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The absence of species and sex recognition
during mate search by male common toads, Bufo bufo
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During mate search male Bufo bufo do not  discriminate between green frogs and conspecifics, between sexes  or between gravid females that differ in body size. We studied mate recognition and the  mating behaviour of male European common toads, B. bufo using field-based choice experiments. When given  a simultaneous choice between R. perezi  and B. bufo both matched in size,  male toads did  not  dis- criminate between species and amplected a frog  or  a toad with equal frequency. When a male toad amplected a frog,  the  frog  uttered a release call  but the  toad did not  release the  frog  and the  amplexus lasted from several seconds to a few minutes. Usually frogs fought to  release the  male toad but test  toads were tenacious and usually attempted several times to clasp the  frog  when the  frog  slipped away from toad. When given  a simultaneous choice between a male and a female of equal size, males did  not  discriminate between the  sexes  and attempted to amplex a male or a female with equal frequency. When a test  male clasped a stimulus male, the  stimu- lus male uttered a specific release call  that caused the  test  male to release the  stim- ulus male. Male-male amplexus never lasted more than 3 sec,  and consequently, the  search cost  associated with mating with the  wrong sex was  relatively low. Males did  not  discriminate between gravid females that differed in body size.  Moreover, there was  no  assortative mating by size.  Male-female amplexus was  tenacious and prolonged in the  three experiments.
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INTRODUCTION
Mate choice is important for  successful reproduction and species usually have efficient systems of signals and responses to  find  the  best potential mate (PATERSON
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1985,  REAL 1990). Males usually mate indiscriminately, but species that have only  one mate in a given  breeding season should choose their mates carefully (BATEMAN 1948, HALLIDAY 1983). Sexual selection theory indicates that explosive breeding is predicted to favour enhanced sensory adaptations in the  competing sex to improve species and sex  recognition and discrimination of  the   quality of  potential mates (ANDERSSON
1994). We speculate, however, that under some conditions intense intrasexual compe- tition may  not  favour effective mate recognition. In  situations of high male-to-male competition, searchers reduce the   threshold  critical value for  mate acceptability (REAL 1990). Moreover, if costs or probability of incorrect discrimination and costs of mate searching are  low, then, discriminatory mechanisms may  not  be favoured.
Male   anuran  amphibians usually produce vocalisations that  function as  an important  pre-mating isolating mechanism (DUELLMAN  &  PYLES   1983). Moreover, advertisement calls   play   an   important role   in  sex  recognition and  mate choice (WELLS  1988,  HALLIDAY  & TEJEDO  1995,  STEBBINS  & COHEN 1995). However,  explo- sive    breeders  in    high-density  populations   usually  lack    chorusing  behaviour (HÖGLUND  & ROBERTSON 1988) and males show active searching  for  females. Male toads usually have only  one  mate during the  explosive breeding season and there is strong competition among males for  mates  (WELLS 1977,   OLSON   et  al.  1986). In these situations, male toads typically approach and attempt  to  amplex any  small objects  moving nearby  (BROWN 1977,   ARAK  1983,   MARCO   et  al.  1998a). Bufo bufo can  be  considered a good example of this strategy.
B.  bufo may  move long  distances to  breeding sites and use  the  same reliable sites year  after year  (GITTINS 1983,  SINSCH 1988). Furthermore,  they  concentrate synchronously in  high numbers in  small breeding sites. Males actively search for females and usually undergo scramble competition for  mates (DAVIES   &  HALLIDAY
1977,  GITTINS  et  al.  1980). In  these aggregations, males do  not  produce advertise- ment calls. They  swim vigorously towards other moving toads and have a  strong clasping response. Amplexus with females is  usually tenacious and prolonged and males  usually  have  only   one   mate.  However, male  toads  give   release  calls   in response to  amplexus attempts by  other males (LIZANA  1990). Many field  observa- tions indicate that male B.  bufo try  to  amplex with male toads or  individuals of other species such as  R.  perezi  (DAVIES  & HALLIDAY  1979,  LIZANA  1990).
