
  

MISSING LINKS  or TRANSITIONAL FORMS?

" Many believe that a missing link between different forms of life should be 
  intermediate between the two in all aspects.

T1      T2             T3

A      I          I         I     >  B
big medium                             small
limbs reduced limbs                             limbless
5 tail vertebrae 10 tail vertebrae                   15 tail vertebrae



  

MISSING LINKS  or TRANSITIONAL FORMS?

" Many believe that a missing link between different forms of life should be 
  intermediate between the two in all aspects.
" This is based on two misconceptions: f irst  that all characters evolve at the
same rate.

T1      T2             T3

A      I          I         I     >  B
big big                             small
limbs limbless                                             limbless
5 tail vertebrae 10 tail vertebrae                   15 tail vertebrae



  

MISSING LINKS  or TRANSITIONAL FORMS?

" Many believe that a missing link between 
 different forms of life should be intermediate
 between the two in all aspects.
" This misconception is perpetuated by 
 people who do not understand how 
 evolut ion works.

Dr. Duane Gish



  

MISSING LINKS  or TRANSITIONAL FORMS?

Using their understanding we would perfect missing links or perfect 
intermediates between many forms of life.



  

MISSING LINKS  or TRANSITIONAL FORMS?

This results from the second, fundamental misunderstanding in that they 
believe evolut ion proceeds through t ime in a ladder- like fashion where one 
species gives rise to another, which then gives rise to another, and so on.
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MISSING LINKS  or TRANSITIONAL FORMS?

This results from the second, fundamental misunderstanding in that they 
believe evolut ion proceeds through t ime in a ladder- like fashion where one 
species gives rise to another, which then gives rise to another, and so on.
" However, evolut ion produces a tree not a ladder and it  usually proceeds as a 
series 
 bifurcation events where one 
 species gives rise to at least 
 two others and the ancestor 
 goes extinct in the process.



  

MISSING LINKS  or TRANSITIONAL FORMS?

" Distribution of what will become an ancestral species.

Species  A
Tim e 1



  

MISSING LINKS  or TRANSITIONAL FORMS?

" Ancestral species becomes fragmented into isolated populations.

Species  A
Tim e 1

river  form s  
h ere



  

MISSING LINKS  or TRANSITIONAL FORMS?

" Ancestral species becomes fragmented into isolated populations.
" Two populations in a different environment.

Species  A
Tim e 1 Tim e 2

river  form s  
h ere



  

MISSING LINKS  or TRANSITIONAL FORMS?

" Ancestral species becomes fragmented into several isolated populations.
" Two populations in a different environment.
" Populations change to adapt to their environments.  (If not they go extinct).

Species  A
Tim e 1 Tim e 2

river  form s  
h ere



  

MISSING LINKS  or TRANSITIONAL FORMS?

" Ancestral species becomes fragmented into several isolated populations.
" Two populations in a different environment.
" Populations change to adapt to their environments.  (If not they go extinct).
Become dissimilar enough via genetic drift  to be recognized as different species 

Species  A

Species  A
Tim e 1 Tim e 2

river  form s  
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Species   B

Species   C



  

MISSING LINKS  or TRANSITIONAL FORMS?

" Ancestral species becomes fragmented into several isolated populations.
" Two populations in a different environment.
" Populations change to adapt to their environments.  (If not they go extinct).
" Become dissimilar enough via genetic drift  to be recognized as different species.
" So new species arises from ancestral forms by adapting to different environments.

Species  A
Tim e 1 Tim e 2

river  form s  
h ere

Species   B

Species   C



  

MISSING LINKS  or TRANSITIONAL FORMS?

" Ancestral species becomes fragmented into several isolated populations.
" Two populations in a different environment.
" Populations change to adapt to their environments.  (If not they go extinct).
" Become dissimilar enough via genetic drift  to be recognized as different species.
" So new species arises from ancestral forms by adapting to different environments.
" Ancestral species goes extinct by default.

Species  A
Tim e 1 Tim e 2

river  form s  
h ere

Species   B

Species   C



  

MISSING LINKS  or TRANSITIONAL FORMS?

