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Angel fish Frog Elephant

(https://www.digitalatlasofancientlife.org/learn/).
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Name
Acoamer
Acocal
Amborella
Anethum
Arabidopsis
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Brassica
Buxus

Calycanthus
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Panax

e e R R ———————————————————————————————————————————————————
makk 10897-12783 I
ndhd 12784-13914 I

ndhB 13915-15474

relevant region

to discuss

o« =
o

@ Hlo o







Jukes & Cantor 1969

Kimura 1980

A CGT
i

A C G T
T
A

X o o «a
C v X o «
G & w X O
T a o o X

r A C G T
-6 1-8 -6
A X 0.’2— f\ﬁt’T O.'T
clel X of wt
' 2 2 2
G wl ol X ol
J 2 2 2
al-0 kol ol8 X

T |17 2 2

| parameter
equiprobable changes

Tamura 1992

3 parameters
stationary GC% = 82 50%

A X @ Ka a

o X o Kk«
G ke o X «o
ik o Ko o X

2 parameters
transition rate #
transversion rate

Figure 2.2: Markov model for nucleotide evolution in DINA sequences
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Pongo

® 25 Mya Hylobates

Muacaca

b, Papio
Cebus

b,

Lemur

Figure 1. Standard primate phylogeny used in this study. The hominoid-cercopithecoid calibration point is depicted by
the black circle, Branch lengths (Umes) are indicated following the classificalion vsed in the text, Mya = million years ago.
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Shared common
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humans



Hominoidea

Hominidea \fiylnbatidae
Hnmininae/ \F'nnginae
Hnminini/ Gorillini
Hnn{ >an (;rilla Pongo Hyinblates
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Human Bonobo Chimpanzee Gorilla Orangutan Gibbon



Chimpanzee  Sghelanthropus  Australopithecus  Australopithecus Homo Homo Homo
tschadensis afarensis (“Lucy”) africanus erectus neanderthalensis sapiens

Extinct hominin stem-
group lineages, all more
closely related to humans
\ than they are to chimps

Shared common ancestor of
chimps and humans

(hitps:/iwww.digitalatlasofancientlife.org/learn/).
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Abstract

Background: The parasitic sucking lice of primates are known to have undergone at least 25
million years of coevolution with their hosts. For example, chimpanzee lice and human head/body
lice last shared a common ancestor roughly six million years ago, a divergence that is
contemporaneous with their hosts. In an assemblage where lice are often highly host specific,
humans host two different genera of lice, one that is shared with chimpanzees and another that is




A tale of three lice

* Lice are highly specialized blood sucking
parasites that live on a single host species.

« Each of our ape relatives hosts one louse species,
but humans host three types of lice.

The body louse,
Pediculus humanus 7
capitus COPOYisS

The head louse,

_ The pubic louse,
Pedicuius humanus

Phthirus pubis
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Natural Selection

1. Individuals in natural populations display variation.
2. Certain individual variations are inheritable.
3. Certain heritable variations result in differential reproductive success.

4. Differences in reproductive success due to heritable variation cause changes in
the relative representation of such variations in the population.
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De novo origins of multicellularity in
response to predation

Matthew D. Hemran®?, Joshua M. Borin®®, facob O Boswell™?, Jillian Walker?,
I-Chen Kimberty Chen?, Charles A. Knox?, Margrethe Boyd™*, Frank Eosenzweig?~ &
William C. Ratcliff?

The transition from vnice lhelar to mulsoelhelar life was one of & few major eventsin the histary

of life that created new apportunities for more complex biological systems to evolve. Predation

i%5 hypot hesived a5 omne Sel ective pressure that may have driven the evolutionof muht cellul anit y.

Here woe show that de nove oniging of $imple multice lhvlarty canevohe in response topredation.

‘We subjected outcrossed populations of the unicellular green alga Chlomydomanas reinfard i to
selection by the fitter-feeding predator Paramecivm tetrawrelia. Two of five experimental populations
evolved mukicellular structures not observed inunselected control populations within - 750 asexual
generations. Considerable varation exists inthe evolved mutticellular ife cydes, with both cell number
and propagul e sive varying among i ol stes. Survival assays show that evahed muhti cellular traits
provide effective protection against predation. These results support the hypothesis that selection
imposed by predators may have played a role in some onigins of multicallularty.

