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Sexual	  Selec&on	  in	  Tungara	  frogs:	  	  
Females	  prefer	  lower	  frequency	  calls,	  an	  
indica0on	  of	  larger	  body	  size.	  



Dominant	  frequency	  (kHz)	  

Bo
dy
	  m

as
s	  (
gr
am

s)
	  

4	  3	  2	  

0	  

1	  

2	  

3	  

4	  

Sexual	  Selec&on	  in	  Tungara	  frogs:	  fundamental	  
rela0onships	  between	  male	  size	  (quality?),	  call	  
frequency,	  and	  female	  choice	  
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Sexual	  Selec&on	  in	  Tungara	  frogs:	  	  
1)  media	  specimens	  (video,	  audio),	  	  
2)  physical	  specimens,	  	  	  
3)  Linked	  data	  derived	  from	  both	  types…	  



1)  Linked	  data	  derived	  from	  both	  types…	  



Acous&c	  Adapta&on	  Hypothesis	  (AAH)	  -‐	  Morton,	  1975	  
	  
• 	  Physical	  characteris0cs	  of	  the	  environment	  can	  differen0ally	  
degrade	  acous0c	  signals,	  thus	  exer0ng	  environmental	  selec0on	  on	  
calls	  of	  birds	  and	  frogs	  

• 	  Species	  may	  evolve	  calls	  that	  allow	  for	  maximal	  habitat	  specific	  
transmission	  efficiency	  



Acous&c	  Adapta&on	  Hypothesis	  (AAH)	  -‐	  Morton,	  1975	  
	  
• 	  Physical	  characteris0cs	  of	  the	  environment	  can	  differen0ally	  
degrade	  acous0c	  signals,	  thus	  exer0ng	  environmental	  selec0on	  on	  
calls	  of	  birds	  and	  frogs	  

• 	  Species	  may	  evolve	  calls	  that	  allow	  for	  maximal	  habitat	  specific	  
transmission	  efficiency	  

• 	  High	  frequency	  calls	  differen0ally	  a_enuated	  (boundary	  layer	  
interference)	  when	  transmi_ed	  on	  the	  ground	  

• 	  Predic&on:	  species	  with	  low	  frequency	  calls	  can	  transmit	  signals	  
at	  ground	  level;	  those	  with	  higher	  frequencies	  and/or	  a	  wider	  range	  
of	  frequencies	  should	  u0lize	  high	  perches	  
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Raw	  Habitat	  and	  Frequency	  Data	  

• 	  Species	  calling	  from	  	  
	  	  elevated	  perches	  	  	  
	  	  generally	  call	  with	  
	  	  higher	  frequencies	  

• 	  Species	  that	  perch	  close	  	  
	  	  to	  the	  ground	  restrict	  calls	  
	  	  to	  rela0vely	  lower	  	  
	  	  frequencies	  

Frog	  species	  mean	  
call	  frequency	  &	  
average	  perch	  height	  
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Raw	  Habitat	  and	  Frequency	  Data	  

Rela&onship?	  
	  
Assump&ons	  &	  requirements	  
	  
1)  Sta0s0cal	  independence?	  

	  (incorporate	  phylogeny)	  
	  
1)  Size-‐corrected	  data	  for	  	  

	  interspecific	  comparisons	  

Need	  body	  size	  data!	  
(mass	  or	  specimen	  
Snout-‐vent	  length)	  



Tree	  frogs	  1	  

Shrub	  frogs	  

Tree	  frogs	  2	  

Ground	  frogs	  

Six	  origins	  of	  	  
frequency	  sweep	  
calls	  



Tree	  frogs	  1	  

Shrub	  frogs	  

Tree	  frogs	  2	  

Ground	  frogs	  

4	  origins	  of	  
pulsed	  calls	  



Tree	  frogs	  1	  

Shrub	  frogs	  

Tree	  frogs	  2	  

Ground	  frogs	  

Two	  origins	  of	  
complex	  calls	  



Tree	  frogs	  1	  

Shrub	  frogs	  

Tree	  frogs	  2	  

Ground	  frogs	   Pure	  tone	  calls	  
arose	  once	  



Mul0locus	  phylogeny,	  derived	  from	  sequencing	  
genomic	  resources	  in	  KU’s	  Cryofacility	  (LN2)	  



Physical	  specimen	  Media	  specimen	  

Acous&c	  analysis:	  
	  
Frequency,	  	  
Call	  rate,	  
Etc.	  

