IBO2014 PRACTICAL TEST 4
BALI, INDONESIA ECOLOGY AND ETHOLOGY

25™ INTERNATIONAL BIOLOGY OLYMPIAD

5 — 13 July 2014
INDONESIA

PRACTICAL TEST 4

HE 4
ECOLOGY AND ETHOLOGY
AR R AT 5
Total points: 100

Duration: 90 minutes

COUNTRY: | e

STUDENT: | e

Page 1 of 25



IBO2014 PRACTICAL TEST 4
BALI, INDONESIA ECOLOGY AND ETHOLOGY

Dear Participants

HENSESR

e The theme of this test is “Biogeography and Biodiversity”. The test consists of three
tasks:

—F R EER YIS R AV SN - B T =THEE
Task 1 : Island Biogeography (17 points)
B 1 BEAEYIEEDT 7))
Task 2 : Primary Succession after volcanic eruption
BE 2 0 KUNRE1% 2 9B
Part A: Succession and plant community structure (22 points)
A BBy - TR SIS FOEE (22 77)
Part B: Dispersal biology of Ficus (30 points)
B &y AR EHVE I A= )E(30 7))
Task 3 : Speciation in song birds (31 points)
HE 3 IRy iE(LG3T )

o Use the Answer Sheet, which is provided separately, to answer all the questions. Do not
write or make any markings on the Question Paper.

M SHEFEGREEARME - NEAEFRBEE R SEEFECE -

o Answers written in the Question Paper will NOT be evaluated.
EEEEREE B BERET -

o  Write your answers legibly in ink.

MEBRENREXREEFEL -

o Please make sure that you have received all the material and equipment listed for all tasks.
If any items are missing, raise your hand immediately.

MEFSFT A MRt - SR EIER - SH1LZIEE T -

e Materials such as photographs and model fruits for Task 1 and 2 will be used by your
country team mates. Please do not mark, damage, or take them with you. You may,
however, mark on spectograms provided for Task 3.

o TEEF1 N2 EFAMEROHE R SAEEIRE - 5570ME0HE - BHREEGE - R EMEw
IREIZRAIEFECE A o BIR ] DI B 1F 3FT i By sk el L IMECsk -

e  Stop answering and put down your pen immediately when the bell rings.

BN FRERCE  LZNHEIEEE -

e Atthe end of the test, place your Answer Sheet and Question Paper in the envelope
provided. Our Assistants will collect the envelope from you.
TEF SR - B EE GG A ELE -
KRG BERE & AR AR R ELE -
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Materials and Equipment

Pt B B
Material Quantity Unit
Ak & HaAr
Aerial photographs, coded A, B and C sheets
SONA A, B HI C gRiSHYZZIEAH 7 ° =
Model chips of Ficus fruits in one plastic bag chip
BEREEZVNG (BERERBLET) >0 A
Sample of whole and dissected Ficus fruit 1 fruits
ATt T L 25
Bird song spectrogram and oscillogram Sheets
B E ° i
Blank paper for scrap paper 2 Sheets
ZEHET R G5
Equipment 5%
Calculator piece
S ' -
Ruler & 1 blece
w
Vernier caliper piece
BN ' o
Magnifying glass piece
Bk ' 1
Color pencils pieces
Bl ’ e
Pencil sharpener piece
Mg ' 1
MP3/audio player with recording of bird song + earphone 1 set
MP3 §5 5NH B ki S S G EA E

Page 3 of 25



IBO2014 PRACTICAL TEST 4
BALI, INDONESIA ECOLOGY AND ETHOLOGY

BIOGEOGRAPHY & BIODIVERSITY
LB R R EMZS N

Indonesia is a megabiodiversity country consisting of over 17,000 islands, spanning from
Sumatra island in the west, to Papua in the east (see aerial photograph coded A). The country’s
rich biodiversity can be attributed to its tropical setting, as well as its biogeographical history.
The following three tasks concern several important concepts related to biogeography,

colonization, succession, and speciation, using examples from Indonesia.

ElfeE—EREg A2 MBS - BAREE 17000 {ESULATAHRE » w1 raEa#Rr
FIRFHRENEAT (SR A =18 A [E]) © SIS A2 M nT DR IR B 14 B
HAYHEH RS -

NI =(EE(FE I E R PIREACE I 54 (E B AR Pt B e, ~ YR R A ~ T R Yt
B AR EEE S -

Task 1. Island Biogeography (17 points)
BE 1 BEAEYHEE (17 77)

Introduction

HI S

The Equilibrium Theory of Island Biogeography (MacArthur and Wilson, 1963, 1967) suggests
that the number of species on an island represents an equilibrium between immigration of new
species (i.e., addition of species) and local extinction (i.e., loss of species). The rate of new
species immigration is affected by the island’s distance from the mainland as a colonization
source, while the rate of local extinction is affected by island size.