Nearly all macroscopic life is multicellular As Leo Buss emphasired in The Evolution of Individuality, the very
existence of integrat ed multicellular OrgANisms is amn oulonms of evolutionary processes, not a starting condition”.
It seems, in fact, to be a comman outcome: multicellular organisms have evolved from unicellular ancestors
dozens of imes” . Animals, land plants, fungi, red algae, brown algae, several groups of green algas .|.]||.'|:|.r and
scxmuiel i mockle, md i colonial ciliates, among athers, each descend from adi fferent U-lﬂ:l.qud.l':lra.'. o

Two r:Lr::-ﬁphxl ve approaches, comparative met hods and the fossil record, bave pr\. ¥en ".J.IJ.JH'. in recan




K1-01; K1-08;
B2-10; B5-06

@ w

Figure . Depiction of C. reinkardtii life cycles following evalution with (B2, B5) or withous (K1) predators far
3 weeks. Categories (A -1} show a variety of life cycle characteristics, from unicellular to variows multicellular
forms. Braefly, A shows the ancestral, wild-type Life cycle; in B this is moedihed with cells embedded in an
extracellular matrix; © is similar to B but forms much larger multicellular structures; while O shows a fully
multicelbular fe cycle in which multicellular clusters relezse multicellular propagules. Evolved strains wene
qualitatively categorized based on growth during 72-hour time-lapss videos. Strains within sach Life cycle
category are listed below illustrmtions. Representative microscopic images of each Bfe cycle category are at the
bottom (Depicted strain in baldface).
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“We discovered it with mathematics,
but evolution got there first.”









THE
GENETICAL THEORY OF
NATURAL SELECTION

BY

R AMFISHER, Sc.D., F.R.S.
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THEORETICAL POPULATION GENETICS
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DESCENT OF MAN,

sl LECTION IN RELATION TO SEX.

By CHARLES DARWIN, M.A,

JOHN MUREAY, ALEBEMARLE STREEET.
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How Sexual Choice Shaped the Evolution
of Human Nature







BMNH 2004

Fig. 22. Linophryne brevibarbara, 100-mm female, with an 18.5-
parasitic male, BMNH 1995.1. (Drawine bv Elisabeth Beverh¢ (Prawing by R. Nielsen; after Bertelsen, 1980

after Bertelsen,







Fig. 4. Parasitic male of Cerarias holboelli, 75 mm, attached to a 670-
mm female: BMNH 1924.12.29.2. A External view: B internal view:
b, outgrowth of tissue at point of contact of male and female: g, gills:
mn, mandible; mx, maxilla; oe, esophagus: p, papilla of female: pmux,

premaxilla; s, stomach; 1, testes. After Regan (1925b)
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A new genus of Sensitibilling from Brazilian caves
| Pspcodear “Psocoptera’: Prionoglarididse)

Charles LIENHARDY . Thais CO0LIVETRA IO CARMO

f Rembrgpos LUAFES FERREIR A

P Muséum dhistodre naturelle, o po 8434, CH- 121 Ganeve 6, Switzerlae
Coopfespomdeng minhew, E-mas] Charbeslesnlard 2 blocwim.ch
Universicikle Tederal de Lavrs. Depardamence de Boolopes (Aonlopess, P

CEP ATHE-EHE s W00, B

L omew penus ol Sensitihillini froan Brozilian coves (Psocndea:s
"Pancoptern”: Friomagelacidicdeei. « The genus Neamegla Lienhand pen n
< thescribel For three new cavesdwelling species from Brazsil Searmeel
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Male abdomen Female abdomen

Ovipositor

\

Female Penis

Neofrogla is a genus of Psocoptera, very small insects,
that dwell in very dry caves. The females have
structures, gymnosomes, that enter the males during
mating, to retrieve a spermatophore, a packet of sperm
and nutrients. Researchers hypothesize that females
developed these structures because the
spermatophores are so valuable.

#dailypeen birdoptera.net



Cnemidophorus neomexicanus



Poecilia formosa



Cupressus dupreziana
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Independently Evolving Species
in Asexual Bdelloid Rotifers

Diego Fontaneto ~, Elisabeth A. Herniouz’ze, Chiara Boschettl'q, Manuela Caprioli1, Giulio Melone1, Claudia Ricci1,

Timothy G. Barracloug h2 35"

1 Dipartimento di Biologia, Universita di Milano, Milan, Italy, 2 Division of Biology, Imperial College Landon, Ascot, United Kingdom, 3 Natural Envirenment Ressarch Council
Centre for Population Biology, Imperial College London, Ascot, United Kingdom, 4 Institute of Biotechnology, University of Cambridge, Cambridge, United Kingdom,
5 Jadrell Laboratory, Roval Botanic Gardens, Kew, United Kingdom