The  aim of  this paper is  to  evaluate whether the  frequent mistakes made by male B.  bufo when searching  mates  are   accidental or  represent the   absence of species, sex  or  size  discrimination during mate search. Using choice experiments in the  field,  we  tested the  ability of  B.  bufo to  discriminate between conspecifics and R.  perezi  of  equal size.   We  used R.  perezi  because we  have previously seen toad males trying to  amplect a  green frog  of  this species. Adults of  R.  perezi  and B.  bufo have similar size  and body shape and R.  perezi  is  the  most common amphibian in the  places where B.  bubo breed. We  also  tested whether males searching for  mates discriminate  between  the   sexes   of  conspecifics and  the   size   of  gravid  B.  bufo females. We  also   examined the   existence of  size-assortative mating  in  a  natural breeding population.
METHODS
We  conducted three field-based choice experiments in  a population of B. bufo at Peces Lake  (Sanabria Lake  Natural Park, Zamora, Spain; elevation 1700  m).  We  also  observed their mating behaviour and recorded, to  the  nearest 0.1  mm, the  snout-vent length of 56  toads (28
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pairs) involved in  amplexus. We tried to  determine whether (1)  males discriminated between a toad and a R. perezi  of the  same size  and sex (Experiment 1, 29 trials), (2) males recognised the sex  of conspecifics (Experiment 2, 24 trials), and (3)  males discriminated between large versus small gravid females (Experiment 3, 25 trials). Each test  male was  used in one  trial only.
All experiments were conducted in  the  field  during the  mating period (May  1998). All subjects were captured in  the  lake  when they  were in  amplexus or  searching for  mates in  the water. For  each trial, we  used as  a  test  chamber a  rectangular mesh container (100  × 50  × 40 cm)  placed in  the  lake  near the  shore at the  depth of  approximatively 10  cm.  On  every  trial, we  put one  stimulus animal at each end   of  the  tank in  a  position selected at random. The stimulus animals were tied  to  the  tank ends with a  15  cm  string. The  string was  attached to the  animal’s leg,  permitting movement over  a short distance.
For  all  experiments, we  introduced a single test  male in  the  centre of the  mesh contain- er  and recorded the  first side  of  the  tank chosen by  the  male. We  recorded the  time it  took the  test  animal to  attempt to  amplex one  of  the  stimulus animals and which stimulus animal was  selected. We  recorded the  duration of  amplexus (up  to  10  min) and the  behaviour of  the animals involved in  the  amplexus. If there was  no  amplexus after 10 min, we  stopped the  trial and recorded the  animal as  making no  choice. Tests were recorded on  videotape.
RESULTS
We  captured 56  toads (28  pairs) in  amplexus. Females were, on  average, sig- nificantly larger than males (Student t-test: t =  9.235, P  <  0.001). Average ±  SD body size  of  females was  112.6   ±  14.38   mm (range =  92-145 mm).  Average male body size   was   85.3   ±  6.18   mm (range =  67-98   mm).  Comparison of  snout-vent length of  mated  pairs  revealed no   assortative mating  by  size   (Pearson product moment correlation: r = 0.028, F = 0.02,  P = 0.888, n  = 28).  The  common tree frog, Hyla  arborea,  the  natterjack toad, Bufo calamita, the  Iberian frog,  Rana iberica  and the  Iberian green frog,  R.  perezi  were the  only  other amphibians observed in  the lake  during this time.
The  average snout-vent length of test  and stimulus toads in  each test  is shown in  Table 1.  When males received a  choice between a  toad and a  frog  matched for size  (Experiment 1),  23  of  29  males made a  choice. Ten  of  23  males that made a choice (43.5%) chose the  frog  over  the  toad (Fig.  1).  This  frequency was  not  signifi-
Table 1.
Body size  of  Bufo bufo that made a  choice and the  range of  difference in  body size  between stimu- lus  animals in  the  three experiments.
	Expt
	n
	Test
	Stimulus 1
	Stimulus 2
	P
	Range of SVL diff.

