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Evolution
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1-1 BRAEMECER
Modern Biological Evolutionary Theory
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B HEGQABERGF Sentence Frames and Useful Sentences

o proposed in

f4g(1) « Sutton and L3 AF (357 44)proposed chromosome theory of inheritance in 1902.
AT 1902 SEFEHUE T4 o ER -
#i4(2) : Kimura Motto proposed neutral theory of molecular evolution in 1968.

AFFEEAE 1968 SFiet s L R -

® According to , is/can be but not

f4)(1) : According to neutral theory of molecular evolution, the evolution change is caused
randomly or accidentally but not naturally selected.
g M b B R - TR LR RSB AR IE R » IEREE

#4)(2) : According to the evidence of the experiment, the evolution rate can be very fast but

not as slow as Darwin considered.

R E G - JE LR AR DUIRRE PR - 1Rl G Ay A R 4% 18

(3) made revision to based on

f4(1) : Genetic scholars made the first revision to Darwin's theory of natural selection based
on the research results in the field of genetics.
B HE T DUR BRI FE fl A B SRR T 5 — RIELE -

#14(2) - Dobzhansky made a second revision to Darwin's theory of natural selection based on

Genetics and the Origin of Species.

AT R DL CEEEEYRERER) YHER SR TRIEIE -
O After , was accepted as

47 : After Darwin proposed the evolutionary natural selection, evolution was gradually

accepted as a fact.

FERERR SRRV R B m TR (LR AR R E -
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[ O After and R has/ have been confirmed that . J

4 - After careful experiments by scientists and the successive discovery of individuals with

genetic variations, it has been confirmed that mutations can occur.
AR R MR B B e 250 BB M AV (EHSI% - se B e E 4y -

o BEHE »

FEEEATELR - PAEEELI TS

After completing this section, students should acquire the following concepts:

— ~ BARRE TR LI AR Y S R A -
Students can understand the development process of modern biological evolutionary
theories.

T~ BRARRE TR KR S b PR LB SR YA
Students can understand the content of modern evolutionary synthesis and the neutral theory

of molecular evolution.

» BIEERE o8
BIEE—

SRHH ¢ SRR RIS - PR ROE R EYRE S I DAUER -
Students can understand and apply the concepts of natural selection, neutral theory of

molecular evolution, and genetic drift.

Which of the following theories about biological evolution is true?

(A) When Darwin established the theory, he didn’t take the amount of biological groups into
account.

(B) Without the power of natural selection, biological groups can still evolve.

(C) The founder effect belongs to one of the methods that natural selection operates on.

(D) When Darwin proposed the concept of mutation, he didn’t mention genetic variation.

4 = 2 Ly pT > 2 S 2 = prd s R L7 =
FURREBREFRETREY (AFP BFRRTE



OV BT TR TR KT P 0o IIFFHFREREFLY

NHIERE AV ECE R - A IR 7
(A)  ERSCEIENN - AN YIRS E -
(B) RAREBNINE - BRI IR -
(C) AleE (sE) BEEBHI REEEN T -
(D) ZEMSURHEVERIF e EEER -
(111 53 REHE 16)

Teacher: After Darwin proposed evolutionary natural selection, evolution was gradually
accepted as a fact. However, why doesn't natural selection— a concept of evolution
-- be widely accepted by people?

Student: This is because some species will mutate.

Teacher: Right. According to the neutral theory of molecular evolution, it considers that most
of the mutations refer to neutral mutation. ? is mostly affected by genetic drift, which
is unrelated to natural selection.

Student: Does genetic drift refer to random selection?

Teacher: Yes. The phenomenon of random variation in gene frequency of biological groups
is called genetic drift. Because survival and reproduction are affected by random
factors, which means reproduction can be viewed as a kind of sampling process of
the parents, the result directly reflects on the variation of genetic frequency of
offspring.

Student: Then does the founder effect also belong to genetic drift?

Teacher: That’s correct! Because the founder effect is a mechanism that causes the group's
genetic constitution to change. When a small portion of individuals leave the mother
group to form a new group, the genetic diversity of the new group is usually lower

than the mother group, which also means genetic drift occurs.

Ehl - EERE SRR > B A MEZ /REE - B TR ER
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SR AR TR SOR (LRI EEAS -

Students can understand the main content of Darwin’s evolution theory.

Which of the following descriptions of Darwin’s evolution theory is true?

(A) Because asexual organisms don’t undergo genetic variation, natural selection won’t act on
them.

(B) The theory of natural selection, proposed by Darwin, was established based on Mendel's
Laws of Inheritance.

(C) Darwin was the first scientist to propose species have to mutate to evolve.

(D) The pressure of natural selection can preserve some features of the species, and

further enhance species’ ability to adapt.

Y R SO A B Em AR - e IEAE 7
(A) EEATEREYIRAGEEEESE  SREANGEREEENEY L -
(B) EERISGRIRIESRE AL L S E e AR L -
(C) EMSCEF RS e EHIRIER S -
(D) REFRRIOICAEYRENF LR RS T - EMiREYEHEERET -
(103 ££457% 16)

Teacher: Do asexual organisms mutate?
Student: Yes, asexual organisms may have genetic variation owing to mutations.

Teacher: That’s right. It represents natural selection also acts on asexual organisms.

BOOAAGRERRETRED AFP FFER T
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Student: Wow, so both sexual and asexual organisms are affected by natural selection.

Teacher: What are the concerns of natural selection and Mendel's Laws of Inheritance on the
aspects of biology?

Student: Natural selection focuses on the expression and adaptation of traits in a population,
while Laws of Inheritance emphasizes on how genes are delivered between
individuals.

Teacher: That’s right! So Darwin’s theory of natural selection was not established based on
Mendel's Laws of Inheritance.

Teacher: Then which scientists proposed the relation between species variation and evolution
before Darwin?

Student: Lamarck!

Teacher: Great! Darwin also used Lamarck’s theory of use and disuse as the foundation of the

evolution mechanism.

T SRR A e S A ge s 7
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Population Genetics
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E¥F thEE B¥F thiE
frequency selection FER e genotype FLRAY
bottleneck effect FHSHE genotype frequency FEERITIFER
non-random mating JEREIEAT I gene pool FEAA
allele FAER macroevolution =0 (=
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Hardy-Weinburg equilibrium | #5817 heterozygosity superiority | FEAIG-F{EEL
gene frequency FERIARAR genetic drift (BT A
gene flow HRE microevolution sk

B HEQRBMERSF Sentence Frames and Useful Sentences

o

B -

BIE2) -

(2]

HSOR

BIe)2) -

time equals

The numbers of A in genotype time the numbers of individuals equals the numbers of
allele A.

FALERN A EEERERTH A EERMERIEE -

The numbers of a in genotype time the numbers of individuals equals the numbers of
allele a.

B AR a fVEEF ARSI T a (YEESELUERGIVEE -

divide equals

The numbers of allele A divide the total numbers of alleles equals the frequency of
allele A.

FALEA A BVFREREF R TN A BYBE R DI R N 8E -

The numbers of allele a divide the total numbers of allele equals the frequency of allele a.

FALAEN a R ENFA AN a (YBE PRI F A AANGEE -

® The condition of maintaining Hardy-Weinburg equilibrium should

Blag(1) -

include

The condition of maintaining Hardy-Weinburg equilibrium should include an

extremely large number of group individuals.

SERFIE M- B HIRER R O HE L RE RO IR (A L -
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O gTEFR T A T P 0o FIFFAEFREFYC

f45(2) - The condition of maintaining Hardy-Weinburg equilibrium should include the

random mating between individuals.

SRS V- H R B R (T B G (E A B AR AL -

4] will cause the group not to be able to maintain the ideal state
of Hardy-Weinburg equilibrium and further alter the genetic
structure of the group.

f4)(1) - Mutation will cause the group not to be able to maintain the ideal state of Hardy-
Weinburg equilibrium and further alter the genetic structure of the group.
ZESE A B IR B ARG R T G YRR ARIRAR - AR OB R (A

f4)2) - Natural selection will cause the group not to be able to maintain the ideal state of

Hardy-Weinburg equilibrium and further alter the genetic structure of the group.

RIFE G I RE AR P BT RV EEAERRS - AT SR R S -

(5] may and further

f4)(1) : Mutation may produce new alleles and further increase genetic variation in the group.
R RE g A A A AL HEMIE IR R R -
f4(2) : The immigration or emigration of individuals in a group may cause genetic flow in the

group and further alter its genetic frequency and the overall genetic structure.
JEREF HEG Y A\ BGE T RE S OB Y AR R B 21 s R R
HEAG I (H 45 -

10 RS EERE TR R A R
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After completing this section, students should acquire the following concepts:
— ~ BAREIFGE TN EARNHRAEE -
Students can familiarize the calculation of allele frequency.
T~ BRARRE TSR E B R R R T S
Students can understand Hardy-Weinburg principle and the power of changing Hardy-
Weinburg equilibrium.
~ B AR RE R IE (RN R e K R B fE -

Students can understand natural selection and adaptation through the perspective of

1]

population genetics.

o IEERE s
5l RE—

St ¢ B RERR ARG e R R AL B AR

Students can understand Hardy-Weinburg principle and the calculation of allele frequency.

There is a group under Hardy-Weinburg equilibrium, its different genotypes that control a certain

trait, and the numbers of individuals are AA=77, Aa=94, and aa=99 separately. Which of the

following statements are correct? (multiple choices)

(A) The frequency of allele A is 0.62.

(B) The allele frequency of A in the next generation is 0.31.

(C) The frequency of allele a is 0.26.

(D) If the next generation contains 1000 individuals, the number of genotype Aa
individuals is roughly 470.

(E) When the size of the group decreases sharply, the probability of losing allele A in the

next generation is smaller than allele a.

11 ik s b g Ll et ey
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— &R HY S BT R REE - HAZE R MEIRAY A [F 2R N B R RS 3 H 7 B2 AA=TT
Aa=94 > aa=29 o DUNWREEROMIERE ? (EEEEH)
(A) A FAERIVIFRE 0.62 -
(B) Ay A FAEAFARE 031 ¢
(C) aFEAANHIHRZ 0.26 -
(D) & T—fLF 1000 {EAR - I Aa ZRTIAIEGLAE 470 {F -
(BE) ERREFA/NERRT » A FAERE T —RERRIER/NS a FEN -
(102 5457 24)

Teacher: How to calculate the frequency of allele A and allele a?

Student: We have to get the total number of individuals first, which is 77+94+29=200, then
calculate the total number of alleles, which is 200x2=400.
Therefore, the frequency of allele A, f(A)=(77x2+400+94+400) =0.62, and the

frequency of allele a, f(a)=(29%2+400+ 94+400) =0.38.

Teacher: Very good! From the result, we can figure out that f(A)+f(a)=1.

Student: I see, I can calculate one of the frequencies of the allele and subtract it from 1, then
I can get the other frequency of the allele.

Teacher: That’s right. It is because the group is under Hardy-Weinburg equilibrium, which
means the allele doesn’t increase or decrease. Here comes a question: How much is
the frequency of allele A in the next generation?

Student: Because the frequency of allele doesn’t change, so the frequency of allele A will
still be 0.62.

Teacher: If there are a thousand individuals in the next generation, how to calculate the
number of individuals of genotype Aa?

Student: The frequency of Aa is 2f(A)xf(a) = 2x0.62x0.38 = 0.4712, so there will be
roughly 471 individual numbers of Aa.