Asexuals are an important test case for theories of why species exist. If asexual clades displayed the same pattern of
discrete variation as sexual clades, this would challenge the traditional view that sex is necessary for diversification
into species. However, critical evidence has been lacking: all putative examples have involved organisms with recentor
ongoing histories of recombination and have relied on visual interpretation of patterns of genetic and phenotypic
variation rather than on formal tests of alternative evolutionary scenarios. Here we show that a classic asexual clade,
the bdelloid rotifers, has diversified into distinct evolutionary species. Intensive sampling of the genus Rotaria reveals
the presence of well-separated genetic clusters indicative of independent evolution. Moreover, combined genetic and
morphological analyses reveal divergent selection in feeding morphology, indicative of niche divergence. Some of the
morphologically coherent groups experiencing divergent selection contain several genetic clusters, in common with
findings of cryptic species in sexual organisms. Our results show that the main causes of speciation in sexual
organisms, population isolation and divergent selection, have the same qualitative effects in an asexual clade. The
study also demonstrates how combined molecular and morphological analyses can shed new light on the evolutionary
nature of species.

Citation: Fontaneto D, Herniou EA, Baschetti C, Caprioli M, Melone G, et al. (2007} Indepand ently evolving spedes in asexual bdelloid rotifers. PLaS Biol 5{4): eB7. doi:10.
journal phic.00500
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Figure 3. Phylogenetic Relationships in the Genus Rotaria
The consensus of 80,000 sampled trees from Bayesian analysis of the combined cox1 and 285 rDNA data sets is shown, displaying all compatible
groupings and with average branch lengths proportional to numbers of substitutions per site under a separate GTR + invgamma substitution model for
the cax? and 285 partitions. Posterior probabilities above 0.5 and bootstrap support above 5( ym a maximum parsimony bootstrap analysis are
shown abaove and belﬂw ea respectively. Support values for within-species relationships are not shown for very short branches but are shown
les indicate clusters identified by the clustering analysis. represent traditional species memberships.
phyletic groups of Rotaria. Names refer tc , the country, the numbe site within that
or that species, and the number of individual from that site if several were isolated; > tmacr.IT.1.1 refers to the first individual from
site 1 in Italy for R macrura. Pictures of trophi f e individual from each cluster are shown to scale: Representatives of all sampled populations are
shown in Figure 54. A full list of names and ities of samples is available in Table 5
doi:10.1371/journal. pbio.0050087 .g003

iology | www.plosbi April 2007 | Volume 5 | Issue 4 | eB7
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Massive Horizontal Gene Transfer in

Bdelloid Rotifers

Eugene A. Gladyshev,® Matthew Meselson,™* Irina R. Arkhipova™?*

Horizontal gene transfer in metazoans has been documented in only a few species and is usually
associated with endosymbiosis or parasitism. By contrast, in bdelloid rotifers we found many genes
that appear to have originated in bacteria, fungi, and plants, concentrated in telomeric regions
along with diverse mobile genetic elements. Bdelloid proximal gene-rich regions, however,
appeared to lack foreign genes, thereby resembling those of model metazoan organisms. Some of
the foreign genes were defective, whereas others were intact and transcribed; some of the latter
contained functional spliceosomal introns. One such gene, apparently of bacterial origin, was
overexpressed in Escherichia coli and yielded an active enzyme. The capture and functional
assimilation of exogenous genes may represent an important force in bdelloid evolution.

orizontal gene transfer (HGT), the move-
Hment of genes from one organism to
another by means other than direct de-

scent (vertical inheritance), has been documented
in prokaryotes (/) and in phagocytic and parasitic

A Sequencing

Fibrocystin

unicellular eukaryotes (2—4). Despite the large
number of sequenced genomes, documented
HGT is rare in metazoans, at least in part because
of the sequestration of the germ line (3, 6). HGT
may be facilitated by long-term association with

LRR PTKc ARA1 [

BN BN 7R

organelles or with intracellular endosymbionts
and parasites (7, &), or it may involve transpos-
able elements (TEs) (9, 10).

