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Reconstruction of Kutchicetus by Lucas Lima
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Whale evolution fraud

Another evolutionary icon bites the dust

by Don Batten

First published: 12 April 2014 (GMT+10)
Updated from Creation 36(2):34-35; January 2016

Major Evolutionary Blunders: Are Whales and Evolution

Joined at the Hip?
by Randy J. Guliuzza, PE.,, M.D.*
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“Transitional forms here differ from
the University of Michigan depiction
... in being dairy whales”

— Sunderland (1984)




Outline

|. Brief introduction to cetaceans
Il. Historical perspectives on cetacean origins

Ill. Various facets of cetacean evolution
a. Fossil record of archaeocetes
b. Ancient environments and biogeography
c. Comparative anatomy and development

d. Genetics and genomics

V. Summary and concluding remarks



What is a whale?

e Whales are MAMMALS

— Breathe atmospheric — Many skeletal features
oxygen o Double occipital condyle

— Feed their young with ° Dentary-squamosal jaw joint
milk from mammary o Three middle ear bones

(@)

Socketed teeth in some

glands
— Live birth with placenta ° -.and many more

— Baleen (hair) in some
— Large brains But whales are also

SECONDARILY AQUATIC



Most mammals are TERRESTRIAL
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Some mammals are SECONDARILY AQUATIC




Order Cetacea (Latin: cetus = whale)

Odontocetes (toothed whales) Mysticetes (baleen whales)




Tursiops truncatus (bottlenose dolphin)
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Drastic change in adaptive zone
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1859: Charles Darwin

“In North America the black bear was seen by
Hearne swimming for hours with widely open
mouth, thus catching, like a whale, insects in
the water. Even in so extreme a case as this, if
supply of insects were constant, and if better
adapted competitors did not already exist in
the country, | can see no difficulty in a race of
bears being rendered, by natural selection,
more and more aquatic in their structure and
habits, with larger and larger mouths, till a
creature was produced as monstrous as a
whale.”

— from The Origin of Species (ch.6)




1936: Remington Kellogg

“A Review of the Archaeoceti”
— North American and Egyptian whales

— All clearly fully aquatic

Zygorhiza kochii

Kellogg 1936



1945: George Gaylord Simpson

“Because of their perfected adaptation to a
completely aquatic life, [...] the cetaceans are
on the whole the most peculiar and aberrant
of mammals. Their place in the sequence of
cohorts and orders [of mammalian
classification] is open to question and is
indeed quite impossible to determine in any
purely objective way.”

— from Classification of Mammals




1981: Pakicetus inachus

e Pakistan (50 Ma)

e Fluvial sediments
bordering ancient
Tethys Sea

e Dense auditory
bullae other ear
features seen
only in cetaceans

Albertocetus (Uhen 2008)

Gingerich and Russell 1981; Gingerich et al. 1983



Eocene Epoch (50 Ma)
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1990: Basilosaurus isis

Egypt (37 Ma)
Marine shales and sandstones

Strap-like pelvic bones
detached from sacrum, well-
formed joint surfaces on femur

Tibia ~ Astragalus

Pubic symphysis

| Navicular

0

Gingerich et al. 1990
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A sampling of archaeocetes...

Ambulocetus natans (Thewissen et al. 1994) Rodhocetus kasranii (Glngerlch et al. 1994)

Rodhocetus balochistanensis (Glngerlch et al. 2001)
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Cynthiacetus peruvianus (Martinez-Caceres & Muizon 2011)  Remingtonocetus domandaensis (Bebej et aI 2012)
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(extant) -

Xenorophy;sp. £
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Eocene Archaeocetes

Number of
Species

Pakicetidae 7
Ambulocetidae 2
— < Remingtonocetidae 7
} Protocetidae 22
} Basilosauridae 22
TOTAL: 60

Neoceti
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Paleoenvironments of Early Cetaceans

Depositional environments

U]