Teacher: Great! I think all of you have understood Hardy-Weinburg principle and the

calculation of gene frequency.

RN A FrFENEL a FAT R RBYSER BN AT HE ?

B SRR ERER TTH94+29=200 » FELL SA% ALK 200%2=400 -
A R EERIER f(A)=(77x2+400+94-400) =0.62 -
a SERTELRSER f(a)=(29x2+400+ 94+400) =0.38 -

12 3 ” P - b 2 > v == Z At < s
FPORBRREEFRET R AP EFRGETF
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13 BYORAMBRERE TR SRR EEERTE

Zah s JEREE | S AR T DI f(A)+(a)=1

B R - ASF o AR H R — (S A BRI - B 1 R (FR] DUEE]
B A AR -

TN 2SR R EIREE R R A R RN FALAERIG AR FTPA T — AT A
L ARG E %/ DIE ?

B4 REERPRAEINE - Frll N — Y A B AR G E 0.62 -

RN PR T 1000 {EFE - ZAA R Aa BELRRIRY(ERSE0E 2

B2 0 Aa (EESHTSER B 2f(A)xfla) =2x0.62x0.38=0.4712 > #FX 1000 {E > &95
471 {& Aa fE#S -

Hh IR | FAERZER T e R R AR RAE TR T =T -

pIEE—

st BRARRE TR (LR B B R E EE

Students can understand evolution and Hardy-Weinburg principle.

Which description of evolution below is correct?

(A) Mutation is harmful to organisms, so it is not good for the evolution of creatures.

(B) The frequencies of a certain allele are incompatible to Hardy-Weinburg principle for
an evolving group.

(C) People who take in lots of antibiotics will increase the number of drug-resistant bacteria,
which is the result of artificial solutions.

(D) The theory of use and disuse from Lamke is the basis of Darwin’s evolutionary theory.

AREEALAIROL > MY IR ?
(A) ZEEEHAVEAS SRR AYIEE -
(B) —EIEAEH{LRIERE: » HE—FAERHBRARRIFERERE -
(C) NBREMEAAER » (EeDEavalE i - A AREHREER -
(D) LB T HHERSRI s » 22 B SOHE (LamAY AL -
(106 F£57% 14)

Teacher: Mutation is harmful to organisms, but why does it still benefit the evolution of

organisms?
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Because mutation can make organisms produce genetic variation for natural
selection, so it is still beneficial for the evolution of organisms.

That’s true. Sometimes we take antibiotics when we get sick. If we use it
improperly, it will lead to an increase in the number of drug-resistant bacteria. Is it
a result of natural selection or artificial selection?

Natural selection!

Great! It is the environment with antibiotics selecting drug-resistant bacteria instead
of humans selecting it on purpose, so the result is natural selection but not artificial
selection.

I see. Then why the theory of use and disuse from Lamke in option D cannot be the
basis of Darwin’s evolutionary theory?

Darwin used natural selection to interpret evolutionary theory, which is different
from the viewpoint of considering creatures can obtain sex genetics in nurture in

Lamke’s theory of use and disuse.

REHAEYIRRAE - HRTENAEMNR AR EEE ?

N Ryzesn] DAY e A B HB R LIRS > Pl AR A RN AEYE L
[y -

1238 - APRFIARHEEAZ BT A 2R - AR (E AN E S S TS MR
BRI A RAVERE ?

RiE |
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1y > @R IR RS RE -
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Speciation
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fE(bHYEEIR{E
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RSB R e E A

BF thE BT thE
gametic isolation Fic —F-Pram mating e
ecological isolation Tt PH e habitat isolation 1S EE
sympatric speciation | [EE#EH(E behavioral isolation 17 Rl
autopolyploid EYEEZ = speciation Tk
mechanical isolation | f5i5/ IR EE temporal isolation A3 L P e
zygote &t reproductive isolation LR VE PR
postzygotic barrier G RREYFERE | hybridization FERT
BYRREBEFRETREP 2P EFR%KTF
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57 thiE B¥ thaE
prezygotic barrier EF IR B allopatric speciation E Sy iy
gene flow FRATR allopolyploid FUR S RE
[ o is to . For example, ]
f4)(1) - The mechanism of the prezygotic barrier is to interfere with the chance of mating and
fertilizing. For example, using the differences of habitats among the population to
prevent mating.
BT R HIE RIS PH B B B3z KE AR & - BT DUGREF Ry A= (7
7= 520 1R ATHL
f42) : The mechanism of the postzygotic barrier is to reduce the fertility of offsprings. For
example, the infertility of hybridized offsprings.
BT R RN FEGIE R R AT ST » ISR S -
[ 0 If cannot have gene flow due to , it is called }
f4y(1) = If the individuals in the population cannot have gene flow due to the preference of
habitat, it is called habitat isolation.
JREEEIHVE RS A R R i 2= R SR A48 A BRAOA - T8 R Bt (e -
f42) - If the individuals in the population cannot have gene flow due to the structure, position
or size of the reproductive organs, it is called mechanical isolation.
BT (ERGHS RIAE TE e B VA4S ~ (L BB = R AL AR RSO » 18
Rt -
16 S04 skl
BPRBRAEEFRET R (2P

HE Y 3
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©® Dueto , is formed and gradually

#4] : Due to the long-term lack of gene flow of same creatures in different populations,

reproductive isolation is formed and gradually specialized.

[EAE A= VIR A [E] R R N R R = B NS A FE b a2 e b -

(4] owing to is called

#47(1) + The biological population living in different areas have speciation of reproductive
isolation owing to habitat isolation is called allopatric speciation.
AR AN [E] S Y A VR - DRI PR e 1 e A= A= e st e b - A Ry SR b
#145(2) : The biological population living in the same areas have speciation of reproductive
isolation owing to different ecological conditions is called sympatric speciation.
AT AEE — S Y A VI IRET - DN [EIRY AR Re (R (R 1T A A FE PR A b - T8 (=)
sgAEAL

(5) refers to

f4(1) : Autopolyploid refers to the increasing chromosomes coming from the same type of
plants.
G 2% (5 e fa by IRy AL RS2k E [FITEAE D) -

#4)2) : Allopolyploid refers to the hybridized offspring of different species, which mixes the
chromosomes of two different species.

SR GRS A FYE RS E AR RS T MEAEYEN A TS -

BB AMBERRE TR LFP FFERF
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After completing this section, students should acquire the following concepts:
— ~ B RE T YR AR FE R B A T R -
Students can understand the formation mechanism of reproductive isolation of species.
o~ BRRE TP YIRS ERER SR R

Students can understand the geographical or environmental conditions of species formation.

w BIREERE s
BlE—

siHH ¢ ERAERE T RETYIRERY A AL S PR -
Students can understand the formation of new species involves the mechanism of

i1solation.

How to form a new species is one of the vital issues in the process of researching the evolution
of species. There are many possible reasons for species formation, but which one below is not
included?
(A) the formation of polyploid
(B) reproductive isolation in population
(C) ecological isolation in population
(D) increased gene flow in population
HYREAIT P G 7 s AR R A B B 2 — - WP Rl e RN TR 21 - B
A LS T IE—E ?
(A ZiEaeLRk
(B) REHEIEA A TE R
(C)  JRE* ] e A st H P il
(D) IREFREEEIFAE AN
(93 5% 2)

18 =
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Teacher: Do you know the formation of polyploids? Is it sympatric speciation or allopatric
speciation of plants?

Student: I know! It belongs to sympatric speciation.

Teacher: That’s right. Because polyploid individuals are reproductively isolated from their
original diploid parents, they can generate new species without ecological isolation.

Student: If the gene flow increases in population, it will be harmful to form the isolation
mechanism.

Teacher: Yes, it is also harmful to the formation of new species.

Student: So the formation of new species should involve the isolation mechanism?

Teacher: Sure! Because the chance of reducing gene flow in the population for a long time
will form reproductive isolation, then the species will gradually evolve to different

species.

R URTIRIE 2 (S ARAY T BORAE P)HY (R { B B B 2

B JE | RN

ERN 2 R RS R RG A AS & B R SRR (U A AR TERERE - AT DA SR 2
FE P (E RE S 2 A A |

2R HSIERREREIRIR EEOAE I - e g A FIR BB K -

ERl Y RGO EE L -

B4 0 FrDARTERYE AR VR R PR B

EHN 288 | RIS R REEEAERAOR A & T AR JERRRE - ERE TR LRy
A EVIE -
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Students can understand the relation between chromosomal changes and evolution.

Which of the following descriptions of chromosomes and evolution is true?

(A) Inverted chromosomes make pairing difficult and are not retained by natural selection.
(B) Haploid organisms do not exist in the animalia as a result of natural selection.

(C) Chromosomal deletion is not genetic variation.

(D) Chromosomal polyploidy can lead to sympatric speciation.

(E) Chromosomal changes can be artificially produced.

YIRS BG B R LAYAL > PLEIERE ?
(A) SFAEEURROREEHCHNE - KEAGIILARY -
(B) RIFZHVEERES VAR BRI LY -
(C) etk —E A EEEEA -
(D) HFERBZ AL TSR EEELL -
(BE) ZeERHHNSEM B ARNTAESE -
(105 5457 23)

Teacher: Inverted chromosomes make pairing difficult, then they cannot be retained by
natural selection.

Student: No, they may be retained by natural selection.

Teacher: Then what haploid organisms exist in animalia?

Student: Drones are haploid organisms.

Teacher: Awesome! So do male ants! So natural selection will not make haploids non-
existent in the animalia.

Student: Does the loss of a part of a chromosome refer to genetic variation?

Teacher: Yes, many reasons are causing genetic variation, examples like mutation, genetic
recombination, etc. all contribute to genetic variation.

Student: I see!

Teacher: Then the sympatric speciation caused by chromosomal polyploidy an important
way of animal or plant speciation?

Student: It is a vital mechanism of plant sympatric speciation.
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Teacher: That’s correct. The change of chromosome numbers can be generated by artificial
ways like processing by Colchicine.

Student: I got it! How amazing artificial technology is!
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Species and Classification
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BEF thEE B¥F thiE

mutation Pyl scientific name B
phylogenetic species Y species f

type specimen AR specific name T/ N
typological species T biological species EYtE
taxonomy TR generic name J&
taxonomic species Ty common name B4
morphological species JERERE subspecies GofE
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o is made up of and

#il4) « The scientific name of each species is made up of a generic name and a specific name.

FHEPITEREE R Hh B AL AR NS R -

® The definition of is

#4)(1) = The definition of morphological species is viewing a group of morphologically similar
individuals in appearance as the same species.
T REREIN E Fo /i —BRAE S NEL_E B AR REH(E G 1R s [E] e -

f4)2) : The definition of biological species is a group of organisms that can reproduce with one
another in nature and produce fertile offspring.
YIRERY E R e 1T B AR R RE S O QB A A B AR JERE 1R REY— BB
m

©® Even may due to

f4y(1) : Even the same kind of organisms may have population changes due to differences in
food choices.
RIEE2EEAY) - ] sE R e S AR R L -

f4)(2) - Even the same kind of organisms may have population changes due to geographic

isolation.

R EIREAEY) - AT RE DN e s AR R L -

4 is the subspecies of . There are but not

#4)(1) : Formosan blue magpie is the subspecies of blue magpie. There are certain differences
between subspecies but not reproductive isolation.
BEERR TP REERAY i - sl A —ENERN - BB ETEERE -
#145(2): Formosan black bear is the subspecies of Asian black bear. There are certain differences

between subspecies but not reproductive isolation.
BERAEE TN BAEY ool - s B —ENERY - BB 4EIEEHE -
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[ (5) is the basic unit of . }

(1) = Species is the basic unit of biological classification.
TR R EARERAL -
f4)(2) = Species is the basic unit of biological reproduction.

