Name {\)O j'e’\ﬁ ;:) ) 'QJ :Lf\ Period

Objectives

1. I can describe how mutations occur, what the outcome of a
mutation could be and how a mutation can be passed to offspring.

2. lcan analyze the amino acid sequences of homologous proteins in
different organisms to determine the degree of evolutionary
relatedness between those organisms.

3. I can define evolution and give concrete examples of evolution.
4. |can describe the patterns that Darwin saw among the finches and
tortoises of the Galapagos Islands that led him to the idea of life

changing over time.

5. I can calculate allele frequencies in a population and analyze those
values to determine if evolution is occurring.

6. Ican explain how natural variation occurs in a population, and how natural selection acts upon it.
7. 1can describe how natural selection is related to a species’ fitness.
8. Ican identify common misconceptions about evolution and explain why they are not true.

9. lcan describe the process of speciation, including the three isolating mechanisms; behavioral,
geographic, and temporal.

Vocabulary
* Adaptation * Gene Pool * Population
* Allele frequency * Geographicisolation * Scientific theory
* Behavioral isolation * Homologous proteins * Speciation
* Evolution *  Mutation ~* Species
* Extinction * Natural selection * Survival of the fittest
* Fitness * Natural variation ¢  Temporal isolation
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_ ROTEIN SYNTHESIS REVIEW: Using the word bank, fill in the paragraph below.

e amino acids * DNA v e protein

e anticodon e  mRNA e ribosome

e codon ¢ Nucleus e transcription
 complementary * peptide bond _* translation

e cytoplasm * polypeptide chain * tRNA

Protein synthesis begins in the _NW< \&w% where a section of the bf\)r')' is copied into a strand of R ﬂjﬂ

This process is called '}’\’ZM\S L’/‘up}‘)cm _The mRNA leaves the nucleus and travels through the

C‘,«(\)'}z; \l’)n\@.‘»‘%w\ until it getsto a (‘{ \O O£ . The ribosomes reads the mRNA strand one
Cucgld N atatime. The '& R VA molecules will bring _ & ;Vf\ 0 aedds to the ribosome. The

Oun \’1 (‘m&cm on the tRNA will attach to the C.¢yn p)@meﬂv}h{g codon on the mRNA. The ribosome will

£ g N \ . i
attach each amino acid to the next with a P@Ph e "D(W\ (,S\ . This process is called ':\' (GnsS Ia ‘}")cm .

When the ribosome reads a stop codon the __ D¢ }U\ 20D s'\"cOLQ C’,j’\cuzh will break off and fold into a
. T gr -
P Cotean

Given the following strand of DNA, transcribe it into mRNA and then translate it into a protein.

DNA AAATAC\GGG\AG T\TTC\CGA\ACT\CC;

Transcribe L Au(’y‘l QQC_\UQ CA ( AR (p\ C:»C,U\u()/*) / GCw(/.
Shart X ‘ Shy)

Translate Meth [T 1T ‘Pra“:\ﬂ) (“)a(w\g) Llf)cﬂﬂ ) A )c/mpa)

MUTATIONS REVIEW 7 a
What is a mutation? & C,»‘V‘\M‘GJQ. in e ﬂbb@%e’d"ci!& %Q%i’beﬂ'&w

ok Dud

Why do mutations occur? R ) ’ v
Mishkes hoppen @ndomly iy replicahin,

Redahign € chemicads om %c&wc& W\Mﬂdh&
| v .
(Cawse hem H i"cvppéfn Mo 'ﬁr%wa}/?ﬁ tron mw‘ﬂ"cJ,B
p

What is the result of a mutation? Use the following examples to determine the outcome of different mutations.

