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Chapter 30

30.1 Evolution of Primates

· Primates differ from other mammals by being adapted for arboreal life (living in trees).

A.
Mobile Forelimbs and Hindlimbs

1.
In primates, the limbs are mobile and the hands and feet have five digits each.

2.
In most primates, flat nails replace claws and sensitive pads develop on the underside of fingers and toes.

3.
Many primate hands have an opposable thumb (i.e., can touch each of the other digits); some also have an opposable big toe.

4.
These features allow the free grasping of tree limbs and easy harvesting of fruit.

B.
Stereoscopic Vision
1.
Primates have a reduced snout and the face is relatively flat. 

2.
The sense of smell is generally reduced. 

3.
The eyes are moved to the front of the face for overlapping views that provide stereoscopic vision.
4.
Cone cells provide greater visual acuity and color vision but require bright light.

C.
Large, Complex Brain

1.
Better senses require both sense organs and a more complex brain to process the input. 

2.
More of the brain becomes devoted to processing information received from the hands and thumb, less to smell.

D.
Reduced Reproductive Rate

1.
Primates have more single births, which reduces the need for care for several offspring.

2.
The period of parental care is extended with an emphasis on learned behavior and complex social interactions.

E.
Sequence of Primate Evolution

1.
Hominins are humans and species that closely resemble humans.

a.
They first evolved about 6 mya.

b.
Hominins, chimpanzees, and gorillas shared a common ancestor during the Miocene period.

2.
Hominines include hominins, chimpanzees, and gorillas.

3.
Hominids include hominines and orangutan.

4.
Hominoids include hominids and gibbon.


a.
The hominoid common ancestor first evolved about 23 mya.

5.
Anthropoids include hominoids and the Old World monkeys and New World monkeys.

a.
Old World monkeys don’t have tails and have protruding noses.

1)
Examples of Old World monkeys are the baboon and the rhesus monkey.

b.
New World monkeys have long prehensile (grasping) tails and flat noses.


1)
Examples of New World monkeys are the spider monkey and the capuchin.

6.
Primate fossils similar to monkeys are first found in Africa, about 45 mya.

7.
Prosimians (lemurs and tarsiers) were the first type of primate to diverge from the common ancestor for all primates.

8.
Primates share one common mammalian ancestor, which lived about 55 mya.

9.
Hominoid Evolution

a.
About 15 MYA, dozens of hominoid species arose. 

b.
Proconsul was one species that lived at this time, and it is believed to be ancestral to the dryopithecines, from which the hominoids arose.

c.
About 10 MYA, Africarabia joined with Asia, and the hominoids migrated into Europe.

d.
During this period, two ancestral groups of primates were the dryomorphs and the ramamorphs, the latter now believed to be the ancestral orangutan. 

e.
Dryopithecus was a tree-dweller that moved similar to orangutans but did not walk along tree limbs as did Proconsul. 
F.
A Genomic Comparison of Homo sapiens and Chimpanzees (Nature of Science reading)


1.
Chimpanzees have 48 chromosomes and Homo sapiens have 46.



a.
The difference in chromosome numbers had classified the two into different families.


2.
In 1991, researchers at Yale University showed that human chromosome 2 is a fusion of two chimpanzee chromosomes.


3.
Humans and chimpanzees have similar patterns of transposons in the genome.



a.
The Alu element is located in the same vicinity in chimpanzees and humans.



b.
This transposon may have been inserted in this location before the chimpanzee-human lineages split.


4.
The pattern of pseudogenes, or nonfunctional gene copies that was active in the past, in humans is most similar to that found in the chimpanzees.



a.
This finding has caused a reclassification of the primates most closely related to humans.



b.
All of the great apes are in the same family as humans.



c.
Chimpanzees are in the same subfamily as humans (Hominae).


5.
The base sequences of chimpanzees and humans differ by 1.5%. 



a.
In investigating the two genomes, researchers found that 5 million DNA stretches are absent from one or the other genomes.



b.
These differences may account for anatomical differences between humans and chimpanzees.
30.2 Evolution of Humanlike Hominins

1. 
Molecular data is used to determine the beginning of hominin evolution.

2.
When two lines of descent first diverge from a common ancestor the genes of the two lineages are nearly identical.

3.
However, as time passes, each lineage accumulated genetic changes.

4.
Genetic changes suggest that hominin evolution began about 7 mya.
A.
Evolution of Bipedalism
1.
The anatomy of humans is suitable for bipedalism, while apes have anatomy suitable for quadrupedalism.

