BSC2011 - EVIDENCE OF EVOLUTION I.AR
Objectives: : '

1.

2. .

3. Afler comparing vertebrate embryos, explain how embryology offers proof of evolution,
4. ] - g

5.

Remains refer to the actual remains of Organisies that once lived oj earth. They cap be- .

Petriﬁeq - the organism’s living material has been replaced by mineraj matter that crystallizes A
into rock-like material, ' .

QUESTIONS:

1. Why is the fossi] record biased toward aquatic organisms and against organisms of tropica}
rainforests?

2. Why is the fossi] record biased toward 0rgamsms with hard parts and against soft-bodied
organisms?



FOSSIT, CHART

NAME/ DESCRIPTION

SKEYCH

FOSSIL TYPE/ CATEGORY
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Exercise I1 - COMPARISON OF EMBRYOS

BACKGROUND INFORMATION-

 Zatly embryological developmant may provide evidence of the homo

that are very different in the adult form. Asemb
typical of the adult species are produced. It see

B PR_OCEDUI}E After c_:mﬁpan'ng the vertebrate embryos given, answer the questions that fo

logy among structures
7yos mature, early similarities are lost and traits more

1low.

2.~ Why do you think vertebrale embryos experience similar developmental stages?



EXERCISE I - BIOCHEMICAL EVIDENCE - .

BACKGROUND INFORMATION:

it

L.

-

Cytochrome c¢is a respiratory protein found in all aerobic species as unrelated as ihuéhrooms,__
algae, butterflies and worms. . Cytochrome C structure and function remain the satme with soine
variations occurting in the amino acid’s sequences. It can be concluded that the greater the protein
similarities or biochemical similarities, the closer the evolutionary relationship-of any two
Organisms. ' A ' '

Biological relationships based on amino acid analysis of cytochrome C.
o (Structure of cytochrome () '

PROCEDURE: - |
Review the data ini'the table below and answer the questions following it. -

Comp’aljison of Cytochrome C from Different Organisms

___ SPECIES COMPARED | _AMINO ACID DIFFERENCES ]
Humpan - Monkey = 1
Human - Horse - 12 T
Human - Dog | 10 )

Horse - Cow

(%]

Mammals - Chickeﬁ ' 10-15

Mammals - Tuna A ] 17 - 21




5.;:-&)'l

QUESTIONS:

1. What evolutionary relationships, if any can be suggested for the above species based op ther
cytochrome ¢ differences?

2. Label the diagram below.
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EXERCISE 1V -{COMPARATIVE ANATOMY AND HUMAN ORIGINS:

BACKGROUND INF ORMATION: '

Notice the evolutionary.trendin the canines of these representative primates. Canines are used as tools
to get food such as-peeling nuts and fruit and used as defensive weapons or to establish dominance,

" Notice.a space between the canines and ncisors that lets the lower Jaw canine fit in so the jaw can
close.. This space is the simian gap of diasterna. The rows of teeth in humans form a rounded
semicircle angling away from each other. In apes the rows of tecth are more parallel to each other.

1. Dentition formula refers to the number of each type of tooth in one quadrant of the jaw.

(Incisors, canines, premolars, and molars)
2. Diastema is a simian £ap or space between teeth:
3. Are the rows of teeth angled or parallel?

PROCEDURE:

Examine the skulls on display. Look carefully at the teeth. Note their size of their teeth, thejr

skapes, and how they are arranged. Please handle with extreme care, Complete the chart below
for the following characteristics. '

. N Hr—_‘_ﬁﬂ_jiﬁ—_‘
B Chimpanzee Gorilla Australopithecus | Buman
| Or Ramepithecus
- [—— et ]
Dentition
Formula
: L —_—
Diastema
| present/absent
w%*im%ﬁmk—mi
Teeth - angled or
parallel
émhl__ﬁ_ﬁ_‘_ﬁ__ﬁ_. — — ]
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CHIMPANZEE

QUESTIONS:  HUMAN RAMAPITHECUS
. “ . ) . V a A - ) . ;. -

1. Observe yourself chewing in the mirror. Note-how your teeth and jaws move. Did you

notice you could move your jaw freely frém.side—to—side?__ Can a chimpanzee do this?

2. What 1sthe advantage of your arched palate?
3. How do the canines of hominids compare to the canines of pongids, the apes, gorillas,
and chimps?

4. ‘What factor do you think was responsible for the evolution of smaller canines?
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EXERCISE V- TRENDS IN PRIMATE EVOLUTION

_..BACKGROUND INFORMATION-.