1. DNA (drdethemutation) A A AT A C\G@G\A crlrrdcealacticcc
Transcribe uuu l (MA (’l('ucl ULQF}I QQ (.9\ ()C)U\ U(-’Al e
Sterrr . - Shyp ’ ,
Translate me)\‘h im \ N, Lau_c ne S\'Lr;;\ﬂ) Lgsi ne 4 A’“!(Pn) ne
Result Jno CW‘\;é\O Cuc/:ax C»’t\(}m 030 bl
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2. DNA AAA\TAC‘GGG\AGT\TT(ﬂCGA\ACTlCCC

Transcribe LU \ AU (-/‘ QC—C\ L\(Jq l A RA ’(;C/u lu (,ﬁ ’C’C)Cﬁ
<°w.r“-]- ) ‘(\M\p
Translate Mo th \on ;M; 6)(?}' Ine, Sen e [ :33( ~y PAlepnine
Result (Uc’) U'\Mgl}i \l
‘q\\‘_,s‘- ~Og
3. DNA A A A‘T A cle G'A\G T TIT C cleaalcTclcc
Transcribe’ Ubl.b\\f-\u (y\cc U\ CM)AQ‘Q\ C‘/bu"l C(‘\(y\ (/(9
. T , , . , .
Translate"vcg.,)‘ko'\7 codd® Medhion '11;’\;3 p rf\\\ N } (ﬂ\(JO/YV\/IN’\ P"’%\,l N a2 g 1«3(1(,4 /\9»/ Uuﬂ'ow\. e
Result Onlq ”H\l ‘Q\'(S }‘ ‘(jdo G no Cvu'cQ,.g wlre, kH\(! SOnwR f-\'-qd

Mo g\ o b galeq wos tomp \dféi'g P ered

What tells an organism how to make a protein? Dn) n

Why are we so concerned with proteins, what’s so important about them?

T"\Q,t(*)» (e e bu/: Uwinr lock s fw 547"(,44’1,\4»6\ ) IWWZ) 714)/083 Giniel
Moy conbol mosk of e pacesses of ) fe,

What could happen to the proteins as a result of the mutations shown above?

Vo Y ine , One Smedl Gmine Ceopel (‘Jf\d/r\%ﬁ o A& C'cmf»pJe}@ &
C%wayz A Ha enhire pm)—e,',\

Could these mutations be passed on to offspring?

Ves!  Buk anly f Yhe muwlhon occored n e
NT NI ced) . ( 'e,c\ﬂ o gpeen)

How do we go from one minor change to an entirely different species?

‘W)«Tw\f/’, e e per»OO\s 0"£ %’me_ m(f"""j, /Y‘Cma
muwhahons  occwmdade unh |l VY Oracni sm hes
C)f\(}moag() So Mueh WYhet IF 0s considered o newd Speca e,

What is change over time called?

Evol wh o

If two organisms have very similar proteins what can we assume about those organisms?

TN’»C/J Nt Sin .l or ‘DNH} omd 0@, Yo 0 Q)Y“ey "Aéfg .
MOSQJ‘O y\ela/{'-eoﬁ‘ L orf}m\ 150 s 6% J0>(>J(J relaj‘(’u\‘
M’\Q/\j) 'm\,uS%' \/\(}VQ N r(’/(‘,/ef'd' Com oM conces "u\r,
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'AMINO ACID SEQU ENCESANDEVOLUTIONARYRELATIONSHIPS

TRODUCTION '
Homologous structures — those structures believed to have a common origin, but not necessarily a common function -
provide some of the most significant evidence supporting the theory of evolution. For example, the forelimbs of vertebrates
often have different functions and outward appearances, yet the underlying similarity of the bones indicates a common
origin. Although homologous structures can be used to demonstrate relationships between similar organisms (two
mammals), they are of little value in determining relationships between organisms with different structures (a mold and a

spider).

Another technique used to determine evolutionary relationships is to study the biochemical similarity of organisms. Though
molds, aardvarks, and humans appear to have little in common physically, a study of their proteins reveals certain
similarities. Biologists can determine the sequence of amino acids in proteins. By comparing the amino acid sequences
in homologous proteins for different organisms, evolutionary relationships that might otherwise go unnoticed can be
determined. The greater the similarity between homologous proteins in different organisms, the closer the
evolutionary relationship!!!

In this investigation, you will compare the amino acid sequences in proteins of several different organisms to determine how
closely they are related.

PART ONE:
1. Examine Figure 1 which compares corresponding portions of hemoglobin molecules in humans and five other

vertebrates. Hemoglobin, a protein composed of several long chains of amino acids, is the oxygen-carrying
molecule in red blood cells. The sequence shown is only a portion of the protein, which is made up of 146 amino
acids. The numbers in Figure 1 indicate the position of a particular amino acid in the chain, and the letters are the
abbreviations for the amino acids.

