamcular

 male trait may be accounted for by:

¥ active femala chome of mala quahty (Fa:rchﬂd, 1984 Ryan, 1982, W;lbur _;_31,_, :
1978); o

o active female chmcc of male rcsuurces (I-Ioward, 19*’8* Wells, 19?7a),
% passive female selccucm in relation to male-male . competition (Greer and Weﬂs, |

_ 1980 Telford and Dyson. 1988, Whmxey and Krebs, 197Sa),

o passive fernale selection in relation to male audlbﬂ:lty mldlor locatability (Ank. __

' 1933b‘ Capmnica anf‘ ‘Joffat, 1975, Feng, 1981), ' '

* malc~ma1c compaﬁtion aione (Arak, 1983k; Howard and Kluge, 1985 Sullivan.

o 1983) -

- "-}oracombinaﬂnnofﬂms&facmm, o

 Seneiifie h&hfaviom' has bwnrapomd i pumierous anuran speces. Tn sous, it Eppesrs
~ that the males ar wuﬂng for call sites to be vacated (Amk 1988a; Robextson, 1986).
 Jare commonly, satellits males appear 10 wait for females to approach Q;eir calling

o .-..'_naighbsurandﬂmatmnpttoinmpt andsecumamaung(&ak,i%smf'mﬂl 1984;

 Sullivim, 1982). In meny species (although not alt), it is the smaller muley that adopt the
 sntelite tactlo (Arek, 1988%; Gerhardt ot oL, 1937, Howad, 1084; Robertson, 1986a).

B .'Itispasslbla thatsmall size influences & male's ability {0 securs 4 call site (Howml. .- o
1984),m~hisabﬂitymsnmin mergaﬁeaﬂy&penmwcalﬁngb&havimr(ﬂ&rh&rﬁtgtﬂm o

N 1987). ks also posslblc that small males have weak advarﬁscrmm calls aaci wauld hm _-



e hi_‘ghér probability of mating by adoptinig the satellite tactic (Arak.‘_ﬂl_QESb). L

~In te majorlty of anuran species, males switch between ».-,a,un'g nd satellits
: behamaur (Arak, 1988a; Perrill, 1984; Robcrtsﬁn, 1986) Shifts from ane tactic to the -

‘other are thought to be due w changmg energeuc costs of Tesourcs defenc:e and mate |

| loc&nng strategies (ses Dyson, 1989), This may be ussusiated with dcnsity ﬁepenrhnt

R chaan in ﬂw iutenstty of mmmala compenucn (Dysar:. 198‘1)

In soma spocias, the maﬁng succesy of satc]Jitc males is lnwer hisn that of callers o

B (Aral:, 1988a; Dyson. 1989 Howard, 1973), but uqual in others chrhazﬂt p_gL. 1987;
_ Purlll etal, 19’18, Sullivan, 1982) Ifthe: two matmg tactics have unequal pay-offs they_

may be mninminod if the altcmaﬁws are the optimal solutions for different individuals -~

© CAnak, 1988%; Maynerd-Smith, 1975). Tf the pay-offs am more-orless equal, the.
- alternative wetc wau&dmdnnwﬂnes&ecﬁmmwmoncharacm ﬁmtmight o;hmmsa _' -

| ”'f_hammamdm:hﬁmsmmk,zmy

__ -wm

 chisjter, ‘."{'”"'f‘ﬁ&‘t&lﬁfmmmsanfthetmmﬁngmﬁcsemphwdby._"'
m%%ﬁmwmwmaddmm S

0 mles maﬁng sumess‘? _ -
sorpheogioal sndior babaviowral tratts aom}ma with. maﬁns snenaas?
'__"-S)hﬁvmﬂmmmswmamﬁm? |
Ay What 15 the fequency of the two mating tactlcs?

%) What is e mlaﬁva sflctivaness of the altsrmativs tactics’?

4

o ﬁ;ﬂmmwﬁmmﬁg .Aéumrcaasfmmbavaeawdmapmymmfmm'_"

o
' ﬂumﬂmmﬁmmmmww
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8) Do satelhte males select larger callcrs a8 target males?
o 9) Are male.s ccnsistent in the matmg tactic employed or do the.y sw:teh betwean tacncs?_

62 METH‘ ons )

- The work was c':imiu»ted on raged populatzons The azivm:tagss of exannmng a caged _
) _pOpulanon were two-fold ﬁ) ;r prevented males from moving to othes ” uding sites,

S0 confounding chorus aftendance data; and’ ('u) thb poss1hIe mﬂuenoe of sympatnc L

__speciey was eliminated and presented the subjects with the hmned sonic complcxxty of
the stoall group of aonspaciﬁcs being exanuned. R -

| 6.2.1' Ma]g' Ma’gg‘ g S’ug' t:eés

' _mcordedﬁ:raachmale

A taotal nf 48 males was momtored, each for a penod of 5 mghts. dumg October -
Febmnry 1989/90 ‘I’ha nightly choruscs contamed 5.8 cailmg ma]es and O - - 4

* sanellites, Observations were made between 20100 and 2230 to avoid the possible biss

- of time of nfght. Ma}cs were individually” Bw‘rded on a hind limb, and mass nnd
snuub-wnt length (SVL) wem recorded. Male mass was measumd using ] Mettler PR.
1600 digital balance. andmdivxduals wore first submerged i waser for 10s and bloted

dry To ‘avoid the confounding effect of cgg mass, females were messured after

. cmpomﬁm (It is possible that soms females still carried eggs, see pp.139. Close

_ ex camination of fem-ai&s rendmed this unlikcly, however, it cannot be d;stoumed as 2

'_ pnssibln soume of error). A recording of each caller's advertisement call was made using

& Sony 'ICD M moardar and u Sony EMC~16T nﬁcmphone The fuilowing dntn wam

istan '(NNIJ)E .'the distanc_e betwaen a subjact and his-nearest -

ssence and tactic: active pm-ucipation as oppoeed to mmaimn,, on tﬁa caga walls
whern tha frugs spcnd the days; and the tactic smployed (calling or satelliting)

_.4) S" ite neighbour: the ptesenca or absence of a satellitu male assoniawd with the
calling subJect R o

. 100



| = 5) Qg,u_g__gﬁ@ux (CSF) pomuve Ifthe male wils withm 20cm ofh:;s pmvious mght 3

N 6) Agg;g_g_o_n,.( the number of as;grcsme vocaI mtcmctions by the subject dunng the '_

B ';S_taﬁsticalanalggig.. _. R ' Cn

*

«all gite

 period 20030 - 21h30

h 7) Mating su g_c_;s_' females were mdmdually released into the chorus from & central

pomt 1m away from thﬁz pond. Males that went into amplexv* were given a +1 score.

R T

Advimiéeniant call recordings were analysed oii a Uniécan Il sound spedtrum analyser
. in the frequency rangs 0 - IOkHz. The mad—point betwess the uppcar and lower
emphas:sed ﬁ-equcncy of the zxp cali was mcasured.

VA

il

© Staristical analyses for zalling and sateltite males were ddz__lc separately, Spearmoan’s

Rank Correlation  Coefficients were valoulated for all variable combinations,

Three-variable Partial Correlations (with the effect of the mumber of nights spent calling
 partialled out) were conducted for mmating success vs. all other varinbles. A multiple

Stop-wise Varisble Selection Regression was conducted on alf vmables 10 obtain &

 model with thc smallest set of vatiables that axgiﬁcantly mﬂuenca ma.txng succms. B

v Unpnim& malos "aiad ?mnxslexing pairswe’i'c captured from the natmalbreadingm’ﬁas
mSVLmdmmafmhmahwasWnsabm‘ipnmmsRkaum&m |
CadfﬁdmtswacﬂculmdfwﬁmmmmdSVLmdmgxofthrmalo;andfemﬂcs
| oonsﬁtuﬂnspsirs.AMaantmyUmtwas perfm'mad on pairedandunpah-ed mnles_
.wzthmspacttummandsm T - L

]

) C e

mmmmﬁw:nmmugammmm

o S 101 __
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 five-night period during the 1987 - 1988 breeding season, Their position relative to
callers, body posture, calling activity Gif any), aggressiva interactions (f any), beh_a?itmr
on the arrival of a fomale and mating success were recorded. '

if) Twenty nine male removal experiments were conducted in which the calling male;

‘was removed and the subsequent behavxow of the sateilite recorded. This woik was
~ condueted during the 1987/88 breedmg season,

iil) The SVL of 38 cellers-and their associated sﬁtelhtcs was meagured at the natural
breeding site durmg the 1987!88 and the 1988}89 brecdmg seasons The SVL of males

~with satellites (n =< 18} and those without satellites n=14) was mcasured and compmd' o
using Mann - Whitney U tcsts,

ixr) The 11 satellites included in the mating success expanmant (sea abova) wers

- analysed with respect to mntmg success, chorus atﬁendance, aggmssm interactions and
" nearest nmghbmu' distance. (Call site. height and call site ﬁdel:ty were depandant on the
o associmd ﬂallar md wem not. stausncally analysad)

= asmm -

S

Maﬂng SUCCEss OVOL 8 ﬁva night pauod vaﬁn& widely (x = 1.2 mating&, SD = \1\33,

| -'rangano 4 n=31), From Tabls 6.1 niscxwmatmmwmamgenumber\@f
* égalficms correlations betwosr variabiss. ot tat call wid-drequoncy coreslassd with

© SVL and mass, and mass and SVL corrolated. Matmg success corvelated with caning\

' pemrmae (the uumhw of nighta spomt calliug), and both of thess variables mrrolated

with NND, m&sﬁeﬁdanvandthummca ofmm&awdsawllites

~ The Thmﬂ?arlahla Partial Cm'relation analysis (scc Table 6 2) mdicated that whenl" '
o t&awfﬁ.‘tofcalﬁngpmﬁmisaunﬂnm maungsucccssdid notcorrelatewith any .
. of tne other measured varinbles. Shmilarly, the Swpw’m Multiple mgression anaiysis

(sue Table 6.3) shaws that it is puly callmg pﬁmstmco that simnﬁnanﬂy influences

" rating success, explaining 57% of the variance in mating succoss. All othér veriablos
o (when forced imn the model) axplain only afurther 1% of thc variunoc The remaming'

e



unmcasmdpmmctcrs T o =

' variance in matmg success (38%) could be axplmncd by mmcr stochasﬁc fhcwrs oF

'Ihem was a lnrge amount of varintion in callmg persisnence & = 3 93 mghts, SD o

. 1.38; rangt = 15 ;n=31). The data were then re-cxarmined in ardet o determme
o i any of the roeasured paramm explmned this variability in calling persxstence Partial
- correlations on all vatiables weré mnducted. The results (see Table 6.4) indicated that -
~ the variability in calling persisicrice correlated strongly with both mating success 2.

- <all site fidelity, This is not surprising sinde both of these characters are sumumed:

nightly. 'I‘hare was also a s1gmﬁcnnt corfelation ((bqthough weaker) between callmg

 persistence and NND Since there was no cnrmlatiun between mating suecess amd NND

(e =0.02), this correlation may have resulted from the nbvmus mlauonshlp betwaen call - -

~sits fideliry and NND. IFmales display call sio fidelity, their NNDs would be expccted |
ERE to remaia fan*ly constant.
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T e

N -mm a1

~ Spesrman’s Correlation Coeﬁiczants for all vamable combmatmns for calhng A. :
'_ dahcatus ma.les (n 3 1) Slg'mﬁcance levels in parentheses . '

| CF

NNG 021

| 'SVL
. asa”

8N 006
012
08

©.29)

Rats

“NNC
~ BVL
- CF

MS
® z§>

{9 00)

| '--___'MAss 0.89

: (0 08)

- 080
. “an

0.06

C8H

3
'. SR H ¥

_ /

(H 25)

R A ?7 '

0. 12“::

KNC

084

(0.00)

D95
017
084
10.08).

O\‘

(0.00)

086

)

10.08) -

| {G.ﬁQJ ]

021
3{9;35}

: mimber aﬁnighi;s calla&
 puoutto vent Iangth
- namuhcauing naighhaur
call site fidslity - |
cali fraquency

0d2 084
(0.00). 10.08) (0.24)
089 0.9
(0.08 (0.58) (0.52)

MS

0,16 |
©37) SVL

033 058
©.07) (0.00) MASS

| -_0.41 -__-0.14 010
9 (082) (044) <.°_.«5.’?.>

0.84 0.21

012 042

056 004 084
©.00) (088 (0.08)

R
014 03%d ' 0.38 :

{0.48) (0.93) (0.08)

. 8N

- M8

. C8H

0,87

(0.84)
088

0. 36)

o 24
(0. 18)

: -m |
0.84)

B RT

029
019 &N

0.23

044 BN
©2n CSF -

(0.09)

040 017 007

(0.08)  (6.35)

mating success

 aggressive interactions
 satellite neighbour
callsiteheight
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- TABLE®2

' "I‘hree-Vanable Partxal Correlahon Caefﬁments (mtb. the number of mghts gpent
calling partialled out) for maﬁng success vs, other mes, sured varxables for callmg

"-_'_'A.delieatusmaies(n 31; DF = 28)

 verieble

. sggression

- call gite fidelity
CBVL .

 call mid-frequency
“satellite to him
'_'mll site hexght

_-'0..1349 .
0.188

0,112

0096
004l

Cooomt

0515
0811
.. ipoz
© 066l
. 0578
0,980
0980
0,388

o005
0,08
>0.06
=005
0,06
o008
005
>0,05.

s



= Figurea in pa.rnnt.hem Indicate sbatiatica for aach of the excludsd va,riablaa when
o included“ into thu mm:lel | : | A o

Muitiple R’ acliustad -0, 57

. TABLE 6.3

- Stepwise Variable Selection Multiple Réé;resmon analysw' for variables affecting |
~ mating sugeess of callmg A, delicatus males (dependent variable = mating

success)

"'-_'Pﬁrt, Corr. PartReg. PP
- Coeff, Coeif. S

 Varisbles in model e T
callingpersistence 076 078 4015 0.00

Varishles notin model -

callmid-frequency 012 (084 . 41D (0.0

osVL T 002 (08D Y (05D (049)
Comess 002 012) - 007 - WwIe

aggression | "'.'0.3_2'_ C(028) . (2.68) (0.1
NND . 0a8 000y (029)  (0.60)
satellitetohim =~ 026 (021 (204  (0.16)

| callsitefidelity. . 009 (002 (000 (0.95)
. callsitsheight 006 - (00D (50 (049

Q

s

o

e

=)



. TABLES4

Partial :dorre_lat:ion' :Coéfﬁciént_s for the-m_lmberj of 'nights- spént; éa],_ling and all
other measured variables for calling A. delicatus males (n=3L;DF =28).

