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Chapter 25: The History of Life on Earth

Overview

1. In the last chapter, you were asked about macroevolution. To begin this chapter, give some

examples of macroevolution. Include at least one novel example not in your text.
Emergence ot terresthal vericbrates, flight in bi ras,

or hair in mamma)s
Concept 25.1 Conditions on early Earth made the origin of life possible
2. How old is the planet? LQ_‘OL-%,’Q!_‘}IOW old is the earliest evidence of life on Earth?
3.5 billion years

3.  The current theory of the origin of life suggests a sequence of four main stages. Summarize them
here.

LI Synthesis of small organic molecules

Small organic molecues combine ancl malec macromo lecules

. IMacromolecuies packaged into protocells (droplets w/membrane)

4. C,r\,q‘(\ of sei(-{tph((ihﬁg MOITCUIES (inheritance }X.‘SSablC ’)

4, In your chart above, the first stage is the synthesis of organic molecules. Consider the early
planet, probably thick with water vapor and stinky with methane, ammonia, and hydrogen
sulfide. What gas was missing from this early mix? Why?

There was Not a lot of oxygen present 0 +he carly
otmMosphere und also few (more like None) of +Hhe
cells +hat could produce und/or me+cbolize O,

- 5 A. I. Oparin and J. B. S. Haldane hypothesized that the early atmosphere was a reducing
environment. What did they suggest was the source of energy for the early organic synthesis?

Lightning § and intense radiation §33

S arswismbd ™ SN4N D, (=] i (B .
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In 1953 at the University of Chicago, Stanly Miller and Harold Urey tested the Oparin-
Haldane hypothesis with this apparatus. (It is shown in Chapter 4, Figure 4.2, so you have seen
it before.) Explain the elements of this experiment, using arrows to indicate what occurs in

various parts of the apparatus.
SPa(ks mimic lrc}h‘}'ﬂn'f“cj 5 “Amosphere”
ancl are added to +he - wtror /w
Vanous gotses in +HNt g %“" ’
“atvrosphere” |

' /Condumr

_ uater ond
—o1her molegules

» Cooled
“sed” allows for Ha0 | 5 comaimg ~cod hiin dowr
vapor o espec into molecules ahénN +hEe i
atmosphere wheén . \ “af‘moso":igcf‘c
hecitec W co
HO | |
; | el
samples of the mwf‘Uc’ s
wer< collected anc ¢ »O—unpl:hr

van ety of commonNly cairns '
Rhown mMolecues were present +hat coviad preduece |ife
7 § What was collected in the sample for chemical analysis? What was concluded from the results
of this experiment?
simple cempounds and omplex molecoles like
amine acid> fmd hy drexcarbons were founcl. M and

) ((_'ncludcdva?g;nrc, molecoles could have bee N

formed abichcally on early Eartb.
8. Whatmpraobiau:?Whatpra)cﬁiesof life do they demonstrate?

A prtobiont i> a precursor to the fully Funchona
cell (prekanyetic). They have a permcable memb@ne HAat
suvoncls a sclunon dnemically diFfrerent from +he envonment,

/
9.  Whatdid Thomas Cach propose was the flsst geactic material, DNA or RNA?__K N A
W\jrm,'

10.  What are ribozymes? e :;‘;&C
RNA molecules Hhat can carny oVt enzyme -like me bolize,
cotalyhc funchons wé\/r;cyiwv‘ntwf

11.  Explain the evidence for an early “RNA world.” &f"""mf

sSingle -stranded RNA can form into many difeerent
shapes cand was/is more stable Hhan other sequences
RNA- ceplicates fast and leaves many descenclan+
molecules, wwhich woutd have been benefcial for

T e poOuchion of more cells in eally Earth. A °
simple ond efficient mc'f{U't‘éb“"‘O genehc info
W PErONTHING Lorplyic fuacticns wautd Pbably have

been instrumental in +he hife of an early cell.
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Concept 252 The fossil record documents the history of life

12.  In what type of rock are fossils found? _S ¢ Jimentainy (O CK
(strata < layers ofrock)

13.  What do we not know from analyzing rock strata?

The exicht of specics that existed at a certain
e in hisfory

14. Rocks and fossils are dated in several ways. Relative dating uses the order of rock strata to
determine the relative age of fossils. Radiometric dating uses the decay of radioactive isotopes
to determine the age of the rocks or fossils. It is based on the rate of decay, or half-life of the
isotope. To determine the absolute age of a fossil, radiometric dating is used. Use|this figure to
explain the concept of radiometric dating. Label key elements.