Phylogeny	  	  

Morphology:	  
	  
Body	  size,	  
Ecotype,	  
Etc.	  
	  
	  

Evolu&onary	  ques&on	  

+	  
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Integra&ve,	  mul&disciplinary	  
evolu&onary	  biology	  

•  Specimens	  of	  numerous	  prepara&on	  types:	  
formerly	  curated	  separately,	  and	  by	  different	  
ins0tu0ons,	  individuals,	  etc.	  

•  Variable	  data	  streams:	  	  linked,	  along	  with	  
prepara0ons	  (0ssues,	  records,	  photos,	  media),	  
via	  a	  centralized	  archival	  system.	  



W.	  Duellman	  	  &	  C.	  Myers	  	  
(Panama,	  1954)	  



Bill	  Duellman	  	  
(Kansas,	  2015)	  



Duellman’s	  original	  equipment	  (no	  longer	  in	  use)	  



Ma_	  Madler:	  archival	  standards	  at	  Macaulay	  sound	  Lab	  	  



Digi0zed	  original	  	  
audiospectrograms	  

Digi0zed	  original	  
illustra0ons	  

Verifica0on	  of	  data	  
from	  publica0ons…	  



Digi0za0on	  and	  data	  capture	  from	  Duellman	  field	  notes	  
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Carl	  HuZer’s	  acous0c	  comparisons	  of	  cryp0c	  species	  of	  
frogs	  from	  Madagascar	  

Species	  delimita&on	  
in	  a	  conserva0on	  
hotspot:	  
morphology,	  calls,	  
and	  DNA	  sequences	  



Imaging	  Duellman’s	  hylid	  frog	  holotypes	  



Robin	  
Abraham’s	  
standards	  for	  
imaging	  bush	  
frogs	  of	  the	  
Western	  
Ghats	  



Hard	  copy	  records	  triage:	  
	  
Digi0za0on	  of	  some	  por0ons	  
of	  records….	  
	  
Geographical	  card	  catalog	  
	  
Slide	  collec0on	  catalog	  
	  
Type	  card	  catalog	  
	  
Accession	  records	  catalog	  	  



Habitat	  data	  from	  
related	  notes	  

Digi0zing	  transparencies:	  	  
animal	  images,	  habitat,	  etc	  



Melanesian	  forest	  frogs:	  morphology,	  calls,	  DNA	  
sequences	  



Photography	  today…	  
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Males	  (vocalizing	  individual),	  juveniles,	  color	  polymorphism….	  



Individual	  varia0on…	  



Individual	  varia0on…	  



VertNet	  /	  GBIF	  records…	  	  



Linked	  to	  Macaulay	  Library	  specimens…	  



genbank	  

GenBank	  records…	  
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c.o.:	  	  D.	  Blackbun,	  AmphibiaWeb	  

Increasingly,	  
interna0onal	  systema0c	  
research	  led	  by	  non-‐U.S.	  
scien0sts.	  
	  
Specimens,	  physical	  
vouchers	  or	  otherwise,	  
ojen	  repatriated	  
	  
Data	  sharing	  necessarily	  
an	  increasingly	  global	  
enterprise	  
	  
IT-‐enabling	  and	  
digi0za0on	  part	  of	  the	  
curatorial	  process	  	  

Authorship	  trends	  in	  systema&c	  publica&ons	  

New	  species	  of	  Philippine	  	  
amphibians	  by	  year	  of	  
publica0on	  

Authors:	  
All	  black	  =	  foreign	  
Green	  =	  Filipinos	  
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