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Rockpaperscissors game in a bacterial population
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FIGURE 20.17. The rock-scissors—paper game in a bacterial population. (A) Abundance of three
types of Escherichia coli, grown in a stirred flask: green, resistant; red, bacteriocin-producing; blue,
sensitive. Dashed lines indicate that the type is undetectable. (B) When the bacteria are propagated
on the surface of an agar plate, patches of the three types can coexist. The graphs show the aver-
age frequency over the whole plate. (C) An example showing how patches move over time. The
letters show the initial distribution of the three types. The pictures on the left show the plates at
days 3, 5, and 7: The patches inhabited by C cells are less dense and so can be distinguished by
eye. The sketches on the right show how the boundaries between the three types move: C ad-
vances at the expense of S (yellow lines), but R advances at the expense of C (pink lines).



Sexual dimorphisms can be maladaptive

FIGURE 20.19. Examples of extravagant male traits. (A) Tail of a peacock (Pavo cristatus). (B} A
male satin bowerbird (Ptilonorhynchus violaceus) with his bower decorated with brightly colored
objects. (C) Stag beetles (Lucanus cervus) with their antler-like jaws. (D) Female swallowtail but-
terflies (Papilio dardanus) gain protection by mimicking a variety of other distasteful species. How-
ever, males have retained the ancestral pattern shown here, presumably to remain attractive to 1é

males, (F) A Dasa nivea flower, which has evolved to attract bees that will carry away its pollen.

Sexual selection arises from variation in mating succe



Sexual selection involves competition between males ar
choice of males by females

FIGURE 20.26. Male genitalia have evolved complex
structures that aid competition with other males.
Shown here are the penes of six species from the dam-
selfly genus Argia. The stippled areas are used to
scoop out sperm that have been stored by the female
from previous matings.

Experiments provided evidence that
peahens select peacocks with the most
eyes . Removing eyes reduces
attractiveness and more eyes increases it.



The handicap principle: sexual characteristics may evolve
S|gnal genetlc quallty

Another, more recently developed, theory, thandicap principlevhich holds that the fact that
the male of the species is able to survive until and through the age of reproduction with su
seemingly maladaptive trait is effectively considered by the female to be a testament to his
overall fithess. Such handicaps might prove he is either free of or resistant to disease, or i
demonstrate that this animal possesses more speed or a greater physical strength that IS |
combat the troubles brought on by the exaggerated tral¥ikipedia



Darwin predicts that Africa marks originldbmo sapiens

THE

, ) DESCENT OF MAN,
a Leglch great region of the world, the

living mammals are closely related to the
evolved species of the same region. It is,
therefore, probable that Africa was
formerly inhabited by extinct apes closely
allied to the gorilla and chimpanzee: and
as these two species are now man's
nearest allies, it is somewhat more
probable that our early progenitors lived -

on the African continent than elsewhepet = som suws s s

sELECTION IN BELATION TO SEX.

By CHARLES DARWIN, M.A, F.RS8, &o

[ #he ikt af* Prandaies i reseed ]

Charles Darwin (1871)



Placing humans on the tree of life
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FIGURE 25.1. Organization of the order Primates. This tree represents only the branching order
among the lineages. The lengths of the branches are not meaningful.



The Great Apes

Gibbon Orangutan |
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FIGURE 25.2. (Left to right) Chimpanzee (Pan), gorilla (Gorifla), orangutan (Ponga), &0
{Homo; Charles Darwin).



Chimpanzees are our closest relatives

Estimating the separation time between humans, apes, and olo
world monkeys using immunological distance
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FIGURE 25.4. (A) Quantitative comparisons of the difference between human macromolecules and

those of African apes and old-world monkeys. The results of these comparisons showed that the

phylogenetic relationship of humans to African apes and old-world monkeys was as shown in C

rather than as in B. “Index of dissimilarity” and “Homology difference” are measures of divergence 10
based on antigenic cross-reaction and on DNA-DNA annealing temperature, respectively.



DNA data supports the notion that humans diverged frol
apes ~88 MYA (million years ago)
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FIGURE 25.5. The phylogeny of Hominidae based on sequences of mitochondrial COIlI genes. 11
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Important distinguishing features of humag®ipedalism
technology, and an enlarged brajrevolved in concert.

aL¥ AG0 o06S Fy TRGFEYOGFr3Is G2 Yl
FYR G2 A0NIYR FANXYtE 2y KA& -
should not have been more advantageous to the progenitors of
man to have become more and more erect or bipedal. The hand
and arms could hardly have become perfect enough to have
manufactured weapons, or to have hurled stones and spears wit
true aim, as long as they were habitually used for supporting the
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Sahelanthropus the oldest knowrhomininalong
the human lineage

FIGURE 25.6. Sahelanthropus skull. (Left) Facial view. (Right) Lateral view. This specimen, found
in Chad in Central Africa, is between 6 and 7 million years old. Its distance from the East African
Rift Valley suggests that the earliest hominids may have been widely distributed. Scale bar, 5 cm.

Changed in dentition and the structure of thasic cranium make a compelling case
that Sahelanthropuss closer to use than to chimpanzee.

Groups near base of the human lineage acquired a skbwifinincharacteristics as a
package.
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Up until 20k years agbomininsincluded>1 specieperhaps
many more for much of the last 2 million years