UL AR ) st B ER A S B B 2 H W 1 B2 2 P HH AU (MacArthur and Wilson, 1963, 1967) -

(AN EAY L= NE/ € osta s ke DA R =t o dGIUIIPANGE IR 70 E2L o IS &= S ui Dk 71 0 it “( (RIS
YItEE) 5 W (E SR R s P 2R AVAE IR - BriiEts AR B S BURE (FE HE & R)
PREERYREE IS YRR R A AR Al 2 B R R/ N2 -
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Study the aerial photograph provided for Halmahera islands (coded B), which are on the
eastern part of Indonesia, and locate the following five islands :

Tt AT ity Halmahera B£ 522 104H R (B [E) @ S4B SAEEERTT > HETHE M55 iS5
17

N

= Ternate (area [if&: 111.80 km?)

= Tidore (117.60 km?)
= Mare (6.04 km?)

=  Moti (24.60 km?)

= Makian (113.12 km?)

Using the ruler provided, estimate the actual distance from the mainland of Halmahera to
each island. Distance is measured as the shortest length connecting the outer edges of
islands (example given in Figure 1).

FIF AT Ry KR fE 3 Halmahera ZZ8 A COR &) BLE A &/ NS HYEERE - IS W &4 MEAH R
PEEE R W S Y B REEEEE (40 RIE 1 &GRS )

Figure 1. Measurement of shortest distance between islands.
1 - W5 E R RN E
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Question 1.1. (5 points) For each island, determine its distance from the mainland and record
your measurements in the Answer Sheet.
M 1.1.(5 77) HIE&FE/NSEREENERE - WHEEEEREL -

Question 1.2. (10 points) Fill in the appropriate islands whose rates of colonization and
extinction have been depicted in the graph in the Answer Sheet, using the island codes
provided below:

M 1.2. (10 73) HH THIFTRER SEAHE KE G - 5 EEEE BEEHIH AT EYHEE A
BRI AR B UL -

Code Island
A L

A Ternate
B. Tidore
C. Mare
D. Moti

E. Makian

Question 1.3. (2 points) Which two islands listed have the largest number of species in

equilibrium?
fRE 1.3, (273) THIVIRS {8 58 B A i KR -V ?
A. Ternate
B. Tidore
C. Mare
D. Moti
E. Makian
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Task 2. Primary Succession After Volcanic Eruption (52 points)
B 2. K@ A0 450EE (52 77)

Introduction

HI S

The Krakatau islands are a small volcanic group located in the strait of Sunda which separates
the large islands of Java and Sumatra (see aerial photograph coded C). In 1883, Mount
Krakatau produced one of the most catastrophic volcanic eruptions in human history and a new
volcanic island, Anak Krakatau (Child of Krakatau) emerged in 1927 and is still active today.
Sunda RIS TUE Kz kP IEIRETR B - Hi g —(EK ILHYEY Krakatau /NS © (E2RZEIR
C) - 1£ 1883 4 » Krakatau XILIZEA T ANJHA S DA KRR SR A 2E - Hig— YK IS
Anak Krakatau (Child of Krakatau - Krakatau X [/ F){F 1927 F£H ¥ » BRI S8 -

Part A : Succession and Plant Community Structure

A BBy - HE RIEYRE G

Anak Krakatau has now become a habitat for a variety of flora and fauna. Table 1 presents part
of the data collected on plant species richness and abundance on Anak Krakatau in 1934, 1949,
1963, 1979 and 1991. Using data from Table 1, compare the plant community structure on Anak

Krakatau across these years, using diversity and similarity indices.
Anak Krakatau SFAER R —(EBA ZEERVEIEYIMHEREE - 3 1 K5 1934, 1949, 1963, 1979 K

1991 F4£ Anak Krakatau & EUCSERVEIEYIER > G5 THEYEEKEEE - IIER 12
VAR - TR AR TS BKELEE Anak Krakatau 5 53 FITEYIBE S HI4EHE -
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Table 1. List and abundance of plant species on Anak Krakatau.