Pakicetidae A

freshwater fluvial sediments

Ambulocetidae B
coastal swamp sediments

— —q Remingtonocetidae *

nearshore marine sedlments
Protocetidae V¥

nearshore marine sediments

Basilosauridae O
nearshore to offshore
marine sediments

Neoceti

Age

30

35

40

(Ma)

45

50

25

Stable isotope analyses
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22 26
| | |
Freshwater IPinnipedsI Marine
Cetaceans | —>»
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I H. taulatInensr’s
| D. atrch,' B. isi

I
IE. SPA

B. indicus
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|

D. athdi

|R. kasranl

Cetaceans
(—) Sirenians
<>

P. smirha% N E. libyca
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VvV |
|
I
|
|
|
|
I

Clementz et al.

2006



Blogeography of Ea rIy Cetaceans

Eocene (50 Ma)




Comparative Anatomy of Cetaceans

Tursiops trunactus
(bottlenose dolphin)

Orcinus orca (killer whale)
cervical vertebrae (C1-C7)
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Urocyon cinereoargenteus oy ! )
(gray fox) Canis lupus (wolf)

cervical vertebrae (C1-C7)




Comparative Anatomy of Cetaceans

.f b 4 i
A\
4 |
digital
\ L
y Orcinus orca Physeter Eubalaena Megaptera
/ / ! (killer whale) macrocephalus glacialis novaeangliae
/ .f (sperm whale) (N. Atlantic (humpback
I right whale) whale)

Cat

1

Cooper et al. 2007, Cooper 2009

(B)



Development of Hind Limbs in Cetaceans

Stenella attenuata (pantropical spotted dolphin)

—. — e -
S - - — e —

e =

ventral asr

Hind limb

Carnegie Stage 12 Carnegie Stage 13 buds Carnegfe Stage 16 Carnegié Stége 17

LACM 94657 LACM 94701 LACM 94651 LACM 94670

Thewissen et al. 2006, 2009



Development of Hind Limbs in Cetaceans

Eubalaena glacialis
(N. Atlantic right whale)

Tschium i
i Y

Fenmr =

Orcinus orca
(killer whale)

Hinsm Inglinum

I'nl

Balaenoptera physalus
(fin whale)

Tlium Ischium

-

Fem

Physeter macrocephalus
(sperm whale)

[linan Isclium
/ \
III

I
T emiir

MARINE MAMMAL SCIENCE, 24(3): 743745 (July 2008)
© 2008 by the Society for Marine Mammalogy

DOI: 10.1111/5.1748-7692.2008.00202.x

A BOTTLENOSE DOLPHIN (1 URSIOPS TRUNCATUS )
WITH FIN-SHAPED HIND APPENDAGES

Ohsumi and Kato 2008



Stenella attenuata (pantropical spotted dolphin) ==

—

E
==

Carnegie Stage 14 Carnegie Stage 17
LACM 94594 LACM 94670

Fetus
LACM 94607

http://web.neomed.edu/web/anatomy/DLDD/interst/develop/blowhole/index.html



Genetics of Cetaceans
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Bos feurus XMESE1ES

L —

Bos laurus XMBEOSOTE

E. japonica y

Bos lauus XM 10508
Bos lawus XMEDEI21

uipoalba AJZ3ITHZ
is

Hon
PRéudorca crassioens
_PROCOSNE phocoana

el

Circinies oma

l;:n-nu bredanins's

Dalphinus aelphis
NS 1085

_: P. crassidens
S. bredanensis

D. delphis y
‘ﬁn&_ﬁ:oemﬂeoaba Ay
S, coeruleoalba B w

Q. orca

P. phocoena

Il —l—@_ P. macrocephalus

B. taurus XM584213

— 5 changes

OR10AB1

OR10ABZ2

OR10K1

OR10K2

ORTOKZ

OR10J2

OR10J1

OR111

% Pseudogenes

Olfactory receptor genes

are detectable in cetacean
genomes but most (~79%)
have become pseudogenes

100
|

75
1

Physeter macrocephalus 12/12 (32)