* varigble - part.corr.coef. - P

-call_mid«ffequeﬁcy Lo 004 S .>0»05 o
- matingsuecess - - 086 . <001
sy L0080 >008

._-_'massf--__ SRR 61 o - 2005

aggression o o p22 - =008
NND O 08 . <005
gatellitetoldn - © 006 . =005
 eallsitefidelity /. 040 - <001 -
callgiteheight . 7 =~ 008 © - >0.08

™




Paired and unpaired males collected in the wild did not differ in either SVL or mass
 (Table 6.5). Similarly, there was no comrelation between ' rmass or SVL of males and
fernal. constituting naturally formed pairs (Table 6.5). In summiary, there was no size

or mass assortative mating, and mating was random in thess .espects.

) /. . ."'L’
pd _.::'._

C
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- TABLE6.S

h Slze measurements and statlstlcs far naturally captured A, dellcatus males and
' axnplemng palrs 3 ' o S '

®(SD)  %(SD) %D U@  ®
unpaived  paired . - paired = _pairéd . pajred
males = males . females  (n=25  malesand
(n=56) (=26 - (n=26 &unpaired - femigles
I o  {(a=56 - (n=25)
malezsx\ T

\

SVL 190 (0.08) '1 89008 2220019 128(>04) 025 (>01)

mess 033 (0.08) 035 mw; 0510008  132(>00) 085 (>00)

a

. 109 _'



| '-ii) Of the. 29 sa’se}lites in which aswciated callers were removud, 14 (48%) mo |
| mthmzﬂcmafaswondcamngmalc shortly aftm'theremaval andconﬁmndbcha g
o sa:olm N‘me (31%) mmaiued mﬂonless and did not alter tﬂeir postuge or call,

e 'ﬁm six malos adopted the "wpright" posmra. even when ot oan‘ﬁg

63.3 ;Sétallité Behaviour |

i) Of the 36 satellites observed in the ﬁéld, 24 (67%) rcmained silent over the entire

- five mght period. The mean dlstance between satellites and theuf associated callers way
93cmin= 11) Satelhtes were fouid only in chornses with more than 6 males, and 1o

: aggmsswe mteracuons mvolvmg satalhtes were ubscrved No satelhtes were observed _'

to miate, althongh on 12 occasions satelhte males attempted fo clasp approachmg. _

e females All such attempts fazled. Satellites also attempted to displace males from
| amplems (n s but were also not sumussful Satelhtas adopted a "flat" posture -vnm

' the head held agamst the substrate (as opposed to the “upnght“ posmm of callm\whera; .
the head and chest are ; held off the substrate) S | | % h

Y\

other sx (21%) reroelned in the same position and callad at oveglar oterval. Eich of e§{ |

T
A
S
o i

swlitios mm Ay with pespact to SVL asu-a.zr P 08) msfu mm ?n 05

.-'mﬂmﬁmi&-wms&?& ?nﬂ.ds).

) nqrmgf the absorvation periods for the 11 satollts males included iu the mating

0

.I, ._ .

" ﬂi} Sewaiﬁtamﬂwmsigniﬂcﬁhysmﬂlmrhanmﬂingmﬂcs(xSVLofaailmraZO'
J-._m,nass.xsvx,ofmmmwlscm,nwasmnos P < 0.01). c:amngmalos"’ -
.mmmmmm(nam)wmmmmwemme who had 1o |



o Sh%ﬂ’t&fbur@rccﬁt of males attending the chorus adopted thi '-tactic. Of the remammg .

s_ﬁcccss.é:xpeﬁm.sm, n_d -satellite was found to mate (as opposed to the 58% of cal_liﬁg_

‘males which achieved amplexus). Similarly, no satellite was found to engage in a vocal

aggressiﬁe ih'teracﬁon (as cppos'ed 1o the 68% of callers who gave encounter calls),
Chorus ﬁftcndanc_e was consplcuously lower for s_atellifs males than for callers, with
satellites & mean of 2.2 nights in the chorus (out of a possible 5 nights); and callers

spendmg a mean of 3 .0 nights. The mean distance between callers anﬂ their associated

- satelhtes was 8 0 em {n= 11)

6.4 DISCUSSION
64,1 Mals Mating Tactics

S_tatidna:y__cﬁllihg is the most éom'r_ﬁon_ mating tactic emysloyed by A, delicatus males.

 males, 21% called once the resident male was remuved and so appeared to be waiting

for call sztes L be mated, 3% were non-active malcs and 48% uisplayed satellite |

o 'behamurm which female i mtm*cepnan ancl!nr male d1sp1ac¢m twete attempted ‘The

o .major of males mmployed 3 fixe-d mating tacﬁc over the five night observaﬁonal

{'-'

!ﬂ

Althoush there was vutiahility in calling ma:kes’ matmg success, thm‘a Wi no'_'
| 'avidenm of size. assomﬁva, s aSSOTtAtve, oF 8z dnpandem maﬁng. As in many' |
- Similar sm_ﬂies- T anzrans, m-_launu in male mating swccess was largely explmncd.by '

- .1_.1.1_

DArs



the vanabmty in the ammmt of time spent callmg (Arak, 1988a, Dyson, 1989; Gerhardt
g;___,, 1987; Jacobson, 1985; and others), Somre studlcs have indicated that increased
_ presénce at ;ﬁe b:reedmg sxta_.z_s ‘associated with Targe male size (Dyson, 1985; Morns,
i989; Gatz, 1981; sgmvan,' 1983), but there was no such relationship in A, delicatus,

It remains to be tested whether mating itself induces males to call on subscqucnf:mights.

|  Although 2 Iargc mumber of potential coﬁeiates of'maﬁng success wéxe examined,

o they explamed very little of the varimion There was no evzdence of famﬂe selecuon for -

- 'mcreased body size, spacing or can site fidelity, nor for sny particular call site helght, -
- call ﬂ-eqmanoy or Jeved of aggression. (That is not tu say Ihat such selectzon pressmes .

- do not exist, they may be mportantin male-mals compcnﬁon). | o o ‘ L

v
i

| BHe Wh _"_'_mbmmrgotmdnmgatmm whiﬁzwuldbamcpamd |
i ”_s&nueaﬂn&dushawanamﬂahwmormﬁmgmwpmﬁw!wmmmmwmm
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© 6.4.4 Conclusion

Flfty eight percent of the caged calling males mated. -Althdugh this figure is
artificially high (the number of females released into the cage was disproportionately

1argg' to the natural nightly operational sex rativ), it is nonetheless in stark contrast to B

. the fact that no caged satellite male was observed to mate, This provides strong ﬁvidencﬂ
of _seiqr:tion on males to call (as opposed to satellite). Since phenotypic characteristics

.., Of callers did not predict mating success, it Is likely that, if satellites called, they would

increase their probability of mating. It is possible that these males were energetically
incapable of calling (possibly due to their_small' size), or incapablé of calling for some
other reason (possibly due to underdeveloped gular pouches that may be age related.

'I'he fact that satelhte males WETE never observed (o] mate (m nmthex s cage nor the

' natural braadmg arca). ralscs the qucshcn of. thls behawour can. 3ust1fiab1y be termed a | .
“mating tactic". However, the behaviour of these males was mmpa:abla to that found i
"m satellites of many mher species and suggusts ﬂmt 1t :s a matmg tacuc, howevar;
o _unsuccasfu! it may be. The rclativoly h:gh frequency of satellite bahavmur, tagelhm: with |
i :. ﬁw&mm lowpairﬂﬂ} makgsitdﬁﬁcultto explmn why'this tactic persists. The costs o
| afmwlﬁmhahaviourmwumablylowmm ofmergaﬂcompm(thcmalesdo fot
:oan),:m; ofpmdm (1o oales amo gonerally stationsay) or loss of foraging e
- . .(mmm wag ﬁmrobwve&). Lmtﬁm the mm hacausa itis
o ____amm»mwmwm mmmmmmmmmcm o
o *mmd- Saah, 1975 Tis i et i e 2 ' \

oy



: manng Success at‘ satelhta males was also cxtremcly low m Rana catesbeiana (2. nut
_' "of 7 satelhte males were successful) | -

T conclusion, is apparent that males can incrcase their probabilit of mating by{"_ -
o callmg regulariy, ‘but within a smgle night a ca]lmg malu’s probabihty of maung may
ﬂepend Iargely on chance rather than mmpholagwal or behavioural traits. o

E{
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Lo An“msm"ﬂasmpmmgm*yoprmducuvehehawomfwws, 19‘17&) Snclal o

: mm::uons oecur almnst axcluswely dunng the bmuhx.g season (Wells, 19770) when

L _.bmed&ng ag‘grcgfations, contni!ﬁng many individuals. form in a telatively small area

" (Arok, 1983a). In some _specios courtship s sitnple but in others there arc elaborate

' intovactions betwoen meles and females invalving visual, tactile and anditory Slgnﬂls -
o | 3 bu@l’ﬂm Pm_mﬁm (We!ls, 197731 sm anuran specigs have besn mportod to give ]

: m that are distinet from the normal advarﬁsamxmt call when females a;_:pmach (see
' '__Waﬂs, 19?7&) Hmazm&n (19?0) caueﬁ these "exci " calls and Pengﬂlny (1971)

'ca:ﬂnd them coaﬁshlp calls, Afrixalus deiimtus hasncallthaus distinet from the"-__ _ .
o 'mupmcaammmhismmwhmfmalasmmmlfm 1982). lwillmfarto'_ o
- this “vocallsasioy3s the "rapid® call. Wells (19772) pointed out that ther is lile
'"*-_-wmmemswﬁmrmamsmmsﬂnmmamofmappmmngmmm |
RB-rang cotmship sigpals occar m maay insacts and may provide. additional

'dﬂeu.wlcms o fema’lm a clasa ran,ge 1975) Acmwdeacﬂptions |
" _-afmﬂnghuhmﬁmahmma&oﬁwm}ym&m&yfmm species (Salths and
N mﬂ mm ﬁE i]ﬂﬁs m

L ’_.'1% mm mﬁ? m W ¢ vip st
- courtship mmliy lasts ﬁm E f‘aw mimns to several hours cwws, 19‘77&) In

s

o Mscham, 'sﬁeshsomeawcims(a,g.&ump _
P .'19?2,% 1941; Svorstane, 1976); mfmﬁlﬁe%a&mﬂw i ofhors (Silvorstone,
mmmmﬁag Tﬁsphaseof' B



Eleatherodactylus coqui, pairs may stay together for several days and visit many
potential oviposition sites before mating (Drewry, 1974). '

 Afrixalus delicatus displays normal prolonged breeding behaviour, 'Com'rship-and'

mating behaviour were observed and documcnted for this species and are repcrted here.

The structure and function of the I'apld call was also examined,

712 Temestrial Breeding

Anurzn sp'e;:ialisations in oviposition show a trend towards the withdrawal of early
developwent from water (for reviews see Lutz, 1948; Poynton, 1964; Salthe and

- Mecham, 1974; van Dijk, 1971). 'The emancipation of non-feeding and larval stages

from free environmental water is viewed as an adaptive response to predation (Poynton,

- 1964; Tihen, 1960; Van Dijk, 1971), The existence of an aquatic larval stage and a
- terrestrial adult stage in anurans has the disadvantage of exposing the individuals to two
- succ,pssi\fs ‘sets of predators, The evolution of terrestrial bresding would partially

overcome the problems of predation on the early developmental stages.