" EAEYBIEAVEAR AL -

o BEEHE »

EEEARERR - 2AEESLUMS
After completing this section, students should acquire the following concepts:
— ~ BYERE T RRAY) TR ) BRI LS A -
Students can understand the historical development of the concept of biological species.
T~ BARRR TP AR E IR YR E £ -
Students can understand the definition of morphological species and biological species.
- BARE T YRR E R B R e

Students can understand the influence of defining species on the classification of organisms.

[1]

o IEERE s
{5l RE—

SREE © BB E T RETEILIE TR -

Students can understand the definition of breeding and species.

In the process of breeding, crops with different characteristics are often repeatedly hybridized to
produce a large number of mutated offspring, then the offspring with specific characteristics are
selected to breed new strains. According to the description above, which of the following

statements are correct?

24 = 2 Ly pT L S ” = Z N A & o S
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(A) The process of crop hybridization may involve genetic recombination.

(B) The hybridized crops represent that there is no reproductive isolation, so the crops are
definitely the same species.

(C) The new strains bred after hybridization have the opportunity to undergo
polyploidization.

(D) The process of breeding new strains of crops belongs to allopatric speciation.

(E) The traditional process of breeding is similar to natural selection, but it is called

artificial selection because it is humans that choose the characteristics.

BREERET > FRmANEREOEIR BN R - EARERRN T FEEESR
TERHEHI T SRR AL 2 o MRIZLLEREAE - Y IBOMHRLE h 2
(A) TEVRERHBRE TR EERNEMS -
(B) TEVIRILARERS > Fonie A A TEbREE - WE RyEEPIRE -
(C) MK EHAFTmAREMERE S EREAERS -
(D) FEfEL AR EYIHY BRI Bt -
(BE) HENEGBEELRE  EEAREERE  SBRAE -
(109 £457% 30)

Teacher: Why does the process of crop hybridization involve genetic recombination?

Student: Because there are the phenomena of gene exchange and chromosome
recombination in the process of sexual reproduction.

Teacher: That’s right! That is because of the meiosis in sexual reproduction to produce the
phenomenon.

Student: But why do the crops which can hybridize not necessarily belong to the same
species?

Teacher: This is because the definition of biological species can not apply to many plants.
Different plant species having a closer kinship can also naturally hybridize.

Student: I see, so are polyploids also the product of hybridization?

Teacher: Yes, you’re right. If chromosomes do not separate in the process of meiosis, the

multiplied gametic chromosome number gives the chance of producing polyploids.

Student: I understand. The sexual reproduction of plants is really interesting!
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Teacher:

Student:

Teacher:

- -
B
- -
B

R

B

Eh

B4

R

B4

EH

Let me ask you the last question. If there is no geographical isolation in the process
of breeding new species of crop, which kind of speciation does it refer to?
Because there is no geographical isolation, it is sympatric speciation.

Awesome! It seems you understand breeding and the definition of species.

FEAEPIRESC AR Ry ] S 2D BRI B 4 2

WHEAMEATERERES > FHEARNGH# - ZLEOReHR [ EHAVRS -

2 | WRAMEATES ETREBY R EAEERE: -

AR FHEAEYI AT LIRS - Al — 2 B EIAE N 2
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Students can understand the basic hierarchy of bio taxonomy as well as the concept of

biological species and morphological species.

Which of the following concepts related to species and phylogenetic trees is correct?

(A) Testing two groups of samples, if they can mate and produce offspring, they belong to the
same species.

(B) Mayr took the similarity of morphology as the standard to propose the concept of biological
species.

(C) The concept of biological species is also quite suitable to be applied to the bacteria kingdom.

(D) Species is the basic hierarchy located below the genus in the system of bio taxonomy.

NHE BRI B A e A RS o AT A 7
(A) AR GRE R A - 35 A RBCE AT REVE iR [FP7E -
(B) #R (Mayr) DUPRE EZARDIME R2tE > SR AEVIRERIRES -
(C) AR E A M HE E & -
(D) VER D EASKFANE L TH—EEAIERE -
(105 454 5)

Teacher: When testing whether the two groups of samples belong to the same species, in
addition to being able to mate and produce offspring, what kind of ability should
the offspring possess?

Student: The offspring of two groups should possess the ability of reproduction to prove they
are the same species.

Teacher: That’s right. Then using the similarity of morphology as the reference of the same
species belongs to morphological species. What is the definition of biological
species?

Student: The definition of biological species should be that the organisms in the same species
can mutually mate and produce offspring that possess the ability to reproduce.

Teacher: Awesome! So the definition of biological species cannot be applied to the bacteria

kingdom, which lacks the ability for sexual reproduction.
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Student:

Teacher:

Student:

i -

B

1 -
B
-

B

R

I see, so species are at the bottom of the classification of bio taxonomy, which lies
under the hierarchy of genus?

Correct! The basic hierarchy of bio taxonomy following the order from high to low
is kingdom, phylum, class, order, family, genus, and species.

Got it. I’ve written down the hierarchy of bio taxonomy.

FEMF I RE A B YRR - B T e selicE (U A rRFTEA
H1EERE S IE ?

WRE AT E AT RFEALERET] - AEHREYIH -

23t > AU REAR DI E R R A I IR 2 B I RERE - AR E 5
fa] ?

AR E Fe e e R AE Y AT AR B A B AR B A FEAE DAY 1K -
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Organisms and the Environment
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2-1 ERBHHEER
Levels of Research in Ecology

ARREREEYIZ M - DU AR 2 R 8 - EPINEEE T ICE YRS
B R @R AR R o BRI AG - REE ~ BEEE - AR A AYRL.EFE > BEM - 5L
JE T FEAH SR - FEEIREEE T M B 2R IS A e -

FEA/NES > AT — R RIB LA R AERRER AR - #E b A RREEAH R B K Ay Ry ER
B TR TR EE AR  FOUREOTE DU EMTO A E2 8 R —(E Ry

i

BEF thiE B¥F th3
ecology ERRER biosphere W)
individual {EES autoecology {EHE A= HEEE
population JERE population ecology WEREA-REES
coenosium / community | A5 coenology PEEEAREEE
ecosystem B
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[c

adapt to the environment through . ]

BIe -

The study of ecology primarily investigates how organisms adapt to the environment

through physiological processes and behaviors.

A REER F PR A VA A B AR A B B R AT Ry DUB RS -

can be categorized into ]

G

In the field of ecology, research can be categorized into the following levels:
individual, population, community, ecosystem, and biosphere.

A RBEEHFERIE b - "]y B DU T UIZEfad - o nl (RS ~ RRE ~ BEEE ~ A&
AR -

develop the behavior of to adapt to . ]

Bilsy -

Some birds have developed the behavior of seasonal migration to adapt to the seasonal

changes in their environment and the food resources necessary for survival.

Hh oy B R AT Ry - DUBIEE AR e TR R E ) -

be closely related to . ]

: Ecological research is closely related to the theory of evolution.

A AR e (L G RS AHRE -

Without . could not . ]

iy -

31

Without the Earth’s environment or support from other organisms, living things could not

survive on Earth.
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[ (6] not only but also . }

4] - The concept of the biosphere is not only the broadest research level in ecology but also
the largest scope of life known to humanity.
EVERI A REERR R R EAITITES - 2 HAl ABIER A R8I
R HE[E] -

o BEHE »

EEEARERR - 2AEESLUMS
After completing this section, students should acquire the following concepts:
— ~ B TR RRERVIR ST B AR -

Students understand the levels of research in ecology.

o IEERE s
5l RE—

SHH ¢ BRARRE TR RRERHUR S AR, o

Students can understand the levels of research in ecology.

A researcher studied a specific type of fiddler crab in an estuary wetland, and recorded the annual
population changes of this crab in a particular area. Which level of ecology was studied?

(A) Individual (B) Population

(C) Community (D) Ecosystem.

S ERETE UEH PR © S e A S — TR -
PP FEA 2A A S c — FT R 2

(A) M8 OF =

(C) BE4E (D) f:AE%
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Teacher: What is the researcher studying in the estuary wetland in this question?

Student: The population changes of a certain type of fiddler crab.

Teacher: Right, the research is recording the annual population of that fiddler crab in a specific
area. Which level of ecology does this belong to?

Student: Is it the individual level?

Teacher: No, the individual level involves studying a single organism. The researcher in this
question is studying the population of the entire species in the same area. What level
should that be?

Student: Is it the population level?

Teacher: Exactly. Next, let’s look at communities and ecosystems. What does a community
mean?

Student: It means the collection of two or more species in the same area.

Teacher: Correct! And an ecosystem includes the community and the environment.

EHN 0 [FERF - SRR H YRR A g b TR ?

BA4 0 HiEEEESL -

EHL B MECSRERIEE T > ZHWESFENEE - BB AR R EE
RUE 2

B4 ZEREER 7

R AR - (EREER R E A - EE VR 5T EME I N R R
HNEE  EEZETTEERE ?

B4 BIEEERS 2

EAC TIPS i
BN R MR EEEHENEE L ERHERTEREEE ?

B4 ZiEFE—EsEiiE bl YRR S

STl
MAERE AR B AZRF N FERIEE -
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Students can understand the relationships between the different research levels in ecology.

Please arrange the following ecological research levels from smallest to largest:
(@) population (b) individual (c) ecosystem (d) community

(A) cdab (B) cadb

(C) badc (D) adbc

SRF N A RRERII ST AR /NIRRT K
(IFEEE O)ERE ()4REAR (DEFE

(A) cdab (B) cadb
(C) badc (D) adbc

Teacher: This question discusses the levels of research in ecology. What is an individual?

Student: An individual refers to a single organism.

Teacher: Correct, and is the individual the smallest level that can be researched?

Student: Yes.

Teacher: What’s the next level?

Student: It should be population!

Teacher: Right, and what is a population?

Student: A population includes all individuals of a specific species within a certain time and
area.

Teacher: Exactly. What’s the next level after population?

Student: It’s community.

Teacher: Yes. A community includes the populations of different species within an area.
And finally, what does an ecosystem include?

Student: An ecosystem refers to the environment and all the organisms within it.

Teacher: Correct.
So, how should we arrange these levels from smallest to largest?

Student: Individual, population, community, ecosystem.

Teacher: Exactly! So, which option is correct?

Student: Option (C) badc.

4 > 2 2l A b 2 > 2 =~ 2 a2 & .
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Population
\

TREE R A RRERT T T — (BT FE S &) > TR — (& A R B R L Ae TR E AR
TEELAS © FEAVINETT > IR M 4E R 2R L BFEREE A ~ plfh 4R ~ fimihar
DUk SFlliedltm s - W] 5 e N 2 PR F N RA 8 - Ktk et BRI E
TP AR R B TERT -

EF thiE B¥F P
population R birth HA
habitat =3 iA death JET
area [HITE immigration BA
volume R emigration BH
population density GRS clumped distribution B
population growth BRI random distribution Et& AT
carrying capacity =NGil=N uniform distribution H AR
survival curve 17 ERE 4R pre-reproductive ETERTHA
age structure RS reproductive period A TEHA

36

gk

PR RGBEEHE TR AR EERRY



-
T ERT R KT P 0 I EEREFT Y

exponential population curve/
J RIBERR post-reproductive | “EFE % HH
J-shaped growth form

logistic population curve/

S BURERY

S-shaped growth form

[ O the larger the , the larger the ]

4 - The size of a population is usually related to the size of its habitat; the larger the habitat,

the larger the population.

