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Our embryos show our evolutionary
history. The embryos of various groups
of vertebrate animals show the features
they all share early in development,
such as gill slits (in purple) and a tail.



[image: image3.png]FIGURE 15

Homology among the bones of the
forelimb. Although these structures
show considerable differences in form
and function, the same basic bones are
present in the forelimbs of humans,
cats, bats, porpoises, and horses.



The Fossil Record                                                                                                                        The most direct evidence that evolution has occurred is found in the fossil record.  Today we have a far more complete understanding of this record than was available in Darwin’s time.  Fossils are the preserved remains of once-living organisms.  Fossils are created when three events occur.  First, the organism must become buried in sediment; then, the calcium in bone or other hard tissue must mineralize; and, finally, the surrounding sediment must eventually harden to form rock.  The process of fossilization probably occurs rarely.  Nonetheless, the fossils that have been discovered are sufficient to provide detailed information on the course of evolution through time.                                                                                                                  When fossils are arranged according to their age, from oldest to youngest, they often provide evidence of successive evolutionary change.  At the largest scale, the fossil record documents the progression of life through time, from the origin of eukaryotic organisms, through the evolution of fishes, the rise of land-living organisms, the reign of the the dinosaurs, to the origin of humans.                                                                                                                                      Remains of animals and plants found in sedimentary  rock deposits give us an indisputable record of past changes through vast periods of time.  This evidence attests to the fact that there has been a tremendous variety of living things.  Some extinct species had traits that were transitional between major groups of organisms.  Their existence confirms that species are not fixed but can evolve into other species over time.                                                                The evidence also shows that what have appeared to be gaps in the fossil record are due to incomplete data collection.  The more that we learn about the evolution of specific species lines, the more that these so-called gaps or "missing links in the chain of evolution" are filled with transitional fossil specimens.  One of the first of these gaps to be filled was between small bipedal dinosaurs and birds.  Just two years after Darwin published On the Origin of Species, a 150-145 million year old fossil of Archaeopteryx  was found in southern Germany.  It had jaws with teeth and a long bony tail like dinosaurs, broad wings and feathers like birds, and skeletal features of both.  This discovery verified the assumption that birds had reptilian ancestors  The fossil record also provides abundant evidence that the complex animals and plants of today were preceded by earlier simple ones.  It addition, it shows that multicelled organisms evolved only after the first single-celled ones.  This fits the predictions of evolutionary theory.
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Homologous Structures
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As vertebrates evolved, the same bones were sometimes put to different uses. Yet the bones are still seen, their presence betraying their evolutionary past. For example, the forelimbs of vertebrates are all homologous structures, that is, structures with different appearances and functions that all derived from the same body part in a common ancestor. You can see in figure 15 how the bones of the forelimb have been modified in different ways for different verterbates. Why should these very different structures be composed of the same bones? If evolution had not occurred, this would indeed be a riddle. But when we consider that all of these animals are descended from a common ancestor, it is easy to understand that natural selection has modified the same initial starting blocks to serve very different purposes.
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If a bat, a human, an alligator, and a penguin all evolved from a common ancestor, then they should share common anatomical traits. In fact, they do. Compare the forelimbs of the human, the bat, the penguin, and the alligator. Find the humerus, radius, ulna, and carpals in each forelimb. Though the limbs look strikingly different on the outside and though they vary in function, they are very similar in skeletal structure. More significantly, they are derived from the same structures in the embryo. Structures that are embryologically similar, but have different functions, are called homologous structures. Though these animals look different, a comparison of homologous structures indicates that they are quite similar. This suggests that these animals evolved from a common ancestor.
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DNA AND BIOCHEMISTRY
The Molecular Record
Traces of our evolutionary past are also evident at the molecular level. If you think about it, the fact that organisms have evolved successively from relatively simple 

	FIGURE 18

Molecules reflect evolutionary divergence. You can see that the greater the evolutionary distance from humans (yellow cladogram), the greater the number of amino acid differences in the vertebrate hemoglobin polypeptide.


ancestors implies that a record of evolutionary change is present in the cells of each of us, in our DNA. When an ancestral species gives rise to two or more descendants, those descendants will initially exhibit fairly high overall similarity in their DNA. However, as the descendants evolve independently, they will accumulate more and more differences in their DNA. Consequently, organisms that are more distantly related would be expected to accumulate a greater number of evolutionary differences, whereas two species that are more closely related should share a greater portion of their DNA.

Why should closely related species be similar in DNA? Because DNA is the genetic code that produces the structure of living organisms, one might expect species that are similar in overall appearance and structure, such as humans and chimpanzees, to be more similar in DNA than are more dissimilar species, such as humans and frogs. This expectation would hold true even if evolution had not occurred. However, there are some non-coding stretches of DNA (sometimes called "junk DNA") that have no function and appear to serve no purpose. If evolution had not occurred, there would be no reason to expect similar appearing species to be similar in their junk DNA. However, comparisons of such stretches of DNA provide the same results as for other parts of the genome: more closely related species are more similar, an observation that only makes sense if evolution has occurred.