 Nest construction below and above water occurs in a number of species, e.g. Hyla

'- a faber, Pseu:luphryne austrahs (Salthe andMecham, 1974). Chironmntlsxerampelma, :

| " Hyperolms pusillus , (Pt::vnton 1964), Afrixalus dehcatus (Whger, - 1956): |

- Pbyllnmedusa (S%lthe and Mechnm 1974), some Hyhdae (Latz, 1948) In Hylxdae,

" Phyllomedusa and m Afrixalug, ov:position oceurs on vegetauon and the oﬁ'spﬁng
e Z_' sppnd part oft‘heir dcveiopment in a leaf nest, -

Wager (1956) was ﬁrst w desmibe the nesnng behavwm of A. delu:atus ! "The

© oggs wis stack 10 aleaf bmeath [orabove] the water, and the edges are then bentover, o
© dmwn mgathar and glued in place, making the | sggs %visibla and protecting e untll,
o the indpoles am formed... Sonm ten ﬁays Jater the’ thdpolm, ‘with very long extanal
N gﬂls, miggle ot of tie na&st and into the water." For thé nests above water it is the very
| - adhesive ovi&ucal sacreﬁon thi& is used o glue the: spposing Teaf’ fb.c.es together ]
i -(Passmom and C‘am:thezrs, 1979) anﬂ this seal is evide:nﬂy loosened by rain or :Pmsm

116



in the au' (Schiotz, 1963), The folded leaf acts as a protecuve device whzch conld

 overcome the difficulties of exposure to the elements and the transp:ranon of the nest

leaf may maintain a humid microenvironment for the early stages of development (van
Dijk, 1971). A description of nest-building behaviour and nest characteristics in A.
delicatus was undertaken and is documented here. | |

'7.1-.3 Clutch Size and_' Egg Characteristics |
Clutch size is affected by the mods of reproduction. As the reproductive mode

béct)rnes more specialised, the clutch size decreases (Duellman and 'ﬁueb 1986). A -
decrease in egg number is often offset by parental care and the fact that the young are

' rcmOVed from aquatic predation (Crump and Kaplan, 1979 Salthe and Duellman, 1973;

Simon, 1983; prnsend ¢t. al., 1984), Futhermore, as the female body size increases
within any mode of reproduction, clutch size also increases (Crump, 1974; Duellman and

' 'I‘rucb, 1986 Salthe and Mccham, 1974) Larger spcc:cs are obviously able to produce

and carry morc cggs than smaller species, There is also a trend towards a decrease in

4 size w1th an increase in the size of the clutch (Duellman ancl 'I‘meb 1986) In
specles thii have some form of tenestnal breedmg. the eggs are often farge,
_’non—p:gmenwd and few in number (Inge;r, 1958} The sact tha!: eggs are la:ge suggestsi R

that the larvae may completc part or all of thclr dcvelopmexit within the egg capsule_ - :

N @rov, 1952)

w

Salthe and Mecham (1974) review the alrnost pe:fect comlauon between exposed' _

| '-"egg sites and the pmsence of thelanin on the. ammal hem:sphem of the eggs (also_z .
S reported. hy Duellman and’ 'I‘rueb, 1986; Mirtin, 196’?) “The discmpanc;es the:_ '
o com!laﬂbn batween hidden ege: sites and the absenoe of melanin thay clann,
. atributsbleto :hsremtadaptationstocumm sites ﬂfﬁevﬂowmt.xmmemehnmis o
'in me.—,pmcess ofﬁqﬁig lost. Bxperlmmal evidence shows that the melanin funcuons in

tho ms:stanca UV ir;ﬁaﬁm as well Bs the absm’buon of heat (Salthe and’Mecham, -
, "1974). t}onseqmnﬂy the eggs of spec’es that cmrslruct Isaf nests would not requue' |
melamn simw thay have, avercome these problems in alternative ways, ie, they are - o

pmtected fmm UV uradxation andﬂhe.at absorpﬁon by the leaf nest. Afrnxams ﬂelicatus .



' * is reported as having large, non- pigmented eggs that are few in number (Passmore and
Carruthers, 1979; Schiotz, 1963; Wager, 1956). The clutch size, egg chamctensucs and _

hatchmg success were documented for this spemes and are reported here.

7.14 _Polx' 'mm'_' |

~Anuran mating systems are characterised by an operational sex ratio skewed towards
males (Emlen and Oring, 1977; Woodward, 1984), the absence of pair burds (¢26
Wilson, 1980), and the lack of parental care in most species (McDiarmid, 1978; W,
19774, 1981). An operational sex ratio skewed: towards males indicutes that there are a
large nurnber of seﬁtﬁally active males coupled with & low number of fertilisable females

isa mdesPread phenomenom in anuran species, 'Ihe parental investment by the male
s small; this leads to the possibility that a low percentage of males could account for

a high perocnt_agc of the: feruhsaucns in the pop_ular._on (Emlen. 19’7_6)

‘The fact that most anuran offspnng do not reqmrc paremal cm frecs the- pamnts_ o
- of postucopulanon rcspansibﬂzty and potenually allows thcm to lmmcﬁxamiy pursue - |
. futher manngs {this is paruculaﬂy applicable to the ma!e sm;:e sperm are casily
| _mplaceable, sea’l‘nvers, 1972). Palygyny weuld predictablybeﬂia most eommon ma.tmg _'
_Ipatmm in anurang, | g ' |

| Ths fem&la & parmtal invemm is substantialty lamger than the malc s since she _

. -iméa,s far more stored energy in such gamess (Trivers, 1972). A fomalé usually needs
F' 3 eopulm with only one foale ty fertitise all of her eggs, however she need not

- - oopulate with only onts male nless maiing with mom ‘than ane iricurs some ¢ost to her '_ __

| j(m Sm 19@2). A singie maung that produces inviable or sterile cffsprmg would

 olaim a tatgs part of & fomale’s reproductive offort. Polyandry may b a,,mechamsm by

R -whishshamhwmmmaéihym mnmmalmmchmymmmny.“ o

L _'m:a mn neroiind gmaﬂu tﬁvmﬁy of @ﬁspdng {Gladsmaa, 1979; Stacey 1982), 5 L

s

- at any given time. Polygyny would be a logical prediction under these conditions and -

g,



A female matinig with more than one male on the same or s'uc_t*;essiv'é nights has

never, to my knowledge, been reportcd in an anuran species. Females that mate more

than once a season have been reported in numerous 'species-'(waard, 1978a; Weils,
1977a). In these cases of muhiple clutching, females develop additional egg clutches

~ during the course of the breeding season, but each clutch is fertilised by a single male. . |
"There are reports of one male displacing another from amplexus (Arak, 1983a; Davies -
* and Halliday, 1979; Howard and Kiuge, 1985) but this usnally occurs before egg

deposmon begins. I-Iowavcr, if the female was releasmg eggs when in amplexus with
the first male and she then mated with the second, she would have, in effect, been

- polyandrous, However, since this would be due to chance rather than the female’s -

choice, these cases cannot be conmdcred trué polyandry. True pnlyandry has, however,

~ been observed in A, dehcatus on severaI oceasions and is reportcd here,

22 MET'HQDQ' |

’I‘hc courtsh:p and mating bchavzour of A. dehcatus wis first obsewcd under natural -

breedmg conditions at Ma:m:lele pah, one of the natural bmedmg areas (see pp 8). These '_
obsmauons were extmmaly dﬁﬁcult te condugt as they involved standmg in water for
“long periods of time and avoiding rhsturbmg the animals with the ﬂashhght. It was
_ | _therefom necessary 1o study 4 caged populathn of ammals ‘The cage was suﬁ‘iczently
. 1argq; and presented 2 habitat sufﬁcxently mm:lax to the natural bmadmg prea to allow

the asmmpnoﬂ that the animals were not affected by the su:rounmngs The cage was

: maminatedi with a single 60 w red light bulb suspandcd 1,5 m above water level. My
_pmssnca in the cage dld not dxsmrh zhc ammals but allowed easy obsewatxm; of

breedingbehaviour e e

fr‘

__ R&cardings ofmpid calls afthimnn males ware made in the ﬁeld dunng 1984 1985. -
. 1986 and 1988. The mm'dmgs wete made on & Snny TC1 85 SD tapa rnctsrder withsm.

© Adastra electret condinser nﬁcmphone orona Souy TCDSM tape mconier and a Sony o
-ECM 16 T elocu'et condenser nncrophone Alr temperatmes ranged bctween 20 - 26 c.

] .

oue

o



Ths recordmgs were analysad ona Umscan II sound spectmm analysar mthm thc

fange wem ‘measured as well as the call duraticn and. intercall mterval. The mean and

-~ madeona aKay mudel 7800 spectrum analyser, *

' 722 Maﬁn _Nest—BuiIdin' Béhaviour |

 Calling males were collected from the natral breeding arcas and transported to the

caga Once 4 stablcs chorus of calhng males was established (usually afer two mghts
gravid females were teleated mdmdua}ly into the cage. Twenty-four Temdles were

ﬁ-equency ranga 0'- 10 Kz, The upper and Jower Iumts of the emphasmed frequency' C

- rangs were calculater.! for each parameter. A sonogram of a qmgie typlcai rapui call was ..

observcd and their behavmur docutnented. 'Ihis mcluded an account of the phonotax:txc

-

- '-approaclf of the famala to the calhng male, amplexus, the time g fcmalc takes to go into '
| 'amplexus ard their behaviour - during this time. ‘The duratton of amplexus and the -
S mteractxo:as between the. paxr ami mdmdual caIImg males were dosumenmd. Ncstmg_ e | _
o \behavmux was alsc observad and mclzzdm! an exnmmation of the plant speeies used for- _' |
nests, the numher of ne;sts built by each fernale and the nme taken 10 bmld each riest, .
. Obsarmﬁﬁns were mads nightly from 1900 to approx:mawxy (}41100 durmg the 1984 o .
1985 aﬁd 1986 hreeding sa@ons. Acoutate fime measurements were taken usmg a"":f_'-'f S
sﬂupwawh. | - g |

- g viere obustved o § soax -[afsmn dngs st thie consiraction, The
='mwmtmmwmmﬁ12xt&emdmmpmm mfaaewdpoﬂasg; {
v osHag m sest (1 = 19 mmm}wmmmmcﬂuv) wers
|  sndidd, Nosts fonmd n Matatielo pan (::mls) wmdescﬁbndw@mspecttothe&r-_ |
pmﬁmm&ewmmﬁsmmmvwm



“ 124 Qviposition Site Requirements

‘Fxﬁy~one plants prowdmg ovxposmon sites < were prescnt in the cage These cartied

_ 251 leaves of varymg shapes and sizes. which pmwdeu 2 wide range. of possxble nest
o swes Each leaf was measured with a rufer to the nearest tom, uSmg the following = |
oo parameters w1dth of Ieaf at mdes; pomt' Iength of leaf from stem to apex., and the .
o height of leaf above water level. R : . -

' The "'ovipbsiﬁon si'te' mqnifemems'ware‘ established by allowing pairs to construct
__'nests and iater npemng the nests and measunng the feaves used in thelr constmcriun A
‘total of 56 nest leaves was mcasux‘*’ using the same parameters a8 abuﬁre., A ttestfor

the dlﬁfemnue between the senple mean and the population mean wis conducted on the | .
_ da!a far each leaf parameter. Tlus expeﬂmnt waE ocmducted dunng .Tanuary and S '

E Dunns the dﬂ}' followmg mabng, the fests were axm‘i‘imed A total of 60 nests was_ o
L npr;nsd anel the mumber of eggs in each were counted. ’Tlnny two of the opened nests

- were pzaced individually in plastic containers of pondwater and ﬂ:e numbar of larvae to

o hateh frot each nest wes counted. The eggs were examivied for the presence ofmelanm i
5 sad m diammaf 15 0gg; vach fom & gepacats fomale, was moasurod vith vornlor "
' Ms didnot vaidm an ama-ate meam. it allomdaﬂ estimam of

- -

e andriken in orter 10 domerine the



. of the clutch mass, Correlation analyscs (paramelnc and non-parametnc) were pmformed
o on the data and clutch masses were plotted on'a !ustogram and compared toa tlmretlcal
normal dlstn'buuon | '

E 7;.2;6' PM

- For. the expenments in wluch polyandry was exanum:d appro:umately 100 gravid o
| females were collected over the three year period and released into. the cage. After &
female had mated, lald eggs and broken amplexus with a male, she was Captumd and_."'
B exammed for remammg eggs wlnch were visible through the lateral and ventral body
= wal‘is If the fcmale was stﬂl canymg ¢ggs, she was captumd indwidually marked on

the hind hmb and placed. back in the. cage. The ma:ked females (n = 15) were. .
R obﬂerved fora mmmum of four successive nights, Each male that mated with a marked - ;
E f¢ma1a was caph:red and marked apon brealcing amplexus Females wei only removed h
mm the cage once Iwas sansﬁed that no oggs werc bemg camed. This ‘work was - o

wnducted dm—ing tha 1984, 1935 and 198-5 hreeding seastms (October -Febmary)

7’3 !5

D

The obmwaﬁons ofbreeding at the natml pan gave #n overview ofnamral mating o

e - .fw _‘bahavinur It also conﬁrmad that the behamour of the axpmimcmal animals was not

bahaviaur bamroen he animals in 1 the cage anthhase in the natural pens, Female amival

- mndiﬂans, ymhably thie Biost mmt bamg minfaﬂ. The ma;oﬂxy of females were
wﬂbcteﬁ on mh{vs ﬂm-‘mg whlch 3 Iaght dﬁzzle falg Low temparamres did not dcter L
maﬁmgba&aviour and pa!m wer faamﬂ at 2 wi'da :mnge nf tempe:c&fm\%s (16 27 C). o

:'.{}_,."