TEREFOR /N o LA R VA T RO ~ TERE— Rt ok -

[ (2] is/are influenced by . }

4 - Changes in population size are influenced by the birth, death, immigration, and emigration

of individuals, as well as environmental variations.
R/ NEEZE A ~ JEC ~ BAHEHBHNEE IS S g5
KN o

[ © is/are helpful for . }

4 - Understanding changes in population size is helpful for predicting and managing the

quantity of organisms.

TRIGRER/NEE - AR TEREVE A EE -

[ O the fewer , the lower . ]

4y - If the habitat size remains constant, the fewer individuals there are in the population, the

37

lower the population density.
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[ (5] change(s) over time . }

ffl5) : Population size changes over time, and the graph representing this change is called a

population growth curve.

TREE A NG B R b - R bR AV EE - T8 R REE R Rt 4R -

o BEHE »

EEEARERR - 2AEESLUMS

After completing this section, students should acquire the following concepts:

— SR T AR R D ERREE R R ER - REEE SRR - R
SEREHTESR
Students understand and explain the characteristics of a population, including the definition
of population density, the implications of population survival curves, and the significance
of population age structure.

T B TR R A & =R AR o REE A A A [F] PR B I AR
Students understand the three basic patterns of population survival curves and how

populations adapt to current conditions at different stages.
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Students can understand the significance of population density, age structure, and
survival curves.

Which of the following statements about populations and their age structures is correct?

(A) Population density refers to the number of individuals per unit area, per unit time.

(B) The age structure of a population cannot be used to infer overall trends in the population.

(C) If the human age structure is pyramid-shaped, it indicates that the birth rate of the
population is higher than the death rate.

(D) According to the survival curve, humans have a high mortality rate from infancy through

youth to middle age, with the mortality rate gradually decreasing after middle age.

NHE RIIEE S A &y R - o[ e ?
(A) JREFEAEZAEHALER - BAR RN EREE -
(B) HIEBEFERAYAERE A s S IR (B R R LRSS -
(C) ANFEREHEESTREE  AIRTEHHERSRIETER -
(D) IRALEAFHIR - AL ~ FE ~ FITFIREETRRE - e FHLIRIE
CRAPR (R -
(94 FFEEHIH R 13)

Teacher: Let’s look at this question about population characteristics. To start, what features
come to mind when we think about population characteristics?

Student: The size, age structure, survival curves, and growth curves of the population!

Teacher: Wow! You answered quickly and accurately! First the size of the population was
mentioned. What concept can represent this?

Student: Population density.

Teacher: Good. So, what’s the definition of population density?

Student: It’s the number of individuals in a unit of space.

Teacher: Right! So, option (A)’s definition of population density is incorrect. It should be

changed from "per unit area, per unit time" to "within a unit of space." Next, we see

options (B) and (C) both mention age structure. What does age structure refer to?
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Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Age structure refers to the distribution of individuals in a population across different
age groups.

Very good! More precisely, it’s the “proportion” of individuals in each age group
within the population. We can then plot the “number of individuals” and “gender”
by their proportion. Can the age structure of a population be used to infer overall
trends in the population, as mentioned in (B)?

Yes, because we can know the proportion of individuals in pre-reproductive,
reproductive, and post-reproductive stages, and thus predict the future development
of the population. For example, if a population has fewer individuals in the pre-
reproductive stage than in the post-reproductive stage, the future birth rate will be
lower than the death rate. Therefore, we can predict that the overall population size
will decrease.

You’ve explained it very well. So, to which of the age structure types does this
example belong?

The declining type!

Very good! Moving on to option (C), if the human age structure is pyramid-shaped,
it indicates that the birth rate of the population is higher than the death rate, right?
That’s correct!

Right, then let’s test you further, which of the three types does the pyramid-shaped
age structure belong to?

The expanding type!

Good job! Finally, we come to option (D), which mentions the survival curve. What
are the three basic patterns in survival curves?

The Type I survival curve (convex), the Type II survival curve (diagonal), and the
Type III survival curve (concave).

Well done! What’s the significance of the survival curve?

The horizontal axis is the percentage by age, and the vertical axis is the number of
survivors per thousand individuals. The survival curve represents the survival and
adaptation conditions of the population at each stage.

So, which type of survival curve do humans belong to, according to (D)?

BB AMBERRE TR LFP FFERF
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Student:

Teacher:

Eh

ERi

It should be the Type I survival curve (convex) because humans protect their young,
and both juveniles and middle-aged individuals have relatively high survival rates,
while the elderly have higher mortality rates.

Exactly, so option (D) “Humans have a high mortality rate from infancy through
youth to middle age” should be changed to “low,” and “the mortality rate gradually

decreases after middle age” should be “gradually increases after middle age.”

[RIER > AP —RECE B R A R R R R H RO
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Students can understand the significance and types of population survival curves.

Table 1 shows averages from the results of multiple surveys conducted by an ecologist over three
years on the population numbers of four species within an ecosystem. Based on the data from
Table 1, answer the following questions.

Table 1. The number of members in an ecosystem.

Individ
quantity “\dual juvenile | sub-adult adult  [senioradult
species
a 700 680 600 95 A
b 350 280 220 190 B
C 30 14 13 12
d 0 70 30 0
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1. Which of the survival curves A, B, or C does the population survival curve of elephants
most closely approximate? (2 points) Answer: A

2. What do the X-axis and Y-axis represent in the population survival curves shown above?
Among the curves A, B, and C, which one represents the population survival curve for
species “a” from Table 1? (3 points) Answer: The X-axis represents the percentage of
the population by age, and the Y-axis represents the number of survivors per thousand
individuals; A.

% 1 R RS E AR R B S I E YRR TS R E T TR R -
% 1 ZoRHEE FYIRTE -

21 —AAEAKRANE
(g
5 g B | THRvES | AR MM | EnuEm
i A
EH 700 680 600 95
Z 350 280 220 190 B
Z5] 30 14 13 12
T 0 70 30 l 0
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2.  hEGRE ARG X @k Y @& &2 A~ B~ C fthéid - (& HFE 1 FYfE
AIGREFAEFINER 7 (3 70) BE + X MPRFRESEL - ¥ MR e T EEREE
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Teacher: What can we learn about population characteristics by plotting the survival status
of different age stages within a population?

Student: The population’s survival curve.

Teacher: Excellent. We know that survival curves can generally be divided into three
patterns. What are these three types, and how do they correspond to the population
survival curves A, B, and C in the figure above?

Student: The Type I survival curve corresponds to curve A, Type II to curve B, and Type III

to curve C.
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Teacher:

Student:

Teacher:

Student:

Teacher:

Student:
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Correct. So, which of the curves A, B, or C does the elephant population’s survival
curve most closely resemble? Why?

Curve A, because the Type I survival curve indicates that juveniles and middle-aged
individuals have relatively high survival rates, while the elderly have decreasing
survival rates and increasing mortality. Elephants, as mammals, provide
comprehensive care and protection for their young, fitting the Type I survival curve.
Very good! Now, what do the X and Y axes represent in the population survival
curve chart?

The X-axis represents the percentage of the population by age, and the Y-axis
represents the number of survivors per thousand individuals in the population.
Very good! This allows us to compare the survival status of different life stages
among populations, which is the significance of the survival curve chart. Next,
which of the curves A, B, or C is most likely the population survival curve for
species “a” from Table 1? Why?

Curve A, because based on Table 1, we can deduce that this species has a higher
survival rate from the juvenile and sub-adults stages to the adult stage. There is a
significant decline in survival rate only in old age, which matches population

survival curve A.
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symbiosis A climax community TR AH (BRI ) EEEE
succession D= primary succession WIARERS
secondary succession REREE pioneer species Sl et
46 BN AR EFRETRLN AFP FERR




-
T ERT R KT P 0 I EEREFT Y

change with . }

HGR

The composition of species and the spatial structure of a community will change with

the external environment.

BRIV R ZE M S e I S MR L -

conditions require . ]

BIe -

A species’ ecological niche includes both the physical and environmental conditions it

requires and the interactions it has with other species
— B AL R (i ELAE HL AT AR VB RIER L (R 1 > DU LA 2 A AH A
fEH -

compete for . }

: Woodpeckers and squirrels frequently compete for nesting sites in the same holes in trees.

A S MR B S A [R] — A o B B B R

share with . ]

i -

Ecological niche overlap describes the situation in which co-occurring species share parts

of their niche with each other.
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be distinguished from . }
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47

Primary succession is distinguished from secondary succession, which is the succession

after a disturbance.
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[ (6] establish oneself . }

4] : Pioneer species are the first plants or organisms to establish themselves in an area during

the early stages of ecological succession.
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After completing this section, students should acquire the following concepts:
— ~ B TR Y A RIS L YRR
Students understand the significance of ecological niches of species within a community.
T BB TR ERAS IR I A BRI B U R ARAE - DU EREP A -
Students comprehend the process of how community structures evolve over time and with

environmental changes, as well as the definition and forms of succession.
w BIEERE o8
plE—

stH ¢ BERE TR HYIEAE

Students can understand the process of succession.

Figure 14 shows the development of ground vegetation over time after a forest fire in an isolated
area. Which of the following statements about the succession of this area are correct? (Choose
3)

year

Commu-
nity

48
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(A) The species richness of community A is lower than community C.

(B) The degree of competition between species is smaller for community B is compared
to community D.

(C) The community transition process is faster after a forest fire than after a volcanic
eruption.

(D) If community D reaches a climax state, its species composition will no longer change.

(E) The appearance of vegetation formed by the community’s succession process IS

discontinuous.
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Teacher: Based on the description, can we determine if the rise and fall process of this area
is a primary or secondary succession?

Student: It’s secondary succession, because the area is undergoing re-succession after being
destroyed by a forest fire, while still retaining soil, humus, and plant propagules.

Teacher: Great! Now, looking at option (A), which community, A or B, has greater species

richness?

49 = LA N =l J - S - = W 3 R X < > =
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Student: Community B, because the initial pioneer community is in an unstable environment.
Pioneer species are usually small, have short life histories, and are fewer in number.
As time passes and the environment stabilizes, more dominant species replace the
original ones. Therefore, the species richness of community B would be greater than
that of community A.

Teacher: Correct. Then for option (B), in terms of the degree of competition, which is greater,
community B or community D?

Student: Perhaps community D?

Teacher: Why is that?

Student: Because community D has higher biodiversity! So, there is a greater degree of
competition in terms of the number and types of species.

Teacher: Right! The B community is still in a transitional phase of succession with fewer
types of species and less competition. Next, in terms of the process of community
transition, is it faster or slower after a fire than after a volcanic eruption?

Student: It’s faster after a fire! Because after a forest fire, soil, a large amount of humus, and
plant propagules in the soil are still preserved. On the other hand, a volcanic
eruption leaves behind lava, and bare rocks, and covers the land with volcanic ash,
lacking soil nutrients.

Teacher: Exactly, it’s because secondary succession occurs after a forest fire, so the rate is
faster. Primary succession occurs after a volcanic eruption, so the rate of succession
is slower. Looking at option (D), if community D reaches a climax state, will its
species composition remain the same?

Student: No, the species composition might still change. It is just that the degree of change
tends to be less noticeable.

Teacher: Correct! Lastly, for option (E), is the appearance of vegetation formed by the
community’s succession process discontinuous?

