Evolution is supported by an overwhelming amount of scientific evidence
Four types of data document the pattern of evolution: direct observations, homology, the fossil record, and biogeography.

Homology

A type of evidence for evolution comes from analyzing similarities among different organisms. Evolution is a process of descent with
modification: Characteristics present in an ancestral organism are altered (by natural selection) in its descendants over time as they face
different environmental conditions. As a result, related species can have characteristics that have an underlying similarity yet function
differently. Similarity resulting from common ancestry is known as homology. An understanding of homology can be used to make testable
predictions and explain observations that are otherwise puzzling.

Anatomical and Molecular Homologies <“
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relationship, but they also share many other features.

Some of these shared features make little sense except in W/
the context of evolution. For example, the forelimbs of all Ulna ] ///
mammals—including humans, cats, whales, and bats— Carpals Zx’l
show the same arrangement of bones from the shoulder Metacarpals ‘
to the tips of the digits, even though the appendages Phalanges

have very different functions: lifting, walking, swimming,
and flying (Figure 22.15). Such striking anatomical
resemblances would be highly unlikely if these structures
had arisen anew in each species. Rather, the underlying
skeletons of the arms, forelegs, flippers, and wings of
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¥ Figure 22.15 Mammalian forelimbs: homologous structures. Even though they have become
different mammals are homologous structures that adapted for different functions, the forelimbs of all mammals are constructed from the same basic skeletal

t variations on a structural theme that was elements: one large bone (purple), attached to two smaller bones (orange and tan), attached to several
represerf ) small bones (gold), attached to several metacarpals (green), attached to approximately five digits, each of
present in their common ancestor. which is composed of multiple phalanaes (blue).



Homologies and “Tree Thinking”
o _ Each branch point represents the common ancestor
Some homologous characteristics, such as the genetic code, of the two lineages diverging from that point.
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Figure 22.17 is an evolutionary tree of tetrapods and their closest living relatives, the lungfishes. In this diagram, each branch point
represents the most recent common ancestor of the two lineages diverging from that point. For example, lungfishes and all tetrapods
descended from ancestor 1, whereas mammals, lizards and snakes, crocodiles, and birds all descended from ancestor 3. As expected,
the three homologies shown on the tree—limbs with digits, the amnion (a protective embryonic membrane), and feathers—form a
nested pattern. Limbs with digits were present in common ancestor 2 and hence are found in all of the descendants of that ancestor
(the tetrapods). The amnion was present only in ancestor 3 and hence is shared only by some tetrapods (mammals and reptiles).
Feathers were present only in ancestor 6 and hence are found only in birds.



Note that in Figure 22.17 mammals are positioned
closer to amphibians than to birds. As a result, you

might conclude that mammals are more closely Each branch point represents the common ancestor

related to amphibians than they are to birds. However, ©of the two lineages diverging from that point.

mammals are actually more closely related to birds i Yo,
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than to amphibians because mammals and birds share
a more recent common ancestor (ancestor 3) than do .
mammals and amphibians (ancestor 2). Ancestor 2 is (1) Amphibians g ?’f;gg—
also the most recent common ancestor of birds and
amphibians, making mammals and birds equally

spodeas]

related to amphibians. Finally, note that the tree in - 'Ih o Mammals 1
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not their actual dates. Thus, we can conclude that I Lizards TS, o @
ancestor 2 lived before ancestor 3, but we do not Amnion and snakes =
know when that was. [ e =
Evolutionary trees are hypotheses that summarize our o Crocodiles & 3

current understanding of patterns of descent. Our A hatch mark represents a

confidenge in these relationships, as with any ' ?ﬁar?géogyogﬁ i?:rgaf;i;sstlc (5 Ostrichesm w
hypothesis, depends on the strength of the supporting to the right of the mark. Ve, 3
data. In the case of Figure 22.17, the tree is supported -0 ”
by many different data sets, including both anatomical Feathers Hawks and
and DNA sequence data. As a result, biologists are other birds

confident that it accurately reflects evolutionary
history. Scientists can use such well-supported
evolutionary trees to make specific and sometimes
surprising predictions about organisms.