2. Highlight (or circle) each amino acid in the chimpanzee hemoglobin that is DIFFERENT from the corresponding
amino acid in HUMAN hemoglobin. If there are no differences, don't highlight anything.

3. Repeat #2 for the other 4 animals. Make sure that you are comparing each animal to the HUMAN amino acids, not
the animal above.

A. What is the function of hemoglobin in your body?

B. On the basis of hemoglobin similarity, which organism appears to be the most closely related to humans? Why?

Which appears to be the least closely related? Why?

C. How did these differences in the hemoglobin protein occur?

PART TWO:
1. Another commonly studied protein is cytochrome c. This protein, consisting of 104 amino acids, is located in the

mitochondria of cells. There it functions as a respiratory enzyme. Examine Figure 2.
2. Using Figure 2, construct a bar graph to show the amino acid differences between humans and other organisms.
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A. On the basis of differences in cytochrome ¢, which organisms appear to be most closely related to humans?
B.  Which organisms appear to be the least closely related to humans?
C. Check the pair of organisms that appear to be most closely related to each other.

—.shapping turle —tuna __snapping turtle — rattlesnake _____snapping turtle - pigeon

Give a reason for your answer:

D. Name the pair of organisms that appear to be equally related to humans based on cytochrome ¢ similarity.

E. Isit possible that the organisms in question D could be equally related to humans, but not closely related to each
other? Explain your answer:

CRITICAL THINKING:
A. There is a difference of only one amino acid in one chain of the hemoglobin of humans and gorillas. What caused

this difference? BE REALLY SPECIFIC about how this could happen.

B. If the amino acid sequences in the proteins of two organisms are similar, will their DNA also be similar? WHY OR
WHY NOT?

C. Biologists believe that the number of differences between the proteins of different species indicates how long ago
the species diverged from common ancestors. Why do biologists believe that humans, chimpanzees, and gorillas
diverged from a common ancestor only a few million years ago?
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Human
Chimpanzee
Gorilla

Rhesus monkey
_._.oam

Kangaroo

87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116
THR LEU SER GLU LUE HIS CYS ASP LYS LUE HIS VAL ASP PRO GLU ASN PHE ARG LEU LEU GLY ASN VAL LEU VAL CYS VAL LEU ALA HIS
THR LEU SER GLU LUE HIS CYS ASP LYS LUE HIS VAL ASP PRO GLU ASN PHE ARG LEU LEU GLY ASN VAL LEU VAL CYS VAL LEU ALA HIS
THR LEU SER GLU LUE HIS CYS ASP LYS LUE HIS VAL ASP PRO GLU ASN PHE LYS LEU LEU GLY ASN VAL LEU VAL CYS VAL LEU ALA HIS
GLN LEU SER GLU LUE HIS CYS ASP LYS LUE HIS VAL ASP PRO GLU ASN PHE LYS LEU LEU GLY ASN VAL LEU VAL CYS VAL LEU ALA HIS
ALA LEU SER GLU LUE HIS CYS ASP LYS LUE HIS VAL ASP PRO GLU ASN PHE ARG LEU LEU GLY ASN VAL LEU VAL LEU VAL VAL ALA ARG

LYS LEU SER GLU LUE HIS CYS ASP LYS LUE HIS VAL ASP PRO GLU ASN PHE LYS LEU LEU GLY ASN ILE ILE VAL ILE CYS LEU ALA GLU

FIGURE 1: Amino Acid Sequence in Hemoglobin

SPECIES PAIRINGS # OF DIFFERENCES IN CYTOCHROME C
Human — Chimpanzee 0
Human — Fruit fly 29
Human - Horse 12
Human - Pigeon 12
Human - Rattlesnake 14
Human - Red bread mold 48
Human - Rhesus monkey 1
Human — Screwworm fly 27
Human — Snapping turtle 15
Human - Tuna 21
Human - Wheat 43