Comparison of the DNA of different species provides strong evidence for evolution. Species deduced from the fossil record to be closely related are more similar in their DNA than are species thought to be more distantly related.
[image: image1.png]Genetic Similarities

Scientists also use evidence from genetic information to support the theory of evolution.
They compare the DNA of different species and can tell how closely they are related by the
number of similaritics they find. Scientists believe that organisms with similar genes arc de-
scended from a common ancestor. For example scientists believe that bears and raccoons
come from a common ancestor that lived over 40 million years ago.
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Adaptations
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In some cases, genetic variations are caused by a change in the genetic code, or DNA itself, called a mutation.  A mutation can result in offspring inheriting different traits or characteristics than their parents.  Unfavorable changes in offspring can reduce an organism’s ability to exist or survive in its environment.  Favorable changes improve an organism’s ability to survive in its environment.  These favorable changes are called adaptations.


Adaptations  are inherited characteristics or behaviors that enable a species to survive and reproduce.  Structural adaptations include such things as body color, body covering, and different types of body parts such as beaks and claws.  Behavioral adaptations could include beavers slapping their tails and squirrels chattering to warn when a predator is near. 


When organisms inherit adaptations that help them survive in their environment, they are more likely to survive longer and reproduce.  As a result, their offspring may inherit the same beneficial traits and pass them on to successive generations.  Over a period of time more and more organisms within a population will have the favorable traits.  Organisms that do not inherit the beneficial traits may not survive as well or live long enough to reproduce.  This process is called Natural Selection.  


When a species does not have the traits it needs to survive in its environment, or to survive a change in its environment, extinction may occur.  Extinction occurs when all the members of a species disappear from the Earth.
EMBRYOLOGY

Some of the strongest anatomical evidence supporting evolution comes from comparisons of how organisms develop. In many cases, the evolutionary history of an organism can be seen to unfold during its development, with the embryo exhibiting characteristics of the embryos of its ancestors (figure 22.16). For example, early in their development, human embryos possess gill slits, like a fish; at a later stage, every human embryo has a long bony tail, the vestige of which we carry to adulthood as the coccyx at the end of our spine. Human fetuses even possess a fine fur (called lanugo) during the fifth month of development. These relict developmental forms suggest strongly that our development has evolved, with new instructions layered on top of old ones.

Vestigial Structures
Many organisms possess vestigial structures that have no apparent function, but that resemble structures their presumed ancestors had. Humans, for example, possess a complete set of muscles for wiggling their ears, just as a coyote does (table 22.1). Boa constrictors have hip bones and rudimentary hind legs. Manatees (a type of aquatic mammal often referred to as "sea cows") have fingernails on their fins (which evolved from legs). Figure 22.17 illustrates the skeleton of a baleen whale, which contains pelvic bones, as other mammal skeletons do, even though such bones serve no known function in the whale. The human vermiform appendix is apparently vestigial; it represents the degenerate terminal part of the cecum, the blind pouch or sac in which the large intestine begins. In other mammals such as mice, the cecum is the largest part of the large intestine and functions in storageusually of bulk cellulose in herbivores. Although some suggestions have been made, it is difficult to assign any current function to the vermiform appendix. In many respects, it is a dangerous organ: quite often it becomes infected, leading to an inflammation called appendicitis; without surgical removal, the appendix may burst, allowing the contents of the gut to come in contact with the lining of the body cavity, a potentially fatal event.
It is difficult to understand vestigial structures such as these as anything other than evolutionary relicts, holdovers from the evolutionary past. They argue strongly for the common ancestry of the members of the groups that share them, regardless of how different they have subsequently become.

Comparisons of the anatomy of different living animals often reveal evidence of shared ancestry. In some instances, the same organ has evolved to carry out different functions, in others, an organ loses its function altogether. Sometimes, different organs evolve in similar ways when exposed to the same selective pressures.
FIGURE 17


Vestigial features.The skeleton of a baleen whale, a representative of the group of mammals that contains the largest living species, contains pelvic bones. These bones resemble those of other mammals, but are only weakly developed in the whale and have no apparent function.





Table 1 Some Vestigial Traits in Humans


Ear-wiggling muscles Three small muscles around each ear that are large and important in some mammals, such as dogs, turning the ears toward a source of sound. Few people can wiggle their ears, and none can turn them toward sound.


Tail Present in human and all vertebrate embryos. In humans, the tail is reduced; most adults only have three to five tiny tail bones and, occasionally, a trace of a tail-extending muscle.


Appendix Structure which presumably had a digestive function in some of our ancestors, like the cecum of some herbivores. In humans, it varies in length from 5–15 cm, and some people are born without one.


Wisdom teeth Molars that are often useless and sometimes even trapped in the jawbone. Some people never develop wisdom teeth.

