' hy the ebncﬁumq.s m the cage as there: were no  observable differenoes in - .

at* iha pam was matﬁ amﬂ smmed f’a depmd on'a wide range 01;‘ environnmtal_”- |

o



Sl

_ The: rap1d caﬂ is produucd by males mﬁy when & female is in close prox:mzty The
'. call:ls given at a rapid rate-(intercall interval: X = 218 range =08 - 4450 = 13) for .

 ashont period (approximately 12 calls). The mean call duration is 02 § (range = 0.14
-0 28 fin= 13). The mean upper Limit of the emphasmed ﬁ‘equency range is 6.2 kI-Iz _

- absorved to look direcily at calting mn}as m . a m

" _'_fin a8 noar 2 suaagmm paﬁh s ﬁ',e

- _'_(range =59 - 64 kHz 1 = 13) and the lower Emit is 4.0 KHz (range = 3.6 - 42KHz

: n==13) SeeFigura’] 1 andTable'?l mammdmnmdisumtﬁqmmeuﬂlmpmm' L

.of the two-part call (Table 7.1) but is structurally similar to the zip component, It covers:

8 wider ﬁ'equency range than mtbe:r of these calls &nd the intﬁrcall mterval is mueh T

o _shorter than thatfor’the zip ormll (sm Table:? 1)

Twemy four gravid Sl s individaally observed afte thelr roleas folo

" the dage. They. often spentlong periods of tims (10 - 60 min) motionless, Femsslos sat
| inchasacteristio "slest" posnires with their heads horizontal mdmmwmmm_i_ .

o (soe Fxgum 7. 2) Al.ﬂmugh s:deways hnad movemems were comnon, ﬁem@hs wate not _' o

) anappmachwanalﬁng

- male.ﬁerbchmom'semdw shamnveddimﬂyw&amale_f. o

:em &1‘19%&_(1! 24) Fem&lescgmaﬂy
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. TABLE7.

 Comparison of zip, tzill and rapid calls, -

| Rapld
% (range)

 n=13

o Zip- o
. R(range) ' °
n =30

Trill
_ i_(ra’nge} :
o -'t;'z«*"SG'__'

. Upperlimitof

fl‘Bd‘IIED.CY:J;‘_‘G;ngG _Z -:_
B

o

. Lowerlimitof

. _ ﬁ"équency raﬁge
= Iﬁft‘ercau o : N |

Lo -

58 (54700

44 (8865

E

Moo

B2 (0188) ¢ 84 (0.3-118)

57 (5.172)

45 "(;‘ii';éa?;#:_*?) .

| MBSALAN00 240 0900
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The pair then moved around the vegetation, generally visiting surrounding plants;

'Presur'nably the weight of the male made it diffienlt for the female to jump between

‘plants since the pair usually moved into the water and swam between neighbouring

plants. The distance the pairs moved rangcd from 20 - 150 cm (x = 63 ¢m; n = 24),
During this stage of moving around the pair was often hai..sed by callmg miales, On .
15 oceasions single males were observed following pairs from plant to plant and calling

'continuousl'y. On 4 oceasions  a single male ldcked'at the paired roale and initiated an

. aggressive interaction in which the paired male, still clasping to the female, kicked back

‘at the interfering male. On no accasion did I observe a single male dislodgs the paired.

male from the female, The tite the pair spent selecting an oviposition site ranged from _

7 <70 min (% = 48 min; n = 24). During this period of oviposition sits selection, it was

the fermale who actively led the male. The male did not seemt to “steer” the female in

any dxrecnon, but rather passively followed her, usmg his hindlimbs only for balance
and support. Once the oviposition site was selected, the a:nplemng pair posmoncd'

_. themselv«.s on the tip of the leaf facing the stem. The female grasped the leaf margins

with her fore- and hind-limbs and the male thh his hind- lxmbs only. The weight of the

- pair forced the leaf into a verteal posinon The leaf maxgins were ‘pulled together by o
both partners as the eggs are laid. along the centre of the Ieaf The oviducal secreuon L
' __aronnd the eggs .glued the Teaf margins together._ (see _F__xg. 7.4 and 7.5) The nest took -

form as the pair moved upwards towards the base of the leaf. On no aceasion did the

- pair use the call site as an oviposition site and on only ong :x:casion were the call and
-ovxpmition sites on the same plant The time taken to bmld 2 nest varied considerahly._

 either loft the ¥

due to the variation in the number of eggy 1a1d and tha swe of the leaf used The time

' ranged from 7. 36 ming (X = 19.2 mins, n=12), After the first nest was huilt, the pair P
‘moved pither onio another leaf of l:ha same plant (m = ll)ar onto & nexglmounng plant

(n = 7), and ccnsm:ctad a secnnd :mt. It was posa!ble for the pair to besak ampiexus :
after the first Ttest was built, in which- case the male began calhng again and the female

for the Mﬁan of ovipas!ﬁan only (% = 198 min; n = m Tt 4s possible that femalesf"_

mated and constructed nusts pﬁnr 10 their captm thus indiwdual famales may constract

moremmﬁxﬁobsmadﬂmcnests. _ e

Ry

| mmmmdapprayhinganmhwcallmgmla,(mepp 139
: 'fordata) F&malesh&ﬂ]tl Smsta&aﬁh (ﬁal'?ﬁ* naﬁo) Pan‘smmainadinampiexus.._ -
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- 7j._3.3_ Nest Clxafa‘é;erist_ics

" In undxsmrbad nests it was found that it ook 2.5 6 days for the embryos fo leave
|  the leaf ncst, x=34n= 12). Heavy rmn aﬁ‘ected the nest opening and caused thc
‘release of immature embryos into the. water (n . nght rain had a less xmmedzahe

effect on the nests but generally loosaned the seal and” the nests opened shortly after the

_. _ ram (vnthin the-niext two days). Some nests wcre. ccmstmcwd with the glued laaf margm
_ nppermasr, and others with the midvein uppermost and the glﬂed wargins facing down.,

1t was foond ﬂ:at the nests with upwand facing marging wm m Kaffectad by rainfall
sinae ﬁm r&in drained oﬁ‘ those n:sts that had the midvein 1/1pwarﬂs When. no rain

: ) occm:ced. the ambryos ﬂaveloped ms:da the nest until their mqvernent and increased siza
_' forced the nest open."rhe ambrycs wate fnund e Jong and “shark-hke" 88 dcscﬁbsd
o by E?iemsgiﬂ (1984), with mmiml mouthpans (sae Flgum 7.6).

&. wwism%_ _ﬂhaarwd and smdiad @ Masatlele ptm,éﬁ of which were

'.n.'-\'_'

a
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7.34 -'ijigosiﬁon. Site Req witements

N Inthe natural Bféeding area Ludwigia stolonifera is more 'commdn than Polygonum:-
- pulchram (approximately 2:1) but there seems to be no 'preferénce' for gither plaﬁt
“species, (the ratio of nests was also approximately 2:1). The leaves of both plants are

- elongated and flexible and easily'manipiﬁa.ted by_tl_:e' frogs dliring n:,s_t build.ing._

Lo

Them are certain oviposition site requuements for nest hmldmg in this species (Table o

o "-_7 2). Tt was foumi that the leaves useid in nest constmcnon were selected” on the basis -

 of their width {t = 189*P<005 n = 56) and!ength(t 4.09; P<(wl n=>56)The

. shorter wider leaves were selected as oviposition sites. Neither: the hcxg&t o;me lcaf o
~ above water (¥ = 122 P > 0.05; 1 = 56) nor the leaf age (t = 0.5% P > 0. I, % 56)

: :wem faclaors mﬂuencmg the selecnon ot’ an ov:posmon s:tc, (sce Figri-a 7 8)

e
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- Thenumherofeggslmdm each ncstvanedfrom 1 to 89 (x 35 = 60) 'Iheeggs -
. were Jarge (1.54 - 1.58 mmy; n = 15), yraﬂomsh-whm and Jacked melanin in the animal
) hemipherm The hatching success ofthe Sggs was calculated for 32 nests (toa‘al of 1078

- t:ggs) T,hm'e was 100% hatchiug smmdss for 19. ot‘ the nests and the mean. hatching

- .snacass was 94% (range. =0- 100%) 'I‘here was 1o sxgmficant difference in' he number-

'ofnggsécpasiwdmmcﬁm,secondandmhﬂnestsofeachfamalem 043, n = 15,'_”'

-_'P o.ssa

i e l.,:__i.,.“._;. mass ofan eggdﬂm}l mngodﬁ'om 6.01 - 025 g (x— 008 gn= 42. .
et mr-m&). Thore rvas mgﬂiﬁﬁmtposiﬂve camlaﬁan between clutch mass and the
: .----_-_____==_:__mmfm mlﬁw&}Mgggdamn (rsa(}.SB, n—42, P < 0.05; r,--(}% n=42;

S 2 B01), with k;aviea' fornales dﬂp@ﬁﬁng heavier egg clutches. Since it was possible o

e : ﬂm ﬁw m&ﬁf ﬂm oR8 m{& was wspamﬁﬂe for the. aﬂdiﬁortal mass of the fﬁmalﬁ'-_

- r : ]p L:.{‘m“ Gﬁl‘lﬁ ﬁm I'Gﬁ]_‘.“,an m farthis stﬂ}ng cmm]aﬁnn)’ tmns | L

mm enmﬁum on the datn ﬁar foumile mss wfier ogg dcpnsiﬁon had wcuued and_, |
o '-mmhmmssmwlsdmumﬁmtmmm (r=037,n 42,?:-{305,

amnga@:mm E&@mﬁsﬁmbﬁconchdadtﬁat themass of the femala_- |

o :-jmmﬁmwm&mmnfmmmmmmm :mmum:nams |

‘o .

o1
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736 Polyandry

~ Polyandry was observed on seven separate occasions. In the majority of cases (n =
5) females were observed mating with 2 male and laying eggs in one nest prior to

‘breaking amplexus. The following night each mated with a second male and deposited

eges in a second nest. Amplexus was agaih broken-and no mating occurred on the
follovnng two nights. One female mated and constructed a nest within 45 min of being

o placed in the cage, Amplcxus was brokern and after 30 min the female had gone into
~ amplexus with another male and a second nest -w_as built, Another female was observed

mating with three males, one on the first night and one each on the third and fourth
nights after release into the cage. On eight additional occasions I observed a pair..

bmakmg amplexus while the female still carried eggs, Although no further matings were
. observed, these sight females probably deposited additional eggs later.

74 Dls_ggg SSION

The counslnp behaviour of A. delnwtus was found 10 be relaﬁvely mmple and © -

 similar to the commoti proIonged anm'aa caumh:p behamour a8 descnbed by Wells

(19773}, L., female atrival at the breedmg site 1s asynchronous. resnlting in heavily -

~ . male-biased sex ratios on any one night; males use vocalisations to attra.ct females who

' ap;much individual callmg males with whom thrv initiate amplexis., Males produce a
tapid call when females are nearby (apprommatdr‘ 5 cmm). "This call presumably agts as -

a closo-ranga attcaction and/or Tocalisation sxgnal. The apid rate of the call could

o -_pethaps facilitats easy Iocalisaﬁnn of the male, The rapid call is slmcturaﬂy simﬂar o
© the zp call and may be a madnfied zip that mnv*ys a dlffemnt mcssaga depcnﬂmg on

'- _'_thacoutm(Walls,pmcom) D R | o

l.:‘ .
Yo e

The behaviaur afthe &mals prior to mplaxns is mtemsung in the hght of Arak’ s\\

o » (198@:1) pmdl@ﬁan that ﬁmnles wemid, mmsml;r have to compam or sample several

. maiasi:t’shu Is "choosing" amw. &ﬁ*bmlus Aelicatus _
 within the chgras before they finally approsch and mate with & male: [heir behaviour
. duxing this time may prqvidu;an oppasrnmity_ for mato sulnctio_n. or_xt may be a period

A

B

om

ﬁmnalesuﬁenmmmnmuﬁonless e
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of Sﬁmulfatibn during whichi time a female is "excited” to.:even_tual Tesponse. 1t may also _

be indicative of the female ssarching for snitable oviposition sites prior to mating.

The juxtaposition of cloacae due to axillary amplexus would presumably increase
the efficiency of fertilisation and may be partially responsible for the extremely high
fertilisation. success found in this species. Another factor affecting the fertilisation

. Success inay be the construgtion of Jeaf nests. The spermx and egg cells are restricted

within the closed nest. Presumably the mobility of the sperm cells would facilitate the
fcrnhsatlon of any remamning unfertilised eggs. The high degree of hatchmg success
indicates not only 2 high level of fertilisation success but also the survival of early

developn:ncmal stagus There would presumably. bea loss of individuals due to predat:on

- on lau-,r developmsntal stages, once the laryae have left the nest. .

