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The cetaceans arose >50 mya, and they are now universally thought to be monophyletic (all arising from the
same ancestor), but there has been other controversy about their origins. The terrestrial mammal ancestors of
cetaceans were previously thought to be a group of primitive, wolf-like, hoofed animals called mesonychid
condrylarths. Page 11

Pinniped evolution has also been plagued with controversy. Page 11

Sea otter evolutionary history is still some-what unclear, but it is thought that they evolved only a few million
years ago, and are closely-related to other otters. Page 11

The Time of Origin of Whales
Paleobiology, Volume 25, Number 4, 1999, Pages 534-556

Ghost lineages necessitated by the phylogenetic hypothesis extend the stratigraphic range of Cetacea into the
middle Paleocene (Torrejonian), ten million years earlier than the oldest cetacean fossil currently known implied
ghost lineage suggest that the early cetacean radiation was much more extensive than has been previously
recognized. Page 534

Ghost Lineages.-The fit between stratigraphy and the phylogenetic hypothesis permits even greater confidence
in the significance of ghost lineages (Norell 1992) implied by the phylogeny (Fig. 3). Estimates of the time of
or- igin of cetaceans have previously been advanced on the basis of likelihood (Gingerich and Uhen 1998), an
approach that considers both the date of the oldest fossil and the distribution of known fossils in the stratigraphic
record. Ghost lineages, by contrast, are non- probabilistic statements and are derived from a consideration of
both tree topology and the first appearance of a clade and its sister taxon, in this case Cetacea and Mesonychia
(Fig. 3). The oldest known cetacean is late early Eocene (Bajpai and Gingerich 1998; Williams 1998), and the
oldest mesonychian is middle Paleocene (McKenna and Bell 1997) (Fig. 2, Appen- dix 2). Because these clades
are monophyletic sister taxa, Cetacea has a ghost lineage of ap- proximately 10 Ma, extending into the middle
Paleocene.. Page 538

Thick lines are known stratigraphic ranges for the genera (see also Appendix 4, derived primarily from
McKenna and Bell 1997), thin lines are ghost lineages necessitated by the phylogenetic hypothesis. The
monophyletic clades Cetacea and Mesonychia are sister taxa, and the oldest members of Mesonychia, Dissacus
and Anikalagoni, first occur in the middle Paleocene. Cetacea, therefore, has a ghost lineage extending into the
middle Paleocene, approximately 10 million years older than its known first appearance. Page 539

Within Mesonychia it is the mesonychids Dissacus and Ankalagon, which are the most basal and oldest taxa and
which calibrate the ghost lineage. Page 540

The ghost lineage thus rejects H2 above, that Cetacea originated in the early Eocene. Further corroboration of
this hypothesis, however, awaits further discovery of fossils that document the ghost lineage. Page 540

The molecular-clock-based estimate (Kumar and Hedges 1998) of approximately 58.2 Ma (late Paleo- cene) for
the divergence between Suidae (pigs) and Cetacea is slightly younger than what is predicted by the ghost
lineage. Page 540

Although the date of 53.5 Ma (early Eocene) attributed to Himalayacetus would, if correct, make it the oldest
whale, this fossil only slightly refines the age of the clade Cetacea (McKenna and Bell 1997; Gingerich and
Uhen 1998) relative to the predictions of ghost lineages. Phylogeny also informs our under- standing of the age
of a clade, and ghost lineages suggest that Cetacea extended into the Paleocene. Himalayacetus does not,
therefore, resolve the larger problem of how to reconcile the ghost lineage implied by Figure 3 with the current
stratigraphic distribution of cetaceans. Even with the discovery of Himalayacetus, approximately ten million
years of basal cetacean evolution are still missing. Page 543

This correspondence between stratigraphy and phylogeny increases our confidence in the discovery of a ghost
lineage for the clade Cetacea implied by the most parsimonious trees. Page 546
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However, because Cetacea is the sister taxon of a mono-phyletic Mesonychia that contains members
(specifically, taxa included in Mesonychidae) dating well into the Paleocene (Torrejonian), cetaceans have a
ghost lineage that is approximately ten million years older than what is currently known. Page 546

Why this transition happened, when it happened, how long it took, and how it transpired morphologically
constitute some of the most interesting questions in evolutionary biology. Page 545