FIGURE 2
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~solution is... , ‘, _
e Evolution— (X C»"\(}—{\G&L A G ““,)Qp(,«,lw-l-)m Ve {'WY\—Q

o Population —a group of individuals of the Sl ‘%p%{e < that live inthe _S¢ww2 ¢erfa .

o Species —individuals who can Mo e and_{r) ;r‘()(&wc,«a fef}" ,Q U"‘QP'S"C)F/ A
E) (

« Evolution is a scientific \H’\-Q(‘srlé_ , not simply a hypothesis.
o A scientific theoryis a well-substantiated explanation of some aspect of the natural world, based on a

body of facts that have been Npewp'{’c‘”% QJT\S' l“r‘mexﬁs', and never dis ’Dm%ﬁ

« Example of evolution that we can see in a human lifetime:

o P@A’\ \Ca ) ‘ y A___—when it was discovered it was the miracle drug, killing all kinds of bacterial

infections. Just 4 years later it was effective on GM\U\ (QS"”% of all infections.

o WHY?! The bacteria had (’Jf\am«gj\ﬁci

Orliginal

Conditions Necessary for Evolution to Occur... N

e The Earth must be REALLY OLD

o DNAis really good at __ (D \ ) (AJ'H‘Y\ — it doesn’t T
make mistakes that often so it takes a Ld‘h&
-H N for DNA to change.
* Species must have \m«({ Od'\r(ﬂ\w — a difference in an organism compared to the rest of the population

o Variation is caused by MW%J’wms

o If a mutation is beneficial to the survival of an organism it is called an

cdop Fehon
\
o) NO*’ all mutations are beneficial. Some mutations can cause an
organism to be __suited to survive in their environment.
)

« Something must be DRIVING LIFE TO CHANGE - Y\)m\ﬂ/««r‘e . =
o ,bmpe/m)lwre , Yre (‘X.lr){ M\’w\ ,__Com '}).GJ‘\ l'\C/Y\— .
;Pﬁg}_cm_lp%, __QL are things that choose which organisms survive and reproduce,

passing along their genetic information, and which organisms die and remove their genes from the gene

’pool.
= This is called {\)c\/hb(z\/' ' S@/‘ Q(J\(IY\»
o Since humans have been on the planet certain species have been subjected to change based on human
interest. We MNewr a,(*recw' ‘Qc,(m?(}
0 j R [ & . \’ } . Al s ( .
» This is called CM"\'\ g’) C/»ﬂcu\ MAQ,U‘WUY\ 2 WoT™ ¥y . Whed dad we
« Some examples are: M\ |'\' 7‘ wwuﬁ '\?)‘.eecs.,‘{\s
DERS ks Veks (
O,
L\\f‘Q§ \—oc,k, P\ OWRAS Pace Q




Theory of Evolution by Natural Selection....

*  Which color of moth is better suited to a forest of trees with light colored bark? )
Why? light coluved moths |
M blend in with Whe Yree, m@;n% Yhem more
di B, ady Por preéo)m h %P())‘. :
*  Which is the better moth overall? Iigt tre

Veither! Thare is no Steh %‘ir\o& as o “befe, ¢
b hoeawse //Z')Q/H{f“d@/é)aﬂ(ﬁg on He eavicemmen T,

il

8

* Organisms with favorable variations for their environment survive (JY\%LD/F and reproduce
- ____, passing their variations onto their ¢yF~3 D) \ . (They are selected _ .
ing their variati to thei o*ﬁ/ﬂ«;,) /\% (Th lected ‘ZC/Y‘)
* Organisms without the favorable variation are leS S likely to survive and reproduce. (They are selected

Ck’/% auns F )
* Over time the entire -'D() ,VDW]O\)’_)(/Y\ is made of organisms who have the favorable ‘\'W }‘
* Fitness —the ability of an organism to _ eV Ve and v@pmduc»l in its environment.