" Ancestral species becomes fragmented into several isolated populations.
" Two populations in a different environment.
" Populations change to adapt to their environments.  (If not they go extinct).
" Become dissimilar enough via genetic drift  to be recognized as different species.
" So new species arises from ancestral forms by adapting to different environments.
" Ancestral species goes extinct by default.
" And this keeps happening as t ime continues.

Species  A
Tim e 1 Tim e 3

river  form s  
h ere

Species   B

Species   C

Tim e 2

Species   D

Species   E



  

MISSING LINKS  or TRANSITIONAL FORMS?

Species  A
Tim e 1 Tim e 3

river  form s  
h ere

Species   B

Species   C

Tim e 2

Species   D

Species   E

A

B

C D E C D E

" These are the relat ionships that result from these sequential allopatric speciat ion 
 events over t ime.



  

m ap

mountain

mountain

Tioman
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Aur
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t iomanensis

Cnemaspis    
pemanggilensis

Cnemaspis
baueri



  

Cnemaspis baueri

Cnemaspis 
               pemanggilensis

Cnemaspis limi



  

" Most species on evolut ionary trees are extinct and all we see currently
 are few living twigs of an old, highly branched tree.

A B
C D

E

MISSING LINKS  or TRANSITIONAL FORMS?

extinct branches

living branches



  

" Most species on evolut ionary trees are extinct and all we see currently
 are few living twigs of an old, highly branched tree.
" There can be no  missing links  between the living species only transit ional 
forms because evolut ion is a tree not a ladder.

MISSING LINKS  or TRANSITIONAL FORMS?

A B
C D
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extinct branches

living branches

A
B C D E



  

" Most species on evolut ionary trees are extinct and all we see currently
 are few living twigs of an old, highly branched tree.
" There can be no  missing links  between the living species only transit ional 
forms because evolut ion is a tree not a ladder.

MISSING LINKS  or TRANSITIONAL FORMS?

A B
C D

E

extinct branches

living branches

A
B C D E

transit ional forms
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Mesonychids

Art iodactyla

Cetacea



  

Art iodactyla Archaeoceti Modern Whales

Double- pully astragulus bones

Single- pully astragulus bones

Mesonychids

Middle ear structure of whales
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Cetacea
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Rodhocetus

Pronghorn Antelope
Art iocetus

 WELL&  EVOLUTION?  or WHALE EVOLUTION



  

 WELL&  EVOLUTION?  or WHALE EVOLUTION



  

Pakicetidae
60 mya

Ambulocetidae
55 mya

Protocetidae
50 mya

Basilosauridae
35 mya

Mysticetes
(baleen whales)

Odontocetes
(toothed whales)

Phylogeny of whales

Modern whales

Archaeoceti
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" Small terrestrial carnivore
   that lived and foraged on 
   the edges of bodies of water.

Pakicetidae 60 mya

 WELL&  EVOLUTION?  or WHALE EVOLUTION



  

" Small terrestrial carnivore
   that lived and foraged on 
   the edges of bodies of water.
" Ears not adapted for under-
  water hearing.

Pakicetidae 60 mya
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" Small terrestrial carnivore
   that lived and foraged on 
   the edges of bodies of water.
" Ears not adapted for under-
  water hearing.
" Nostrils at t ip of snout.

Pakicetidae 60 mya
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" Small terrestrial carnivore
   that lived and foraged on 
   the edges of bodies of water.
" Ears not adapted for under-
  water hearing.
" Nostrils at t ip of snout.
" Limbs well- developed.

Pakicetidae 60 mya
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" Small terrestrial carnivore
   that lived and foraged on 
   the edges of bodies of water.
" Ears not adapted for under-
  water hearing.
" Nostrils at t ip of snout.
" Limbs well- developed.
" Whale middle ear bone.

Pakicetidae 60 mya
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Pakicetidae
60 mya

Ambulocetidae
55 mya

Protocetidae
50 mya

Basilosauridae
35 mya

Mysticetes
(baleen whales)

Odontocetes
(toothed whales)

Phylogeny of whales

Modern whales

Archaeoceti
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" Semi- aquatic carnivore carnivore.

Ambulocetidae 55 mya
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" Semi- aquatic carnivore carnivore.
" Ears beginning to be adapted for under-
  water hearing.

