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.
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"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: first that all characters evolve at the

same rate.
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"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
evolution 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 evolution proceeds through time 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 evolution proceeds through time in a ladder- like fashion where one
species gives rise to another, which then gives rise to another, and so on.
"However, evolution produces a tree not a ladder and it usually proceeds as a

SEES

bifurcation events where one
species gives rise to at least
two others and the ancestor
goes extinct in the process.

Clostridia

Bacilli

) Mycobacteriu &

Firmicutgs

Pirellula sp.

!

Cyanobacteria Streptomyces

& - A
: X (®) Actinobacteria
Deinococci

Bacteria

‘ Archaea

Bradyrhizobium japonicum

) §
Rhizobi a|e\5' Pseudomonas
) Xanthomonadaceae

Enterobacteriaceae

' o -
Alphaproteobacteria

\

Gamm:

5

Ralstonia solanacearum

\
A
7
) / Betapr

BdeII[
Sp rochaetes '
'\

'l — & proteobacteria

=

oteobacteria

|

er
qq
|

{

|bnp bacteriovorus



" Distribution of what will become an ancestral species.
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" Ancestral species becomes fragmented into isolated populations.
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" Ancestral species becomes fragmented into isolated populations.
"Two populations in a different environment.
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" 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).
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" 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
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" 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.

" S0 new species arises from ancestral forms by adapting to different environments
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" 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.

" S0 new species arises from ancestral forms by adapting to different environments
" Ancestral species goes extinct by default.
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" 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.

" S0 new species arises from ancestral forms by adapting to different environments
" Ancestral species goes extinct by default.

" And this keeps happening as time continues.
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"These are the relationships that result from these sequential allopatric speciation
events over time.
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MISSING LINKS or TRANSITIONAL FORMS?

"Most species on evolutionary trees are extinct and all we see currently
are few living twigs of an old, highly branched tree.
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MISSING LINKS or TRANSITIONAL FORMS?

"Most species on evolutionary 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 transitional

forms because evolution is a tree not a ladder. _
extinct branches

living branches
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MISSING LINKS or TRANSITIONAL FORMS?

" Most species on evolutionary 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 transitional
forms because evolution is a tree not a ladder.

extinct branches

living branches
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Cetacea
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WELL& EVOLUTION? or WHALE EVOLUTION

Cetacea

Artiodactyla Archaeoceti Modern Whales

Mesonychids

iddle ear structure of whales

Double- pully astragulus bones

Sngle- pully astragulus bones




Artiocetus

Pronghorn Antelope

Rodhocetus
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WELL& EVOLUTION? or WHALE EVOLUTION
Modern whales

Mysticetes
Archaeoceti (baleen whales)

Odontocetes

: . (toothed whales)
Basilosauridae

35 mya

Protocetidae

50 mya
Ambulocetidae

55 mya

Pakicetidae

60 mya

Pnylogeny of whales



Pakicetidae 60 mya

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




" Small terrestrial carnivore
that lived and foraged on

the edges of bodies of water.

" Ears not adapted for under-
water hearing.

Pakicetidae 60 mya




" Small terrestrial carnivore
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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 tip of snout.

"Limbs well- developed.

Pakicetidae 60 mya




" Small terrestrial carnivore
that lived and foraged on

the edges of bodies of water.

" Ears not adapted for under-
water hearing.

"Nostrils at tip of snout.

"Limbs well- developed.

"Whale middle ear bone.

Pakicetidae 60 mya




WELL& EVOLUTION? or WHALE EVOLUTION
Modern whales

Mysticetes
Archaeoceti (baleen whales)

Odontocetes

: . (toothed whales)
Basilosauridae

35 mya

Protocetidae

50 mya
Ambulocetidae

55 mya

Pakicetidae

60 mya

Pnylogeny of whales



WELL& EVOLUTION? or WHALE EVOLUTION

Ambulocetidae 55 mya

" Semi- aquatic carnivore carnivore.




WELL& EVOLUTION? or WHALE EVOLUTION

Ambulocetidae 55 mya

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




WELL& EVOLUTION? or WHALE EVOLUTION

Ambulocetidae 55 mya

" Semi- aquatic carnivore carnivore.
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WELL& EVOLUTION? or WHALE EVOLUTION

Ambulocetidae 55 mya

" Semi- aquatic carnivore carnivore.

" Ears beginning to be adapted for under-
water hearing.

"Nostrils at tip of snout.

"Limbs shortened but well- developed
with functional flippers.




WELL& EVOLUTION? or WHALE EVOLUTION

Ambulocetidae 55
mya

" Semi- aquatic carnivore carnivore.

" Ears beginning to be adapted for under-
water hearing.

" Nostrils at tip of snout.

"Limbs shortened but well- developed

with functional flippers.

" Sull more elongate.




WELL& EVOLUTION? or WHALE EVOLUTION

Ambulocetidae 55 mya

" Semi- aquatic carnivore carnivore.