o Not necessarily the biggest, fastest or strongest. ‘
o Survival of the Fittest - Thege 1adn v l‘dbws/lﬁ besl™ S kcﬁ
b Hhear enviconmens wnll spruive Gnd
Y“@'Pmcﬂuofz most™ ucee S M}
* If organisms do not have favorable traits, it is possit‘{l f;r a species to disappear

from all of its geographical range; this is called ex }"l ﬂ(,'?L) on

e

TIME

* Over a long period of time (thousands, or even millions of years), the neck of the
giraffe became longer. Describe the sequence of events that would have had to occur for giraffes to have longer

nECks}jﬂ\w Qi roffes  emviemmend P\o.,umg o /U"ij neeks  ellnsed
O (ES\ FU\‘ﬁ-Q v %ﬁ?/F Mg ﬁ)OOQ} St v e lOV\éQ/r e }QaurQ M€
long - necked “’PﬂQ&?“ ng e By madah'on Uhod inerased neckc
W‘?}% wadd ollow Y o h 39}&/””‘ mor? food cnd
‘W o e @’MS p'f"/'n.%, E\r&v)‘bmﬂa Hae enh're p%f)w}cu/‘fc/n
hao '(mci\ ks

s Qe ! (A 1‘2 ﬂ !r‘c’{xbvolve; ’}\(&"V{Cﬂ ‘A(R/i\s DO NOT!
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How Evolutlon can be Observed ......
e Gene Pool —the combined O\()/V\.QJ') C ;ﬂ WM@J“M\ ¥f all the members of a

« Allele Frequency —how many times a particUIar A 41 Q/Ie. occursina

P oli)w/éu})d%.

s Allele- JPQP“”Z Wh(j\/’\

o Ina population of butterflies there are 20 red butterflies (RR), 18 orange butterflies (Rr) and 12 yellow

butterflies.
How many R alleles are there in the butterfly population? <29 71 58 R

How many r alleles are there in the butterfly population? _ X [ l}& C

What is the frequency of the R allele? 58 75
What is the frequency of the r allele? L’ 2 y;f)

06 = ferk a0 RR - HOR O

- x 0O
wéo} . | & 1§ e
258 oo V2 O R 4
580 2R —
. Pf‘[{ 42 r
= 5% =
e Achangeinthe CJ \ (7./:\ ‘%ﬁ%@ﬂ"'@j in a population = E\/O ) (A/"‘;(/Y\

Paoe
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Charles Darwin:

* Bornin England in 1809. Worked on a ship called the H.M.S. {L)eao (Q in the 1830’s. During his trip he made
many _() hser Va,h'(m S and collected evidence that led him to explain how | v, na  Hhune $,
change over time. \ JT

Darwin Saw: :
* Patterns of diversity- Darwin noticed organisms seemed €/x MM e/]q_ l,@'@“ 'S(M{"e- (&
for their different environments Jd .
* Living organisms and .Pn 5% \ S - Darwin collected fossils of organisms that no longer exist but
are similar to organisms that exist today. ‘ ‘
* Galapagos Islands- Are a small group of islands that are close together but have very d .M@j “environments
(hot/dry with little plant life vs. high rainfall and lots of plant life).
o GALAPAGOS ISLAND TOROTISES: A CASE STUDY
o Darwin noticed that the tortoises’ shells varied predictably from island to island. The shells could be used to
identify which island the tortoise inhabited. He also noticed that the island tortoises all resembled the mainland
tortoise. What did Darwin conclude about the tortoises based on these observations?

The (olond Yortoises Nod onee been members of dhe moanlond

V"\)“’H‘MY\ Rer \‘\Mls o S hyem Mo Por bed e %P}o;seg Yy H\Q VO-r1ous

islands  QUC long, prriods of Hme mwlehms  Geeremuladed
nd nehwrad  Selechon  occwr M 10 Vha A Lf o pentk ey ren ey

o Other tortoise features were well suited to
their environments such as their necks. The
tortoise on the right comes from the island
with the hot/dry climate and sparse
vegetation. The tortoise on the left comes
from the island with high rainfall and lush
vegetation. Explain why the different neck lengths would be well suited to the two

differe‘nt environments. (Jn J,M 0\5\0«\(,\ RN 3\’)014".‘3’-@ \((’,%Mm m\h\’I ‘|‘0[‘HISQ’S‘
who ol rRuch e food wald Suevive ond re pdiee, Tor boises wibh
lovger naeks Survi ved ¢ passed Hheir long necke cjenes onks Hheir c‘#spmcd, |
Shorler necked foetorses daed For leck of- food ) pot Passing on Haic s, |
\N,\J}S ke en causing o \U\’\%@( necle odd wliow e for boise by Suruge
longee 00 leoud Move dRSeendondt 19 ¥h Ya  news Mudshan, O ~ S
food v¢ easy Ty 690}\ so Turhoises wth beshk o echwn Wil g eyive longo -