Student: No, succession is a continuous evolutionary process.
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Students can understand the interactions between species with similar ecological niches.

In the same pond, two species of freshwater snails from the same genus have coexisted for a long
time, with similar but not identical ecological niches. Which of the following inferences are
correct?

(A) Closely related species utilize similar resources.

(B) The resources in the pond are available indefinitely for their use over the long term.
(C) There is competition between the two species of freshwater snails.

(D) Ecological niches are unrelated to the utilization of living resources.

(E) There is a symbiotic relationship between the two species of freshwater snails.
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Teacher: What is the main point of this question?

Student: The two species of freshwater snails are closely related and have similar ecological
niches.

Teacher: Right, let’s first review the definition of an ecological niche.

Student: An ecological niche is the position a species occupies in an ecosystem, the role it
plays, and its function.

Teacher: In the same ecosystem, if two organisms have similar demands for resources or
ecological adaptation ranges, what is it called?

Student: Ecological location overlap!

Teacher: Very good! Now, let’s look at statement (A) which states that closely related species

use similar resources. Is this inference correct?

Student: Yes, it’s correct because these two species of freshwater snails are closely related
and have similar ecological niches. So, it can be inferred that closely related species
will use similar resources.

Teacher: Right. Next, (B) the pond’s resources are supplied indefinitely for their use. Is this
inference correct?

Student: Incorrect! The natural resources of the pond are finite.

Teacher: Right. Do the two species of freshwater snails have a competitive or symbiotic
relationship as mentioned in (C) and (E)?

Student: (C) There is a competitive relationship between the two species of freshwater snails
because the resources in the pond are limited, and these two species have similar

ecological niches, meaning they must compete for limited resources. Hence, they

are in competition.
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Teacher: Very good! Finally, statement (D) states that ecological niches are unrelated to the
utilization of living resources. Is this inference correct?
Student: No, ecological niches also represent how species utilize resources in the ecosystem,

so ecological niches and the utilization of living resources are inseparable.

LR BRI FEEHPTAEAY R (1 ?

B4 0 RGRE AT ARG A ARDLHY SR ZKER

Zhl ek > WPVAREE — NEREMAVER R ?

B4 AREE - EVEEERRT A AL E  PrER ER AT - BARYIIEE

Ehl AR AR E R YRR R K e R AR MG E AT - T R (T
5

240 ERREIEE

ERN  IEE | AR 2R H ARSIl AR G R R PIRELE R DY &R - 25

A (EHEELA 2
B2 o IEWE > R FRyiE MM KIZEI4% R (R ~ AR ENAEZT - o] DAHESmR G BT )
fe (i A E R

RN %8R > PEEB)MEAEIR IR A ET MR - HesmS A e ?

B4 0 gEE | By B AE R TERIREY -

ZHT 988 FIK(OEUE)2 TER/KIE > AR B0 AR BAIE 2

B2 (02 FERUKIRZ MfF A B (RS IEHERY > NRERIR AR - s MK
SRAYAERRE L AHAT - BRE IO FAIRIVE IR - NG Ris 8 (4 -

Eh  JFEY | mEREFIEHDO) AR A4S BRI ER o o S ©

B4 0 ghS - ARE SR TSN ERATERANAFER - NittA R4
R AR 5y o

BOONAABEFRETRLN AFP EFRR S



fo}’eolf; e 2 e Jhe— ( A ) A - e .
OV g T 2 R P 0e HIFEEREFLY <

2-4 HERE%

| Ecosystems
\
FR & BAEEYEREEEAFRR BT ARIRR - 8 a1 > WP 7 ERE

Y2 A fE BT R AP Y - R ARV ERIEE - FR > Mt EmEy)
HEHEEVINZR Z A IER > AT B RE BRVRENMIVIE HITEER -

ISR RRATEEY R « BRI DUGRERE S B2 A it B A
REAR TR B F IR, -

BEF thiE B¥F thiE
ecosystem EREZ biological factor VIR
environmental factor REBERT producer EEH
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have an impact on . ]

Q)

: The destruction of forests can have a devastating impact on the ecosystem, affecting

various species and disrupting the balance of nature.
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identified as . ]

G

The biologist studied the river ecosystem and identified the presence of pollutants as a
significant biological factor influencing the decline in the population of fish.
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play a crucial role in . ]

]

: Nutrient cycles, such as carbon and nitrogen cycles, play a crucial role in maintaining the

balance of essential elements in the ecosystem, ensuring the sustainability of life processes
for various organisms.
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The grass in the meadow serves as a producer, capturing sunlight and converting it into
energy through photosynthesis, while the rabbits that feed on the grass act as consumers,
relying on the energy stored in the plants for their own growth and survival.
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[ (5) from to . ]

fil4) : Energy flows from the sun to plants, then to animals as they eat the plants. This energy

transfer sustains life in the ecosystem.
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After completing this section, students should acquire the following concepts:
— B4 T AR EEISE
Students understand the trophic levels in an ecosystem.
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Students understand the energy flow and element cycles in an ecosystem.
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Students can understand the energy flow and material cycles in an ecosystem.

Which of the following statements regarding energy flow and material cycling in ecosystems are

correct?

(A) The length of a food chain is limited by the efficiency of energy conversion between
trophic levels.

(B) The number of organisms within an ecosystem generally decreases as the trophic level rises.

(C) Generally, oxygen content is higher downstream in rivers as compared to upstream.

(D) Bacteria and fungi are the primary organisms connecting the world of organic life and
the world of inorganic material.

(E) The rapid consumption of carbon fixed by ancient organisms is a major reason for the
current increase of carbon dioxide concentration in the atmosphere.
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Teacher: Are the lengths of food chains limited by the efficiency of energy transfer between
trophic levels?

Student: Yes, because when energy flows to higher trophic levels, most of the energy will be
lost. Thus, energy in the trophic levels usually only reaches the fourth or fifth level
before becoming negligible, limiting the length of the food chain.

Teacher: Excellent! Now, does the number of organisms in an ecosystem always decrease
with rising trophic levels, as stated in (B)?

Student: No, only energy decreases with rising trophic levels, but the number of organisms
doesn’t necessarily decrease. For example, a single tree can support a large number
of insects.

Teacher: Well done. Is it generally true that the oxygen content downstream is higher than
the oxygen content upstream in rivers, as mentioned in (C)?

Student: No, upstream rivers have more rocks, greater elevation differences, and faster and
stronger currents, hence higher oxygen content. Downstream areas have slower
flow and less turbulence, resulting in lower oxygen content.

Teacher: Correct! And is statement (D), which states that bacteria and fungi are the main
organisms connecting the organic world and the inorganic world accurate?

Student: Yes, bacteria and fungi often act as decomposers in ecosystems, thus serving as
bridges between the inorganic world and the organic world.

Teacher: Right, can you give an example?

Student: Decomposers like bacteria and fungi can transform organic materials from dead
organisms and excrement into inorganic substances through decomposition.

Nitrogen-fixing bacteria, cyanobacteria, and others can fix atmospheric nitrogen

into organic compounds like ammonia.

7 Y 4 2k T LN T 4 R s o4l T aeim g 2
> BYORRAREFRET RPN AFP BERKTF



RIS
oy

58

D ORTIEERT A EERT P

Teacher:

Student:
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Very good! Finally, is the rapid consumption of carbon fixed by ancient organisms
the main reason for the increase in atmospheric CO; levels today, as mentioned in
(E)?

Yes, because consuming carbon fixed by ancient organisms, such as coal, oil, and
natural gas, releases ancient CO; back into the current atmosphere, thereby

increasing the atmospheric CO> concentration.
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Students can understand the energy pyramid and analyze the biological interactions

within a food web.

Food webs explore the relationships between trophic levels of organisms and also present
interactions among species. Based on the food web relationship shown in Figure 7, which of the

following statements are correct?

Striated
Heron

Taiwan \
|Cherry Salmon l | Goby ]
Dead Branches
and Leaves

Figure 7

(A) If an energy pyramid is drawn based on this food web structure, the proportion
occupied by the Striated Heron tier would be the lowest.

(B) Both the Cherry Salmon and the Goby prey on aquatic insects and may be in
competition in terms of their diet.

(C) Since Goby prey on aquatic insects, this can reduce the grazing rate on algae. Therefore,
Goby and algae have a commensal symbiotic relationship.

(D) Removing the Striated Heron could lead to an increase in Cherry Salmon, Goby, and
Taiwan Shoveljaw Carp. With aquatic insects being heavily preyed upon, this
significantly changes the entire community structure, making the Striated Heron a
keystone species in this community.

(E) The population dynamics of Taiwan Shoveljaw Carp are mainly dependent on annual

fluctuations of aquatic insects.
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Teacher: In this question, we explore the trophic levels of various organisms in a food web.
First, can someone tell me which organism is at the first trophic level?

Student: Algae, dead branches, and leaves.

Teacher: Correct. What role do they play?

Student: Producers.

Teacher: Good, then what organisms feed on these producers? What trophic level are they at,
and what role do they play?

Student: Aquatic insects; they are at the second trophic level as primary consumers.

Teacher: Very good, which organisms are at the second or higher trophic levels? And which
is at the highest trophic level?

Student: Organisms above the second trophic level include Taiwan Shoveljaw Carp, Cherry

Salmon, Goby, and Striated Heron. The Striated Heron is at the highest trophic level.
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Teacher: Now, looking at option (A), “If an energy pyramid is drawn based on this food web
structure, the Striated Heron tier would be the lowest.” Do you remember what an
energy pyramid is?

Student: The energy values transmitted across different trophic levels, displayed in a pyramid
shape that diminishes upwards.

Teacher: Excellent! More energy is lost at the top of the pyramid. So, which organism would
have the lowest energy proportion?

Student: The organism at the highest trophic level, which is the Striated Heron.

Teacher: Next, looking at option (B), Cherry Salmon and Goby both prey on aquatic insects.
What kind of relationship might these two have in terms of diet?

Student: A competitive relationship.

Teacher: Right, option (C) states “Since Goby prey on aquatic insects, this can reduce the
grazing rate on algae. Therefore, Goby and algae have a commensal symbiotic
relationship.” Is this statement correct?

Student: No, commensalism involves two organisms living together, which is not the
relationship between Goby and algae.

Teacher: Correct! Then, what is a keystone species, as mentioned in option (D)?

Student: In a food chain or ecosystem, removing this keystone species would affect the
survival and diversity of other species in the community, causing imbalance in the
ecosystem. Thus, keystone species play a crucial role in stabilizing ecosystems and
maintaining community structure.

Teacher: Well explained. Keystone species also have the characteristic of “having a
significant impact on the community biology in the ecosystem they inhabit, but their
relative biomass is very small.” They determine the variety and number of species
in the community. So, is the Striated Heron considered a key species in this
community, as mentioned in option (D)?

Student: Yes!

Teacher: Well done, finally, option (E) states “The population dynamics of Taiwan Shoveljaw
Carp are mainly determined by annual fluctuations of aquatic insects." Is this
statement correct?