Orcinus orca 13 /13 (36)

Pseudorca crassidens 9/ 11 (36)

Phocoena phocoena 11 /12 (40)
Delphinus delphis 14116 (43)

Steno bredanensis 14/18 (41)

Stenella coeruleoalba 23 /31 (41 +12)
(40)

<
-
-
<
o
o
©
L]
3
=
w

Jjaponica

Odontoceti

Mysticeti

McGowen et al. 2008



Genetics of Cetaceans

e Massive reduction in no. of taste

B i,

odontocetes

artiodactyls mysticetes

receptor genes (TAS1R, TAS2R) )

e Pseudogenization mutations in
GNAT3 (a-subunit of gustducin)
shared by odontocetes and
mysticetes = loss of sweet,
umami, and bitter sensation

* Findings suggest that gustatory
ability was greatly reduced in b
common ancestor of Neoceti

Exon 6 of GNAT3:

homSapGNAT3-GRCh37 (Human)
musMusGNAT3-GRCm38 (Mouse

turTruGNAT3-Ttru 1.4 (Bottlenose dolphin

)

bosTauGNAT3-NM 001109982.1 (Cow)
hipAmpGNAT3 (Hippopotamus)
balEonGNATB—KUjlra_l.O (Minke whale)
balBonGNAT3-hapl (Minke whale)
balBonGNAT3-hap2 (Minke whale)
balBorGNAT2 (Sei whale)

)

)

phoDalGNAT3 (Dall's porpoilse

remingtonocetids

/

/\/Ioss of olfactory bulb

L loss of cranial nerve I
pakicetids
loss of olfactory tract

Most of class IT ORs lost their functions

™~ loss of gustducin
reduction of TAS1Rs and TAS2Rs

loss of D domain
OMACS, NQOI. most of class | ORs
and TAAR2-9 lost their functions

loss of vomeronasal organ
VIRs lost their functions

olfactory bulb

I emergence of cetaceans |

6 6 6 666 6 v v . ' .
3 4 B 5 556 7 8 9 0 1 2
0 0 & 0 890 0 0 0 0 0 0

ARAGAAGTGGATTCACTGCTTTGAAGGAGTTACATGCATTATATTTTGT GCTCGCACTTAGTGCCTATGACATGGTCCTCGTGGRAAGACCARGAMGTG
AAAAAAATGGATCCACTGCTTTGAAGGAGTCACCTGCATTATATTTTGC GCAGCGCTAAGTGCCTATGACATGETGCTTGTAGRAGATCGAGCAGGTG
AAMGAAATGCGATTCACTGCTTTGAAGCACTTACATGCATTATATTTTCT GCTGCACTCAGTGCCTATGACATGGTTCTGGTGCGAAGATCGARAGAAGTG

AMAGAAATGGATTCACTGCTTTGAAGGAGTTACATGCATTATATTTTGT GCTGCACTCAGTGCCTATGACATGETCCTGEGTGGARAGATCGARGAAGTG
ARAGAAATGGATTCACTACETTGAAGGAGTTAC L TTATATTTTGTGCTGCACTC!GTGCCTATGAC&TGGTCTTGGTGGAAGATGAAGAAGTG
AAMGAAATGCGATTCACTACETTGAAGCAGTTAC AATTATATTTTGT GCTGCACTCRCTGCCTATGACATGGTCTTGGTGGAAGATCGAAGAAGTG
ARAGAAATGGATTCACTACGTTGAAGGAGTTAC AATTATATTTTGT GCTCCACTCACGTGCCTATGACATGCTCTTGGTGGARGATCGAAGARGTG
ARAGAAATGGATTCACTACRTTGAAGGAGTTAC AATTATATTTTGT GCTEGCACTCAGTGCCTATGACATGCTCTTGGTGGARGATCGAAGARGTG
AAAGAAATGGATTCCCTCCYTTGAAGGAGTTAC SATTATATTTTGT GCTGCAGTCAGTECCTATGATATCCTCTTGGTCGCGAAGATCAAGALAGTG
ARAGAAATGGATTCACTCCETTGAAGGAGTTAC MATTATATTTTGT GCTCCACTCAGTGCCTATGACATGGTCTTGGTGGARAGATCGAAG- - -TG