'Predation mi the nomfeedﬁg and larv‘él stages was presumably the r}.‘ause of thb o

evolution of terrestrial breeding in this spec:es The envncipation of carly development - .
from free water would pamally ovctcome the d:sadvmtage of exposing the valnersble
~ Tarval stages to pond fife (Crump and Kaplan, 1979; Duellman and Trueh, 1986; Lutz,

_' 1948; Sxmon, 1983, Townsend et al., 1984). A further advantagc of nestmg ‘behaviour

and the consequent protecﬁon of the offsp:;ng from predation would be the facihmuon -

- of a decrense in egg numbers, parucularly important in this small species, Whether the
sl stes of this species facz.litatad or was facilitatad by terrestrial bmaﬁing is unknown,

Salthe and Mecham (1974) cl;ém that w:ﬂz 4 tetrostrial modo of egg depasition, there

s e to bo gaiaed by conthical increass in the specios body sizs beyond a cortin

bacpmmum size cannot be further incroased, and an increase in the clutch size- "

18 irrelevant i€ not disadvantageous A gelicatus, female body sizs is not correlated
with the vgg elumh mass, thus thers \vquld be no advantagﬁ to increased female body

;;f':i_,),_ ‘.simmehismspm D

Ahanugh ons wou%d eacpaet 2 m»-a.:. _ :Bstibuﬁm of e@ a:luteh masses within tha_ o
popmaﬁen, Y wod:damns&atas mmmmmmm not mnnally d:strlhuted

~ bnt rather fall Into soparate: categorios. A possible axplanaﬂnn of thig hes in the |
_ o e:dﬁbiﬁnnofpolyan&ymthism&s_ o _

“w
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Nest-building was similar to that described by Wager (1956), although nests were
always construc® d above water level, The selection of $pecific leaves as oviposition
sites 19 presumably the result of the physical reyairements of the leaf in producing an
efficient nest. Wide, short leaves would facilitate easy manipulation during nest building

~ and would be neccessary to adequately cover the eggs to prevent desiccation and

exposure o the elements, The pair spends a great deal of time and effort in selecting an. -

- oviposition site at a time when they are presumably very valnerable 1o predation, Jtis
.- possible that the selection of an oviposition site may affect the chances of survival of

the offspring, thus'necessitating the chojce of site by the parents. Futther investigation

| of larval predation and survival is neccessary before thc funcnon of the pralonged penod | .
o _-ofompomnon site sslectioncanbedemnmned. |

Ti'e; mproducﬁve bchawour of A, dehcatus seems tn be lumulated by ramfalh ‘I’h¢ .

. majanty of mating occurs on, or shortly after, rainy nights and chorus size mcrcases o .
o on such nights, A posszbla explananon of this lies in t]l& effect of rain ot the nestsof -

this species. Rainfall occurs at regular intervals (see "Telford, 1982). By mating and
consmting ne:sts ‘duting or af:f.r tain, the pair may nffecﬁvely be ensuring that the

 larvae remain in the nest for & sufficient time 1o dllow devclopment bcfom the n§xt o
ramfallwashestfmmimothempﬂnwater, - . o

'I'he fwt thataingia males fonuw andmmctwnhmated pa:rs may be a consaquenee

afpn}yandry Unmateﬂmalosmayium thmrchaacaot‘maﬂngbyfoﬂwlngapair N
. si’nenhuymbaabhmmumamﬂinsvmh!hefbmalemshebmaksmpkm_ o
e '\ﬁ&h&cmmmm s - S, #

“._. i@ AMHANS, It ig ﬁm, al }-! 911 ,;..;- syggmn in &. .

 delisatns, Polyandry.is also exhibisd by s species, Inthacmwhm fomslos &id

iy ?-:-'.'.E.ﬂ&."_“ i'.ﬁ' ﬂh@hﬁw MWM BUBSINOIeN 1~ 31&3&[‘3 wﬁhtﬁgsm

'male,mmmmmmmw:ayanufrheiroesswizhummwmymmbm o
. _'-:hatmfbmahscﬁémtdam Sommmmmayhmemmdpnmwﬂmircapm,
j_.ﬂmpa}y&ndrym@bammmmmwedhm SR o -

e
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'I’he observed polyand:}' was not an arnfact of overcrowded cagr.d t:undmnns Caged

" and natural breeding males maintain a minimum interindividual distance that results in

the even distribution of callers and prevents additional males being accommodated fn
the chorus once a maximum density is reached (see pp. 68).

In st siuran species, & feraale’s Clusch is fertilised by one male and is deposin.

B .' during a single n_#ating, Hormoanal as well as extrinsic stimuli initists oviilation (Salthe
' and Mecham 1974). It is obvious from this work that A, delicatus is capable of
' witholding eggs after the initial hormional stimulus for ovulation has taken eﬁ‘ect. A
possible explanatzon for the origin and development of this po!ya.ndxy is that selacnon'
has favoumﬁ multiple nests in thiy specxcs Femalns wonld ntcessarily gvolve the ability -
0 tcmporanly mthold tmpomnon for short periods of time whije fmther Suitable nest.. -

. © sitey wma found, This would préadapt ferales for mating with more than one male on

" L :'_e:e aaa mmk ofizmmsud ganotic diversity ofﬂffspmg thet potentially womid allow

. tha sama nighi; iy laying subsaqumt batches could be. ﬁelayed for as Iong ﬂ’j one or two -
: _mghts, mating with different males on subanuent mghts would bs pmsﬁﬂe. ﬂ .
- Although various ex;slmaﬁons regarding thn adaptiwqcss of polyandw havp been
_ ffated, no prmdmnl wzp&anatian for this hehavinm in A, delcatns is eviderit,
L mmﬁeaay, pazymuy may increass & fomile's gwm;ia m@w n fature |
o s either a3 2 msans of reducleg o tisk nflcwmg invizble or no offipring,

doprliliy ageisst Suckseions in the anvimmz (Gindstons, 1979; J‘am. -

:_"ﬁnwmaﬁmmmﬁmw anﬁmmﬁemhmmwh};inpmamy '

- - diversity in bgh sven in 3 monogamoRs |

ystom, Ho m&aﬁwﬂ thet male quality rather :

} mmmmhw@wmm&emmnmmmmmmmﬂemw Thorsdyof

'Mwh&mmmmmamwmmmmm

: ,ﬂmm T S
L Awmmmmﬁmmh:mm@mmmmmmmﬁwm
: ﬁrst'bmh“afmgas ?,ﬁ &r&medfppmﬁamaif the chandes ofahmhﬂng a" famaiu

=

AT I ’”

mm%mmwﬁm&kmﬁmﬁywmﬁr% -



s high. Males are clearly capable of fertilising an entire clutch and the fact that they |

releaso gravid: females may indicats an adaptive advantage to this behaviour. -

Polyandmus females may be smaller than average, but this would not necessasily -

5 . influence he number or size of eggs produced since female mass does ot correlats with
2 " ogg clutch mass. If the first cgg batch Is larger than subsequent batches, there would

: sinmlariy be an advantago in releasing females after: the fivst sgg batch was deposited.
_ Howm, I have shown that the number of eggs deposited. in fernnle’s first, second

and third batch doos not diffsr. Thumntthemale‘ inﬂuenmonpmmdry'

manwfhﬂherawam _

kiﬂﬁsgpas&ﬁﬂeﬂwﬂm abmvedpulymd:ymnatmaﬂuyﬂvamagy‘

inton mymmmmmmmmm -

. -‘"“'\.'lw
J"\r 7

R ﬁmmwmm&gmmaﬁmmmf y mmwmwm_'
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81 INTRODUCTION.

AT T

. CHAPTER EIGHT |

° FEMALE BEHAVIOUR

L3

e

In the las:ga nﬂxed-spemes choruses of tha Aﬁ'icm troplcs, fcmale anurans locate'

L malg,sin anoisy complex envimument. ’Iheyam confronted with multipla tcmporally
”cmﬂ;pping sourid sources vm-ying in ﬁ-equt.my, intensity 5* W duration, In order to
| achieve amplexus, femslos must mokes sense of this sonic coin,blcxny as well as avoid
 predation while hegotiating perches under dim lighting. This chapter examines the way |

in v.rbjch A‘ da!imtus i?emalns move t}r.rough 2 choms of cons;mﬁc ma!e.s.

Mmmmma&emmnwmdmm&thmmmy (Feng;,_.__, |

' 1976; Gerhardt zad Rholalaonder, 1962; Passmore gf al, 1984; Rhoinfzender et al,

1@7’9) melns pmba’aiy e & pmmgmdimmeim' maahanism (Gerhardt qnd' -

. Rkﬁnlawmtw, :em f wb&eh Mfﬂm sensitivity is &dﬁm@y tha intemcﬁon\\r
: ﬁsﬁﬂantamﬁ ._ . w&www&rxfﬁs tympmic nm o

seauing ﬁau aemacy with which fomale’s audhory systen can proceas s the

"-m*saummmmw&dmmmmmmmmmm.
' mﬁayed by many amhars may eﬁnﬂmﬁ semal facn:ms that wanld be present under

it



naturah:m’aditioi_:s. "

Recently, a great deal of crmcmm has focused ot the use of phonotaxxs expenment '
results in predictions of the natural breeding behaviour of anurans (Arak, 1988a; Dyson,
~ 1986; Halliday, 1983; Telford and Pas:maoze, in prep.). The complextty of the sonic and

- phys:cal :nvironment is thought to mﬂuv:nce d female’s behaviour to such an extent that :

 the behavious exhibited in phonotaxxs expaﬁments need not be exhibited under natural

~ conditions (Dyson, 1986; Telford and Passmore, 1985). I studies of phomotactlc
. accuracy in Hyperolius marmoratus, it has been shovm that females lacate a sound -
© source mosu Aceurately on’ & two—d:menmonal arena thain on a mmc natural .

. thme—d:mensional ﬁmna (Passnrmre et al, 19843, Ttwas predlctcd that thc accumy llnder :

natural conﬁmons may be even lnwer (Passmom 2 a] 1984)

- Although it 15 useful to know the pmcxsion with whlch a female is able to locate &
- sound source, it is probabiy of grzatm: intensst to know the precision that is exhibited

| tundar natural conditions and to invesﬁgatc the inﬂuenca ‘of sonic and physical
: oomplaxlty on the ability of a fomale to lncate a mate, o -

 Auwrans provide & model sysm for the study of soclal behaviows, In spiw of
) incrcasad lnlm‘est in ﬂﬁmﬂeld, mOBNY 8s7ICts of their behavionr have yet Io by
 investigated tlnmlgh detailt;d fleld studles. Much of the recent work on anuran social |

* pehavious bas focused o siudies of mats cholco, Active female cholce of optimally it

malss hies been wilely invoked to explain non-random miating paterns (Dyson, 1989).
o 'I’hem seemms 10 be good e.vidant:e for feinale choics in soms species, but interprcmtious |
- are canﬁunded by several factors. induding et mcogmﬁon, dosign constraints of
 fomile amﬁtWy systems, and imrasexnal sefection (Bysnn, 1989), “If there are o
'_'_fmmmmm&mapwmmm then we would expect 0 s68
5 scwraimalesbafommaﬁnga o
o choios. Mareover, in a very complex zcoustic environmmt. sequential sampﬁng rather -

| "than simultaneous. eompmison is pmbm:y nmssa:y w d:scern d:ffcwnces between'

?emt&s bahmdnghmmnsifﬂmym gompatin

145'
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 males” -( Arak, _1983a}.-80me species até reported to b'eha've_ in this way (Dueilman, -

1966; Fellers, 1979a; Howard, 1981). However, there is the problem of distinguishing

- between female preferenca for a male’s geneﬁ or for the resources he possesses (Arak,

_ 3--1983&) The stmcmmi des:gn constraints on the fernale’s ~yditory systemn may bias her |
ability to Iocahse certain sorts of calls. Also ‘because anurans are cctomem:nc, levels of
o motwatzon, time to physiologwal responsweness and the accuracy of couphng of sender_ N
- receiver mcchamsm may be temperaure dependant, These factors may affect ferale
preference and the readiness with wfuch a female will appmach a certain roale (Arak,'

7 1983a). Also, the female must xely on some phenotypic characteristic in assessing
 fitoss, thus she would have to be able to discriminate between phenotypic

gharactarisnss. Itis also unlmown whethar sufficient genetic variation can be maintained

. in & population o allow femala pmfercnce to persist or if favourad trmts would be
S | m.gidly spmad ami fived in the popuianon (Aral-:, 1983a) | -

. ’m@m has hmn‘v#ry listds work on famalu bahaviour ant! even iess on the ralanvc' o
o irmpmoa 0:1“ mala aad femalu behavzouﬂn the raating system (Arak, 1988z; Howard, o

' -':-.-llﬂs&Mwﬁ, 19&9’.1 Itisclmth&nhmaﬂmsaffmala&ehavmpnmmamp&exus' .
_'_-'"-mmmino:ﬁmmpmﬁdeauwénpkmafﬂmmmgswmm&mﬁs 1989).'_[_'-_ B

ﬂwwmch&d aﬁh@m, sha s faaadwith tha pmblom |

e m Thm« ahmﬁ@n of ﬂamle bsh&viaur at this =




| 1) Wha‘f is 'the'poten.tial accuracy of phoriotax'is'in this small 'anur.an?'
2 How is this potential mﬂuenced by the complexmes charactansuc of natural
breedmg assemblages? o -
3} Da females mate with the nearast male or {6 they move through the chorus
bypassmg ma]es, and mate with a specific male onty? o -

| 's'.:z_m_j Tﬂons-_ .

’I'he mtaraw:i[ dlstances of 16 A dehcatus femalcs were meaSured dunng
 Noverber 1989, Vermer callipers were pl&ced across the femalcs heads to measre the'_'-'
dxstancg betwcan the tympana R SR o

.'_'8.2.2'-_ ocng ' 'éf 'h Hotakis _
: Theaecura:cyoffemalas phnnntactic approacheswmaxamined wuderﬁve catcgones
af sonic and envirormental complexity during the 1988/89/9'& breeding seasons, For

t:ataguﬂe:s 1- 4, the wsﬁngarenacmswrednfaclothﬂmr(ZxSmJanhichwaS-

maSXSammmhmdgid A@Wmdﬁghtbalbwassuspendodzmabm__'

mdlwsi it the cotitro of the arens, Stimnlus tapes were prepered using a single call - :

mwm the Held. The mmmmd the normal frequency range of the speciss
am& Wi pﬂawi attﬁe s mpetiﬂnn rais, ’I‘he mﬁﬁ were broadeast nsmg _' Sony
- :","01"\-. a,' "'i--;_u @&Hﬂmﬂlﬁj Sﬁ m "'u_a 3 aﬂd Phﬂlips ﬁn
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_1dentmal to that in catcgory 1. The snmulus was broadcast by a smgle loudspeaker
B '-lucated 1 m ﬁ-om the female release point.
| Category 3: Ident:cal to category 1, but carrying the same stimulus on both Jeft and tight
e imcks of 2 stereo tape. Left and right tracks alternated premsely Two loudspeakers (one
_f for each track} were placed. at the same end of the arens; 1 m in front of and facmg the .
_release posmon The loudspeakers were 50 ¢m apart. |

. | __gggg;yj_ Idenucal to category 3, but with the calls on left and right tracks axactly o

L s:multancous, 'The two Ioudspealcers wem posnioned as in catagory 3.

