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Reconstruction of Kutchicetus by Lucas Lima





“Transitional forms here differ from 
the University of Michigan depiction 

… in being dairy whales” 

– Sunderland (1984)
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What is a whale?

• Whales are MAMMALS
– Breathe atmospheric 

oxygen
– Feed their young with 

milk from mammary 
glands

– Live birth with placenta
– Baleen (hair) in some
– Large brains

– Many skeletal features
◦ Double occipital condyle
◦ Dentary-squamosal jaw joint
◦ Three middle ear bones
◦ Socketed teeth in some
◦ …and many more

But whales are also
SECONDARILY AQUATIC



Most mammals are TERRESTRIAL



Some mammals are SECONDARILY AQUATIC



Odontocetes (toothed whales) Mysticetes (baleen whales)

Order Cetacea (Latin: cetus = whale)



Paddle-shaped 
forelimbs

No external 
hind limbs

Fluke

Fusiform body

Blowhole

Dorsal fin

Tursiops truncatus (bottlenose dolphin)

Short, stiff neck



Drastic change in adaptive zone

Simpson 1944; Gingerich 2007



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, I 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)



Kellogg 1936

1936: Remington Kellogg

“A Review of the Archaeoceti”

– North American and Egyptian whales

– All clearly fully aquatic

Zygorhiza kochii

Basilosaurus cetoides



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



Gingerich and Russell 1981; Gingerich et al. 1983

1981: Pakicetus inachus
• Pakistan (50 Ma)

• Fluvial sediments 
bordering ancient 
Tethys Sea

• Dense auditory 
bullae other ear 
features seen 
only in cetaceans

Albertocetus (Uhen 2008)



Eocene Epoch (50 Ma)



Wadi Al-Hitan (Nov. 2009) وادي الحیتان



Philip Gingerich holding Dorudon vertebraeWadi Al-Hitan (Nov. 2009)     وادي الحیتان



Excavating Basilosaurus isis, Wadi Al-Hitan (Nov.-Dec. 2009) وادي الحیتان



1990: Basilosaurus isis

Gingerich et al. 1990

• Egypt (37 Ma)
• Marine shales and sandstones
• Strap-like pelvic bones 

detached from sacrum, well-
formed joint surfaces on femur



Pakicetus

Basilosaurus

13 Million 
Years



A sampling of archaeocetes…

Ambulocetus

20 cm

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

Rodhocetus balochistanensis (Gingerich et al. 2001) Pakicetus attocki (Thewissen et al. 2001)

Dorudon atrox (Uhen 2004) Maiacetus inuus (Gingerich et al. 2009)

Remingtonocetus domandaensis (Bebej et al. 2012)Cynthiacetus peruvianus (Martínez-Cáceres & Muizon 2011)



Ambulocetus

20 cm

Time

50 Ma

47.5 Ma

46.5 Ma

38 Ma

47 Ma

Gingerich et al. 2001, 2009; Thewissen and Bajpai 2001; Thewissen et al. 2001

Pakicetus

Ambulocetus

Maiacetus

Rodhocetus

Dorudon



Mace Brown Museum of Natural History (Charleston, SC) Photo: Matthew Campbell 

Georgiacetus vogtlensis
(41 Ma)

Zygorhiza kochii
(34-38 Ma)

Xenorophus sp.
(30-32 Ma)

Tursiops truncatus
(extant)



Eocene Archaeocetes
Number of 

Species
7
2

7

22

22

TOTAL:    60



Archaeocetes

Odontocetes Mysticetes

Marx et al. 2016



Paleoenvironments of Early Cetaceans
Depositional environments

Clementz et al. 2006

Stable isotope analyses

Pakicetidae
freshwater fluvial sediments

Ambulocetidae
coastal swamp sediments

Remingtonocetidae
nearshore marine sediments

Protocetidae
nearshore marine sediments

Basilosauridae
nearshore to offshore 
marine sediments

Neoceti



Pakicetidae
Ambulocetidae
Remingtonocetidae
Protocetidae
Basilosauridae

Biogeography of Early Cetaceans
Eocene (50 Ma)



Urocyon cinereoargenteus
(gray fox)

Tursiops trunactus
(bottlenose dolphin) Orcinus orca (killer whale) 

cervical vertebrae (C1-C7)

Canis lupus (wolf)
cervical vertebrae (C1-C7)

Comparative Anatomy of Cetaceans



Comparative Anatomy of Cetaceans

Orcinus orca
(killer whale)

Physeter
macrocephalus
(sperm whale)

Eubalaena
glacialis

(N. Atlantic 
right whale)

Megaptera
novaeangliae

(humpback 
whale)

Cooper et al. 2007, Cooper 2009



Development of Hind Limbs in Cetaceans

Thewissen et al. 2006, 2009

Stenella attenuata (pantropical spotted dolphin)

Hind limb 
budsCarnegie Stage 12

LACM 94657
Carnegie Stage 13

LACM 94701
Carnegie Stage 16

LACM 94651
Carnegie Stage 17

LACM 94670



Development of Hind Limbs in Cetaceans

Eubalaena glacialis
(N. Atlantic right whale)

Balaenoptera physalus
(fin whale)

Physeter macrocephalus
(sperm whale)

Orcinus orca
(killer whale)

Ohsumi and Kato 2008



Development of Blowholes in Cetaceans

Carnegie Stage 14
LACM 94594

Carnegie Stage 17
LACM 94670

Fetus
LACM 94607

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

Stenella attenuata (pantropical spotted dolphin)



Genetics of Cetaceans
Olfactory receptor genes 

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

McGowen et al. 2008



Genetics of Cetaceans

Kishida et al. 2015

• Massive reduction in no. of taste 
receptor genes (TAS1R, TAS2R)

• Pseudogenization mutations in 
GNAT3 (α-subunit of gustducin) 
shared by odontocetes and 
mysticetes  loss of sweet, 
umami, and bitter sensation

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

Exon 6 of GNAT3:



Genetics of Cetaceans

• Enamel-specific genes (e.g., 
AMBN, ENAM) are present in 
modern toothless mysticetes, 
but have degraded into 
pseudogenes

Deméré et al. 2008

Balaenoptera acutorostrata
(minke whale, modern)

Aetiocetus weltoni
(24-28 Ma)



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
• 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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