1. Trends show changes in overall skeletal structure in primate evolution as the mode of -
locomotion evolved. Many changes occurred in the shoulder bones, vertebral column, pelvic
gurdle, as well as foot bones and leg bones of primates over time. For example, quadraped
monkeys leaped from limb to limb, crouched apes climbed and swung through trees, and

= . -bipedal-primates-werc-capable of walking upright. I e

2. Trends 1n primate evolution show increased manipulative skills. The evolution of the hand

allowed for the ability to spread fingers, qup.the hand, suap.fingers-asound-objects aumd e 4
opposable thumb. Prmates could sit up, stand, reach for and hold things such as infants and

branches. '
3. A trend in primate evolution indicates a decreased reliance on smell and greater reliance on
vision. Eyes moved forward providing greater depth perception and visual field.
4, Trend in.primate evolution resulted in a charige in dentition with fewer, smaller, and less
specialized teeth, : '
3. Atrend in primate evolution led to an expansion in brain capacity. As cranial capacity- of the

- ancestors of humans crossed over the 750cm?® mark, they were classified as fully human, As

“brain size grew larger the face size became smaller.

6. thax;ioralttrends 1n primate evolution included increased life spans, single births, longer time
of infant dependency and cultural evolution.

PROCEDURE:
Compare the position of the foramen magnum located on the underside of the skuil. This is the passage

for the spinal cord through the brain case. Tts location is a clue 10 an organism’s stance. Was it biped
or quadraped? Note its location at the back of the skull in the chimp. All quadraped animals such as
dogs and cats have the foramen magnum located at the back of the skull. Note the overall size of the

skulj.

QUESTIONS:

1 Where is the foramen magnum located in man? Explain why?

2. What part of the skull shows an increase in size? What organ 1s located in this part of
the skull? What result did its evolution have?



Using cranial capacity as.a criterion, construct a family tree graph for the homiinids.
The mdependent variable for the graph is time in millions of years and the'dependent ..
variable 1s brain volume in c¢’s. Use your text, lab hardouts, or the Internet as a source {7
of data. Consider Australopithecus africanizs, Australopithecus afarensis, and - e
Australopithecus robustus and Australopithecus boisei, Homo habilis, Homo erectuys,
‘and Homo sapiens. - - ' "

[S§)

Opposable thumbs allowed for grasping which is something necessary to an arboreal existence,
This tree-dwelling niche developed the forelimbs and led to an incredsed cranial capacity. The larger
brains correlate with bipedalism. -

It seems man’s upward stance freed his forelimbs for other uses such as tool manipulation and
consiruction. These “correlations between brain size, bipedalism, tool manipulation, and associated
features suggest that the characteristics evolved more or less as a unit... with braii size Increase

following the development of the others.” (Savage) "

Those individuals with the greatest manipulative ability of the hands were the most adept
toolmakers and thug had an advantage in the competition for survival, Using the hands required
manipulative ability and intelligence. It appears that as the brain évolved, i also inereaséd in size.

. t

PROCEDURE: | o _ T

Begin this exercise by taping doivn one studeént’s thumbs. ‘This student should perforin the following
tasks without the use of his/hex thumbs._and then remove the tape-and try the tasks a gain. :

Activity . - | Without thumbs (time/sec) | With thurtbs (time/sec)

Tighten the screw in the board. |

Without_ thumbs (appearance) | With thombs ('ap'pearrance)

Write your name

4 What role do you think this adaptation (opposable thumb) played in human evolution?

S. Which came first increased cranial capacity or bipedalism? Explain your answer.
Discuss with your group before answering..



Human Evolution
Skull Examination

2..  Distinguish'bel ‘eé_t'_l_,_‘kyii}_so F { feinales.
3. Di‘s‘[ing'uish'bctv.'ef:n'skuns' of apes and: moderh
hgmans.

Fhroughout time, no issue has interested humans more
.1 than leaming about our origins. Where did we come
from? What did our ancestors look like? Where did they
live! Today, we are beginning to understand those questions,
thanks to-evidence provided by biologists and anthropolo-
gists. Nevertheless, the topic remains controversial and of-

ten elicits strong responses from people.
In this exercise you will examine some of the informa-

tion underlying recent ideas about hutaarn evolution by-ex-
amining the skulls of human and humanlike organisins.
Specifically, you will examine skulls of

Gorilla gorilla, the modern gorilla. Gorillas and humans
share a commnon ancestor.

Australopithecs {fig. 19.1}, 2 relatively small, humanlike
organism that had small, pointed canine teeth, an
elongate face, and was adapted for bipedalism and an
upright stance. The most famous australopithicine
was “Lucy,” discovered in 1974 in Ethiopta. Australo-
pithecus, the best known of the early humanlike or-
ganisas, lived 3.5-2.5 mitlion years ago.

Homo erectus, a human ancestor characterized by an up-
right posture, a sloping forehead, a large brow ridge, a
thick skull, and a larger braincase (900 cm’) than
earlier humanlike organisms. H. erectus lived
1,8Q0,000ﬁ2? 000 years ago- '

Howno sapiens, of modemn humans, are characterized by 2
vertical forehead, small brow ridge, thin skulls, and a
larger braincase (1400 cm?) than eatlier humanlike
organisms. H. sapiens appeared 200,000 years ago.