Ambulocetidae 55 mya
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" Semi- aquatic carnivore carnivore.
" Ears beginning to be adapted for under-
  water hearing.
" Nostrils at t ip of snout.

Ambulocetidae 55 mya
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Ambulocetidae 55 mya

 WELL&  EVOLUTION?  or WHALE EVOLUTION

" Semi- aquatic carnivore carnivore.
" Ears beginning to be adapted for under-
  water hearing.
" Nostrils at t ip of snout.
" Limbs shortened but well- developed
 with functional f lippers.



  

Ambulocetidae 55 
mya

 WELL&  EVOLUTION?  or WHALE EVOLUTION

" Semi- aquatic carnivore carnivore.
" Ears beginning to be adapted for under-
  water hearing.
" Nostrils at t ip of snout.
" Limbs shortened but well- developed
 with functional f lippers.
" Skull more elongate.



  

Ambulocetidae 55 mya

 WELL&  EVOLUTION?  or WHALE EVOLUTION

" Semi- aquatic carnivore carnivore.
" Ears beginning to be adapted for under-
  water hearing.
" Nostrils at t ip of snout.
" Limbs shortened but well- developed 
 with functional f lippers.
" Skull more elongate.
" Crocodile- like life style.



  

Pakicetidae
60 mya

Ambulocetidae
55 mya

Protocetidae
50 mya

Basilosauridae
35 mya

Mysticetes
(baleen whales)

Odontocetes
(toothed whales)

Phylogeny of whales

Modern whales

Archaeoceti
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Protocetidae 50 mya

" Aquatic carnivore.
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" Aquatic carnivore.
" Ears well adapted for underwater hearing.
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Protocetidae 50 mya
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" Aquatic carnivore.
" Ears well adapted for underwater hearing.
" Limbs shortened and used for swimming.
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Protocetidae 50 mya
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" Aquatic carnivore.
" Ears well adapted for underwater hearing.
" Limbs shortened and used for swimming.
" Skull f lattened and more elongate.
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Protocetidae 50 mya
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Protocetidae 50 mya

 WELL&  EVOLUTION?  or WHALE EVOLUTION

" Aquatic carnivore.
" Ears well adapted for underwater hearing.
" Limbs shortened and used for swimming.
" Skull f lattened and more elongate.
" Nostrils midway between t ip of snout and 
 top of head.



  

Protocetidae 50 mya

 WELL&  EVOLUTION?  or WHALE EVOLUTION
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" Aquatic carnivore.
" Ears well adapted for underwater hearing.
" Limbs shortened and used for swimming.
" Skull f lattened and more elongate.
" Nostrils midway between t ip of snout and 
 top of head.
" Sacral vertebrae begin to lose their f irm
 connection with the vertebral column.



  

Pakicetidae
60 mya

Ambulocetidae
55 mya

Protocetidae
50 mya

Basilosauridae
35 mya

Mysticetes
(baleen whales)

Odontocetes
(toothed whales)

Phylogeny of whales

Modern whales

Archaeoceti
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Basilosauridae 35 mya

" Large aquatic carnivores (up to 24 
meters).
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" Ears well adapted for underwater hearing but not echolocation.
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" Large aquatic carnivores (up to 24 
meters).

Basilosauridae 35 mya
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" Large aquatic carnivores (up to 24 meters).
" Ears well adapted for underwater hearing but not echolocation.
" Nostrils at middle of snout.

Basilosauridae 35 mya
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" Large aquatic carnivores (up to 24 meters).
" Ears well adapted for underwater hearing but not echolocation.
" Nostrils at middle of snout.
" Forelimbs shortened and flipper- like; hind limbs vestigial and external.
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Basilosauridae 35 mya
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" Large aquatic carnivores (up to 24 meters).
" Ears well adapted for underwater hearing but not echolocation.
" Nostrils at middle of snout.
" Forelimbs shortened and flipper- like; hind limbs vestigial and external.
" Locomotion used up and down flexure of body because sacral vertebrae
 no longer t ightly connect to vertebral column.

