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Figure 2. Strict consensus of 20 minimum length trees for the equally-
weighted parsimony analysis of the combined data set (57,269 steps).

Mesonichidae+Cetacea 
Proporcion escamoso-petrosal 
Talonido m2 comprimido 
Ausencia dientes bunodontes 
Trigonido mas alto que talonido 
Ausencia entoconido y 
postentocristido 

Cetacea 
Facetas molares inferiores alargadas 
verticalmente



Figure 3. Comparison of one minimum length tree with agreement subtree superimposed (A) and a topology that is 
two steps beyond minimum length (B).

Spaulding M, O'Leary MA, Gatesy J (2009) Relationships of Cetacea (Artiodactyla) Among Mammals: Increased Taxon Sampling Alters 
Interpretations of Key Fossils and Character Evolution. PLOS ONE 4(9): e7062. https://doi.org/10.1371/journal.pone.0007062 
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0007062



C l a d o g r a m a d e 
consenso resultante del 
análisis de parsimonia 
(búsqueda heuristica en 
PAUP; secuencia de 
adición aleatoria, 1,000 
repeticiones),)

Thewissen et al. 2007



Cladograma de consenso

Involucrum (antes solo 
en Cetacea) 
incisivos mandibulares, corona 
alta en molar post.





Región ótica: Paquiostosis
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Transición Tierra-mar 

Aprox. 10-12 M.a. en el Eoceno

Paquicetos

Ambulocetos

Rodocetos

Dorudonte

Scanner batial





Reducción miembros 
posteriores desde el  
Eoceno (50 m.a.)



Protocetidae

Ocucajea pickling 
Eoceno medio, Peru





Basilosaurus isis



Dorudon, con miembros desconectados

Cintura Pélvica sin función locomotora  
  perdida de conexión con vértebras sacrales  

(Gingerich et al., 1990; O’Leary & Uhen, 1999; Hulbert et al. 
1998)  





l.a.d

l.a.v

i.c.

P

Ea

Ep

T. truncatus (imagen: Simoes-Lopes y Gutstein, 2004)

✓ Fetos y neonatos poseen huesos pélvicos no mineralizados
Bejder & Hall (2002); Hall (1984)
≠ Arvy (1976 apud Arvy, 1979)



Hox genes specify axial patterning 
and limb position during 
tetrapod embryonic development 
(Burke et al. 1995; 
Carroll 1995; Shubin et al. 1997).



An evolutionary change in Hox gene expression
—as occurs in snakes—or in Hox gene  
regulation—as occurs in some limbless mutants
—is unlikely to have initiated loss of the 
hindlimbs in cetaceans.



Stenella attenuata



A simple evolutionary change in Hox gene  
expression or Hox gene regulation is unlikely to  
have driven loss of the hindlimbs in cetaceans, which occurred concurrent with various 
other morphological and physiological changes associated with the transition from a 
terrestrial to an aquatic environment and adaptation to that aquatic environment.



14 phalanges in digits II and III in 
the pilot whale Globicephala 
melas



Hippopotamus

Georgiacetus Zygorhiza

Aetiocetus

Xenorophus

Ziphius

Waipatia Inia Delphinapterus

Odontoceti

Archaeoceti





Mysticeti



Janjucetus hunderi  
Oligoceno Tardio Fitzgerald 2006



Fitzgerald 2006



Figure 3. Phylogeny and stratigraphic record of Mysticeti, including Janjucetus, and the evolution of feeding 
ecology in mysticetes. Phylogenetic relationships of Janjucetus based on strict consensus of three trees derived 

from parsimony analysis of 266 characters in 26 genera (some taxa pruned from tree). Cetacean skull 
reconstructions shown in dorsal view. Characters relevant to the evolution of feeding in mysticetes are 
optimized on to the tree at nodes where they appear. Taxa marked with * represent toothed mysticetes. 