o Ifall of the island tortoises came from a common mainland ancestor, how did they come to have such different *

features? ) p )
P\KN"\&(SM tudads gns C)Q(;Mr‘&& n QMJ&'\ ‘90)),‘/'641}\(}\’), ?\))GJ\Q'Q’ICIC&/{

. s b AR S Prync
(\\M'u,hdhg (ed cq,();i‘a)'\“dh&) wanld e P&SS&ZJ h o ‘(}“ﬂa’zf q ‘ﬂ” C.‘,Qf:;:, F 20

\»\'krm(?w‘ {Y\M‘ZWI% WA o PMS@.A b Rover ( L 0‘47) G’Pﬁ S‘f’m'ﬂ\iﬂ



Darwin Concluded:

« Geologists in Darwin’s time studying the natural processes that shape the Earth over time (erosion,
volcanic activity, etc), concluded that Earth was \s&rud zji A . This conclusion,
together with all of the observations Darwin had made.bn his voyage, led Darwin to conclude that

b Corth  Cadd Q/V\M1,/;\\)Q_ ovr hpe , S0 caudd ,nVI"ﬁ%;nﬁi..

+ Darwin’s developed these ideas and published his famous work (i1 \L/«.e oY I::T( ,s/\
(vf. ‘;p&ue S . Darwin’s book described evolution and outlined

a mechanism for how and why evolution occurs, called natural selection.
A a——— —————,

«  Darwin was not the first person to come up with the idea of evolution, he was just the first
to have his ideas published and widely recognized, which is why history (and textbooks) credit Darwin with this

major contribution to biology.

*  What is a species? . ¢ k
o Agroup of Sim ,ovr organisms that can m&l/ ‘ and produce fertile offspring

T

| Speciation is the evolution of a f\éiJ _species

» Speciation has occurred when members of a species... Ceon Ne lChﬂca@F
e ¢ puduce Lo PI¢ chfspring

« Speciation usually happens when members of the same species are isolated
from each other in some way:

- ) v" P @
o Geographical isolation- Of'g@"“'ﬂms do “‘10% I\V»\fm C ""e,
b o geagraphic Seper con, (rivees, islonds, —
%M’”j C’.’\/’\"")) ﬂ{\ oun “}Zu,“/\. SB : ; N Wood Lé,"Pard
o Temporal isolation- (¢ vnlvsnﬂb" da ﬂd\" W\O“«j{- et VL
M H-Crences in M 3 5d\¢(,m,fg <,
i ‘j\\ PO "W vy ‘;4. .
Orcinds - tlesse pollen on &iChe ot dess 50
o Behavioral isolation - \"V\abj'\"f\c.:

will ned oo
O f'C)(ﬁ;bm SIS L H r\Q\" M- |
Ll - c\ f}"(ireywx A M Q/hﬂ(-

m hiods, J

‘\/) 2 “ﬂ; .‘ 4 ; . ‘ . ‘
(,uh '\% 00»{ l S/CX«CUT\CM@S /iOC‘.th(,.’h\ pege .

okt 62910 Praryon Eoacaton, b




Fifteen iguanas on a tangle of waterlogged trees, tossed into the Caribbean Sea by a hurricane, apparently floated 200

miles from Guadeloupe to Anguilla and into biological history. This report has amazed
scientists, who have been arguing since early this century about whether such journeys
were even remotely possible, let alone observable.

By documenting the 1995 voyage of the 15 iguanas -- enough to form a new population --
the report provides the first clear-cut evidence in support of biologists who argue that
seemingly impossible journeys like this could have been an important avenue for the

dispersal of species around the world.

The journey of the iguanas, land-loving animals, began in September 1995 when two powerful hurricanes moved
through the eastern Caribbean. A month later the iguanas, fearsome-looking creatures up to four feet long that
resemble dinosaurs, washed up on Anguilla's shores on an immense raft of trees.