Basilosauridae 35 mya

 WELL&  EVOLUTION?  or WHALE EVOLUTION
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" Large aquatic carnivores (up to 24 meters).
" Ears well adapted for underwater hearing but no echolocat ion.
" Nostrils at middle of snout.
" Forelimbs shortened and flipper- like; hind limbs vestigial and external.
" Locomotion used up and down flexure of body because sacral vertebrae
 no longer t ightly connect to vertebral column.
" Skull f lattened and more elongate.

Basilosauridae 35 mya

 WELL&  EVOLUTION?  or WHALE EVOLUTION
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Pakicetidae
60 mya

Ambulocetidae
55 mya

Protocetidae
50 mya

Basilosauridae
35 mya

Mysticetes
(baleen whales)

Odontocetes
(toothed whales)

Phylogeny of whales

Modern whales

Archaeoceti
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" Large aquatic f ilter feeders with balleen.

! !!"#$%&#'( )*+ )
!+($,'-.(//,.

! ! ! ! ! ").( *((+(+ 0, /(( 01#/ -#$0".(

! !!"#$%&#'( )*+ )
!+($,'-.(//,.

! ! ! ! ! ").( *((+(+ 0, /(( 01#/ -#$0".(

Modern Whales: Mystectes

 WELL&  EVOLUTION?  or WHALE EVOLUTION



  

" Large aquatic f ilter feeders with balleen.
" Ears not adapted for underwater hearing through echolocation.
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Modern Whales: Mystectes
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" Large aquatic f ilter feeders with balleen.
" Ears not adapted for underwater hearing through echolocation.
" Nostrils on top of head.
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Modern Whales: Mystectes
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" Large aquatic f ilter feeders with balleen.
" Ears not adapted for underwater hearing through echolocation.
" Nostrils on top of head.
" Forelimbs shortened and flipper- like; hind limbs vestigial and inside body.
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Modern Whales: Mystectes
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" Large aquatic f ilter feeders with balleen.
" Ears not adapted for underwater hearing through echolocation.
" Nostrils on top of head.
" Forelimbs shortened and flipper- like; hind limbs vestigial and inside body.
" Skull f lattened and more elongate.
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Modern Whales: Mystectes
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Pakicetidae
60 mya

Ambulocetidae
55 mya

Protocetidae
50 mya

Basilosauridae
35 mya

Mysticetes
(baleen whales)

Odontocetes
(toothed whales)

Phylogeny of whales

Modern whales

Archaeoceti

 WELL&  EVOLUTION?  or WHALE EVOLUTION



  

Modern Whales: Odontocetes

" Large aquatic carnivore.

 WELL&  EVOLUTION?  or WHALE EVOLUTION



  

" Large aquatic carnivore.
" Ears well adapted for underwater hearing through echolocation.

Modern Whales: Odontocetes

 WELL&  EVOLUTION?  or WHALE EVOLUTION



  

" Large aquatic carnivore.
" Ears well adapted for underwater hearing through echolocation.
" Nostrils on top of head.

Modern Whales: Odontocetes

 WELL&  EVOLUTION?  or WHALE EVOLUTION



  

" Large aquatic carnivore.
" Ears well adapted for underwater hearing through echolocation.
" Nostrils on top of head.
" Forelimbs shortened and flipper- like; hind limbs absent.

Modern Whales: Odontocetes
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" Large aquatic carnivore.
" Ears well adapted for underwater hearing through echolocation.
" Nostrils on top of head.
" Forelimbs shortened and flipper- like; hind limbs absent.
" Skull f lattened and more elongate

Modern Whales: Odontocetes

 WELL&  EVOLUTION?  or WHALE EVOLUTION



  

Pakicetidae

Ambulocetidae

Protocet idae

Basilosauridae

Mysticetes
(baleen whales)

Odontocetes
(toothed whales)

Phylogeny of whales
60 mya

55 mya

50 mya

35 mya
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Pakicetidae

Ambulocetidae

Protocet idae

Basilosauridae

Mysticetes
(baleen whales)

Odontocetes
(toothed whales)

60 mya

55 mya

50 mya

35 mya
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Which is the f irst whale?



