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Anuran vocalizations, especially breeding calls in  the  sense of Bogert,' have been 
demonstrated t o  function as effective isolating mechanisms in some groups.12 
I t  has been shown that isolation is not  t he  only role of this call; i t  may serve 
various other functions such as advertising the  presence of a potential mate, 
synchronizing mating activity,'3 serving as a sex attractant,7 or increasing female 
receptivity.10 For each role the call must transmit information; indecd, t he  
emitter and  the  receiver of the call represents a co-evolved unit.".6 

Calls arc species specific and  often used as taxonomic characters.4 Studies on 
call structure becm to  suggest that t he  calls may demonstrate common, discerna- 
ble patterns within closely relatcd groups of Anurans. The  relationship 
demonstrated by such features are only consistent at the generic level, but  lose 
validation of call characteristics wirh other phenomena such as habitat differen- 
ces 2nd types of mating call chorus, suggesting that  these factors must excrt a 
strong selective presence on  call evolution.9 These conditions require thc shape 
of the call t o  reflect a compromise among the  multiple pressures b e ~ n g  exerted 
upon it.7 

W e  can then define (competitive' environments, as those in which signal 
intelligibility is lost, either through auditory saturation o r  sound attenuation. 
Thus we could expect species in  a slightly 'competitive' environment t o  have 
call elements that  demonstrate its phylogeny much clearer than species in a 
highly 'competitive' environment. 

Animals suggest three wavs in  which acoustic interference leading t o  loss of 
signal information, may be reduced: frequency separation, spatial separatioi~ and 
temporal separation.12 These are interspecific responses that ususlly occur in an 
environment in which two or more species call at  the  same spatio-temporal point. 
However, the physical characteristics of the environment may also influence 
the character of the  call. Sound attenuation in amphibian voices is 3 function 
not  only of call frequency but  also of the  physical character of the environment.8 
Other factors, such as wave reflections2 and  habitat complexity" have been 
considered. Yet another feature of the sound environment that  should effect 
the evolution of the call structure, is the  base level of background noise, termed 
basal noise bands, which would be a characteristic of any natural environment. 



Basal noise bands would constitute abiotic noise that is sufficiently common 
in a given environment t o  provide a selective prcssure on the  information 
transmission system. Its occurence u7ould suggcst that all information trans- 
mission systems are operating at some energetically higher or  more complex 
degree than  in  a free field. The  increase would be rather insiqnificant whcn 
the basal noise level is !ow and t he  effect minimal, relative t o  their selective 
forces. When i t  represents a major selective force, evolutionary response t o  it 
should be demonstratable. 

Some environments of high ambient noise; i.e., waterfalls and torrents, may 
be good breeding habitats for amphibiens. Their utilization requires a solution 
t o  the problems of sound attenuation. T o  utilize the immediate area of such 
an  environment, a breeding unit  utilizing auditory communication could develop 
three basic strategies t o  overcome attenuation and signal loss. 

The first strategy would be t o  develop a call of higher intensity or greater 
sound pressure level than baclcground noise. This strategy may be used when 
the maximum background noise is lower than the  biotic potential of the orga- 
nistn. I t  is elso useful in environments that demonstrate a ten~pora! variance, 
interspersing periods of low noise with some reguiarity. As every environment 
has some degree of random noise associated wit11 it, all Anuran calls should 
incorporate response t o  this basal noise level. T h e  contrastine calls of the 
5quiet9rogs of the forest floor with the <loud' calls of frogs of the African 
Savannah15 may dcmonstrate this principle. 

A second possible strategy would be t o  call at a highcr or lower frequency 
than that  of the a m b i ~ n t  noise. This would be useful if the noise has a higher 
degree of predictability in terms of the frequency and tcmporsl pattern. The 
utilization of this strategy may be demonstrated in aggregations, thc species of 
which utilise unoccupied frequency bands t o  minimize call overlap with other 
sympatric species calling at the same tirne.I6 

The third strategy would be t o  send t he  call on band widths within the noise 
environment, but  t o  codify the  call elements. This may be accomplished by 
frequency modulation and  amplitude modulation or  both, of which there are 
multiple examples. Also available are the  temporal units; namely call pulse 
rates and rate pattern which would enhance recognition without affecting 
attenuation. 

The  sound environment of the breeding habitats of the  non- arboral Anurans 
of Sri Lanka was analyzed. (Table 1). A qualitative measure of the degree of 
expression of the random noise was obtained by ranking signal environments'as 
a function of the percentage of noise occupying the sonogram trace. For the 
purpose of the study, areas of high ambient noise were those that demonstrated 
noise bands in the region of 0-5 KHz, which essentially overlaps the normally 
utilized band of Anurans, 



Anuran Rcsbonses to Slgnal Attenuaticn in Encironments of High Noise 103 

Table 1 - The sound environment of habitats utilized by breeding frogs in 

Sri Lanka 

Noise Level High Mediiim Low 

Habit'it Type W e t  Cliff Slcw - Stream River 
Rapid stream Permanent Pond 
k o o k  Temporary Pond 

Noise Expressed 
As Fe:centdge Over 5CO/, 25% - 50% 0 -25% 
Of Soriogram 
Trace 

Anurans Record Nr!n!~ophi  y~ Rnnn cor.ru,onr;r  r ran,^ ttgrina crassa 
cry!onznsi> 

Ra7.a g-reeni * Ranc (Hy!ctrann) i : u ~ c ~ i ~ t i n c a  

Rana ( H y  larancr) Rann hexadcctyln 
Runa (HyLsrma)  g:,cilis * 
tempora!is Rcznrr 1. l in~nocl~aris  

Rainanella pa?~nata 

Rc;nnncl:a o~tticgatn 

M icrohy!~  zey!anlca 

M icroliy![i rubrn 

Mici oAy!rc ornnra 

Caloula pulchra 
tnprobanica 

Bufo  rnclanostictus 

Bu fc  fcrgusonii 

Bufo atukoi.alaei 

All Anurans calling from areas of h:gh ambient noise utilise note modulation, 

suggesting some dcgree of correlation between the occurrence of modulation 2nd 

the sound environment (Figures 1-3).None of the Anurans recorded from areas 

of !ow tioise exhibit this characteristic. Note modulation itself is not  an 

uncommon character among Anurans. It  has been demonstrated in most 
Lept0dact~lids.5 Only Bufo quericicus shows it in the Bufonids" and in the 

Ranids it has been demonstrated only in Rana nigrovittata.9 Bufo quericicus does 

not breed in an area of high ambient noise, nor do many of the Leptodactylids 





Anuran Restonses ro Signal Attznuation i i l  Enrirorrnents of High Noise 



Anuran Responses to Sigma! Attenuatiofi in Environments of High Noise 



Arlu~an Response to Sigrlal Attenuation i n  Environments o f  High Noise 10s 

described by Fouquette.5 TE,us, note  n~odulat ion may have other causes 
than  high ambient noise, although its high frequcncv in such environments 
indicates its adaptive significance in overcoming high levels of ba~kground 
noise. 
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