C Aves;
(Blrd Island)

.
DOMINICA

o Rossmuly

The lizards, which rest in trees, were probably blown down with them
into the sea. She and her colleagues studied the tracks of the two
hurricanes, Luis and Marilyn, and ocean currents and decided that the
lizards probably came from Guadeloupe. Identifying the lizards, known as
green iguanas, as outsiders was simple, researchers said. They have a
blue-green coloration and dark rings around their tails, making them
easily distinguishable from the other iguana species on Anguilla, which is
brown and has a plain tail.

Though the arriving iguanas appear to have been weak, dehydrated anc,
in some cases, injured, some survived. In March, researchers said they
found what appeared to be a pregnant female iguana, the last element of
a successful colonization of a new species, which made the observation
of the rafting significant. Because the animals appear to be reproducing,
the researchers said they believed the new arrivals had established
themselves, though other scientists said it was still too soon to tell.

Questions

1. How did the iguanas make it from Guadeloupe to Anguilla?

2. If only a very small number of these iguanas made it to Anguilla, what
can you assume about the genetic diversity of this new population on
the island?

3. Considering that other species of iguana already inhabit Anguilla, how might natural selection act on the new

population of iguana on the island?

4. Do you think that speciation of this group of lizards will eventually happen? Explain your answer.
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.alapagos Finches

Scientists have long believed that the 14 species on the Galapagos
Islands evolved from a single species of finch that migrated to the
islands one to five million years ago (Lack, 1940). Recent DNA
analyses support the conclusion that all of the Galapagos finches
evolved from the warbler finch (Grant, Grant & Petren, 2001; Petren,
Grand % Grant, 1999). Different species live on different islands. For
example, the medium ground finch and the cactus finch live on one
island. The large cactus finch occupies another island. One of the
major changes in the finches is in their beak sizes and shapes as
shown to the right.

1. Geospiza magnirostris, 2. G
8, Geosplunpurvala, 4. G

rpospiza fortis,
serthides olivasea,

Choose the one answer that best reflects how an evolutionary biologist would answer.

1.  What would happen if a breeding pair of finches were placed on an island under ideal conditions with no predators and
unlimited food so that all individuals survived? Given enough time,
a.  The finch population would stay small because birds only have enough babies to replace themselves
b.  The finch population would double and then stay relatively stable
c.  The finch population would increase dramatically '
d. The finch population would grow slowly and then level off

2 Finches on the Galapagos Islands require food to eat and water to drink.
a. When food and water are scarce, some birds may be unable to obtain what they need to survive
b. When the food and water are limited, the finches will find other food sources so there is always enough food
¢.  When food and water are scarce, the finches all eat and drink less so that all the birds will survive.
d.  There is always plenty of food and water on the Galapagos Islands to meet the finches’ needs

3. Once a population of finches has lived on a particular island with an unvarying environment for many years,
a.  The population continues to grow rapidly '
b. The population remains relatively stable, with some fluctuations
¢.  The population dramatically increases and decreases each year
d The population will decrease steadily

4. Depending on their beak size and shape, some finches get nectar from flowers, some eat grubs from bark, some eat small seeds,
and some eat large nuts. Which statement best describes the interactions among finches and the food supply?
a.  Most of the finches on the island cooperate to find food and share what they find
b.  Many of the finches on an island fight with one another and the physically strongest one wins
c.  There is more than enough food to meet all the finches’ needs so they don’t need to compete for food.
d.  Finches compete primarily with closely related finches that eat the same kind of food, and some may die from lack of
food.

5. How did the different beak types first arise in the Galapagos finches?
a.  The changes in the finches’ beak size and shape occurred because of their need to be able to eat different kinds of food

to survive
b. Changes in the finches’ beaks occurred by chance mutations, and when there was a good match between beak structure

and available food, those birds had more offspring
c.  The changes in the finches’ beaks occurred because the environment induced the desired genetic changes
d.  The finches’ beaks changed a little bit in size and shape with each successive generation, some getting larger and some

getting smaller.
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6. What type of variation in finches is passed on to the offspring?

a.  Any behaviors that were learned during a finch’s lifetime

b.  Only characteristics that were beneficial during a finch’s lifetime

c.  All characteristics that were genetically determined

d.  Any characteristics that were positively influenced by the environment

7. What caused populations of birds having different beak shapes and sizes to become distinct species distributed on the various
Islands

a.  The finches were quite variable, and those whose features were best suited to the available food supply on each island
reproduced most successfully.

b.  Allfinches are essentially alike and there are not really 14 different species.