	1
	23
	86.3  (3.46)
	92.15 (0.49)
	90.11 (2.92)
	NS
	– 4.5  to  2.5

	2
	20
	87.1  (3.53)
	94.50 (2.56)
	94.53 (1.54)
	NS
	– 1 to  1

	3
	24
	87.4  (5.23)
	125.00 (12.09)
	99.60 (6.55)
	***
	19  to  30


Average and standard deviation (SD)  of snout-vent length of test  and stimulus Bufo bufo used in  the four experiments, n  = number of  trials. Test  = adult males in  every  experiment. Stimulus 1 = toad in  Expt 1, adult male in  Expt 2 and large gravid female in  Expt 3. Stimulus 2 = Rana perezi  in  Expt
1,  adult gravid female in  Expt 2 and small gravid female in  Expt 3.  P = significance level  of  differ- ences between snout-vent length of  Stimuli 1  and 2  using the  Wilcoxon signed rank test. NS:  P >
0.05;  ***: P < 0.001.
[image: image8.png]



cantly different from random (Binomial test:  P = 0.339). The  average time taken by males to  attempt an  amplexus was  149.5  sec  (range = 5-478  sec).  There was  no  dif- ference in  the  amount of  time for  the  test  male to  amplex a  toad or  frog  (Mann- Whitney test:  U = 0.683, P = 0.495). When test  males clasped a  stimulus frog,  the stimulus frog  produced a  release call  and tried to  escape moving actively, but not all  test  males released it  immediately. Male-frog amplexus lasted on  average 35.2 sec  (SD  = 45.88  sec,  range = 1-140  sec).  There was  significant difference in  dura- tion between male-frog and male-toad amplexa (Mann-Whitney test:  U = 3.361, P <
0.001).  There  was   no   difference  in   body  size   between  males  that  attempted amplexus with a  toad or  a  frog  (Student t-test: t = 1.403, P = 0.177). These results are  consistent with our field  observations of  male toads attempting to  amplex R. perezi.  These toad-frog amplexus can  be  tenacious and prolonged.
In  Experiment 2,  when males were offered a  male toad and a  female toad of similar snout-vent length, four males made no  choice. Of  20  males that made a choice, 9 males (45%)  attempted to  amplex another male. Eleven males (55%) amplexed  a  female  (Fig.   1).  The   frequency  of  males that  attempted to   amplex another  male was   not   significantly different  from  random  (Binomial test:   P  =
0.412). The  average time that males took to  clasp one  of  the  stimulus animal was
188.1  sec  (range = 21-539 sec).  There was  no  difference in  the  amount of  time for the   test   male to  amplex a  male or  female (Mann-Whitney  test:   U  =  0.342,  P  =
0.732). When test   males clasped a  stimulus male, the   stimulus male produced a release call  and the  test  male released him. Male-male amplexus never lasted more than 3 sec  (mean ± SD  = 1.89  sec  ± 0.78  sec).  When test  males attempted amplexus with a  stimulus female, no  release call  was  made and amplexus always lasted until we  stopped the   trials at  600  sec.   There was   no  difference in  body size   between males that attempted amplexus with a male or  a female (Student t-test: t = 1.643, P
= 0.118). The  absence of  sex  recognition by  male toads in  our experiments is  con- sistent with our observations of  the  natural behaviour of  unrestricted toads, where we  often observed male toads attempting to  amplex another male.
1
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Fig.  1. — Male  mate choice in  Bufo bufo. Experiment 1: choice between Rana perezi  (open bar) and B.  bufo (striped bar) matched for  size  (NS);  Experiment 2:  choice between male (open bar) and female (striped bar) toads matched for  size  (NS);  Experiment 3:  choice between large (open bar) and small (striped bar) gravid female toads (NS). Error bars indicate the  95%  confidence interval for  the  relative frequency (Fisher exact test).
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In  tests where males could select between two  gravid females that differed by approximately 25  mm (Experiment 3),  24  of  25  males made a choice. Twelve  of  the
24  males that made a  choice (50%)   chose the  larger female over  the  smaller one (Fig.  1).  This  frequency was  not  significantly different from random (Binomial test: P = 0.581). The  average time taken by  males to  attempt an  amplexus was  136.6  sec (range =  5-527   sec).   There was  no  difference in  the   amount of  time for  the   test male to  amplex a  small or  large female (Mann-Whitney test:  U = 0.260, P = 0.795). There was  no  difference in  body size  between males that attempted amplexus with a  large or  a  small gravid female (Student t-test: t = 1.170, P = 0.254). These results are  consistent with our observations of no  assortative mating by size.
DISCUSSION
According to  our observations and experiments, during mate search male B. bufo do  not   discriminate  species, sex  or  size.   After   a  male clasps another  male toad, the   amplexus lasts a  few  seconds and therefore there is  post-amplexus sex recognition. Amplexus with frogs is  prolonged. In  our study population and in  oth- ers  in  mountainous areas of Spain, B.  bufo behaves as  an  explosive breeder (LIZANA
1990). The  majority of  males arrives synchronously and remain in  the  pond during the   whole breeding  period  (3-5   weeks) but  only   part of  the   female  population arrives each night at  the  pond. Operational sex  ratios (per night) of  3-4  males per female are  reported in  many populations of  B.  bufo in  Europe  (DAVIES & HALLIDAY
1977,  1978;  GITTINS  et  al.  1980;  FRAZER  1983). At the  beginning of the  breeding sea- son  the  operational sex  ratio can  be  up  to  5.8  or  even  9 males per  female (READING
& CLARKE  1983,  HODROVA  1985,  LIZANA 1990). These biased  sex  ratios cause strong male-male competition.