Student: It’s not quite correct, as we can’t determine if Taiwan Shoveljaw Carp have aquatic

insects or algae as their main diet.
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Biodiversity

BT FALEREAR SR AV R T
EOVE Al E TN A N Pl

TAEVIZEENE ) R R ERER S R A (Walter G. Rosen){E 1980 £E4EH] - HHAVFER T
FEE R 2B B 8 R HL R I R TR - BB RREGE - R (R A HER B A TRAY
B - UESURERIIES: - RS EME T EESRN: - SR ARSI
—(EE e s BE R T IRAESRRERTRNER > SR E AR I K oA > A ] DR A
TRRE P EESTAT > EIERRE ARV E R B IRRIES A H E AT R
ER O SGETmERIRR BN - RIRRERIRIIRES 1 TE) - SRR EH S -

we VFFXEFREFATY <

FOOpRAREERE TR AP FAEERTE



-
FREs T 2 gy & we IFFCEFEEFTY

3-1 EYztitm=(EEm
The Three Aspects of Biodiversity

\

RELE T AV RN =g - BREEESRN - VRS R ERASEN - |
INER——/4E > TE(ERE - BERAN RIS FERVEHEE BT E R - BBILUE BN T -
BESARNE ER SN - EEAERSHERG PRV NEH - B FAVEEN -
MR A EAYMIR - SRR - DInE A EREREEAL - VRSB
"YRESE ) R TS A R RAER A SRR R RO - BRI
FERE - 1B - HUEEIREE - Bt B LRSI AR ENE - &k > RSN EEEEE
FRAEPERG R BN Z PRIV S B E - R AR IN T HAE & -

E¥F thiE B¥F thiE
extinction D RAE disturbance BE)
individual {E A genetic drift FEEESE
inbreeding FHACHC polymorphism BRI
habitat heterogeneity e EE genetic diversity BN
community eSS species Yk
intermediate  disturbance o o .
hypothesis (IDH) SR EEGR species richness YitES =
speciation b species diversity Vit 2%
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ecosystem diversity EREASIEN species evenness Yt AT
biodiversity LV
[ o is an example of . ]
#4)(1) : The various breeds of dogs is an example of genetic diversity.
YA B 2 18 2 AR A i+ -
5] (2) = A stable food chain is an example of species diversity.
RIEN BEYIEEYIE SR T -
[ ® There are , including , , and . J
#4)(1) : There are three aspects of biodiversity, including genetic diversity, species diversity,
and ecosystem diversity.
LV SRR SN - VISR - DU ERE R AR M = 1 -
#14)(2) : There are four factors affecting species diversity in an area, including area size,
environmental complexity, disturbance, and geographical isolation.
s B —(EtEYES R A UERE - GEEEA - IREHEAEE - B8 ROt
Presie -
[ © , also known as (aka) , is . ]
#l4](1) + Genetic diversity, also known as (aka) "gene diversity", is the genetic variability among
individuals in a population.
BRI AR R T AR ) SRR R RS B A HE R
#l4](2) : Species diversity, also known as (aka) "taxonomic diversity", is mainly talking about
the diversity of different biological groups.
VITE AR SRRy T 2R ) RSN BV RIS g iy SRR -
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[ 4] is influenced by and . }

#4)(1) © Genetic diversity is influenced by the age structure and sex ratio of the population.
BAHS M2 BRI R S T B A L B2 2 -

#14)(2) © The distribution of terrestrial ecosystems is influenced by climate, distance to the sea,
altitude, and other factors.
I A RE R A 2 FIRAE ~ BEVEIEAT TS AR R 2 -

(5] may result in
can lead to

#4A)(1) « Artificial breeding may result in loss of genetic diversity.
AN B A gE SR SRR MERUE -
#4)(2) : Anthropogenic environmental impacts can lead to habitat fragmentation.

N R R e B B Tk
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After completing this section, students should acquire the following concepts:

— ~ Bl =AY SR CEE SN - WIS R - ARSI -
Be able to differentiate three kinds of biodiversity (genetic diversity, species diversity,
ecosystem diversity).

=~ B TR R Fg A T s B RAE R -

Be able to understand the results of interactions between different aspects of biodiversity.
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Students can identify the aspects of biodiversity in different life examples.

“Biodiversity” includes ‘genetic diversity’,

‘species diversity’, and ‘ecosystem diversity’.

Below are the matchings of descriptions and aspects of biodiversity, which are correct? (choose

two options)

Options | Descriptions of biodiversity Aspects
(A) | There are monkeys in forests; tropical fish in coral reef areas. | genetic diversity
(B) | The residents of New York City are white, black and beige. | species diversity
(C) | There are Trilobate Wedelia with yellow blossoms and roses | ecosystem diversity
with red blossoms on campus.
(D) | Some of the classmates are single-eyelid, the others are | genetic diversity
double-eyelid.
(E) There are black mangroves, kandelias, mudskippers, and | species diversity
fiddler crabs in mangrove areas.
TAEYISERYE ) BREA T EESERNE T SRR M T AR RSN =EER 0 T
B LA 2 B oA R O il fe HL B R ot DRSS THIERE 7 (JEBE—IH)
BIH | VSRR R J&R
(A) kbR T - AR A R A - EESERE
(B) AmHIERAE A - BAMEEA - VItE B
(©) RE A G ECHYEAHR  MIEBISLICAVESE - ARSI
(D) It EFESY - FARERK - EARSIRK - BESHEGE
(E) AT EA BN « KEF - ERATNEE - mREZ
(98 FEYIES 48)
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Teacher: Class, what are the three aspects of biodiversity?

Student: Genetic diversity, species diversity, and ecosystem diversity.

Teacher: That’s right. Then according to option (A), what aspect of biodiversity does this
option describe?

Student: Different species exist in different areas, which represent that different species will
live in different environments, and it is called ecosystem diversity, so genetic
diversity in the option is wrong.

Teacher: Very good! And how about option (B)?

Student: The description focuses on the same region. It emphasizes the differences of the
same species— humans. For example, if describing white and black, it should be
genetic diversity, so species diversity in the option is wrong.

Teacher: Correct! What about option (C)?

Student: Different environment is not mentioned in the option. The description is about there
should be different colors among different flowers instead, so ecosystem diversity
in the option is wrong.

Teacher: Exactly! How about option (D)?

Student: The same species— humans will have different phenotypes because of genetic
diversity. For example, single-eyelid and double-eyelid, so it is genetic diversity, the
option is correct.

Teacher: Right! How about option (E)?

Student: There are different species (black mangroves, kandelias, mudskippers, and fiddler
crabs) appear in the same environment (mangrove areas), so it refers to species

diversity, the option is correct.

AT R FEEEY A a R = (E g

B EESEN - ESERMEL R ERRRSEN -

Ehl : Jgeh | AUESEERIA(A) > S [FE SRS E (EE IR AR I (T R Y £ 2 ik
PE?

B4 0 FEAERESR T EEA RN - TR ERYIRE G A A FREREE T o 1
RAERRRSERN - BUEHTHVEE SRR 55 -

Ehl R4 | AIEEETE(B)E ?

SR ROIREAE [F— (B - S E—EYE— R ZEAEZR > 8 AR
AT - ERE RN BUEHT YIRS M2 85 -

b

Iy

09 BB AR BERE TR A FP EERE F



LY KT RETRT RS oo TIFFAEFHREFLC S

70

Rl 2HY ! AIEEETE(C)E ?

AR BEIHPCRIE KA RIRVEREE > el A FanfE R EZ HIA A FEREE - ER
VIRE R - BUBRIH T YRR R SRR MR S ERAY -
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B4 F—YHE— AR BERZ LN Tl A A RERYRIRA - AR A - BEIR A7 -
SR AR - IERy AT BRI -

D IEHE | SERBEEE)E ?

B EFE AR T (DM ) - 3R TR ERVPIRE Cghne ~ /K - 8
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Students can understand the meaning of richness and evenness in species diversity.

A student used uses the same way to investigate the amount of Table 1

Place A Place B
insects at two places in Ali Mountain. The data he collected are _
Specie A 6 18
shown in Table 1. Which of the explanations below is correct? Specie B < B
Specie C 7 1
(A) The species richness of insects at place A is higher than at | specie D 4 3
place B. Specie E 5 2

(B) The species evenness of insects at place A is higher than at place B.
(C) The species diversity of insects at place B is higher than at place A.

(D) The species diversity of insects at place A and B cannot be directly compared.

SRR - 2T DR A %1
EEE  GEBBOE | - LT I 2 Fi, | 2t
YIfEA 6 18
(A) FH B SRR B T 2 S - PIHEB | 8 2
(B) RS SR - ZEE ! ;
(C) Z ML HTIRES P S - e | s .
(D) B~ Z Tl BT S B e A B i
(110 FFL: 445 17)
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Teacher: What is the so-called species richness? And what is species evenness?

Student: Species richness is the amount of species taxa, and species evenness is the index of
the relative amount of different species.

Teacher: That’s right! Under what circumstances will species diversity be relatively high?

Student: The greater number of different species and the number of individuals of every
species are closer represents a relatively high species diversity.

Teacher: Yes, then in the question, which species richness is higher? At place A or place B?

Student: Both of the species numbers are five (A to E), so their species richness are the same.

Teacher: Correct, then which species evenness is higher? At place A or place B?

Student: The individual numbers of species at place A is more even, so place A has a higher
species evenness.

Teacher: That’s right. In summary, which place has a higher species diversity?
Place A or place B?

Student: Species diversity should consider both species richness and species evenness
simultaneously. In case of the same species richness at place A and B, place A with
a higher species evenness has higher species diversity, so we should choose option

(B) instead of option (D).

LRl RS EE ? AEEYES A ?

BE . VNS EE VIR R - W S R A RV Z AR E R

HHD 028 | (TSN NHYIE S A g thiE S e ?

B4 AFRYIENYEERS - HE—(EYiEAN A ERS BT - (BRI
=

W 2y RS R E Y R B Z s (e Y Y RS E ?

B WENYIRERENE S (AE) VIS EREHE -

ERT 0 IR - BIOERSE IR H oh Yy R B 2t (T E AR A R = e 7

B 0 HHEyYIER R (ERSBE RO - SRt A RS A

RN R8s o &E BRI - 2R R E AR S I YIRE AR R ©

B VIS EE RS BV S SRS A - R WA E Y S E
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The Biodiversity in Taiwan
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=

RAERARZ AR TEZENEEAR - JREDBEREBRRMARLERE SR - BRE
RS — A oy BB RE & ~ AKIRAERE &~ AR 2 > F—(HERRBANVIRE
ZFE N SEERIAEYAFRIL - AEEDIE - AEEREREAEIER - L 17 SE

HREE -

BEF thiE B¥F thiE
ice age JK AT HA neritic province gE (EEE)
freshwater marsh RKEE lentic habitat FR/K /K
freshwater ecosystem | 3 7/KAHE % salt/ brackish marsh B KOE 2
endemic species FAEE conifer-broadleaf forest SRR SR
farmland ecosystem | EEHAERE S intertidal zone HIETE (hEE)
lotic habitat i B 7KIE, wetland ecosystem VEEME A= FE 24
land bridge FEfE dune (ecosystem) Y (ERER)
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terrestrial ecosystem | (I A HE % artificial forest/ plantation | A Tfk
alpine vegetation SUEEER | artificial ecosystem NI AEREZ
broad-leaved forests | FEZERLK orogeny P ApE )]
ocean current IR subalpine coniferous forest | fp = LT EERK
aquatic ecosystem TEEAERE R oceanic province O (RFE)
[ ©®  plays an important role in . ]
#4)(1) : Ocean current plays an important role in the distribution of coastal plants.