' C’/C'Z-M /?,? ,:ﬁ(,n’u : ' "\I'hc (_‘0( 6070
\\ I‘ s\ I' ~\ " ~\ l‘ ~\ I’ C)(- Orer\+
C LY /73 AN = ¥
'l \\ ‘1 \\ '1 \\ '1 \\ ’1 \‘ !%mpeb
4- ] i ] i i dccc‘y
Fa
v g accumulabng davghicr
&g isoto P€ of
o g Aow +n€ C“Ji &
~ < (0N
g8 rent % i i ‘\(((\‘
$ 7 |[1sofope — eSS
‘L ) T T T T
Timt (half-lives)
15.  What is the age range for which carbon-14 dating may be used?
70 060 years
(no+ 50 long for +he history of like)

16.  To date fossils outside the rage of carbon-14 dating, researchers use indirect methods of
establishing absolute fossil age. Explain two of these methods, potassium-40 and magnetism
shifis. v :

Potassium-40 15 a radioachve isofope +Hhat could be
vsed +o infer +Hhe relahve age of a fossi| sand -
wiched between +wo |C4\:)f(_5 of roclk (e rocks wayld
nced f© contain K, which wovld be dated ).
MCtgntﬁbm shiftg i5 0 process of mﬁ’rprehnq foss) |
age by Using shif+s in +he Ear+h's mgcjhfh'c
RHeld +Hhat can be inferred by analysis of

Fossilizcd lava .
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17.  What are three groups of tetrapods?

Amphibions , re phles, mammals
18.  Cite three ways of distinguishing mammal fossils from the other two groups of tetrapods.
« Unique set+ of +hrece bones fo trarsmi+ heanNg
« differenhated feet+h (canires,incsors, molars )

» lower jaw is composed of only onc kone

Concept 253 Key events in life’s history include the origins of single-celled and multicelled
organisms and the colonization of land

19.  What was the earliest form of life on the planet? How long ago did this life-form first occur?

The earliest formsof life were prokaryotes +nat
bound sediment fogether info sthomatelites yp
fo 3.5 billion years aco

20.  What unique ability was originated with cyanobacteria? How did this alter life on Earth and
lead to a wave of mass extinctions?

(yanobacferia was/is photosynthehc and
covld produce oxygen. Oxygen accumulade d

gradoually ancl even vally gotinfo +he atmos pherc.
Many growps of prokoryotes were : anQebic
and went+ +hrough Mass exhnchon due fo SO Much exugen,
21.  The first eukaryotes did not appear until approximately 2.1 billion years ago. Using the figure,
label and explain the evolution of eukaryotes by endosymbiosis. /
cell has @ some cells (ngulf
seshno nuclegs r gg  PhOBSYNhehic 32;‘) by -
karyo "
membiranc sfarts " me falkplizes
. g evolued
\ ’ . Ah‘ \

- 0
t’m

N

pmkéndok

¢

\ ANCESTRA- L
. }j\ PROTOSYNTRETIC
R A EUKARYOTE
eng

A 5
: " b mILesTRAL
QAe@robiC HE
) hekohophic TEKOTROPHIC
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22.  Summarize three lines of evidence that support the model of endosymbiosis.
— mitochondna/plash ds have +heir own DNA