In  European  Bufo species, two  main mating strategies have been described (HALLIDAY  1983,  HALLIDAY  & VERRELL  1984,  HÖGLUND  1989). In  the  chorusing behav- iour system, calling males attract females to  the  breeding sites, occasionally permit- ting  the  females to  choose males by  their call,  and therefore select larger males. In the  non-chorusing behaviour system, males search actively for  the  females, result- ing  in  an  intense competition for  females in  which larger males are  more success- ful  than smaller ones. Both strategies can  be  found in  the  same species or  even  the same population  (WELLS 1977,  DAVIES  & HALLIDAY  1979,  ARAK  1983,  LOMAN  & MAD- SEN  1986,  HÖGLUND 1989,  HÖGLUND & SÄTERBERG 1989).
In  this study and others in  mountainous areas of  Spain (LIZANA   1990), we have never heard the  calls  of  B.  bufo. Therefore, chorusing behaviour seems to  be very  rare or  absent, and the  release call  would be  the  only  vocalisation used in  spe- cific  recognition. In  other Bufo species, non-receptive females have a  release call after spawning, but this release call  has  not  been observed in  B. bufo (FRAZER 1983, LIZANA  1990). Therefore, the  release call  in  amplected male B.  bufo seems to  be  the only  element of  sex  recognition for  male B.  bufo, and consequently, sex  recognition only   occurs  after  an   attempted  amplexus.  Apparently, male  B.  bufo  of  its   own species does not  interpret the  release call  of R.  perezi  as  a release call  and therefore toad-frog amplexus can  be  prolonged.
R.  perezi  is morphologically very  different from B.  bufo, but in  our study male toads  did   not   discriminate  between R.   perezi   and  B.  bufo  of  similar  size,   and attempted amplexus with a toad or  a frog  with similar frequency. The  strong sexual
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pulse of B.  bufo, which clasp any  object of an  appropriate size  in  the  ponds, is well known (SMITH  1951,   FRAZER  1983,   READING  1984). We  have observed in  the   field male B. bufo amplecting dead toad females, R.  perezi,  Salamandra salamandra, dead fish  or  wood pieces. Usually, amplexus with frogs finishes quickly but sometimes it can  be  prolonged even  causing the  death of  the  frog  (LIZANA 1990). We  have also observed  in  the   field   (LIZANA  1990)  males  in  amplexus  for   long   periods (many hours) with dead male or  female toads which confirm the  importance of the  release calls  in  the  identification of sex  or  even  the  species of the  mates.
Male  toads that clasp frogs could waste time and energy and miss opportuni- ties  to  mate with gravid toad females. Also,  toad-frog amplexus would have high costs for  frogs. In  general, B.  bufo breed earlier than R.  perezi  or  other syntopic amphibians. Thus, the  probability that males encounter R.  perezi  during the  mating period in  nature is  relatively low.  Thus, there is  a  weak selection pressure on  male toads to  recognise frogs during mating.
B. bufo is a sexually dimorphic species. Male  toads have nuptial pads and longer, more muscular forelimbs than do females (HALLIDAY  & TEJEDO 1995,  BARBADILLO  et al.
1999). However, males did  not  discriminate between the  sexes  using these sexually dimorphic features. Some anuran species have a well-developed olfactory capacity that is used in homing behaviour (TRACY  & DOLE  1969). Moreover, evidence suggests that chemical cues can  be important in the  male choice of some amphibians (e.g. VER- RELL  1985,  MARCO  et al. 1998b, MATHIS  et al. 1995). If male and female B. bufo have different  chemical  signals, males  apparently  did   not   use   them  to   discriminate between the  sexes. When males attempt to amplex other males, male-male amplexus only  last  a few seconds, after which males are  free  to continue their searching behav- iour. Consequently, the  cost  of the  absence of sex recognition in terms of lost  time and energy is small. The  benefits of being first to encounter a female probably outweigh the  costs of repeated clasping with other males (WELLS 1977,  MARCO et al. 1998a).
If females are  a limited resource for  male reproductive success, temporal con- straints may  increase the  costs of highly discriminating behaviour by males (SULLIVAN et al. 1995). In the  population we studied, males actively search for  mates and when single females arrive at the  breeding site,  a male quickly mates with them. Attempts at amplexus are  fast, strong and tenacious. In some populations, males can  fight among themselves for  mates and larger males displace smaller males from the   amplexa (DAVIES  & HALLIDAY  1978,  1979;  GITTINS et al. 1980;  LOMAN  & MADSEN  1986;  HÖGLUND
& ROBERTSON 1987). However, in  our study population, males rarely displace other males from the  backs of their mates (LIZANA  1990). In this context, perhaps explosive breeding and intense competition among male toads has  led  to  little selection pres- sure for  mate recognition by males. Thus, the  reproductive strategy for  male B. bufo may   be  to  clasp quickly every  moving animal of  similar size  and then determine whether it is a female. Once a female is encountered, the  male and female mate and there is little competition from other males for  the  female. This  strategy is efficient if males have a mechanism to  determine when they  have clasped another male and if the  probability of clasping an individual of another species is low.
ACKNOWLEDGMENTS
We  thank  Valentín Pérez Mellado, Javier Morales, Emilio Pedraza and Carmen Díaz Paniagua for  their help. The  Ministry of  Education and Science of  Spain, and project CICYT- FEDER IFD97-1468 supported  this study.
[image: image14.png]