Numbers, and numbers in parentheses, at nodes represent bootstrap and branch support values, respectively. 
Solid circles denote named clades. Solid black bars on branches represent stratigraphic range error bars of their 
respective clade. Ages are in millions of years, with the time-scale being linear only for Late Eocene through 
Oligocene. Time- scale after Gradstein et al. (2004). Abbreviations: ChM TM, Charleston Museum toothed 

mysticetes; C, Chaeomysticeti; M, Mysticeti. (See electronic supplementary material for further information.)

Fitzgerald 2006



Morphological and Molecular Evidence for a Stepwise Evolutionary 
Transition from Teeth to Baleen in Mysticete Whales 
Demere et al. 2008



Fordyce and Marx, Gigantism Precedes Filter Feeding in Baleen Whale Evolution, Current Biology (2018),

 https:// doi.org/10.1016/j.cub.2018.04.027 





Archaeocete-like jaws in a baleen whale 

(Fitzgerald, 2011)







Carlos Mauricio Peredo, Nicholas D. Pyenson, Christopher D. Marshall, 
Mark D. Uhen - https://doi.org/10.1016/j.cub.2018.10.047

Maiabalaena nesbittae is 33 million year old fossil 
baleen whale from Oregon

Maiabalaena has neither teeth, nor baleen

Early whales lost teeth entirely before the 
evolutionary origin of baleen

Despite no teeth or baleen, these whales were 
effective suction feeders

https://doi.org/10.1016/j.cub.2018.10.047


Peredo y Uhen 2016

(Uhen y Pyenson 2007)



Steeman et al. 2009. 
Radiation of Extant Cetaceans Driven by Restructuring of the Oceans. Syst. Biol. 58: 573-585 



Se ha considerado que las primeras radiaciones 
comenzaron en las frías aguas del Pacífico Norte

(Fordyce, 
1977)

Gaskin (1985) ! a) nuevos nichos 
ecológicos 

                ! b) nueva oferta trófica, 
en especial para las     poblaciones 
de ballenas, delfines, focas y lobos 
marinos.  

Diapositivas:  
F. E. Horwitz



Se ha considerado que las primeras radiaciones 
comenzaron en las frías aguas del Pacífico Norte

(Marx 
& 

Uhen, 
2010)

Diapositivas:  
F. E. Horwitz



14 géneros extintos. 
6 géneros vivientes.

Misticetos: las relaciones entre las familias siguen siendo 
a menudo objeto de acalorados debates

(Gatesy et al. 2012)

Chile ! 8 de las 12 especies 
reconocidas (67%) (Capella & 
Gibbons, 2008)

Diapositivas:  
F. E. Horwitz



En la actualidad…

(Gatesy et al. 2012)
!41



En la actualidad…

(Fordyce &  
Marx, 2012)



Balaenidae

 Synapomorphies Balaenidae: 
 ventral maxillary window that reaches the posterior margin of 
the maxilla (14), a ventrally developed supraorbital process with 
limited lateral expansion (25), M-shaped anterior margins of the 
palatine (29), long overlap of pterygoids by the palatine (30), 
and a dorsoventrally developed squamosal (42) with a reduced 
and bulbous postglenoid process (48). palatal maxillary sulci, 
which open into a long alveolar groove (16), parietal mostly 
excluded from view on the cranial vertex (36), a relatively short 
zygomatic process (44), and extension of the supraoccipital 
shield to the level of the frontal-maxillary suture.

Caperea Eubalaena,

Balaenoptera

Churchill et al. 2011



Churchill et al. 2011

Figure 4. Strict consensus tree of 
balaenid relationships recovered in 
this study. Num- bers above the node 
represent maximum parsimony 
bootstrap support values, numbers in 
parentheses represent Bremer support 
values, and numbers below the node 
represent Bayesian posterior 
probabilities. Extinct taxa indicated by 
†.