2.
Early humanlike hominins are not in the genus Homo, but they do exhibit bipedialism.

3. 
Bipedalism places stress on the spinal column, but frees the hands for tool use.

4.
The skeleton of Sahelanthropus tchadensis, who lived in West Central Africa between 6 – 7 mya shows evidence of bipedalism.
B.
 Ardipithecines


1.
Two species of ardipithecines have been uncovered, Ardipithecus kadabba and A. ramidus.


2.
A. kadabba


a.
The skeletal teeth and bones have been dated to around 5.6 mya.

3.
A. ramidus


a.
Over 100 skeletons have been found and dated to 4.4 mya.


b.
These fossils were collected in Ethiopia, East Africa.



c.
Scientists reconstructed the fossils to form a female fossil specimen named Ardi.



d.
Ardi was the size of a chimpanzee, about 4 ft. tall and weighed about 110 lbs.



e.
Her skull was smaller than Sahelanthropus tchadensis, and brain was less slightly less than that of a chimpanzee brain.



f.
Ardi’s muzzle projects forward, and forehead is low.



g.
She has teeth that suggests she was an omnivore – she lacks the strong canines of a chimpanzee.



h.
Ardi was bipedal, but spent much of her time in trees.




1)
She has a bone in her foot to help her walk upright.




2)
Her wrists were flexible for tree climbing.


4.
Some benefits of bipedalism include:



a.
Carrying infants by hand from one location to the other



b.
Males foraging for food on the forest floor

C.
Australopithecines
1. Australopithecines (called australopiths for short) evolved in Africa 4 mya.

2. Expanding fossil records show it is not an orderly sequence between forms.

3. Australopithecines evolved and diversified in Africa with gracile and robust forms with varied diets; they show adaptations to different ways of life.

4. They were apelike above the waist and humanlike below the waist; human characteristics probably did not evolve all together at the same time. This is an example of mosaic evolution.
D.
East African Australopiths

1. Australopithecus afarensis is based on many skeletal fragments (Lucy) dated at 3.18 mya.

a. Its brain was small at 400 cc.

b. They may be the species that left the Laetoli footprints in volcanic ash about 3.7 mya.

c. This species is thought to have stood upright and walked bipedally.

d. It is possible that Australopithecus afarensis is ancestral to early Homo. 

2.
A 3.3-million-year-old juvenile A. afarensis was found in 2000, just 4 km away from where Lucy had been discovered.

a.
This skeleton is often called “Lucy’s baby,” even though she is tens of thousands of years older than Lucy.
3.
A. afarensis is believed to be ancestral to A. aethiopicus and A. boisei.
E.
South African Australopiths


1.
Australopithecus africanus was discovered in southern Africa in the 1920s.


2.
A. robustus was discovered in the 1930s.



a.
The brain size is around 530 cc.


3.
A. sediba was discovered in 2008 by Lee Berger.



a.
The fossil is dated to 2 mya.




b.
The brain size is about 500 cc.



c.
This specimen also had long arms, indicating that it climbed trees.



d.
The species had a human-like pelvis and striding gate, which suggests that it may belong to the genus  Homo.



e.
This fossil supports the hypothesis that A. sediba may be a transitional link between the early hominins and later Homo.

30.3 Evolution of Early Genus Homo

1.
Homo habilis and Homo rudolfensis



a.
These two species may be some of the first hominins to use stone tools.



b.
These species were probably scavengers and not hunters.



c.
They were omnivores, as evidenced by their small cheek teeth.



d.
Their face protruded less than australopiths.



e.
Their brain was larger than the australopiths (800 cc).


2.
Homo ergaster and Homo erectus


a.
Homo ergaster evolved in Africa perhaps from H. rudolfensis. 
b. Homo erectus fossils were found in Asia different than those of H. ergaster and H. rudolfensis.
c. Fossils found in Africa, Asia, and Europe date between 1.9 and 0.3 million years ago.

d. H. erectus had a brain capacity of 1000 cc, a fatter face, and a projecting nose. 

e. H. erectus fossils found in Java and the Republic of Georgia at 1.9 MYA and 1.6 MYA indicate an early migration from Africa, followed by H. erectus evolving in Asia and spreading to other areas. 

f. These are the first hominids to use fire, fashion more advanced tools, to be systematic game hunters, and possibly to use home bases.

g. Fossil remains of Homo floresiensis were discovered in 2004 on the island of Flores in the South Pacific; it was the size of a three-year-old human being but with a braincase only one-third the size.