As you examine these skulls, think of how their taits link

modern umans with other primates. Also know that an-

thropologists are constantly making new discoveries of early

19-1

‘Figure 19.1

Australopithecus africanis was the first australopithecine to be
discovered. It was unearthed in southern Africa by Raymond Dartin

the 1920s.

human fossils and that the specimens you will analyze tepre-
sent a small subset of these species.- :

THE MODERN HUMAN SKULL

The human skull {fig. 19.2), including the lower jaw, con-
sists of 22 bones, 8 of which are paired. All of the bones fit
rogether at joints called sutures, which appear as wavy lines.
Projections and rmised lines are sites of muscle attachment.

Although skulls from males and females shate many
features, they usually can be distinguished. However, such a
diggnosis——even.whcn done by experts—is only about 90%
reliable (80% if the lower jaw is [nissing).
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Figure 19,2

A comparison of male and female skulls of modem Home sapiens,

Procedimre 19 7
Examine skulls of modern humang

L. Examine the skulls of tnodern humans available in
the lab to familiarize yourself with their strucrure
and geometry. Be sure to examine skulls of males
and females.

The letters beside each feature in the table correspond
to those shown in the diagrams.

" {Juestion 1
@ How do skulls of females differ fror those of males?

206 Exereer 1 9

2. Compare these skulls with those shown iy, figure 19.2.

“b. What is the biological significance of these

differences?

Procedure 19 2

Examine the skulls of apes

Use figure 19.3 and the Specimens in the lab 1o study the
following features of ape and hurnan skyljs,

Face

Prognathism is the extent to which the face and jaws pro-
trude forward when viewed from the side. Their larger teeth

and jaws cause apes to exhibir moge prognathism than do
humans.
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Underside
of skull

Figure 19.3

Comparison of skull featutes of modern Homo sapiens, gorilla, and Arstralopithecus skull and jaws:

A. Incisors D. Molars G. Vertical ramus for muscle attachment

B. Canines E. Zygomaric arch H. Skull surface for muscle attachment

. Premolars F. Foramen magnum L. Jaw surface for muscle attachment

193 Huwman Evolution
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3 Foram‘enA m_a{g'nu{n . . ‘
: Progiiathism o |
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Amtangemen;. of teeth - -

2 % 0 e

Braincase - - T ‘- ‘ Question 2 T :
ey T . e Berween’w}jich teeth ‘c;l?e;ethg 8ap occur? Why are
€5¢ gaps essentig] innefhuman Primates?

cause our f'rontal‘-bone;has. expanded Cutward to a more Ver. b. Why are they tsually abseyt i humayg?

Humans hay, an-ouﬁﬁard_ﬁféjécc;:on on the [ower part of
their fower Jaw (ie, chin})! Apes Jack thig feature;_ instead,

(and, indirec;tly, the Pattern of movémenr) of hominoids.
Humans stand erect and walk with the head directly over To Sumimarize the differences between skulls of mod-

© vertical spina] cofy . Conversely, the uckle—wafkmg d 1 .
te table 19,1
apes hold their heads forward, Wwith the Oramien magnyp, e humans an s, omplete table
‘toward the rear. Thus, the foramen magnum jg located i, a Proce dire 1o .3

more reqy Ostion iny gpeg than ip humang, _
P P Study the skulls of fossil Primateg

Teeth ang Jaws Use the information anq diagrams i, figures 19.4-19.7 1,
learn aboy, skulls-of humans ang ancient Primateg.
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Figure 19.4 _
Views of the skull and reeth of Australopithecus boisei. Age:
1o those of gorilias), and is nearly complete except for the lower jaw.

1.8 million years. This skutl includes massive-molar and premolat teeth {similar insize
k is commonly known as “Zinj,” an abbreviation of the original genus name

Zinjanthropus. Zinj and the remains of many smaller hominids (humanlike organisms) were discovered in the Olduyai Gorge in Tanzania by Mary

and Louis Leakey in 1959.

19'75 Human Evolution 209
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: ‘Homo eréclus - ' : e

Figure 19.5 : o
Views of the skull and teeth of Homo erectps. Age: Less than 1 million years. This diagram shows a reconstruction that includes parts of skulls
discovered in 1937 and 1939 in Java (Sangiran). The skull of Homo evectus differs from modern human skulls in that i is low vaulted and hasa

relatively small volume; H. erectus skulls have volumes of 900-1100 cm?, whereas skulls of modern humans have volumes of approximately 1400 -
em?®. Skulls of H. erectiss also have small mastoid processes behind the ear openings, largé jaws, and small chins, and large molar teeth.

210 : EXERCISE 19 19-6
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