" Ears beginning to be adapted for under-
water hearing.

" Nostrils at tip of snout.

"Limbs shortened but well- developed

with functional flippers.

" Skull more elongate.

" Crocodile- like life style.




WELL& EVOLUTION? or WHALE EVOLUTION
Modern whales

Mysticetes
Archaeoceti (baleen whales)

Odontocetes

: . (toothed whales)
Basilosauridae

35 mya

Protocetidae

50 mya
Ambulocetidae

55 mya

Pakicetidae

60 mya

Pnylogeny of whales



Protocetidae 50 mya

" Aquatic carnivore.

,'."r Rodhocetus kasrani skeleton reconstructed in
paddling posiure. From Gingrich et al. (2001).




Protocetidae 50 mya

" Aquatic carnivore.
" Ears well adapted for underwater hearing

,'."r Rodhocetus kasrani skeleton reconstructed in
paddling posiure. From Gingrich et al. (2001).




Protocetidae 50 mya

" Aquatic carnivore.
" Ears well adapted for underwater hearing
"Limbs shortened and used for swimming

¥ Rodhocetus kasrani skeleton reconstructied in
paddling posiure. From Gingrich et al. (2001).




Protocetidae 50 mya

" Aquatic carnivore.

" Ears well adapted for underwater hearing
"Limbs shortened and used for swimming _
" Skull flattened and more elongate. = b

,'."n;' Rodhocetus kasrani skeleton reconstructed in
paddling posiure. From Gingrich et al. (2001).




Protocetidae 50 mya

" Aquatic carnivore.

" Ears well adapted for underwater hearing
"Limbs shortened and used for swimming
" Skull flattened and more elongate.

' NOStr”S mldway between tlp Of snout ang ,'."r Rodhocetus kasrani skeleton reconsiructed in
top of head. paddling posture. From Gingrich et al. (2001).




Protocetidae 50 mya

" Aquatic carnivore.

" Ears well adapted for underwater hearing
"Limbs shortened and used for swimming
" Skull flattened and more elongate.

' NOStr”S mldway between tlp Of snout anc Rodhocetus kasrani skeleton reconsiructed in
top of head. paddling posture. From Gingrich et al. (2001).
" Sacral vertebrae begin to lose their firm

connection with the vertebral column.




WELL& EVOLUTION? or WHALE EVOLUTION
Modern whales

Mysticetes
Archaeoceti (baleen whales)

Odontocetes

: . (toothed whales)
Basilosauridae

35 mya

Protocetidae

50 mya
Ambulocetidae

55 mya

Pakicetidae

60 mya

Pnylogeny of whales



WELL& EVOLUTION? or WHALE EVOLUTION

Basilosauridae 35 mya

"Large aquatic carnivores (up to 24
meters).




WELL& EVOLUTION? or WHALE EVOLUTION

Basilosauridae 35 mya

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




Basilosauridae 35 mya

" Large aquatic carnivores (up to 24 meters).
" Ears well adapted for underwater hearing but not echolocation.
"Nostrils at middle of snout.
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WELL& EVOLUTION? or WHALE EVOLUTION

Basilosauridae 35 mya

"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.




Basilosauridae 35 mya

" 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 tightly connect to vertebral column.



Basilosauridae 35 mya

" Large aquatic carnivores (up to 24 meters).

" BEars well adapted for underwater hearing but no 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 tightly connect to vertebral column.

" Skull flattened and more elongate.
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WELL& EVOLUTION? or WHALE EVOLUTION
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WELL& EVOLUTION? or WHALE EVOLUTION
Modern whales

Mysticetes
Archaeoceti (baleen whales)

Odontocetes

: . (toothed whales)
Basilosauridae

35 mya

Protocetidae

50 mya
Ambulocetidae

55 mya

Pakicetidae

60 mya

Pnylogeny of whales



WELL& EVOLUTION? or WHALE EVOLUTION

Modern Whales: Mystectes

"Large aquatic filter feeders with balleen.




WELL& EVOLUTION? or WHALE EVOLUTION

Modern Whales: Mystectes

"Large aquatic filter feeders with balleen.
" Ears not adapted for underwater hearing through echolocation.
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WELL& EVOLUTION? or WHALE EVOLUTION

Modern Whales: Mystectes

"Large aquatic filter 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.




Modern Whales: Mystectes

"Large aquatic filter 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.
" Sull flattened and more elongate.



WELL& EVOLUTION? or WHALE EVOLUTION
Modern whales

Mysticetes
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Modern Whales: Odontocetes

" Large aquatic carnivore.