— +hty f{»p//'fah“ N a way similatr 1O ’prck’a(yo{rg

—_ Hf\flj have rnibosomes +hat can read/+rans lake

Hheir DNA
23.  Use the clock model to note the following events in the life of the planet: origin-of the-Earth,

appearance-of prokaryetes, evolution-of aimeospheric-oxygen, ocwmc&.iﬂakawﬂs
muatticettutarity, and life moves onto land. For each event, also label the number of years ago it

occurred.
life
(500mya)
‘ | in ot
aninak! 690‘*(H'1 .,
(4.6 bya)
: -1\
mul ficelldlanty: (3.7 bya)
1.5 |
(1.5bya) PmKaﬂjOm |
occurence

evkanjohC oI EVOIURbN 0 F (2.1 bya)
(2.1bya) atmosphen c Oy !
Concept 254 The rise and fall of dominant groups reflect continental drift, mass extinctions, and
adaptive radiations

24.  If you have not studied geology, you will find this concept introduces a fascinating look at the
changes in our planet as explained by continental drifi. Define continental drifi. How can

continents move?
Conbnental dnf+ s when the plates Hhat malee Up +he

Earth's uust move around on the Earth's manHe
and cavse the conbnents fo move arcund as well.

Carmiwiabt @ ANANA Danvean Cdonatiam lan
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25.  On the figure below, label Pangaea, Gondwana, and Laurasia.

- ’; .".——’-n-‘: N
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26.  See if you can answer each of these short questions:

a. What is the San Andreas Fault?
T+ 15 a place where two plakes slide past each otherin CA.

b. What caused the uplift of the Himalayas?
Two +emestal plates crashed info each g+her

¢. How can a fossil freshwater reptile be found in both Brazil and west Africa, areas separated
today by a wide expanse of ocean?

They used 1o live close foget+her (pObably on tondwana)

d. Why are no eutherians (placental) mammals indigenous to Australia?
when the wnhinents broke qpart, evtherians did not diversify
as well a3 marsupials did and cnsequenHy went extnct.

27. A mass extinction is the loss of large numbers of species in a period, caused by global
environmental changes. What caused the Permian mass extinction 250 million years ago
(mya)? Summarize the species that were lost. )

There was an exhreme amont of volcanic cruphoﬂt at
thot HMe Hat produced lava, ash, increase in global

N amiwinbt A AN4N D, (=0

climate warmts ,less oxygen N +he air, and +he
exbnchon of masses of organisr\rﬁ.
(9ktfe of manne like died, Boutof 2T knowh inscct graps wipcd out)
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28. A second important mass extinction is the Cretaceous mass extinction that happened about 65
mya. Everyone’s favorite group, the dinosaurs, was lost, along with more than half of all
marine species. What caused it?

The best explanation for +he Cretacears mass exNnctio N
s +Hhat Q larg ¢ meteon+e Or Qsteroid coashed into
ECHH‘,L“'C(‘("Y"C} sinligh+ and disTubiNg +he climate for many

29.  What are adaptive radiations? VON+NS . (Tndivm in clay-.-)

Adaphive radiations are pcnods of evoluhcnarny change +hat
allow organisms fo fill vacant 1013 in their ecological ommuni f‘Lj

30.  Why did a large-scale adaptive radiation occur after each mass extinction? >

torge adaphve vadiahon may octir after mass exhnchoms
becaust Hhe more prevalent species rv}x? be wipedout,

leavng room for NEW organisms 1o adapt and Hown'sh.
Concept 25.5 Major changes in body form can result from changes in the sequences and

of developmental genes
31.  What two areas of biology are merged in the field of study commonly called evo-devo?
Study of ewolohon and stvdy of development
(relationship befween genes and morphology)
32.  What is an evolutionary change in the rate or timing of developmental events?

Heterp U’WCHKJ (organism shapc depends on rate o‘dt’w'qmﬁ’&)

33.  Homeotic genes are master regulatory genes that determine the location and organization of
body parts. Mutations in a homeotic gene can have a profound effect on morphology.
Homeotic gene mutations can contribute to the potential for evolutionary change. The Hox
genes are one class of homeotic genes. What do they control?

flox genes contol where wha+body part goesin an
animal embryo (posihonal infe rrnabion )
Concept 25.6 Evolution is not goal oriented

34.  When a structure that has evolved in one context becomes co-opted for another purpose, this

event is called __€ X0 P*’C\th'\

Manmiwinkt @ ANAN D = . lan e