dhkEk kk KEhkkEhkEk F kk k EFhkFhkAkAkrkAEA khk kFk FhkAkAEhkFAAAA R *x k* * FhkEkEk*T AT RkET FThkE Kk * *k Fhkkhkk *k ok

Kishida et al. 2015

* %



Genetics of Cetaceans

B.bor. ATGCCCCCC-AATCCAGCC. .AACCCCCTCCCTGTGCCGCAGGCCAACCCA
B.mus. ATGCCCCCC-AATCCAGCC. .AAGACCCCCC-TGTGCCAGAGGCCAACCCA
E.rob. ATGCCCCCC-AATCCAGCC. .AACCCCCCCC-TGTGCCGCAGGCC~ACCCA
E.jap. ATGCCCCCCCAATCCAGCC. .AAGACCCCCC-TGTGCCAGAGGCCCACCCA
B.mys. ATGCCCCCCCAATCCAGCC. .AAGACCCCCC-TGTGCCAGAGGCCAACCCA
S.scr. ATGCCCCCC-AACTCAGCC. . AAGGCTCTCC-AGTGGCGGAGGCCAACACA

B.bor. CACCTTTTAAGGAAG. .AGGATGTGTTTACTACCCTGACTATA
B.mus. CACCTTT-AAGGAAG..AGGATGTGTTTACTACCCTGACTATA
E.rob. CACCTTTTAAGGAAG. .AGGACGCG-TTACTAC------ TATA
E.jap. CACCTTTTAAGGAAG..AGGACGTGTTTACTACCCTIGACTATA
B.mys. CACCTTTTAAGGARG. .AGGACGTGTTTACTACCCTGACTATA
S.scr. CACCTTTTAAAGAAG. .AGTACATGTTTACTACCCTGACTATA

Balaenoptera borealis

Balaenoptera edeni / brydei

Balaenoptera musculus
Megaptera novaeangliae

[ i Balaenoptera physalus
Balaenoptera acutorostrata Aetiocetus weltoni » oo e i
(minke whale, modern) (24_28 |\/|a) ok Balaenoptera acutorostrata N.At.

Balaenoptera bonaerensis
Eschrichtius robustus
Caperea marginata
Eubalaena australis
Eubalaena japonica
Balaena mysticetus
Delphinidae
Delphinapterus leucas
Physeter macrocephalus
Ziphiidae
e Chio€rOPpSIS liberiEnSsis

e Enamel-specific genes (e.g.,
AMBN, ENAM) are present in ss
modern toothless mysticetes, — L e
but have degraded into R —— T

= Camelus dromedarius
pseudogenes

lost

L= 2
T Er

L— [ ama guanicoe
Tapirus indicus
Canis familiaris
L5 = 3 3 3 =g Mus musculus
— g it S e Rattus norvegicus
' Homo sapiens

Deméré et al. 2008



Summary

 The evidence for the evolution of cetaceans from
terrestrial ancestors comes from many different fields...

— Fossil cetaceans with intermediate anatomies appear when and
where we expect to find them

— Comparative anatomy and ontogeny demonstrate striking
similarities between cetaceans and terrestrial mammals

— Genetics allows the molecular basis for anatomical/physiological
changes to be studied at incredible levels of detail

 Together, these independent lines of evidence converge
on a single explanation...



Summary

e Though there is still much to learn, the origin of
cetaceans has gone from one of evolution’s biggest
mysteries to one of its most shining examples

Gingerich 2012; artwork by John Klausmeyer
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