. Amplexmg paits were conected from the natural breedmg sites and females were
. eparamwd from males immedmtely before their first trial anid placed i in a perforated 3
plastic mﬁga.mr at the releass poia. T}ns was removed 2 min after eall broadcast had
o commenced, ‘Apositive response was scored if the female made g defiberate approach :
7 to, snd made physical contact with the loudspealaar ‘Bach female was scored once in-

| R eaeh_ cate@ry. 'I‘he duxamn of the nial was recorded and each maI ‘was mapped using -
o {'ﬂw nmmdimtes ou the arend sm*faco The acenracy of each approach was quantified in o
- torms of the angular deviation of the jurnp dirsction fmm the targtt axis, The mean [

o jmup a0 mgle was calealased foreach teial,

" w v@m indiwﬂually rolsased into & ca.ged chcms of males (pp 2'?) e

o Canﬁngmaleswammuecmdfmmthcuamal breedmgmaandmleasedintoﬂmcage -
| s Botsigtad aﬂt 8 calling malasu A5x5cem labe.ﬂed grid, was constrocted

| " ms twine ssmdnvar the pond. This anab!ed fornalest paths through the chorus to o

I b'e plmd. m q;praadms wera analysed moﬁmansimally since the planits in the cage .
P il sﬁm aml the vertical compomm of famales appmﬂdles was

mmmmﬁmmjmmmh@mﬁwmmwmmpm .
Waw&w@mmwvmwgmmzmsmmﬂmm S
1ok  tonichios mdﬁre mmafw ineash approach (categories 1

oRchios of fomales iu choruses of 4, 5, 6 and 7 meles within

"o omtmgany S o s o wemna mmed n exgary § 1 = 1) the mass
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and snout-vent lt‘mgth (SVL) of the a:nplcxed males were measurﬁd. Furthcrmow, the -

advemsement calls of thess mases were recorded on a Soriy TCD 5M tape recorder and

. a Sony EMC— 16’1‘ mmrophone ‘The calls were analysed o a Uniscan IT Sound Spectmm

Analyser and the mid-frequency of the advertisement call was measured. The
cnrrelatmna vetween the_ acourscy of female apprnach and these variables {mass, SVL

and call mid-frequency) were examined using Spém_fm‘s Rank Correlation analyses.

.S.Z.S-IFemhl‘e. B"ehavji_our in the C oms o |

Tmn:y a1ght gravuj femaies were mdmdually released into choruses of maIes in the

‘cage from a position on the edge of the pord. ‘The fernales wero closerto some males

than others. “The paxh of the feroale through the chorus was plotted (as wzre ‘the

o posit:ons of the caliing males), using the co—ordmates of a 5 cm Tabelled grid (sea

: abnve) The behawour of fermales was pbsarvcd during the: appmaches.z For the majority

of approaches mapped, the mass and SVL of the calling malcs was known Thzs work B

B f‘iwas conducted dunng the 1989}90 breedmg season, . -

SBEEE

8&11an

. #emalas were able to mcahsa 3 dalling imale (categmy 5 ora broadcast call"-- -
_"'____(camgonas 1 - 4) with extreme acctuacy (mnan jump error angle [i‘JEA] for all . |
- appoachos = 32.2% n = 82 approaches). From Table &.1, it is clear thr mmwm mo
o sigaiﬂca:wfmms betweenﬂmﬁ%cmgoﬁps of approach fortrial ae%umcy, mial
o "dmmﬁuns or numbers of jurps, The zip call component (afcategoxies 1 and 2) tﬁdnot
o aidarmndaraeemcy Tho add:ﬁcnofasmmd, altemaﬁng&t:muius(catugozy 3) smi- x

.-'149 . jf

B 'I‘i;emeanmteraural distanceofA. de!iwmfemuaswasosnm(sn 0.04; n_-'_'_- "



the exact temporal overlappmg of the addmonal sumulus (category 4) also did not -
- mﬂuenoe the accuracy of the fema!es approaches, trial duration or number of jumps.
: _ 'rha mcreased sonic and environmental cnmplemy of natural caged chorus also did - -
not- influence the females’ accuracy of approach. 'Ihere was no difference in the .
accuracy of approaches when 4, 5, 6 or 7 males were present in the chorus (H = 1.538;
P=067; n = 5 for chorus sizes of 4, 5 and 7 malcs, u - § for choruscs contammg 6

males)

There was no sigmﬁcaut correlauon between the acm:racy of approach and the

© mated males” SVL (r = -0.107; P = 0,688; n = 15); mass (v = -0.399; P = 0.136; 1 =

n '__'15) or call mid- ﬁuquency o= 10.022; P = 0.936; B = 15) in category 5 appmachea.' o
| - Femalas do nat appnur 1o lmahsa Inxger heam ma!es m& lower ﬁ'equency cails » th o
 _ mcreaséﬂ accuracy ' - T L

Lo

SR

RN
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. TABLES2
o isttean'jmp error angles {xﬁEA}, trial durations and ﬁ'ﬁmber of jumps per trial for B

_the five categories of approach a.nd the Kruskal«-Walhs Analysis of Variance (H)
- between the categories. . : - : -

categﬂry category categcry categury ca.tegory I-I P(H) '
1 2 8 4 e |

% BLBT 3247 3217 8342 . 8196 0.32 099
. JRA 8D B82 . 91l - 983 939 1698 :

, R “m - -..'1.7. S 5_3__37_\ 10 . 10 28 .

o jTriai ﬁ 399 B0 - 410.69 80167 338, B0 62455 697 0.1
. -Eumtim sn 208.77 30226 113,19 108.18 488, gg.

| "'_:Numbea‘ % s 12’ 53 1270 1380 1137 878 04

J‘nmps SD 881 8T 368 495 eae) .
. m w1 10 10 38 b

s xdmeveed = 0T8m@=28

R IR



833 Female thaﬁour _in_; the Chorus

 Of the 28 female approaches mapped, tin fomales (32%) mated with the nearest
male- 1 (61%) mated with one of the two nearest males; and 24. (86%) mated with one

S of thc three neareSt males. F'xftecn female.s (20%) mated with the largcst maIe-'

| _ irrespeactwe of of whether he was closest er not. In the trials 12 w}uch the femalcs did
' not mate with the nearest malt: and the SVL and mass of the calle-rs was lmown {n=

9) four of the females mated with a male who was ‘smaller (mass and SVL) than the _

any given night (n = 12), only thm (25%) of thc males who matcd ﬁrst were tha largest
maIes in the po_p:.ﬂatiﬁn. PR

Iti% of the 28 mals (sz%), the fcma]e appmachsd me mget male inn fa:rly o
. fashion (Fig. 8. la). alﬂmugh four of these femaies bypassed (mﬁ;m ggcm) A calling o

n:mle dn rmg the approach (Fig 8 1b).. Tn the mmaﬁﬁng five appmarhes (18%), thr:

 fomale appeared 10 have “visited" & mals that was not the eventually succesful mate
(Fig. Bic) A famale wa& smd 0 have vzsimd" 8 maia if she appoared. w be’

N woaclung him, caie w‘thin 150m of him, but did not iniﬁam amplnxns and altered

. _ hew directmn fﬂ'appmach mwards anoﬂ:m'male Inﬁm'mfﬁme tnals the mass ancl S‘V‘i._
_ ofﬂm caﬂerswaskmwn, mdintwoaft}ham(ﬁﬂ%),thmdsitedmﬂa waslargat (u:sass-

. gnd S“\’L)thanﬁmamtnallymatedmaia. o e
e m RS2 SR R
\“_I_..” . o

[

* nearest mals, Jn the cases where more than one femaie was released into the chorus on

e e
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8.4 DISCUSSION

'The ability of this small aniran to localiss a sbund'snﬁrce with great precision is
L comparablc to that found in other ﬁ'eg species (Feng ¢t al., 1976; Gerhardt and

' .-Rheunaender 1980, 1982; Passmore p,___, 1984; Rhemlacnder et al, 1979). The
mterawal distance is small relauvc to the wavclength of the advertizement call (st
- Camhi, 1984), This, together with the results of other behav'oural studies (Feng et. al,,

o .1975’ Gerhardt, 1937, Rhemlaendcr et al, 1979) imphcs that. ne:uher the pressm

Teceiver mechamm:a, nor *thn interaural time difference machamm are sufficient o

explain the aecuracy of sound localisation in anurans. These results suggest that the ost

o Iikely mechaxﬁsm ofhearmg is tho pressure-gradxent receiver system (Gerhatdt, 1987).

Although the cnmplcmues charactenstlc of ia:ge natm‘al chomses has hee.n pmsumcd o

0 impau' 3 female s ability 1o dwp!ay the pxecmion found in smplxshc Ie‘yoratmy:

:condinons (see Morris and Yoon, 1989; Rohsnsan 1986; Schwartz, 1986; 7‘1/31‘31131:1 -

and Dyson, 1988), thero was 10 evidence of this in A. deficatus. The accuracy with
. which fomales.Jocalised individual calling males under complex sonic and physicsl

" snvironments was no. different from that displayed under conwrolled, laboratory a2

| X Iapproaches mldiﬂonal sound soutcss, mmpqrrally nvgrlappingsﬁmuli and enwronmental. '

. compimdty do not appaar m inﬂuenna the pmclsiun%?ﬁcmnla appmaches Females also

~ donot Jocalise largecr or kswor frequency males mum accumtelg then others,

Fwﬂub&h&ﬁomprkmmmﬂwh&iu&d&afmﬂmgmwﬂlyamo&cheﬂmm' e

: Qf &ﬁ m mﬂiﬂg n’%lﬁ .i'{u;'.':i.ul "

| andﬁiosethatwmawam. Smmfcmahswmﬁtemchoasenmongmam, and there

or wiere stituied to the most

"aasﬂlylmuﬁmd&mtcan(

fpective afphcnotype or behaviom- Thete was no :
 evidsnos of rucosssive sampling af males, Fémeles rarely "visited” meles withou
Initlating @mplaxnsmiq there was 10 aiwﬁaantdiﬁ’maca betwoen the sejected males

~ was.no vidswos of prefaroutisl sircion to any particulr male et oxamived, it s

o hich wenldmustﬁhe}ybcpmdhced by one of the
- _;_mmmam*nmis posslbly aphy%olngicahhmham furfemalaanmulaﬁon (Arak



1988a) wluch could explmn why fernales d:d not Conswtently mate with the closest
maJo.

These results are consistent with the idea that females, when confronted with 2
“chorus, select 2 target male and #pproach hir in a relauvoly straight-line path while
. offectmly ignoring other calling males. Females presumably “targot m" on ong of the
nearest calling males mspccuvo of morphology, call charaotensuos or hchamour. -
 Females may indiscriminatsly -“lmk_-in" to a particular male while spproaching the
chorus, and other conspecific calls appear to have litle effect on the approach.
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Ifﬂw advantage of sexual reproduction is that it increasss the ange of potenual o
vaﬁaﬁon 1a a population, then the sdvamage refors o the population as & whols and not

"t any particala individual in it (Maynard Souleh, 1975). Since natural selection operates
* at-the Jovel of tho individual, thero tust be an-individual advamisge o sexuel
' repxodmﬂoa. Thia advantage lies in the increased vnrlaﬁcn of otfapﬂng produced by &
- '_singie puie of biparental organisms under conditions of intense selection; Ls., mdax‘ !
| -_ﬂnmmgmd%ﬂw webmmedmgis mustuhulymbaamﬂly'
o mwﬂmmaﬂﬂwmﬂalamsmﬁmmmmam 19?5)

| mA mmmummmmm.mwmmmms; |
il i ’wpm@nmmdapm%mmmmm_




. In anorans, selection ensuring that an individoal shall mate takes the form of both
extrinsic and intrinsic factors. The extrinsic factors that trigger breeding include ramfall.
light, temperature, daylength and food avaﬂabﬂ:ty (Rabb and Rabb, 1963; Salthe and
- Mecham, 1974), In A. delicatus, rainfall seems 1o be the major factor infinencing
breeding activity and it probably initiates mlgmuon to the brec:dmg area (chapter 5).
Intrinsic factors are ge.narally hormonal. The production of the mating call is controlied -

by the pnu:tary and testicutar hormones (Schunidt, 1966) The mating call has further . - o

_ 'slgmﬁcance in terms of behavxourai and physiological facilitation of breeding. Calling
by active males stimulates calling behaviour by other individuals (Sal:he and Mecham,
©1974). It is also probable that chorusing triggers hewro-endocrinological changes in

- females. that stimulate the mating response and may influence ovulauon {(Salthe and
 Mecham, 1974; Sughrue, 1969). The act of clasping may also play 2 role in bringings
fomale into a stass of readiness for mating in some speczes (Bragg, 1941). Tn most

specics, peristaltde abdominal contractions in females ocour during amplexus and may -
' ' indicate ovulation that probably acts ta sumnlm thc mals to ejaculm (SaIthe and
'_ Mwham 19‘74)

salmﬁpnemmmmindmauatmamvaﬂmmspmﬁcmmmeoppmm a
" sex Is vitally important and is achieved throngh the SMRS, The SMRS of A, delicatus
s specios spocific and facilitates efficlent Rproduction irrespactiva of other species
prossncs, Stabilizing selection acts to keap the maw reeugnlﬂon system stablc; 50 as o -
enswre syngamy (Paterson, 1977, 1978, 1982, 1985). The SMRS is a cosvolved )
spomse cheln which facilitetes Rortilisation, 1t operates during courtsh:p and

stimisaries 10 muting (Manning, 1979). Sexual adverdsement andthe

saHentian nats cotsiials A hmpm af the murtship behavinur a8 well ns§

-_Wmmmmw&mwﬁamaﬁdmwm -
: beatng parGetved hy gravid ibmaina and acts a8

_ sttt ented (s ';-',fi"»:-:-;. 19?6). Thﬂ m@ioﬁcﬂl Sﬁq{lﬂnm
g?mts am; durhg souad leua.uaaﬁon is not fhﬂjr&admmd hut nmt anurans, ° '
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_-tﬁg numw of offsprng left (M

| S Qm .. : /mmiamjs W W ;mnnrw::
aswenamum bnﬂ;mnlasmdfoma@s é\fproymmmgyofmaﬂﬂpm o

'ijlcludix_a_g"&. delicatus, sre able to localise & sound sonrce with .e:'c_frr;mé accuracy .