¢.  Different foods are available on different islands, and for that reason individual finches on each island gradually
developed the beaks they needed.

d.  Different lines of finches developed different beak types because they needed them in order to obtain the available food.

Canary Island Lizards

The Canary Islands are seven islands just west of the African continent. The islands gradually became colonized with life:
plants, lizards, birds, etc. Three different species of lizards found on the islands are similar to one species found on the
African continent (Thorpe & Brown, 1989). Because of this, scientists assume that the lizards traveled from Africa to the
Canary Islands by floating on tree trunks washed out to sea.

Choose the one answer that best reflects how an evolutionary biologist would answer.
1. What do you think happens among the lizards of a certain species when the food supply is limited?

oo oo

The lizards cooperate to find food and share what they find

The lizards fight for the available food and the strongest lizards kill the weaker ones

Genetic changes that would allow lizards to eat new food sources are likely to be induced

The lizards least successful in the competition for food are likely to die of starvation and malnutrition

2. A well-established population of lizards is made up of hundreds of individual lizards. On an island, all the lizards in a lizard
population are likely to....

a.  Beindistinguishable, since there is a lot of interbreeding in isolated populations

b.  Bethe same on the inside bust display differences in their external features

c.  Besimilar, yet have some significant differences in their internal and external features
d Be the same on the outside but display differences in their internal features

3. Which statement best describes how traits in lizards will be inherited by offspring?

a.  When parent lizards learn to catch particular insects, their offspring will inherit their specific insect-catching skills

b.  When parent lizards develop stronger claws through repeated use in catching prey, the offspring will inherit their
stronger claw trait

c.  When parent lizards’ claws become underdeveloped due to easy food sources being available, their offspring will inherit
weakened claws

d.  When a parent lizard is born with an extra finger on its claws, its offspring can inherit a six-fingered claw.

4, Fitness', is a term used by biol?gists to'explain. the ‘szar.d,AV LizardB | LizardC | Lizard D
evolutionary sucfcess of ce'rtaln.organlsms. Given the data “Body Length | 20 cm 12 cm 10 cm 15 cm
on four female lizards, which piece of data would best L OFfSPARg
determine the fitness of the lizards : surwvmgto ; 19 28 22 2%

a. Body length “ adulthood

b.  Offspring surviving to adulthood 7 ‘Ag’e‘fa}_t" death 4yrs 5yrs 4yrs 6 yrs

c. Age .Of death. L Sreii i Healthy, Mated Dark-

d The information given in the strong, withmany | colored, Lar{gest
comments e aver lizards very quick | territor
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5. According to the theory of natural selection, where did the variations in body size in the three species of lizards most likely
come from?
a. Thelizards needed to change in order to survive, so beneficial new traits developed
b.  Thelizards wanted to become different in size. As a result beneficial new traits gradually appeared in the population
c.  Random genetic mutations and sexual recombination both created new variations
d The island environment caused genetic mutations in the lizards

6. What could cause one species to change into three species over time?

a.  Groups of lizards encountered different island environments so the lizards needed to become new species with different
traits in order to survive

b.  Groups of lizards must have been geographically isolated from other groups and random genetic mutations must have
accumulated in these lizard populations over time

c.  There may be minor variations, but all lizards are essentially alike and all are members of a single species

d.  Inorder to survive, different groups of lizards needed to adapt to the different islands, and so all organisms in each group
gradually evolved to become a new lizard species.

Keanu did not pay very close attention in high school Biology and is now very confused about
evolution. Using what you have learned from this unit, explain to Mr. Reeves why each of his
statements below is incorrect.

Misconception #1: Evolution means that life changes by chance.
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Misconception #3: Evolution is like a climb up a ladder of progress, organisms are always
getting better.
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