A A A T T E R A

#i4)(2) : Paddy fields play an important role in the water supply of the wetland ecosystem.
7K ¥R A2 RE 2 BRI/ K 7 (R 4G 35 18 T EESE/E AT -

[ (2] can be categorized into , , and . }

f14)(1) © The coastal sediment can be categorized into sandy coast, mud coast, rocky coast, and
reef coast.
BREEER S REIVE BRE - BF -

#14)(2) : The ocean can be categorized into seawater realm and undersea realm.
VEET] 73 Ry R K GRS S SR, -

[ (3] is/are distributed in . }

#la)(1) « The alpine vegetation zone is distributed in alpine areas above 3,600 meters.
SRR AR 3600 A R DL EAYS LI -

#4j(2) = Salt marshes are distributed in offshore and coastal wetlands.
KRR N A S S R
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[ ® Organisms living in usually have the characteristics of . ]

#4)(1) : Organisms living in dune usually have the characteristics of wind, drought, and salt
resistance.
ATEAEVD R A BATE ~ M5 MEARE -

f14)(2) : Organisms living in intertidal zones usually have the characteristics of adapting rapid

changes in moisture and salinity.

A SRR A Y B Ko IR o S B bR -

[ ©® Although , they provide . ]

fla)(1) © Although artificial ecosystems are constructed with the purpose of satisfying human
needs, they also provide important ecological values.
NTAREREEZE R T ime NHFR KIS - (HES N ARSI 7 HEY
FREEE -

fi14)(2) : Although the natural lakes in Taiwan are small in area, they provide important water

sources and habitats for organisms.

BRI R A AR/ o (BEt A E R KRR -

o BEEHE »

FEEEARLR - SAEERLI TS
After completing this section, students should acquire the following concepts:
— ~ eSS 2 E A S A SRR -
Being able to name the reasons why Taiwan has high biodiversity.
T BE/ M HEEBIAERERIH ~ AT BRI -
Being able to introduce the composition, distribution, and the features of the ecosystems in

Taiwan.
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Students will be able to understand the types and features of ecosystems in Taiwan.

Students are interested in the ecosystems in Taiwan, so they visit the Mountains to Sea Greenway

together. The place is a national hiking trail starting from estuary to mountain, which permeates

the history, geography, and ecology of Taiwan.

They setted out from the outfall of Yanshui River, traveled Jianan Irrigation Canal, and visited

Wushantou Reservoir. After that, they moved on to higher altitude areas to visit the Ali Mountain

area, then spent three days getting to the main peak of Jade Mountain. They have seen the diverse

climate zones and ecosystems in Taiwan. According to the descriptions above, which

assumptions are correct?

(A)

(B)

(©)

(D)

(E)

The estuaries of Taiwan only have the desert-like dune ecosystem, the scope of animals
and plants is quite simple.

Low altitude areas are hot and rainy, and the primary forests are dominated by bamboo and
acacia forests.

Both coniferous and broad-leaved trees can be seen in mid-altitude mountainous
areas, which is a characteristic of the intersection of ecosystems.

High-altitude pure fir forest habitats are simple and have low average annual temperatures,
which cannot support the survival of predators.

Yushan juniper forms low shrubs as an adaptation to strong winds and barren bare

rocks.
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B2 W EDE A RREREE T o7 R - (N (EHRE) T UNE IR ZeakiE o B — R T 2
LRI SRR S ~ M LA RERY B SR P 7 - ML MIEEEAOR L 3% ~ R A~ &
BUSIUBRKE SRy - MMERahi Bl ~ EE=RAVR RS TE LR -
i ffI a7 =B SRR R B RR % DUT HEsmUIRLE IEAE ©
(A) ZELHERBOUDEREHY D AR % - 8 TEYIH T 54 -
(B) (RAEAEIRZ - FRARMRLATTAR ~ AHEM AL -
(C) HEBHILERTPAEREEIS R BEAREEER - RAERRARSEHIRAE -
(D) =L AR BT H PR AR R AT -
(BE) EEMPRERERE N REEL R RS HE -
(110 455 48)

Teacher: Let’s take a look at option (A) first, what are the ecosystems included in the
estuarine ecosystems of Taiwan?

Student: The estuarine ecosystems of Taiwan include the dune ecosystem, mangrove
ecosystem, and river mouth forest ecosystem, so option (A) is the wrong one.

Teacher: That’s right, and how about option (B)? Is this correct?

Student: Bamboo forests and acacia forests are both artificial forests. Bamboo forests are
agricultural artificial forests, and their rapid growth can help carbon fixation. Acacia
trees were planted in large quantities during the Japanese colonial period to provide
fuel wood. Neither the bamboo forest nor the acacia forest is virgin forest, so option
(B) 1s incorrect.

Teacher: Yes, and how about option (C)? Is this correct?

Student: Coniferous forests grow in places with cold climates, such as frigid zones and high
sea areas. Broadleaf forests grow in warmer places, such as low altitude areas. From
previous descriptions, we can know that mixed forests are distributed in mid-
altitude areas about 1500 to 2500 meters, so option (C) is correct.

Teacher: Correct! And how about option (D)? Is this correct?

Student: Taiwan's firs grow in subalpine coniferous forests, in mountainous areas with an
altitude of 2,500 to 3,600 meters. The average annual temperature is about 5 to 11

degrees Celsius. There are still predators in this area, such as formosan salamanders,

Hsuehshan grass lizards, and formosan black bears, etc., so option (D) is incorrect.

7 . b e LN s b et s .
° RS EERE TR R A R



G mTspEsT 2 EmKT 0 ve T EFEREFT Y <

Teacher: Yeah, and how about option (E)? Is this correct?

Student: Taiwan's alpine zone is located in mountains above 3,600 meters. The ground
surface is composed of gravel. Moreover, the harsh living conditions such as the
shallow soil, intense sunlight, strong winds, poor water retention forced single -seed
juniper to be in the shape of tangled and twisted low plate for survival, so option

(E) is correct.

EHL B BEEEHEA) > BRSSO OB AR T TN AERR R ?

B4 éx%ﬂ’]ﬁﬂi?ﬁ%@%y/“ﬁ RE A~ SRR RE S SOR IR A RE 21 IUEETH(A)
T BErRHVEETH

RN 258 o ATEEEIH(B)E A IERE ?

B4 MIMEAREME B NI - TTIRRESE Nk - FLER AR R ml B IR © AH R
RS HU AR R ERELIR B8 SR T RE © TR R B TRIFAGHR » dirE
TH(B)gE & -

RN 2R o HIEEEEA(C) S A IR 7

B4 HEMERNREIELIMTT - 5 - SitlE ; FEEMRE A RAEBURE
HIRh D5 - AR - BOR SRR FIEH > 49 1500~2500 /3 K& - /]
FEETA(C) [ -

N IEHE - AEEEETA(D) R A IERE ?

B4 0 GENAIAE RS ST EEN BT 2500~3600 A R » FHREY R

S~1I°CZ R WE AR BB - WEB LN - SR R EEEES
BUETH(D)SER -

EHN R AREEEETA(E ) A IEAE ?

B4 GENS LRSS 3600 AR EAS L MR iRrEasHR - 8
HI5RI ~ GREWEE ~ frokZEEE » AFRARTHVER - EUEME S
FAFIT A o PRSI RERINER] - RIS EEH(E) IEHE -
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Students will be able to identify the information in the chart to infer the unknown

ecosystem with the description based on the environment in Taiwan.

Picture 3 is the distribution graph of precipitation and temperature in A, B, C, D ecosystems.
Try to answer the following question:
What kinds of biological landscape can be observed in these four ecosystems in Taiwan?

mean annual temperature (°C)

\

1000 2000 3000
annual rainfall (mm)

Picture 3
(A) You can see little egret stops by the river in ecosystem A.

(B) You can see cloud-capped red cypress and hinoki in ecosystem B.

(C) Barringtonia trees living around lakes in ecosystem C.

(D) Formosan salamanders occur in the moist area at the bottom of trees in ecosystem D.

(E) There is a chance to see Taiwan rosefinches in ecosystem C.

3BH L AT 4 HARRKINE RS AAE - HlEE MIRE
HEE > LSRR A R E LAY R 2

(A) TEFEEARENARELRITTE - 2| T,
z
(B) TEZ/EAEZ T &% A B RIR - g .@
(C) HLARMIE & RAEF RS ZDEE - Nl
(D) EEBUKALIE T AR AR S B T
" ™ e )
(B) ER4REATAHGRENELRE - 3
(109 44457 31)
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Teacher: First, we have to identify ecosystems A, B, C, D refer to which kind of ecosystem
based on the annual average temperature and annual precipitation provided in the
graph.

Student: The annual precipitation is lower than 1000 mm, and the annual average
temperature is around 3-30°C, which refers to temperate rainless areas, so we
assume that ecosystem A is grassland.

The annual precipitation in ecosystem B is higher than 2000 mm, and the annual
average temperature is around 25-30°C, which refers to high temperature and rainy
areas, so we infer that ecosystem B is a tropical rainforest.

The annual precipitation of ecosystem C is around 500-1200 mm, and the annual
average temperature is around -5 to 5°C, which we infer that ecosystem C is tundra.
The annual precipitation of ecosystem D is around 1000-2500 mm, and the annual
average temperature is around 5 to 20°C, which we infer that ecosystem D is forest.

Teacher: Right. Then is option (A) correct?

Student: Little egrets usually live around lake shores, river banks, beaches and coastal
streams rather than grassland ecosystems, so option (A) is wrong.

Teacher: Yes, then how about option (B)? Is this correct?

Student: Red cypress and hinoki live in mid-altitude mountainous areas. They will not occur
in low-altitude rainforests, so option (B) is wrong.

Teacher: That’s right. How about option (C)? Is this correct?

Student: Barringtonia is a plant that drifts to tropical and subtropical coasts, so it cannot be
found in tundra ecosystems.

Teacher: Correct. And how about option (D)? Is this correct?

Student: The distribution of forests in Taiwan is in mid-altitude areas, which corresponds to
the habitat of Formosan salamanders, so option (D) is correct.

Teacher: You’re right. How about option (E)? Is this correct?

Student: Taiwan rosefinch is the bird living in intermediate altitude mountainous areas.

It can be seen in ecosystem C, so option (E) is correct.
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AL B RPIFERERFERMGERMNFRRBEFERERHET ~ £
P~ T UU{E S S A Ry TR A R A

2R FPAYEERE R Y 1000mm > FEPRLI T 3-30°C » Ryfifr /DR - &t
AFRARE S R Rl ZSthAYAE R &KL 2000mm > SRS L 25-30°C » By
= 2 R o SCHE AR A R BT AR N LRV E Ry 500-
1200mm - FHLRETSFR-5-5°C > BHEHIN AR ERRHFRE - T HAVFERERE TR
1000-2500mm - FEHRLTS L 5-20°C - HHERN T ERE Ry Rk -

LRl IEAE > AEEETH(A)E S IEAE 2

B4 NEEZEEINHARE - HF - DR/ NER > IERRARR S - B
TH(A) SRR -

D EHY > AV IE(B) A I 7

B (USBRANAE R R B HLIE - WA & R AR (RIS EVE AR » SUEETH(B)
B o

Rl J2eE o AIEBETH(C) S A3 IEAE 7

B HEBRREGERRIEVY - AV ERRA RIVEY) - RIEEERFE AR LT
g -

RN IERE > AUEEEIE(D)2 A IEE 7

B0 B AR R - BB Ay BER AR R > SUEETH(D) IERE -

D % HVEEEIE(E) S A IEHE ?