Bdelloid rotifers are small freshwater inverte-
brates that apparently lack sexual reproduction and
can withstand desiccation at any life stage (//, 12).
Their genomes contain diverse TES, including DNA
transposons and retrovirus-like env-containing
retrotransposons, such as Juno and Vesta, possibly
acquired from exogenous sources and concentrated
near telomeres (/3, /4). We investigated TE dis-
tribution in bdelloids by sequencing clones from
an Adineta vaga fosmid library hybridizing to

Junol probes. Unexpectedly, in two Junol long

terminal repeat (LTR )—containing clones (contigs
Av240A and Av212A), we found 10 protein-
coding sequences (CDS) yielding strong database
hits (BLAST E-values of 8E '™ to 0.0) to
bacterial and fungal genes (Fig. 1A, Table I, fig.
SIA, and table S1). Half of these CDS have no
metazoan orthologs, and three apparently bacterial
CDS are interrupted by canonical spliceosomal
introns, which are nonexistent in bacteria.

XynA  GLR

sciencemag.org on August 31, 2009

13:25 |l

11/04/2012
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The Genetical Evolution of Social Behaviour. I

W. D. HaMIiLTON
The Galton Laboratory, University College, London, W.C.2

(Received 13 May 1963, and in revised form 24 February 1964)

A genetical mathematical model is described which allows for inter-
actions between relatives on one another’s fitness. Making use of Wright's
Coefficient of Relationship as the measure of the proportion of replica
genes in a relative, a quantity is found which incorporates the maximizing
property of Darwinian fitness. This quantity is named “inclusive fitness”.
Species following the model should tend to evolve behaviour such that each
organism appears to be attempting to maximize its inclusive fitness. This
implies a limited restraint on selfish competitive behaviour and possibility
of limited self-sacrifices.

Special cases of the model are used to show (a) that selection in the
social situations newly covered tends to be slower than classical selection,
{b) how in populations of rather non-dispersive organisms the model may
apply to genes affecting dispersion, and (¢} how it may apply approximately
to competition between relatives, for example, within sibships. Some
artificialities of the model are discussed.

1. Introduction

With very few exceptions, the only parts of the theory of natural selection
which have been supported by mathematical models admit no possibility
of the evolution of any characters which are on average to the disadvantage
of the individuals possessing them. If natural selection followed the classical
models exclusively, species would not show any behaviour more positively
social than the coming together of the sexes and parental care.

Sacrifices involved in parental care are a possibility implicit in any model
in which the definition of fitness is based, as it should be, on the number of
adult offspring. In certain circumstances an individual may leave more
adult offspring by expending care and materials on its offspring already
born than by reserving them for its own survival and further fecundity. A
gene causing its possessor to give parental care will then leave more replica
genes in the next generation than an allele having the opposite tendency.
The selective advantage may he seen to He through benefits conferred in-
differently on a set of relatives each of which has a half chance of carrying
the gene in question.

T.8, 1 1

J. Theoret. Biol, (1964) 7, 17-52

The Genetical Evolution of Social Behaviour. II

W. D, HamiLToN
The Galton Laboratory, University College, London, W.C.2

(Received 13 May 1963, and in revised form 20 March 1964)

Grounds for thinking that the model described in the previous paper
can be used to support general biological principles of social evolution
are briefly discussed.

Two principles are presented, the first concerning the evolution of
social behaviour in general and the second the evolution of social
discrimination. Some tentative evidence is given.

More general application of the theory in biology is then discussed,
particular attention being given to cases where the indicated interpretation
differs from previous views and to cases which appear anomalous. A hypo-
thesis is outlined concerning social evolution in the Hvmenoptera; but the
evidence that at present exists is found somewhat contrary on certain
points. Other subjects considered include warning behaviour, the evolution
of distasteful properties in insects, clones of cells and clones of zooids as
contrasted with other types of colonies, the confinement of parental care
to true offspring in birds and insects, fights, the behaviour of parasitoid
insect larvae within a host, parental care in connection with monogyny
and monandry and multi-ovulate ovaries in plants in connection with
wind and insect pollination.

1. Introduction

In the previous paper (Hamilton, 1964) a genetical mathematical model was
used to deduce a principle concerning the evolution of social behaviour
which, if true generally, may be of considerable importance in biology.
It has now to be considered whether there is any logical justification for the
extension of this principle beyond the model case of non-overlapping
generations, and, if so, whether there is evidence that it does work effectively
in nature.