It is particularly interesting that the ghost-lineage estimate is even relatively congruent with the estimate of
Kumar and Hedges (1998), given how incongruent many of the molecular-clock-based estimates are with the
stratigraphic record of some other mammalian lineages (Novacek et al. 1998; Foote et al. 1999). Primitive
features of Nalacetus, the large number of synapomorphies diagnosing Cetacea (O'Leary and Geisler in press),
and the implied ghost lineage all suggest that the basal cetacean radiation was much more extensive than has
been previously recognized. Page 546

Land-to-Sea Transition in Early Whales:
Paleobiology, Volume 29, Number 3, 2003, Pages 429-454

It is undoubtedly simplistic to treat the evolution of Eocene archaeocetes and the whole land-to-sea transition of
early whales in two major steps, but this reflects the state of our knowledge. Only two of the 30 genera of
archaeocetes in Table 1 are known from sufficiently complete skeletal remains to enable them to be integrated
into a multivariate study of skeletal proportions of living semi aquatic mammals. It is not easy to find and
collect associated trunk and fore and hind limb elements necessary for such comparisons, and perhaps the sizes
of the gaps that separate artiodactyls from Rodhocetus, and Rodhocetus from Dorudon, will serve as
encouragement to search for and study better specimens of additional genera. Page 449

1. Toothed whale monophyly, By Masato Nikaido
Morphological data have indicated that toothed whales form a monophyletic group. However, research
published in the last several years has made the issue of the monophyly or paraphyly of toothed whales a subject
of debate. Page 216

Despite extensive debate for more than ten years, the phylogenetic position of sperm whales has not been
definitively determined with strong bootstrap probability (Milinkovitch et al., 1994; Adachi and Hasegawa,
1995; Milinkovitch, 1995; Arnason and Gullberg, 1996; Smith et al., 1996; Cerchio and Tucker, 1998). Page
216

Although the position of beaked whales has been the subject of debates too, we focus on the three lineages of
dolphins, sperm whales and baleen whales in order to simplify the problem. Page 219
Molecular Phylogenetics and Evolution, 2007, Volume 43, Pages 216–224

2. Phylogeny of mysticete whales, By Amanda L. Rychel
Mysticetes or baleen whales are comprised of four groups: Eschrichtiidae, Neobalaenidae, Balaenidae, and
Balaenopteridae. Various phylogenetic hypotheses among these four groups have been proposed. Previous
studies have not satisfactorily determined relationships among the four groups with a high degree of confidence.
Page 892

In this phylogenetic study, the resolution of Eschrichtiidae with two main lineages of Balaenopteridae was
problematic. Page 892
Molecular Phylogenetics and Evolution, 2004, Volume 32, Pages 892–901

4. Inference of whale phylogeny, By Laura May-Collado
Several issues of Cetacean phylogenetics have been intensely debated, as a result of independent datasets
(morphology, nuclear DNA, and mitochondrial DNA) suggesting constricting hypotheses. These debates
include the phylogenetic placement of Cetacea as sister to Artiodactyla (e.g., Luckett and Hong, 1998; O’Leary
and Geisler, 1999; see also Gingerich et al., 1990) or embedded within Artiodactyla, a clade called
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Cetartiodactyla (e.g., Arnason et al., 2004; Gatesy, 1997; Gatesy et al., 1996, 1999; Graur and Higgins, 1994;
Hasegawa and Adachi, 1996; Lum et al., 2000; Matthee et al., 2001; Montgelard et al., 1997; Murphy et al.,
2001; Nikaido et al., 1999; Reyes et al., 2004; Shimamura et al., 1999; Thewissen and Madar, 1999; Thewissen
et al., 2001), the relationship between toothed whales and baleen whales (e.g., Cerchio and Tucker, 1998;
Douzery, 1993; Geisler and Sanders, 2003; Luckett and Hong, 1998; Messenger and McGuire, 1998;
Milinkovitch, 1995, 1997; Milinkovitch et al., 1993, 1994, 1995, 1996; Nikaido et al., 2001; Nishida et al.,
2003), the relationships among delphinoids (e.g., Milinkovitch et al., 1993; Nishida et al., 2003; Waddell et al.,
2000), dolphins (e.g., Barnes et al., 1985; deMuizon, 1988; Fordyce et al., 1994; Kasuya, 1973; LeDuc et al.,
1999; Mead, 1975; Perrin, 1989; Pichler et al., 2001), river dolphins (e.g., Cassens et al., 2000; Cozzuol, 1985;
Flower, 1867; Hamilton et al., 2001; Nikaido et al., 2001; Simpson, 1945; Slijper, 1936; Winge, 1921; Yan et
al., 2005), and porpoises (Rosel et al., 1995). Page 344, 345
Molecular Phylogenetics and Evolution, 2006, Volume 38, Pages 344–354