Balaenidae



Balaenidae



Balaenopteridae



Megaptera novaengliae
Balaenopteridae



Megaptera novaengliae
Balaenopteridae

Foto: Monterrey Bay feeding ground - CSG 2013



Balaenopteridae  
(rorcuales)  

 
 
 

Balaenoptera physalus  

Relationship between gape angle (red line), projected mouth area (blue line), speed (black line)and 
volume engulfed (green line) in the context of the mechanics of the body during a lunge. Vertical 
lines mark significant events throughout the lunge cycle represented by each schematic: (a) mouth 
begins to open, (b) ventral groove blubber (VGB)begins to expand, (c) maximum gape angle, (d) 
VGB is nearly fully expanded, and (e)Â mouth closes. The shaded area representsthe distance 
traveled during the lunge.

Goldbogen, J.A,. N.D. Pyenson, 
R.E. Shadwick.2007.  
Big gulps require high drag for fin 
whalelunge feeding.  Mar Ecol 
Prog Ser. 
doi: 10.3354/meps07066



Modern baleen whales feed by filtering gulps of seawater through plates of baleen in their 
mouths.Credit: Doug Perrine/naturepl.com



Pyenson, N. D., J. A. Goldbogen, A. W. Vogl, G. 
Szathmary, R. L. Drake and R. E. Shadwick. 2012. 

Discovery of a sensory organ that coordinates lunge-
feeding in rorqual whales. Nature 485: 498-501.  

doi: 10.1038/nature11135 



Balaenopteridae indet. Pyenson et al. 2014



Piscobalaena nana (Cetotheridae) 
Plioceno temprano (Fm. Pisco)





Odontoceti: Ecolocalización



Harper et al. 2008

Uhen 2007



Mecanismo de la transmisión de sonido en mamíferos 
terrestres y en cetáceos 

mamíferos terrestre (a) 
pakicetídeo (b) 
remingtonocetídeo/ 
protocetídeo (c)  
odontoceto moderno (d)



Desarrollo tardío de la  
cápsula nasal
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Las estructuras blandas dictan la forma de 
los huesos que la circundan en el caso de 
la anatomia facial de odontocetos 
(Fordyce 1994)

Clarke (2003)

Cranford et al. (2008)





Variabilidad morfologica Distribución 
geográfica, temporal, ambiental



Steeman et al. 2009. 
Radiation of Extant Cetaceans Driven by Restructuring of the Oceans. Syst. Biol. 58: 573-585 











• Cerebellum 15% mayor 

• Paulin [1993] has speculated 
that the cerebellum is best 
characterized as a dynamic 
system for tracking the flow of 
incoming and outgoing sensory 
and motor information. 

• This kind of ‘dynamical state 
estimation’ is not unlike the 
kind of processing that occurs 
during echolocation. In 
echolocation high frequency 
sound waves are emitted by the 
animal and the echoes from 
these emissions. 





Images: NASA; Muizon, 1988, Lambert et al. (2008) CR 
Palevol; Lambert et al. (2010) Nature

Pisco Basin, Peru

Acrophyseter
Liivyatan

Formación Pisco (Mioceno - Plioceno)

Brachydelphis mazeasi

Lomacetus ginsburgi



Delphinida           Ziphioidea           Physeteroidea 

Platanistoidea 



Tursiops

DelphinidaeZiphiidae

Mesoplodon

Hyperodon



Phocoenidae

Pontoporiidae

Iniidae

Lipotidae

Brachydelphis

Kentriodontidae

Delphinidae

Monodontidae

 

 ..

Delphinoidea

Inioidea/Lipotoidea

Platanistoidea

Platanistoidea

www.scotese.com



Pontoporiidae Pliopontos

Pontoporia blainvillei  
delfin de la plata

Iniidae
Inia geoffrensis



Brachydelphis mazeasi 
Gutstein et al. 2009. J. Mammal.



Brachydelphis  
new form



medial groove on palate that shows the premaxilla, 

Brachydelphis mazeasi 
Gutstein et al. 2009. J. Mammal.









Odobenocetops leptodon





Fin!!