In brief outline, the theory points out that for a gene to receive posilive
selection it is not necessarily enough that it should increase the fitness of its
bearer above the average if this tends to be done at the heavy expense of
related individuals, because relatives, on account of their common ancestry,
tend to carry replicas of the same gene; and conversely that a gene may receive
positive selection even though disadvantagcous to its bearers if it causes

them to confer sufficiently large advantages on relatives. Relationship alone
T.B. 17 2



J. Theoret, Biol, (1966) 12, 12-45

The Moulding of Senescence by Natural Selection
W. D. HAMILTON

Imperial College Field Station, Silwood Park,
Sunninghill, Berks., England

(Received 16 October 1965)

The consequences to fitness of several types of small age-specific effects
on mortality are formulated mathematically. An effect of given form
always has a larger consequence, or at least one as large, when it occurs
earlier. By reference to a model in which mortality is constant if is shown
that this implication cannot be avoided by any conceivable organism. A
basis for the theory that senescence is an inevitable outcome of evolution
is thus established.

The simple theory cannot explain specially high infant mortalities.
Fisher’s “‘reproductive value”, the form of which gave rise to an erroneous
opinion on this point, is shown to be not directly relevant to the situation,
Infant mortality may evolve when the early death of one infant makes more
likely the creation or survival of a close relative. Similarly, post-reproduc-
tive life-spans may evolve when the old animal still benefits its younger
relatives.

The model shows that higher fertility will be a primary factor leading
te the evolution of higher rates of senescence unless the resulting extra
mortality is confined to the immature period. Some more general analytical
notes on the consequences of modifications to the reproductive schedule
are given.

Applications to species with populations in continual fluctuation are
briefly discussed. Such species apart, it is argued that general stationarity
of population can be assumed, in which case the measurement of conse-
quences to fitness in terms of consequences to numerical expectation of
offspring is justified.

All the age-functions discussed are illustrated by graphs derived from
the life-table of the Taiwanese about 1906, and the method of computation
is shown,

1. Introduction

Consider four hypothetical genes in man. Suppose all are limited in their
expression to the female sex and also age-limited in the following way: each

20 W. D, HAMILT{

would confer a selective advantage of about 0
novelty: it emerges equally well in the treatm
in which the rate of increase or Malthusian g
of the imbalance of births and deaths. If b i
the death rate per head, for a population in
rate of natural increase is given by

r=b—d
whence the stated result. Of course, it must be

mortality by affecting the rate of increase alters
consequent effects on & and d: hence such st
If the mortality effect terminates at age b

ol '.
dm B :[ (x—a)i ™1, fx. dxj_w '/
d.”{a.. ) W

This gives equation (9) as & — o0 and tends to zero as b —+a. By defining
Ay, ..y analogous to A,, we can find the substitution

Peter Medawar

1
d.“{a...m = D—_a dAg,. . b

Hence, if equation (12) is correct, we have
o

b
i | (x=ay=1, 7, dx 1 A7 f, dx
—— =ty - 13
Aw.. .» (b—a)W W )
in which the left-hand term vanishes as b — a, leaving equation {11).
5. The Effects of Age-of-Onset Modifiers
By integrating by parts we find that
j(_[,l"f,f, d!)dx-—-f(x-—a}i"‘fxfx dx. (14)
a x a
Thus adopting the notation
gol@)=A""L 1., (15)
o
gi(a) =} A7 [, dx, (16)
02@) = | (x—a)A*1, f, d, an
a
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r ... coefficient of relatedness
c ... cost of cooperation
b ... benefit of cooperation
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Fig. 4-5. Recency of descent versus degree of adaptive divergence. Dendrogram of probable affinities
of recent hominoids in relationship to their radiation into adaptive-structural-functional zones. The two
maior occupied adaptive zones are bordered by solid lines, Pongid radiation into sub- and sub-subzones
is schematically suggested by broken and dotted lines (from Simpson, 1963).
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Wings have evolved more than once in vertebrates
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Filogenias como
instrumentos preditivos

Qual soro usar contra uma picada
de king brown?

Black whip snake

Talpan
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Australian copperhead
Tiger snake
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Broad-headed shake
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The physiology and habitat of the last universal common

ancestor

Madeline C. Weiss, Filipa L. Sousa, Natalia Mrnjavac, Sinje Neukirchen, Mayo
Roettger, Shijulal Nelson-Sathi & William F. Martin

Nature Microbiology 1, Article number: 16116 (2016)
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habilis ., 4aifensis Australopithecus ]
- sedftla ]
Homo ]
2 erectus Homo Ausm}fﬂpﬂhecus 7
ergaster . ga i E
Australopithecus Paranthm.aus
3 Kenyanthropus africants aethiopicus . _]
platyops )
pr— Australopithecus

afarensis

N
Australopithecus i omith
bahrelghazali - ustralopithecus

Mya
.