5. Balaenoptera omurai, By Takeshi Sasaki
Nevertheless, the phylogenetic relationships among the species of the monophyletic clade comprising the
families Balaenopteridae and Eschrichtiidae have been difficult to resolve (Adegoke et al., 1993; Arnason et al.,
1993; Arnason and Gullberg, 1994; Rychel et al., 2004). Page 40
Molecular Phylogenetics and Evolution, 2006, Volume 41, Number , Pages 40–52

7. South American dolphins, By Susana Caballero
The evolutionary relationships among members of the cetacean family Delphinidae, the dolphins, pilot whales
and killer whales, are still not well understood. Page 252
Molecular Phylogenetics and Evolution, 2008, Volume 46, Number , Pages 252–268

8. Shark tales, By Ximena Vélez-Zuazo
However, despite a long evolutionary history, commercial, and conservation importance, phylogenetic
relationships within the sharks are poorly understood. Page 207

There exist many competing hypotheses of the relationships among sharks and other elasmobranchs (Fig. 2).
Most of these hypotheses were based on the analysis of morphological data, with a recent outburst of molecular
studies (reviewed in Naylor et al., 2005; Heinicke et al., 2009). Page 208
Molecular Phylogenetics and Evolution, 2011, Volume 58, Number , Pages 207–217

9. Tree of extant cetaceans, By Michael R. McGowen
The secondarily aquatic nature of whales and dolphins has inspired numerous phylogenetic studies and
prompted debate concerning their origins among terrestrial mammals (reviewed in Gatesy and O’Leary, 2001;
O’Leary and Gatesy, 2008). No less attention has been given to elucidating relationships among the major
groups of cetaceans. Page 891

However, many relationships within Cetacea remain less certain, despite multiple efforts to resolve discrete
portions of the phylogeny using a diverse array of systematic markers (mitochondrial [mt] DNA [Árnason et al.,
1991a, 2000, 2004; Árnason and Gullberg, 1993, 1994, 1996; Milinkovitch et al., 1993, 1994, 1996; Rosel et al.,
1995; Montgelard et al., 1997; LeDuc et al., 1999; Cassens et al., 2000; Hamilton et al., 2001; Dalebout et al.,
2002, 2003, 2004; Rychel et al, 2004; Sasaki et al., 2005, 2006; Yan et al., 2005; Caballero et al., 2007;
McGowen et al., 2008; Xiong et al., 2009], exons, introns, pseudogenes [references in Table 1], transposons
[Nikaido et al. 2001a, 2001b, 2006, 2007], and morphology [Heyning, 1997; Messenger and McGuire, 1998;
Geisler and Sanders, 2003; Deméré et al., 2008]). Page 891, 892

In the absence of a cohesive species-level phylogeny, there is also a lack of divergence estimates for most
cetacean speciation events. Page 892
Molecular Phylogenetics and Evolution, 2009, Volume 53, Number , Pages 891–906

30. Phylogenetics of Cetaceans, By Sharon L. Messenger
Despite our strong conclusions regarding the most appropriate treatment of the data for this analysis, we are not
suggesting that the most appropriate treatment of the data for this analysis, we are not suggesting that this is the
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final word in the odontocete monophyly debate, only that the data presented thus far are more consistent with
the traditional hypothesis than with sperm whale/baleen whale monophyly. Page 110

Our interpretation of this finding is that the currently available myoglobin and restriction-site data add little to
the debate over odontocete monophyly. Page 106, 107
Systematic Biology, 1998, Volume 47, Number 1, Pages 90-124