REFERENCES
ANDERSSON M. 1994.  Sexual selection. Princeton: Princeton University Press.
ARAK  A. 1983.  Male-male competition and mate choice in  anuran amphibians, pp.  181-210.
In:  Bateson P.,  Edit. Mate choice. Cambridge: Cambridge University Press.
BARBADILLO   L.J.,   LACOMBA    J.I.,   PÉREZ-MELLADO   V.,  SANCHO   V.  &  LOPEZ-JURADO   L.F.   1999.
Anfibios y reptiles de  la Península  Ibérica. Barcelona: Editorial Planeta. BATEMAN A.J. 1948.  Intra-sexual selection in  Drosophila. Heredity 2: 349-368.
BROWN  H.A.  1977.  A case  of  interbreeding  between Rana aurora and Bufo boreas  (Amphibia, Anura). Journal of Herpetology 2: 92-94.
DAVIES  N.B.  & HALLIDAY  T.R.  1977.  Optimal mate selection in  the  toad Bufo bufo. Nature 269:
56-58.
DAVIES   N.B.  & HALLIDAY  T.R.  1978.  Deep  croaks and fighting assessment in  toads Bufo bufo.
Nature 274:  683-685.
DAVIES   N.B.  & HALLIDAY  T.R.  1979.  Competitive mate searching in  male common toads, Bufo bufo. Animal Behaviour 27:  1253-1267.
DUELLMAN  W.E.  &  PYLES  R.A.  1983.   Acoustic resource partitioning  in  anuran communities.
Coepia:  639-649.
FRAZER J.F.D. 1983.  Reptiles and amphibians in  Britain. London: Collins.
GITTINS S.P.  1983.  The  breeding migration of  the  common toad (Bufo bufo) to  a pond in  Mid- Wales. Journal of Animal Ecology 52:  981-988.
GITTINS  S.P.,  PARKER  A.G.  &  SLATER  F.M.  1980.  Mate assortment in  the  common toad (Bufo bufo). Journal of Animal History 14:  663-668.
HALLIDAY  T.R.  1983.   The  study of  mate choice, pp.  3-32.  In:  Bateson P.,  Edit. Mate choice.
Cambridge: Cambridge University Press.
HALLIDAY  T.R.  & TEJEDO  M.  1995.  Intrasexual selection and alternative mating behaviour, pp.
419-468.  In:   Heatwole  H.  &  Sullivan  B.K.,   Edits.  Amphibian  biology, Vol  2:  Social behaviour.  Chipping Norton: Surrey Beatty & Sons.
HALLIDAY  T.R.  & VERRELL P.A. 1984.  Sperm competition in  amphibians, pp.  487-508. In:  Smith R.L.,  Edit. Sperm competition and the   evolution of  animal mating systems. London: Academic Press.
HODROVA  M.  1985.  Beitrag zur  populationsdynamik der  Erdkröte, Bufo bufo. Folia  Zoologica
34:  159-170.
HÖGLUND  J.  1989.  Pairing and spawning patterns in  the  common toad, Bufo bufo: the  effects of  sex  ratios and the  time available for  male-male competition.  Animal Behaviour 38:
423-429.
HÖGLUND  J.  &  ROBERTSON  G.M.  1987.   Random mating by  size  in  a  population of  common toads (Bufo bufo). Amphibia-Reptilia 8: 321-330.
HÖGLUND  J.  &  ROBERTSON  G.M.  1988.   Chorusing behaviour, a  density-dependent alternative mating strategy in  male common toads (Bufo bufo). Ethology 79:  324-332.
HÖGLUND  J.  & SÄTERBERG  L. 1989.  Sexual selection in  common toads: correlates with age  and body size.  Journal of Evolutionary  Biology 2: 367-372.
LIZANA   M.  1990.  Ecología de  Bufo bufo en  la  Sierra de  Gredos. PhD  Dissertation, Salamanca: Universidad de Salamanca.
LOMAN   J.  & MADSEN  T.  1986.  Reproductive tactics of  large and small male toads Bufo bufo.
Oikos 46:  57-61.
MARCO   A., CHIVERS  D.P.,  KIESECKER  J.M.  &  BLAUSTEIN  A.R.  1998b. Mate choice by  chemical cues in  western  redback  (Plethodon vehiculum)  and  Dunn’s (P.  dunni) salamanders. Ethology 104:  781-788.
MARCO   A., KIESECKER  J.M.,  CHIVERS  D.P.  & BLAUSTEIN  A.R.  1998a. Sex  recognition and mate choice by male western toads Bufo boreas. Animal Behaviour 55:  1631-1635.
MATHIS  A., JAEGER  R.G.,  KEEN  W.H., DUCEY   P.K.,  WALLS   S.C.  & BUCHANAN  B.W.  1995.  Aggres- sion and territoriality by  salamanders and a  comparison with the  territorial behaviour of  frogs, pp.  633-676. In:  Heatwole H.  & Sullivan B.K.,  Edits. Amphibian biology, Vol.
2: Social behaviour.  Chipping Norton: Surrey Beatty & Sons.
[image: image15.png]