Z 1. Anak Krakatau EfEY &8¢ B SR

Plant Abundance

EMEEE
Life (number of individuals per unit area)
Form* Plant Species Habitat** (SE A7 T A HY AR AR )

NO I smm Y 30
= 1934 1949 1963 1979 1991
1 T Calophyllum inophyllum I 0 0 1 3 35
2 H Canavalia rosea C 1 0 3 7 37
3 T Casuarina equisetifolia C 0 0 2 8 59
4 T Cocos nucifera C 0 0 2 11 69
5 S Eupatorium odoratum C 0 0 3 17 121
6 T Ficus septica I 0 0 0 5 16
7 T Hibiscus tiliaceus C 2 0 8 26 56
8 H Imperata cylindrica C 0 0 15 94 256
9 H Ipomoea pes-caprae C 18 15 37 80 212
10 H Nephrolepis hirsutula C 15 12 30 58 278
11 T Nypa fruticans C 0 0 2 11 87
12 T Pandanus tectorius C 2 0 8 28 101
13 T/S Pongamia pinnata C 2 0 0 0 65
14 H Saccharum spontaneum | 0 0 5 19 189
15 T Samanea saman | 0 0 2 3 45
16 S Scaevola taccada C 0 0 2 18 37
17 H Spathoglottis plicata I 0 0 0 0 28
18 T Tamarindus indica [ 0 0 0 2 21
19 T Terminalia catappa [ 0 0 3 4 121
20 H Vigna marina C 2 3 4 5 46

DIVERSITY INDEX (H")

M FFE(H) ?? 0.94 2.17 2.33 2.70

*T=tree, H=herb, S=shrub; **|=inland, C=coast

*T="K, H=EK, S=JE7K, *|=AlE, C=/&F
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= The Shannon-Wiener diversity index (H’) as in Table 1 is calculated using the formula below.
F—#J Shannon-Wiener ZERMEIEE(H)EHEAZATT ¢

where :

H'= diversity index

H'=2 e

pi = the proportion of the i" species

pi =55 " MR (S AIEE B

In p; = the natural logarithm of p;

In pi= pi HLH 7R %87

n = the number of species in the community

n =EE% PHIPIEEL

Question 2.1. (3 points). The diversity index for vegetation on Anak Krakatau in 1934 was:
R 2.1.(3 57) 1£ 1934 4 » Anak Krakatau 5 _EHEYIHIZ A MEHEEUE ¢

A.

moo®

0.70
0.83
0.95
1.40
1.73
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= The similarity between two communities is often expressed using indices, such as the
following Serensen similarity index: W {E &£ BEVAE M - &8HE Z2HAEEEREIR - G0 151
Sarensen FH{LIM: %L (similarity index)

where : B = similarity index

B =AHEIMEFEE
¢ = number of species common to both communities
C =fERI{ERE% A E R RE S
S; = number of species in community 1
S1 =EE% 1 HYTEEY
S, = number of species in community 2
S, =h#E 2 WYY

B values range from 0 (no species overlap) to 1 (complete overlap)

BEH O (MEEER) T 1 (VEZEER)

Question 2.2. (5 points) Calculate the similarity between pairs of observation years of Anak
Krakatau vegetation using the Sgrensen index. Record your results in the table in the Answer
Sheet.

MR 2.2. (5 77) 5t

FEEESE L FIH Serensen fEEGTRFFS T ERTM [HEE Anak Krakatau & EAE#AH L]
M BIRHSE RIS R RN -

Page 10 of 25



IBO2014 PRACTICAL TEST 4
BALI, INDONESIA ECOLOGY AND ETHOLOGY

Question 2.3. (2 points) Using data from Question 2.2, the vegetation on Anak Krakatau was
most different between observations conducted in the years:
M 2.3. (2 77) FIHRE 2.2 (9&HR > 1£ Anak Krakatau 5 EAE A2 B RTIED
A. 1934 and 1949
1949 and 1963
1963 and 1979
1979 and 1991
1949 and 1991

moow

Question 2.4. (4 points) Indicate, using the data above, whether the following statements are

true or false.
M 2.4. (4 77) H By ERHEH NAIRGE - A& EfEssE s
A. Plant species richness at a particular observation year is always higher than the
previous observation year.
FE-FEHZIVEYEESEE  —EBRiFEEEINEEE S
B. Vegetation in 1979 shows lower species evenness compared to 1963 (evenness is

defined as H’ divided by the natural logarithm of the number of species).

1979 FHYIEY PR IR 1963 4 (CHEERIVERE H' / WIiEEHT B 2B 8E)
C. On Anak Krakatau, the first pioneer plant species were dispersed by sea.

£ Anak Krakatau 55 » 55 1 & 56568 P SHE 48 R B 8 2k Y
D. On thisisland, the first pioneer plant species were woody plants.

£ Anak Krakatau & - 25 1 {# /5B Y& R AHEY)
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Question 2.5. (6 points) Using the data from Table 1, plot the number of species colonizing the
coastal and inland areas of Anak Krakatau against time (in years) in the graph provided in the

Answer Sheet.
MRE 2.5. (6 47) FIFFE 1 69ER - B Anak Krakatau BHY7EF (coastal) KNl (inland) AYTE Y
YrrEERERE () BVEMLEi4R > EEELEMERNREL -

Question 2.6 (2 points) Based on your graph, state whether the following statements are true

or false.