1) A study in 2007 supports that H. floresiensis evolved from normal-sized, Homo erectus populations that reached Flores about 840,000 years ago

2) H. floresiensis used tools and fire.


30.4 Evolution of Later Genus Homo

A.
Evolutionary Hypothesis
1. The replacement modgbn el or out-of-Africa hypothesis states that modern humans originated only in Africa and after migrating into Europe and Asia, they replaced the archaic Homo species found there; current evidence leans toward this hypothesis.

a.
All extant humans are descended from a few individuals from about 100,000 years ago.

b.
Mitochondrial DNA analyses indicate a close genetic relationship among all Europeans; although the first analysis was flawed, the data tend to support the out-of-Africa hypothesis.

2. The multiregional continuity hypothesis proposes that modern humans originated separately in Asia, Europe, and Africa. 

a.
If valid, then a distinctive continuity in anatomy and genetic variation is expected in each location.

b.
Evolution of modern humans would be essentially similar in several different places.

B.
Neandertals


1.
Neandertals were named for Neander Valley in Germany where skeletons were dated as early as 200,000 years ago.


2.
Neandertals are classified as Homo neandertalensis.


3.
Classic Neandertal anatomy includes massive brow ridges; a nose, jaws, and teeth that protruded forward; a low sloping forehead; a lower jaw sloping back without a chin; a longer pubic bone; a slightly larger brain than that of modern humans; shorter and thicker limb bones; and heavier muscles in the shoulder and neck.


4.
It is speculated that a larger brain than that of modern humans was required to control the extra musculature.


5.
The sturdy build of Neandertals was likely an adaptation to cold climate; they lived in Eurasia during the last Ice Age.


6.
The Neandertals give evidence of being culturally advanced.

a.
Most lived in caves, but those who lived in the open may have built houses.

b.
They manufactured a variety of stone tools, including spear points, scrapers, and knives.

c.
They used and could control fire, which probably helped in cooking frozen meat and in keeping warm.

d.
They buried their dead with flowers and tools and may have had a religion.

C.
Cro-Magnons 


1.
Cro-Magnons are the oldest fossils to be designated H. sapiens; they were found in Eurasia 100,000 years ago.


2.
Cro-Magnons are named for a fossil location in France and had a thoroughly modern appearance.


3.
They were hunter-gatherers like H. erectus.



4.
They had advanced stone tools and may have been the first to throw spears.


5.
Cro-Magnons hunted cooperatively, and perhaps were the first to have had a language.


6.
They may have been responsible for the extinction of large mammals during the late Pleistocene.


7.
Cro-Magnon culture included figurines carved out of bone and antler, and cave paintings.

D.
Human Variation 

1. Some human variation evolved as adaptation to local environmental conditions: darker skin to protect from UV light, lighter skin for vitamin D production, etc.

2. A bulkier body also benefits in colder regions while hot climates favor a slight build and longer limbs.

3. Hair texture, eyelid fold, and other traits are not explained as adaptations. 

4. Variation among modern populations is considerably less than among archaic human populations of 250,000 years ago. 

5. Comparative studies of mDNA indicate that human populations had a common ancestor no more than a million years ago. 

6. The great majority of genetic variation, about 85%, occurs within ethnic groups, not among them.

7. Genetic Evidence for a Common Ancestry

a. The replacement model suggests that modern humans have a relatively recent common ancestor who evolved in Africa then spread to other regions.

b. Studies with mitochondrial DNA show that differences among human populations are consistent with their having a common ancestor no more than a million years ago.
E. 
Biocultural Evolution Began with Homo (Biological Systems reading)
1.
Homo habilis, from Africa, made simple stone tools (Oldowan tools) for hammering, chopping, and digging.


a.
Their diet most likely consisted of eating plants and the occasional animal.

2.
Homo erectus, from Eurasia, made sharper stone tools (Acheulian tools).

a.
They made a wider variety of tools using many types of sources compared to H. habilis.
b.
They ate plants and ate more meat than H. habilis. 

c.
H. erectus also made fire for cooking, protection, warmth.

d.
H. erectus are considered hunter-gatherers—they hunted animals and gathered plants.

3.
Hunting most likely encourages the development and spread of culture between individuals and generations.

4.
The cultural achievements of H. erectus began a new phase of human evolution, called bio-cultural evolution—in which natural selection is influenced by cultural achievements rather than by anatomic phenotype.