OLSON  D.H.,  BLAUSTEIN  A.R.  & O’HARA  R.K.  1986.  Mating pattern variability among western toad (Bufo boreas) populations. Oecologia 70:  351-356.
PATERSON  H.E.H.  1985.   The  recognition concept of  species, pp.   21-29. In:  Vrba   E.S., Edit.
Species and speciation, Vol 4. Pretoria:  Transvaal Museum Monograph.
READING  C.J.  1984.   Interspecific  spawning  between  common  frogs (Rana temporaria) and common toads (Bufo bufo). Journal of Zoology, London 203:  95-101.
READING  C.J.  & CLARKE  R.T.  1983.  Male  breeding behaviour and mate acquisition in  the  com- mon toad, Bufo bufo. Journal of Zoology, London 201:  237-246.
REAL   L.  1990.   Search theory and mate choice. I.  Models of  single-sex discrimination.  The
American Naturalist 136:  376-404.
SINSCH U. 1988.  Seasonal changes in  the  migratory behaviour of the  toad Bufo bufo: direction and magnitude of movements.  Oecologia 76:  390-398.
SMITH M.A. 1951.  The  British amphibians and reptiles. London: Collins.
STEBBINS R.C.  & COHEN N.W.  1995.  A natural history of amphibians.  Princeton: Princeton Uni- versity Press.
SULLIVAN  B.K.,  RYAN  M.J.  & VERRELL  P.A.  1995.  Female choice and mating system structure, pp.  469-517. In:  Heatwole H.  & Sullivan B.K.,  Edits. Amphibian biology, Vol.  2: Social behaviour.  Chipping Norton: Surrey Beatty & Sons.
TRACY  C.R.  & DOLE  J.W.  1969.  Orientation of  displaced California toads, Bufo boreas, to  their breeding sites. Copeia:  693-700.
VERRELL  P.A.  1985.   Male   mate  choice for   large,  fecund  females  in   the   red-spotted newt,
Notophthalmus  viridescens; how  is the  size  assessed? Herpetologica 41:  382-386.
WELLS K.D.  1977.  The  social behaviour of anuran amphibians. Animal Behaviour 25:  666-693. WELLS K.D.  1988.  The  effect of social interactions on  anuran vocal  behaviour, pp.  433-454. In:
Fritzsch B.  et  al.,  Edits. The  evolution of  the   amphibian  auditory system. New   York: John Wiley.



