B4 1 IR R RN e LR B - A EREAN R S5 > BUEIH(E)IE
fife -
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The Conservation of Biodiversity
\

TRV NREEE TEE - WEN AR =R ERB R o EAEEES R - B

%~ AR A MR DU ERRE FE 5l A an i AV R - [N - £V IR S R R
2 SE R - AR LEICSWISE Ry - S BHAII R e ATER AN B S A ARG SR L
B > B ARG AR C VL (EAG - B~ BN AR AFAFEEKRAIRE
WFEE R, > DAL (R Rl i R & SRES AV RS -
FAC WS 2B VORI R AR i > BV e BV R =BG - Bt
Vs BT © £ 1960 FE(CAT - BEFESIVIRERDZ S AT R R IR 5080  ELNE
SRR AR - AECR - FE - SRR TIRN © 2RI > 1 1960 F£T& > K
TR RN R T SR IR 3% - RFUR B A E gl SR IR - (R 1988 fEHYEH AR
o AEHWVIEEE AT ERE RN NR - HBETEIRD IR FEEET - BIRE
BRI VTR - AERE ST EO R B (ERE 2 AR ARF AR ERETER
178 > IESREEHE -

0 I EEKEFL Y

BF hiE BF hiE
restoration l=8= ex situ conservation MR E
in situ conservation P IRE genetic variation TR {E S
inbreeding AR ETA artificial propagation ANTZIH
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[ @ In addition to , also . ]
f4)(1) - In addition to increasing the number of individuals for species restoration, it is also
important to track population changes in the wild.
VIR BhR T REINEREE - BT INRESES IV e RER -
#145(2) : In addition to increasing the number of individuals for species restoration,
conservationists also attach great importance to variation within racial groups.
YIREEE R 7RI IERGEE - (REER U E EEREE R
[ ® The more adj./adj. + -er , the more adj./adj.*+ -er . }
fla)(1) : The greater the genetic variation of a population, the higher the genetic diversity of
the population.
JREF BB RATR - RGBSR
#4)(2) : The greater the ability of a species to adapt to environmental changes, the greater its
chances of survival.
Wt PR OB RS AT - TR AR E AR -
[ © found that . ]
#Eg(1) - Investigation conducted in 1988 found that Taiwan Landlocked Masu Salmons only
live in Qijiawan Creek and Gaoshen Creek.
1988 FFAYFHE S - BHTHVIEEE TN E20E R S 1% -
#4)(2) : Biotechnological research found that the genetic variation of Taiwan Landlocked Masu
Salmons is very small.
PR R - A ESTVI SRR B B HIER /) -
82 .
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[ (4] is/are affected by . ]

#41(1) : The population changes of Taiwan Landlocked Masu Salmons are affected by the
severity of plum rains and typhoons.
PR ESaW SR R R R S b2 FME R A e R Y B SRR S 5 -

fl4)(2) : The genetic variation of Taiwan Landlocked Masu Salmons is affected by inbreeding

el caEnhe b g Vit ik 2
[ @ If mainly exist among , . ]

f&)(1) : If the genetic variation of a rare species mainly exists among individuals within a
population, species conservation can only be carried out for this populations.
E FA YRR (R S F B AR REE N B (BRG] - (st IR T O
BRI -

#4)2) : If the genetic variation of a rare species mainly exists among different populations,

conservation needs to be carried out for all of them.

G MR TR (5 B S A A [RGB RURR S A Y RERE TR

=
E o

EEEHE »

TEEE A RER - BAEERLI TR

After completing this section, students should acquire the following concepts:

— ~ BRI R E B4R (EAS ~ P - AR Z) TR EAYA [EE & RIS H AR -
Be able to analyze different restoration strategies and goals required by different hierarchies
(individuals, species, ecosystems).

- geEEEE AR EIREE BT E
Be able to discuss with peers as well as arrange and begin the restoration project.

=~ R EIREHEEENE 5t ST ER -

Be able to collect and compile the data required for beginning the restoration project.

BPRREBEFRETREP (2P BFREF



KT FR T ENET P oo L EEHEFEL L

o BIEER o8
BIRE—

aHH ¢ BARRE TR RR AR IR E B T o BHES RIS R R R L HITE R EE G UE -
Students will be able to understand the results and edge effects of habitat fragmentation

due to habitat development in the aspect of ecosystem preservation.

Picture 4 shows the changes of a certain animal’s habitat [ i dovelopment After road development
before and after road development. After the development,
the habitat became several small units.

Which of the following statements is correct?

Picture 4

(A) Because the habitat is divided into several small units, the genetic diversity of the species
will increase.

(B) As the unit habitat area becomes smaller, the edge effect will increase accordingly.

(C) The existence of roads can increase the opportunities for genetic exchange of organisms in
different units of habitat.

(D) The continued development of roads will not affect the biological species within each small

unit of habitat.

B 4 SO BT R AL DB R B B -
TIURCLAEER 7  [smem s
(A) RS B BB NBR T » ST ST R
e -
(B) PREAEEATIRE ) - PSR GBI
R - & 4
(C)  IHBRHTFLE FTHRTH A B AT AL T E R A e b

o

iy

(D) ERSITFSEBE S G R B BB BP0 A I -

rN

(106 FAEYHES 19)
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Teacher: What is the phenomenon due to man-made development causing the division of
habitat?

Student: It is habitat fragmentation.

Teacher: Correct. What are the consequences of habitat fragmentation?

Student: Artificially built roads block genetic exchanges between species, which lower the
opportunities for genetic exchanges, and ultimately reduce their genetic diversity.
At the same time, the original human interference around the habitat will enter there
with the development of roads, directly affecting species in their habitat, so options
(A), (C), and (D) are incorrect.

Teacher: That’s right. Then what is the so-called edge effect?

Student: Edge effect refers to the changes of biological population in the intersection or edge
of different habitats. It will be more obvious especially in fragmented habitat areas

and may affect the whole area. Therefore, option (B) indicates that as man-made

development divides the habitat, the edge effect will be increased, so it is correct.

D N AN RHIBE SR ER I & - B — IR R ?

B B REE o

RN EHY o BB B IS R TR 5 ?

BE 0 NRRESRAVERSIEN 2RIV E RSO » R T ERSORIIR S - &g
PR AN R - [FIRF - RS AE R &R AR R G R B RSB
BN > R BRI - #UEEIE(A) ~ (C) ~ (D) Ry SHERAyEETH -

R %8R - AR IR GE ?

B4 BRREREERARGT - AVIEEHEA R EHIOREEEGHYEL - Rl
FER AR E I E st 0a, - ARG SO S IR - A el REs B I e > OB (B) e
B N RBEER L & - SR GNE - Ry R -
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Students will be able to analyze the different factors considered in the ecosystem.

Which of the following descriptions related to the ecosystem are correct?

(A) Ecosystem diversity has the same meaning as environmental diversity.

(B) The community constitution changes with physical and chemical factors.

(C) Without the changes of other conditions, if environmental heterogeneity increases,
ecosystem diversity will increase.

(D) Ecosystem diversity refers to the amount of species and the length of food chains.

(E) The species diversity in habitat A is higher than habitat B, so the species richness in habitat

B must be low.

IHNELA RR S AHBRARYAAL - TRLE hE 2
(A) ARERSHRMEERIE SRR -
(B) HEFEHEKGBEE(ATMEME -
(C) EAtbrt- A2 BREREUNE  AIEBRASEENS -
(D) AEREAZHMEISHLEYEES F N BV RA -
(E) HEMWIESIRESNS » QI YIE S E MK -
(104 F4EPHE% 29)

Teacher: What are ecosystem diversity and environmental diversity? Are these two terms
synonyms or not?

Student: The term ecosystem diversity simultaneously discusses the organisms and
environment in the habitat. It refers to the different ecosystems presented by
different habitats in a region. Therefore, it is not the same as referring to the
environmental diversity of different living environments alone. Therefore, option

(A) and (D) are incorrect.

Teacher: What is the relationship between community and physical and chemical factors?

% RS EERE TR R A R



OV BT TR TR KT P 0o IIFFHFREREFLY

& m&

Student: Ecological balance factors include physical and chemical factors and biological
factors in the ecosystem. Physical and chemical factors include physical factors
such as water, atmosphere, temperature, etc., and chemical factors such as nutrients,
pH value, dissolved oxygen, etc. Variations in the community will cause changes in
the physical and chemical factors in the ecosystem, and changes in the physical and
chemical factors will further affect changes in the community, so option (B) is the
correct option.

Teacher: When all conditions in the ecosystem are the same, what is the relationship between
environmental heterogeneity and ecological diversity?

Student: Environmental heterogeneity is the differences existing in different areas of certain
regions. The differences can include topography, soil structure, vegetation type,
climate conditions and other factors. In areas with higher environmental
complexity, the more habitats are provided so that more species can survive in this
area, thus increasing species diversity and the diversity of ecosystems, so option
(C) is the correct option.

Teacher: Is the description of option (E) correct?

Student: When discussing species diversity, the two factors, species richness and species
evenness, will be considered at the same time. The species diversity in habitat A is
higher, which is probably because "the species richness in habitat A is higher, but
the species evenness is lower." "The species evenness of habitat A is high, but the
species richness is low", or "the species richness and species evenness of habitat A
are both high", so the description "the species richness of habitat B must be low" is

incorrect. Option (E) is wrong.

i - éE’% BRI MR AR o Bl Rl 2 BRI E a2 & FolRlRar 2

R ERRARSRNE s[RI SRR TR Y AR SR - B —{lEh A [F
ﬁﬁifﬁﬁﬂ’ﬂx [FARE % SN R BRI F A IRV M - HUEIE
(A) ~ (D) Ry gHaRAyIEEIH

Zhl - ARIE R BN T AR (R R ] ?

B4 0 ARACPERRE S AR ARTRVEENTEAYIN T > B EA TSR AT
WK ~ KR URES DU ERER TS SR - B - AEE% - BHETHY
sEahg s AR ARTHEATAYE(E - B AT R L CEE— D B
YSEE) > WUSETA(B) Ry IEHERYISEIA -
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ERN . ARERRR TS REORFEHEREI T SR RE VR B AR A ERY 2 FEIRR R AT
fa] ?

B4 1 BRFAEMEEER e P A ER G SR Y > R e E R
TR - AR - RIEGRIFERR - EREEMER SR - 2%

A EIEE SRS - SR S AV ] DU R &S T - SdeE TSR

MZERE RERRIZ R Mt 2 #E0 » SUEEIA(C) Ry IEHERYEETH -

LRl BEH(E)AYRIUE AT I ?

BE RGNS - GRS EYE S S Y AR ENZE - Y
YRS AR > FIRERE T VYRS s o TS A R~ T A
VIR S o S E SRR 52 T FiEE R SR )
P 2RI R E MK BUICA R - BEH(E)$EER
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Bl 45h£EEIR More to Explore

HHMI Biointeractive

FUSTZIRAEDS » TR ST B (R P ) e
BHESER(ETH) -

https://www.biointeractive.org/

Rediscovering Biology: Molecular to Global Perspectives

wh o SRS B LB E -

https://www.learner.org/classroom-resources/

[ |
I-.. -
(AR © SRS o R A T - S i'-%‘.n Fhe
El. d
[ |

Khan Academy

TR - BRI A R R R

https://www.khanacademy.org/

Interactive Simulations, University of Colorado Boulder

ECEES bR T 4A&Y) > BERHMEAE -
https://phet.colorado.edu/
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[ EEEEY(V) ]

A Reference Handbook for Senior High School Bilingual Teachers in
the Domain of Natural Sciences (Biology): Instructional Language in
English

[ Elective Biology (IV) ]
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