Dorsal fin

Vertebrae Saddle patch
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Modern Whales: Odontocetes

" Large aquatic carnivore.
" Ears well adapted for underwater hearing through echolocation.
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Flipper: A boned hand i 3l
suppors each flipper 5 ig conceal it when




Modern Whales: Odontocetes

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

Dorsal fin

Vertebrae Saddle patch
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Wide tail flukes

Flipper: A boned hand i 3l
suppors each flipper 5 ig conceal it when




Modern Whales: Odontocetes

" Large aquatic carnivore.

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

" Forelimbs shortened and flipper- like; hind limbs absent.

Dorsal fin

Vertebrae Saddle patch

*

Wide tail flukes

Flipper: A boned hand i 3l
suppors each flipper 5 ig conceal it when




Modern Whales: Odontocetes

" 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 flattened and more elongate

Dorsal fin

Vertebrae Saddle patch

Wide tail flukes

Flipper: A boned hand i ale
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WELL& EVOLUTION? or WHALE EVOLUTION

Basilosauridae
35 mya

Mysticetes Odontocetes
(baleen whales)  (toothed whales)

Protocetidae

Phylogeny of whales



WELL& EVOLUTION? or WHALE EVOLUTION




WELL& EVOLUTION? or WHALE EVOLUTION

Basilosauridae
35 mya

Mysticetes Odontocetes
(baleen whales)  (toothed whales)

Protocetidae

Which is the first whale?



WELL& EVOLUTION? or WHALE EVOLUTION
Modern whales

Mysticeti
Archaeoceti (baleen whales)
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: : (toothed whales)
Basilosauridae

35 mya
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"Birds

"Birds evolved from dinosaurs.
"In fact, birds are nothing more than an advanced theropod dinosaurs.
"Typical theropad dinosaur skeleton

"Deep pelvis

"3 toes forward one backward

"4 sections in hind limb

"Claws on forelimbs 1o L s Daregg 5 e
Cetrieal 13 Dorsal ™ 29 A0 sl (radl
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(holes) between nostrils
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"Birds

"Typical bird skeleton carpometacarpus  .,..niim
"Deep pelvis
"3 toes forward one back-

ward
"4 sections in hind limbs
"Two skull fenestrations

(holes) between nostrils : \ | mandible
and orbits. - Y ear canal
"Highly modified forelimb s k] 3 ¥
" 1 ' .-
Finger bones and wrist _— PN Nl £/ coracoid
bones all fused. ' ' _
"No claws NARES L clavicle
0cC N “wish bone''

"Feathers
sternum
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tarsometatarsus




MISSING LINKS
"Birds

"Archeopteryx skeleton
"Deep pelvis
"3 toes forward one back-
ward
"4 sections in hind limbs
"Two skull fenestrations
(holes) between nostrils
and orbits.
"Slightly modified forelimb
"Finger bones and wrist
bones partly fused.
"Some claws present
"Caudal vertebrae
"Teeth
"Feathers
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MISSING LINKS
"Snakes

"Snakes are an extremely specialized group of vertebrates.

"They have many adaptations for being limbless predators.

"Very elongate necks and bodies.

"Highly developed sense of smell which involves the tongue.

"Snakes share a common ancestor with monitor lizards.

" A lot of snake- like behavior and anatomy exists in living monitors lizards.
"Long necks and bodies
" Active foragers using tongue to gain olfactory information about their

environment. g
"Specialized teeth and tongue
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"Snakes
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"60 myo fossil snakes from Algeria with small hind limb
and a pelvic girdle.
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MISSING LINKS

"Snakes

"Primitive snakes such as boas and pythons still have vestigial hind limbs and
pelvic girdles but lack all traces of forelimbs and pectoral girdles




MISSING LINKS

"Snakes

Modern snakes lack all traces of limbs.




MISSING LINKS

"Frogs

"Frogs are an extremely specialized group of vertebrates whose anatomical
and behavioral adaptations revolve around a lifestyle of hopping.
"Frog skeletons are some of the most derived systems known to vertebrates.




"Frogs

"Frogs are an extremely specialized group of vertebrates whose anatomical
and behavioral adaptations revolve around a lifestyle of hopping.
"Frog skeletons are some of the most derived systems known to vertebrates.

"Primitive amphibian body
plan.
"Lacks specializations

RGN



"Frogs

DA G

"Frogs have highly modified skeletons
"Shortened vertebral column
"Fused forearm and foreleg bones
"Internal tail
"Elongated pelvis
"Flongated ankle bones adding an additional

linkage component to the hind limb




"Frogs

"Triadobatrachus:225 myo proto-frog
"Slightly shortened vertebral column
"Forearm and foreleg bones not fused
"No internal tail
"Slightly elongated pelvis
"No elongated ankle bones




BB E AN N B

fhw_ \
af

7

5]
SN
Jw ﬁxfj%fﬂﬁﬁ@fﬁm,ﬁﬁﬁ&ﬂmﬁ@ e
\«FJL O ——

% /{uﬁ Tioiga e

s

.c\ .___...._u _ 4 _
12 1110 B &

SEAGENM