Relative  frequency





�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�








�



































[image: image16.png]


[image: image17.png]


[image: image18.png]


[image: image19.png]


[image: image20.png]


[image: image21.png]


[image: image22.png]


[image: image23.png]


[image: image24.png]


[image: image25.png]


[image: image26.png]


[image: image27.png]


[image: image28.png]


[image: image29.png]


[image: image30.png]


[image: image31.png]


[image: image32.png]


[image: image33.png]


[image: image34.png]


[image: image35.png]


[image: image36.png]


[image: image37.png]IV



[image: image38.png]


[image: image39.png]


[image: image40.png]


[image: image41.png]


[image: image42.png]


[image: image43.png]


[image: image44.png]


[image: image45.png]


[image: image46.png]


[image: image47.png]


[image: image48.png]


[image: image49.png]


[image: image50.png]


[image: image51.png]


[image: image52.png]


[image: image53.png]


[image: image54.png]


[image: image55.png]


[image: image56.png]


[image: image57.png]


[image: image58.png]


[image: image59.png]


[image: image60.png]


[image: image61.png]


[image: image62.png]


[image: image63.png]


[image: image64.png]


[image: image65.png]


[image: image66.png]


[image: image67.png]


[image: image68.png]


[image: image69.png]


[image: image70.png]


[image: image71.png]


[image: image72.png]


[image: image73.png]


[image: image74.png]


[image: image75.png]


[image: image76.png]


[image: image77.png]


[image: image78.png]


[image: image79.png]


[image: image80.png]


[image: image81.png]


[image: image82.png]


[image: image83.png]


[image: image84.png]


[image: image85.png]


[image: image86.png]


[image: image87.png]


[image: image88.png]


[image: image89.png]


[image: image90.png]


[image: image91.png]


[image: image92.png]


[image: image93.png]


[image: image94.png]


[image: image95.png]


[image: image96.png]


[image: image97.png]


[image: image98.png]


[image: image99.png]


[image: image100.png]


[image: image101.png]


[image: image102.png]


[image: image103.png]


[image: image104.png]


[image: image105.png]


[image: image106.png]


[image: image107.png]


[image: image108.png]