  

Pakicetidae
60 mya

Ambulocetidae
55 mya

Protocetidae
50 mya

Basilosauridae
35 mya

Mysticeti
(baleen whales)

Odontoceti
(toothed whales)

Modern whales

Archaeoceti
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MISSING LINKS

" Bird s

" Bird s  evolved  from  d inosau rs .
" In  fact , b ird s  are noth ing m ore than  an  ad vanced  therop od  d inosau rs . 
" Typ ical therop ad  d inosau r skeleton

" Deep  p elvis
" 3 toes  forward  one backward
" 4 sect ions  in  h ind  lim b
" Claws on  forelim bs
" Caud al ver tebrae
" Teeth
" Two sku ll fenes trat ions 
   (holes) between  nost r ils
    and  orbits  



  

MISSING LINKS
" Bird s  

" Typ ical bird  skeleton
" Deep  p elvis
" 3 toes  forward  one back-
  ward
" 4 sect ions  in  h ind  lim bs
" Two sku ll fenes trat ions  
   (holes) between  nost r ils  
    and  orbits .
" High ly m od ified  forelim b

" Finger  bones  and  wris t
   bones  all fu sed .
" No claws

" Feathers



  

MISSING LINKS
" Bird s   

" Archeopteryx skeleton
" Deep  p elvis
" 3 toes  forward  one back-
  ward
" 4 sect ions  in  h ind  lim bs
" Two sku ll fenes trat ions  
   (holes) between  nost r ils  
    and  orbits .
" Sligh t ly m od ified  forelim b

" Finger  bones and  wris t
  bones  p ar t ly fu sed .
" Som e claws p resen t

" Caud al ver tebrae
" Teeth
" Feathers



  

MISSING LINKS
" Bird s   



  

MISSING LINKS

" Snakes

" Snakes  are an  extrem ely sp ecializ ed  group  of ver tebrates .
" They have m any ad ap tat ions  for  being lim bless  p red ators .
" Very elongate necks  and  bod ies .
" High ly d evelop ed  sense of sm ell wh ich  involves  the tongue.
" Snakes  share a com m on  ancestor  with  m on itor  liz ard s .
" A lot  of snake- like behavior  and  anatom y exis ts  in  living m on itors  liz ard s .
" Long necks and  bod ies
" Act ive foragers  us ing tongue to gain  olfactory in form at ion  abou t  their  
   environm en t .
" Sp ecializ ed  teeth  and  tongue



  

MISSING LINKS

" Snakes

" 60 m yo foss il snakes  from  Algeria with  sm all h ind  lim bs
  and  a p elvic gird le. 



  

MISSING LINKS

" Snakes

" Prim it ive snakes such  as  boas  and  p ythons  s t ill have ves t igial h ind  lim bs and  
  p elvic gird les  bu t  lack all t races  of forelim bs and  p ectoral gird les
 



  

MISSING LINKS

" Snakes

 
Mod ern  snakes lack all t races  of lim bs.



  

MISSING LINKS

" Frogs

 
" Frogs  are an  extrem ely sp ecializ ed  group  of ver tebrates  whose anatom ical
  and  behavioral ad ap tat ions  revolve around  a lifes tyle of hop p ing.
" Frog skeletons  are som e of the m ost  d er ived  sys tem s known to ver tebrates .



  

MISSING LINKS

" Frogs

 
" Frogs  are an  extrem ely sp ecializ ed  group  of ver tebrates  whose anatom ical
  and  behavioral ad ap tat ions  revolve around  a lifes tyle of hop p ing.
" Frog skeletons are som e of the m ost  d er ived  sys tem s known  to ver tebrates .

" Prim it ive am p hibian  bod y
  p lan .
" Lacks  sp ecializ at ions



  

MISSING LINKS

" Frogs

 " Frogs  have h igh ly m od ified  skeletons
" Shortened  ver tebral colum n
" Fused  forearm  and  foreleg bones
" In ternal tail
" Elongated  p elvis
" Elongated  ankle bones  ad d ing an  ad d it ional
  linkage com p onen t  to the h ind  lim b



  

MISSING LINKS

" Frogs

 
" Triadobatrachus: 225 m yo p roto- frog

" Sligh t ly shortened  ver tebral colum n
" Forearm  and  foreleg bones not  fused
" No in ternal tail
" Sligh t ly elongated  p elvis
" No elongated  ankle bones



  

MISSING LINKS

" Frogs

 