Although the 'complaxiﬁ'es characterisﬁc of large natural choruses may be mdught W
- impair @ fernale’s gbility to- dmplay the precision of !ocahsaﬁon found in simple

 laboratory conditions (chapter K), thcre was no evulence of ﬂns in A. deliwtus. The
accuracy with whch females located calling males under compiex soni¢ and physical
: _environmants_ was no &ffmt from that_ displaycd undez_- _cqntm!led lab_nramnr trials,

I"" L

Salecﬁon munng that an mdmdual mll mate w:th the f‘ Tttest and oSt fmuie mate

- has besn wldc!y invoked as & msans of explaining non-random mating in anurans (Ryan,' :
198, Tntersexual selsction in a wild populaﬁon is difficult to demonstrate since tis
_necussa_rymshow_thata_fgmale _15 sl gsomoﬁndofmaleinpmfmmcetoaﬁ' _
© others and furthermore, 1 so doing, she/is increasing the average number or quality of
. .off*@rgng she leaves (Arak, 19838). Aﬁmhcr complication is that intersexual selection ©
 eam npama eniy i ﬂmc wales with the charactm' which inmases their maung sucooss,
malso ﬁmefpwgnts butitisd;fﬁculttodamons&m snchacmelaﬁonmawild o
 population (Maynard Smith, 1978). I found no evidence of such selection in the A.
delicatus population sad foond that femiale behaviour prior 1o amplms did not seom
N S to ind&cam the se}acﬁon of a:ay perticular class of males, Ahimngh tham was variation _' _
S 'inmalamaﬂng&ﬁamss,ita@pmadwbemdnpmdemnfmarpholmalmbchaviaural
S teaie Oaamgmyhasis,mm prﬁbmbi&ﬁesaf@ﬁngwmaqw.@ S

ﬂ
o

Mwmmemqumywﬁhwhmhmmmﬂmmkmmh"
‘Ifhem !m nwwﬂy steong seleotion on. each indixﬁﬁual to increass its

nfﬂwir snates fghaptwﬁ and %), thers would be selectiol 10 incroase

i _al mm mulﬂp!e mating

2 k‘mmmmwmam_

s cncegoc consat, mﬁuﬂm smoutsof s icividual ;
ih -im nlng wots wot found 1o call mors rogularly
ms (Hladsion NG, 19'?‘9' Stacay 1982)
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‘Tasting more ftoquontly. Sinde apurans sesmn tobe unableto

wynacd Sruich, 1975), Maly-oasle eompeﬁﬁon for acoesy



| -mating Ammugh malas beneﬁt from mulnplc matmg by mcreasing the number of
- offspring, this is not S(x int females. No proximal explanation for polyandmus behaviour

in this spec:es is evident. It is possible that the increased variation int offspnng produced
'-by polyandmus femalgs is beneficlal, but 11: is more hkely that thzs behmaur has no

adaptive value

A mroducuve strategy isa set of tastms that has heen selected as the adaptanons

| whlch have contnbumd, on nvmgz, the greatcst number of offspnng in recent
- genemiions (Wilbur, 1977). The reproductive stratogy is determined by the collective
_ - behaviour of mdividuals respcnses to, and comprom;ses amrmg,vanous selecnon _
© pressums (Imumun and Traeb, 1986), Heological as well a5 social parameters impose
" Hondes om tho range and type of bebaviour that will be adaptive (Aral 1983 Emlon and,
Oring 1976) ’l‘hareis}ﬂfm considerable ﬂe:ubility in the mating system ofa populatian
md(f may. va:q ‘vdﬂa diﬂ‘erafncos in mals ﬁmsity, synclnnnisanon of fcma]e amval and '
o mvironmmwl {iscations (sm cham 6 Acsk, 198%; Vol 1770
| Ommﬂrhndmgthe dewlngmmmfa mmmgicm&mewmkofthemmf N
oot has boes "a reourring andsacy for fildworkers 1o search for
;s Jaemw in o wnw of the earvival anﬁ' waﬂ-bemg of me; -

. Ii:

| W
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~ selection would promote the. evolution of characters that confer an advantage on males
inthisway, |

In A 'delicatué, 'coﬂimuﬁal reproductive areas are used, thus ihcreasing the
con:«plemty of the mating system, Chomsing cnhances the attraction ability of

" individuals, but at the same time neccessitates the mamtmance of social mgmsaﬁon.
- . The fcmale encounter rage would be. high for those males that position themselves in the

B aggregatwns rather than singly smce the enhanced stimolus effect of the chorns would_._
| "':prefcrenually attract females (Emlen and Onng, 1977), In A: delicatus, the chorus is
disunctly divided mto small groups ‘of males. that form mdependently of rcsourcs.

) avaﬂabﬂuy (chapter 5) Male clustering may be advantageous if polyandraus females . E

-mmmed m the sanm sms on subsequent mghts (chapter 9)

| Aﬁ‘iimlizs dexicatus aisplays nbmial pmlongea breeding be:mviour in which males
- call from srauonm'y sites on eulittoral zone vegetation in permanent bodies of standing
_water The male mating effort is spread iore or less evenly thmghout the breeding.
'season singe femalc anival is, to a large extent, unpmdmtablc Males mmmunicate the:r'

- _spsamea, se%, repmducnv» state and location using vocalisations. Y numerons bird songs .~

- there s&am 10 be a segmgation af information mﬂnn a single vocahsat:on {BEmlen, -

- 1972; Jalis, 1977; Marler, 1960) Similaely,in most anurans, the advertisersont oall may

:" simnltansonsly convey separam massages to borh sexos (Narins and Capranica, 1976) o

“However, A. delicatns has evolved & two-part call that is finctionally partitioned in the

"mmxt of male-mals cotrumication and femalc at&action (chapm 3), Malcs are |
bl ofawing the mlntivepmporﬂqu nfcall compnnents in ms;msu 10 variou§

* social. vensiions, producing an Increased, number of fomals attracting notes whena .
Mkpmmmdinmsﬂgﬂmnnmbemfmal&%mmmmmﬁon POtRS when
ﬁ:echomﬂmsttyishigh.ﬁ‘mfaeiﬁmsnnoﬁ%cﬁwmmabyrhmreoeiverwﬂm__ :

vmmm mm aﬂ. _ ” : 2 iﬂﬁiﬂﬂﬁﬁiﬁnﬂy Qf Mmt nvnn cmﬂ-

oo
Q@

(nk, ﬁssa) In A. deﬂmtus, the inﬁi\ddual distanm i maimainad using the zip can,ﬁ' o

b



the encounter call an-rl physmal comhat or the threat of combat (chapter 4) Although |
aggxesszon 1s 4 Slg'nlﬁ(’ﬂnt feature of soial behawour (Test, 1954) fighting is expens.ve

| '_m terms. of energy, titie and risk of i mjury {Robertson, 1986), thus most d:sputes inA

- delicatus are settled using the encounter call, The individual areas around males are.
Iesource bascd and males are therefore non-termonal (see 'I‘elfc)rd, 1982), Tha- .-
posintenamce of & individual distance may be a means by whmh males can increase -
their reproducnve suocess smce spacing decreases the acoustic mterference between near |

N ne:ghbours (Wlutney and Krebs, 1975a) which results in an increase in 3 male’ s
- locatability and the distinctiveriess of his call, Spacmg also provides 2 clear pathway for B}

- female approach CWlutnay and K:ebs, 19’?5&) which prevents nelghbounng males from

- intercepting an approaching female, Spamng in A delicatus acts 10 reduce the number S

o oof pomnual comp:ntors, but only under conditions of limited space, In most natural
o bmedmg mndluons, thc Ilmltanon % compcnnon may not be famlnated since addmonaf o
o mnies would bc acccnunodatcd o 1 tha penphmy of the chorus v S

Suhtlc yariations in habimt smtablhty w:thzn chorus locatzons may make some callmg :

_ . _s:tcs better than others for atlracung fernalés (Arak 1983a) Tn A, delicams pa:ucnlar_
~ caliing sxtcs are seincmd Altimugh mdmﬁual males call sites do not appear 6 inctease
T thedr rpadng sacoass. the sites nsed by this species 4 a wholg may, offw wmased} IO

:  sound propasadon pmpnrties (Fel!ers 19793) which would allow fen‘nalcs to Ioanlise '
"_'_'inﬁividualsgasﬂy‘ R o, .

Matas ihae aro unahle 10 comg:ew with ﬁvals may empmy an alwemativa maﬂng tactlc o

o tﬁowmd,l%é) Satellits males do not call and do not dfend & indivicaal distance; .

" they ither walt for & call site to becdme vacaat afier tho rosident male has achlovad

" exaploxus, or they faterzapt fomalos a8 they approaci: calling males {Wells, 1977%). My

o 5.obsmaﬁoas of seslliis uumwin A delicatus (c!mptar 6) aro simﬂar to those of

g

L vm]g, m m&féﬂ" wm smallbr mm mﬁmténdadﬂmahoms 1css _' o

:1@}51 ‘rhis tmﬁc mny persi.st ia thﬁ pupuiatm‘n because it is A law



N

&

| ) mpmdm Sﬂm dgigh Jl.:u;

. _cowlaw reward behaviour. There are presumably constaints on the individuals adopting
* this tactic that prevent them from calling, . o

Thé coadapmﬁon batween ﬂm 'adve'rﬁsement call and thé female’s au'ditbry sysﬁcmj_' __

fonﬁs the hasm of the. mgnab tesponse cham winch promotes the meeting of the sexes
© (Narins and Capranica, 1976; Paterson, 1978, 1985). Anuran femsale afrival at the
 breeding site is gcnerally asynchronous_. (Wells, 1977b), and in A. delic_atus, arrival of L
- gravid females ocours over a five month breeding period. Females locate calling males
using the information obtained from the vocal signals (Wells, 1977b). In A, delicatus,
 the localisation of a sound source is extremely accurate and is unaffected by - o
- mmplemﬁcs i the sonic: and physical ‘environments. Am;:lexus is followed by egg_' '
. deposinon Probah]y the most prlmmve fgmale anuran mpmducﬁva swrategy involves the -
o + deposition of ) sin.gle, latge claich of eggs in open ‘water where the eggs and farvas -
 develop {Salthe and Mcchnm 1974), In noarly all amphibian populations that bave been
- studied, pcret}atlon pressures on the ogg and larval stages aro high, and juvenile mortality-_ T
Fnctates m
' reproductive strawgy have allowed for the partial avoidance of predm}on on the early.
S deveilﬁpmwml stages and selcéﬂna has favowed the pmduc!ion of - multxple small
o ulmohas deposmdat varlous places and at diﬂ’emat timns. 'I'lns decredses the chtmue of
. total reproductive fullure for a given bresding ssason (Ducllman and Trueb, 1986),
’ “'EggdepnsiﬁoninA. deficatns is partially mmmalsiucaw amlaidiu nests
mtmmdonmmnnabove water, Thuclutch size has been sacrificed for increased
g sie, 'Iha dapc:siﬁon of terrestrial sgas m&y be vmwed as m‘adaptation 1o avoid the.
. oncentainty of the aquatic environment (3. water aveilability, predetor donsity oic.), but
e mmmmmmm thnt the udynlasspendlaasﬁmamﬁmhmrdm aquatc

than adult wortality (Due:lhnan and Trueb, 1986). Modifications n

phiosis aanalm and :I‘mab, 1936}

- am&wgy am. Mm&mhsiamaiimhaﬁm dowed
adey, Malas have the “opportunity to inmm their

mﬁﬁplﬂ Li

g i myﬁd succession, Althaugh fcmales_
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are unable to behawnurally control the number of offspnng they leave they may control-
- the numbar ofmates that fcrtluse theu' eggs {chapter 8).