anamensis E

Ardipithecus ramidus 1

’ 3

I Anatomically medem Home g

& - Premodern Homo Ardipithecus 3
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B Archaic hominins é
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[ Possible early hominins fehadensis ]
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Figure 1

The taxa recognized in a typical speciose hominin taxonomy; the species conventionally included within Homo are emphasized in bold.
The taxa are sorted into grades (see Wood 2010a for details); the three grades that contain Hoso taxa are in bold. The height of the
columns reflects either uncertainties about the temporal age of a taxon, or in cases in which there are well-dated horizons at several
sites, it refleces current evidence about the earliest, called the firse appearance datum (FAD), and the most recent, called the last
appearance darum (LAD), fossil evidence of any partcular hominin taxon. However, the tme between the FAD and the LAD is likely
to be represent the minimum time span of a taxon, for it is highly unlikely that the fossil record of a taxon, and pardeularly the relatively
sparse fossil records of early hominin taxa, include the earliest and most recent fossil evidence of a taxon.
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It does not please [you] that I've placed Man among the

Anthropomorpha, perhaps because of the term 'with human form', but
man learns to know by himself. Let's not quibble over words. It will
the same to me whatever name we apply. But I seek from you and
the whole world a generic difference between man and simian
[follows] from the principles of Natural History. I absolutel
none. If I had called man a simian or vice versa, I would
together all the theologians against me. Perhaps I oug
respect of the laws of our discipline.

Letter from Linnaeus to Gmelin, 1747
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passo 1: adicao de uma
pedra continua por cima



condicao precursora:
ponte formada por
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passo 1: adicao de uma
pedra continua por cima

passo 2: retirada da
Pedra intermediaria




resultado: Complexidade Irredutivel !

Nenhuma pedra pode ser retirada sem perda de
funcionalidade. Cada um dos trés elementos é
indispensavel para a funcionalidade do sistema.
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THE PROBLEM OF FACTOR VARIABILITY AND THE CASE OF BEADED WINGS

In numerous breeding experiments there is positive evidence that the
factors concerned undergo no sensible fluctuation, nor sensible contami-
nation during segregation. But, unfortunately for a clear and simple
proof or disproof of the generality of these principles, Mendelian theory
demands, and experiment has proved, that not infrequently multiple fac-
tors and other complications quite consistent with factor constancy



O criacionista € uma pessoa religiosa falsa e que, curiosamente, nao
tem nenhum senso de religidao. Na linguagem da religidao, sao os fatos
gue observamos no mundo ao nosso redor que deveriam ser vistos
como a palavra de Deus. Documentos, sejam a Biblia, o Corao ou
outros, sao somente palavras de homens. Preferir as palavras do
homem sobre as de Deus € o que pode chamar de blasfémia. Este é
0 ponto de vista instintivo da maioria dos cientistas que, de novo
curiosamente, tém uma compreensao mais profunda da verdadeira
natureza da religiao que os muitos que se iludem em uma crencga
frenética nas palavras, frequentemente sem sentido, dos homens. Na
verdade, quanto menor o sentido, maior o frenesi”

Our Place in the Cosmos (1993),
p.14
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We're getting closer to understanding what the last universal common ancestor
of all life on Earth, LUCA, was like and where it lived
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Sahelanthropus tchadensis
Ardipithecus ramidus
Australopithecus anamensis
Australopithecus afarensis
Australopithecus garhi
Australopithecus africanus
Kenyanthropus platyops
Paranthropus robustus
Paranthropus boisei

Paranthropus aethiopicus

Homao habilis sensu stricto
Homo rudolfensis

Homao erectus sensu lato

Homo sapiens

Figure 2

A cladogram presenting one hypothesis regarding the relationships among early hominins. The nodes 1 and
2 represent two hypotheses for the lower boundary of the Homo clade. If Homo were wo include node 1, it
would embrace the species presently included in early Homo (i.e., H. babilis sensu stricto and H. rudolfensis). It
Homo was defined so as to exclude node 1, and to include just node 2, then it would be confined to early
African H. erectus and temporally later, more derived Homo species (adapted from Wood 2009).






	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Filogenias como instrumentos preditivos
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 114
	Slide 115
	Slide 116
	Slide 117
	Slide 118
	Slide 119
	Slide 120
	Slide 121
	Slide 122
	Slide 123