923 Effects of |

B 'I'he mprbdlictiira st:ﬁtegy employé& by fhé majnriiy nf'individuals ina populaﬁori

" may vary with varying ccologlcal and. social pressms (Arak, I!?BB&, Wells, 1977b)
. Chorus density has a profound effect on behaviour in many amirans (Dyson, 1989) Arak
(1983a) proposed that, as the density of males changes at different times, individvals

. within the population may lter their rcpmducuw strategies. "At low chorus densities,

- thers is relatively little competition for the available females and all males will benefit
 from callmg As male d:nsity increases, some small males would do better by ceasing
| | ) ca]l and anempung to mtamcpt females approashing calling males, A further mcrease
-in density will favour the satellite strategy even more becanse satellites will be able to

o eﬁbaﬁvely pau-ol ﬂ:u: penphery of the ten‘itones uf several callers" (Arak 1983a)

. _\,

C me dcnsity of calling males in the A, delicatus el affected the inmviduar
_sucmi behaviour in four ways Fﬁ'st, an increnge in choius density led to an increnss in

the namber of zip calls (male-male communicaﬁon signals) and a dectesse i the

_ ~pnmbet of trill calls {fomile attraction signals) produced (chapter 3), Seoond, an incmm _

" in ckmas dausity Ted toa decrease in the nearest nuighbuur distances (chaihtcr 4, Third,
the ﬁraquency of aggrassivu intmcﬁms baﬁl vocal and physical, increased with an -
 imerease ia the u‘hnm dm&ity (chapter 4)* and famh mllite bahaviour was nhmed_ .

--_oﬂymmmmmm(eh@m@

Tﬁedmsdmﬂﬁasofappwximamlylﬂmﬂes{m“ andBZmaleE{m’ (chorus-

" simss of 5 and 8 males respoctively), appear o bo the densitios at which the mals
S '_ m:n*oducﬁve swmagyisvmicdinmponmwsucial’bmwm. Atch«msdensitms lowsr
L0 theh 2.0 meleske®, males seem 10 be sble to max
| 'mpmdiwm&ehawwiﬂxmmmmmﬂwg
malnsfm’ mﬂmappwtemgmmtheirbanamuﬁﬂmwmﬂwmmmm .
 sasles. ?usslbly social organisuﬁon is maximized s r’ cae densitieg and inﬁividnﬂ raeles _' “

saﬁou At densitiex of20 3L
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'success. Chorus dans:tms greate “an 3.2 maleslm’ wm m:melyrareh &th:s density o
appears to be thc poim at whxch fm'rher compmmises becomoldisa@fantageous and
males provent addiﬁona‘l callors from cntenng thc r:hams (sw Figure 9.1).,
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Anurans, as 4 group, have adopted a range of reproducnva srrategles that ate -
| conungent on environmental and social parameters The reproductlve strategies adopted

by the studied population of A. delicatus are the result of adaptations in physiology, -

acology and bahavmnr in response to varions selection pressmes acting on indmduals .

_Pactors such as the temporal pattern of rainfall, wmpcram variation in pradamr' o
| pressm, population d.ensny and co-existence of competing spec =+ all probably affect

the reproductive strategy ¢mploy¢d. A, delicaug co-exists in a community with at least

19 other snorans species, most of which e:ubu specific prcfcrencns for particular
- wicrohableats, The. gmmndnity mcm is thus an incidental Hfect of the d:ffeﬁug
o repmducﬁvc waaegias employed by rha component spwies (utﬂejohn 1977) '

Tﬁaﬁnﬂngsinﬁﬂsmdyproﬁdeinsightinwthu mprodacﬁvabehaviourofan_;
immm amﬂ provionely Hrtle-stdied spoclos. This study has genorated numerous
appﬂcam o oﬂmr species i has also added o the growins body o
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) Thqmmdm&&ﬁamﬂa&wmtbamwn,ﬂnmifmmﬁmﬁmof '

mmmm o |
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 adgled insight into soclal behaviour as itdemmns whether or not thema]&s aze vocally

Thete aro four methods thet havs previously. besn nscd o anulyse""

Wﬁnp&&ﬂﬁh%ﬁ%lmﬁhﬁ%ﬁﬁmm&o&mwpﬁuﬂﬂmdﬁm
d:masﬁwmimgmymwdmwmaanﬂysismﬂﬁqm -

Ialsa .ﬂ.,..._ Juging

nﬁghbunr di-mnm nftlw mﬁm papuhﬁmt a8 well a4 thoxs uf the
armally distrlbuted (Clark and Evans, 1954),

damsh;, {5 woibg ﬁafe the St wlue, the m af the siwmw tost 15 Tost (Cla:k "

o '-'._”mmmmwmxm o

e MM£MWWmmmmtndﬁwmina_ T

fation ishmdmﬁ:usmpﬂunﬂmtthemmupiedm'

167



i

Ty

: Q) Thﬂmjsﬁmtﬁ

- ._./_,L_ o

inﬁmte aIthough the measure is auphed fo ﬁmte populat:ons occupying definite aress,
’I‘hus the area selected for investigation st Hie well within the total area. oocup:ed by o
the populatmn LC!ark and Evans, 1954) - ' g '

Ewn once thess rigorous condmons are met, ﬂxe.re are furthcr comphcauons in Clark

- 4nd Evany' analysw . _
o a) The test iz not sensitive eneug‘n; o show non-randomm-.ss in- all cases and a

chi-square teat is required for this (Clatk and Evans, 1954) o oo
¥ The best, cannot distinguzsh between ciumped distributions and scatmred pau's .
cRahomon,lbw R T o | ST
) The test in nb's dcsignsd for repcated samples ‘I‘hus. if the expe:immt is mpeate:d .
the value of N is thcqs:hams sizo aind not e number of observations. | -

O Whea thie spraple siac is small (< ﬂ}ﬂj the normal curve cannot be used and o
Rmm Tml‘ﬂmuﬁmu}dbasuhsﬁmwdinmﬂertuﬂewmﬁnathasigmﬂcanceof e

" the: dnpm from mdomnass (Clark and Bvans, 1954)

) m&mm Wmeﬁ are-of smmr snplﬁ.saic&ﬂnn than Clatk and Hvans® and his tost |

shnealmmnfmmﬁa. R

T dony not vequine that the gxat:t d&nnity of the population be known (Blackith, 1_958)._ |

} ns’ anﬂysis to his data on nmst neighbmw

| waskqaouty ﬁm xmtm for &gf’iﬁcm (and one sven falla outsicde the range
afwmw o W), The mﬁiﬁfmmmma@mma Hs uppled &

_— q &hmwhiehmathainﬂuwecd'. |

) .1

N p\.\ ST L

mwmmW mymmeﬁmmappmmmmmm'

analyeli to the nossest selghbont date. Tho duia ek theivsquirsmants for the applicativn

/ﬁwmmﬁmmmﬂwm ﬁasolmdmwaswﬁmmaj

snsitive s pther tosts {ez. Craigs wst) C!raigs (1953)".-_

@Pﬁﬂﬂ‘ﬁﬂdﬂm axpocted valiss wore 100 |

At toset 30 ﬁm data mm%f the smdml variate, ' He did not use the &}



- 'mpuléﬁon range; the site had disﬁnct boundaries that atlowed the 'comét dehsity 'tjo be
- calculated and the experiment was not mpﬂed so the comvect value for N was used), but

 sizes. wers rrandcnnl;,r dlstributed ('I‘ABLE Al 1)

o they stillt found that 1he value of R wes underesnmatad due to patches wninn the sindy. |

st « hich contained no males, The dlstnbnt:on was therefore found to be stanstically'

random When. in pmcﬂoe, it was regularly dwtributcd.

ImnductedﬂlarkandBvans testonmydataandfoundﬂmma}csmaﬂ chorus- o

f.?raig (1953) proposed a mnthud af nnalysing disnibuﬁon pattems w]ﬁch uses marc __
soplﬁsﬁcated matlmnmtical teehmques than Clark and Bvans* (1954) test. The majo:- :

| a&vnmaga of Criig’s analysxs techniqn@ is that the exact dens.ity of the populaﬁba noed - )

- _'nathakmwn

wl

" e

Wm’ﬂgm’@’s memod.xﬁmnd ﬂl&tnlichoms sizes wmmndonﬂy disnimm’_‘ B
| (TABRLE a2

eiai-smm test takas imo Ao thn wmawixy in nearest neighban d:stmcas

 and is thovoftys 2 more soanitive saelysis. Whoa used tn conjuncton widk Clack and
Evm’mlfomﬂﬁmﬂehems@mmmwmm&mwﬂﬁmm ) T
---'_'_wad whan usm:l irn m-; motion with ' 1 wat, al«l» c.homs sizas were shni]arly -

Hﬁm (19&3) W a9 aiaamﬁw mnthad ﬁar amlyaitgg ths dism‘buﬁon patmms

o in mmml populntion‘s‘ Her mmhod fs able 10 ﬁmct mular &istrlhuﬁons within climps



_ ofthgsa '!.aa e 1

Coern R S e

and does not. reqmre the definition of the boundanes or densmes of the populations |

.- {Robertson, 1984), " Her methiod uses the squared nearest nmghbour distances of a
- 'u-uncated sample and compms their distribution w:th a s:mﬂarly truncated sample of
. an expected random population. A clu-square test is apphed 10 the values ateach class
' interval 1o detect discrepancies betwaen the two populations. The mathemaucal stahsncs
_used in her analysxs are cxmmely oomphcawd and sophisucated.

ge app;ymg this mcthod to my drua, I found that charuscs of 2 and 3 males were . .
 randoraly spaced, and all Targer choruses {4 8 males) ware non—mndomiy spaocd S
L (aggmgamd) (Table Al 5) :

| 'I‘ha fonr wsts usrsd gavc cmﬂicﬁng results thn considering my W data in Iight -
E msults, Y proposs that nong of the methods gives an accurate account -
. - of the. disu’ihnﬁon paterns and I do not believe that they are suitabla tests fq; anvran
| _charus distribution analysis, I be:ilieve that my raw dam indicatc that nearest neighbour- : |
T drstancms are compmsible 10 an extent (see Figm AL, as indicated by the initial
dzmm&taiwmm of 2 and 3 males. The geaph then shewsagradual decrease inthe
 extant fo which the distance is compressible (L.e. the graph becomes more horizontal at
- Egkerch@mssim}.msmaykﬁicmmmmemlesinﬂaesechmwmmammnmg. -

-anﬁn@mmhﬂhﬂdm&l dhmncn. o

Ipmpweth&twhgismxm attihamssizcsofzdaadtimdmatﬁwspacing_: .

- Wswﬂdmmmnﬁmﬂe interactions ars wnoommon at such low
* domskigs (30 pp, 86). Spacing may bs oven (gon-rendom) at chors sizes of 5, 6, 7and
8 umeles sinde s miafunam individusl distencn wosld be maintained in hese chortes (soe
). Immﬁmmm a0t {ocommod -
o ' axienisnd %hwwmmﬁwmﬂmﬁhm cage,

madimha&.dﬁcaﬁascbmus

- mawm ‘I‘Immm Impowmmmmmnnthmkdombutmhﬁrﬁ

| mmﬁmmmwﬁpwommmmtham |
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 TABLEAL1

5o

Clarke and Evans’ (1954) anslysis of spacing patterns applied to A. delicatus

b

o
W |
ol R

-

8 m A ¢ & R 6B ¢ P sttem

559 L88. 201 1. <005 .rendom
456 148 188 160 <0.05 ramdom
898 - 134 104 .27 ) -
884 088 - 83704 <008 random
4.° 828 LIl 88 049 <005 random
U989 188 59 031 <008 randem
280, 112 . Bl 084 <005 rendom

W27 =008 :random - -

Cowew



TABLEAL2
S C:aig_"a (195%) gnaly_sis of spacing pﬁ-ﬁefns_aé applied to the A. d’_eli_cat’ias data.

R

882

| >0.05.  random
88 12 677 >0.05  random
©OB98 . 18 0 823 ' >0.05.  rendem.

¢ 2
B R VI
6 840 20 834 787, 008 %006  random
. g
7
8

 sa& a4 887 TS 04r 005  rendom
Lome a8 87 638 075 5005 rendom |
WY .3._.3'. o :'31;_3 S a7 118 0 >0,06 . randem o

ESI




TABLEALS

. Chi-square , test for Clark snd Evang' analysis of A.delicatus data.

e x* . pF e peftam

‘saast 9 <001  monremdom
o BOLT4 14 <001, nonrandom

o BOLe® 18 " <001 - nonerendom
. eear. 2 . <001  nomrandemry
. ewsge % <001 = nonrandom
| mss0 84 <00L - nonrendom
&3;16? R B <001 ﬁﬁn-ranﬁm

S a e s

nonrandom  #  clumpsdor evan/regulariuniform

Lo

it

3



. TABLE AL

- CE_i‘-si;um-_e; test for Graig‘s ﬁﬁalyéis de’. delicaius glata .

r

W

pattern

=t
L _

f

"7 <0501
«0.001

<poeL

<0.001
<0.001

0,001

| <0.001

&




’I‘ABLE Ai 5

"

Pxelou 8 analyszs of sPatml dmtnbunon apphed to A. dehcatus data.

S

 (trupeated) . :

pattern

o

o8 L 0898 >006
12 11E . »008.
18 830 <006
‘88 BOO - <005
28 et <005
B4 B35 <D0

“random.
rapdom

nan-randomfaggregate B
non-random/aggregate’

o non—randonﬂaggregata
- non-random/aggregate
: non-ran&omfaggmgate
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