[t 2.6. (2 57) MRBIRFT AT E - I8 T SR 2 IR FE SR ER -

A. The coastal colonization of Anak Krakatau stabilized after 45 years.
£ Anak Krakatau 55 EHVEFEYIE 45 FIREFIRRE R
B. The inland colonization of the island occurred 15-30 years after that of the coast.

5 ENEEYIHIR A LB FEYIG 15-30 4
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Part B: Dispersal Biology of Ficus

B & fr : BBEMAIEMEY R

The size of a plant’s fruit and seed is related to its ability to disperse and colonize new sites.
Three different species of fig (Ficus) are found on Anak Krakatau, i.e., Ficus hispida, Ficus
septica and Ficus variegata (Table 2).

TEY) IR B RE 1R NBLECE G S i A& gE 1A R - 1 Anak Krakatau & L3831 3 HIEE
FE4%7) > 43R By Ficus hispida, Ficus septica and Ficus variegata (3 2)

Table 2. Description of fruits of Ficus species found on Anak Krakatau
% 2. {£ Anak Krakatau 5 |- %5 75 @8 tE 1) fiti it

Species Fruit Description

Yt RE R

Ficus hispida having the form of a pear, greenish yellow, diameter 24-35 mm.
LR > mEkEm > 5K 24-35 mm

Ficus septica globular, light green, longitudinally ribbed with many pole warts,

diameter 15-25 mm.
BRAR » BskE > HIRIVIEZRMIEEE AR M 0 B 15-25 mm

Ficus variegata | globular, red with white lines and blotches, or yellowish green,

diameter 20-25 mm

ok - alJRA A& A% > Bamiktt - B 20-25 mm

= On your table, you will find a bag containing a mixture of 30 Ficus “fruits” (they are not
actual fruits, but are acrylic chips that are representative of the actual form and size of
the original fruits). Each chip has a serial number printed on it.
FEURAY R B RS 3 — S T mSE 7 30 (EFEryRE (A EHERRE @ HE
& HBR 52 S BRpry H LB IR AR SR/ MERIIVIEAR ) - F— (AR (RS -

= Observe the morphology and color of the fruits and separate them according to species.

RIBREHPRE KB E o HE VIR -
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= Using the Vernier caliper provided, measure the diameter of each fruit, i.e., the widest
part of the fruit, as in the example below. Record your measurements in millimeters
(Precision: two places after the decimal point).
REEENER - WEF—ERENVER - BIREREAVE » 20 FEFR © 2L mm RZoRR
HHIEE (CEREEA/NEEEE 2 280

{ diameter \

Figure 2. Example of fruit diameter measurement at the widest part.
2. ERE R EAVE BT O E R E B

Question 2.7. (15 points) Enter your measurements of all fruits into the table in the Answer
Sheet. Be sure to record your data in the appropriate species column and according to the
serial number printed on each fruit. After all fruits have been measured, calculate the average
diameter and standard deviation for each species.

M 2.7. (15 77) 1EB%EG HEHAERAREVIEME - RBESERENFIE - FHIEFEIEREN
Yt - EHESEFTANIRER - stEANEYEEE P ER AR -

Question 2.8. (8 points) Using your data from Question 2.7, draw a bar graph, to illustrate the
size comparison among fruits of the three species. You may use the color pencils provided.

Draw a bar graph with standard deviation
I 2.8. (8 47 2.7 fiieVEM - EEMRE » BRI 3 BEMRER R/ - /K7
FAFRENEEHERRR - UWESHEER LEREEE -
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Fig fruits are highly variable and are consumed by almost all taxa of terrestrial vertebrates, such
as birds and bats. Birds have a relatively narrow gape, lack teeth, have tetrachromatic vision
and a poor sense of smell. Bats have teeth, eat fruit piecemeal, are mostly nocturnal, and have
a keen sense of smell. Birds usually prefer seeds/fruits with a size of around 11.3 mm, while
bats can eat fruits greater than 50 mm in diameter.

WBEREEARSIERN - R PHTANEESEEYIE TG - FINSERIRE - BEA
M LLE AN LB O - (A8 > Ao BB arPE AR SRS RIEEA e - 7] DIRER
" REERRITH > AIERE TSRS - BESEIZA/N 11.3 mm iiEF25RE @ IRz E
AN 50 mm HIEE -

Question 2.9. (4 points) Indicate whether the following statements are true or false.
FIRE 2.9. (4 43) 3R #5 T FI R AI & IEFE B 8E =R
A. Bats will choose fruit colors such as green, yellow, pale, orange or brown, i.e., colors
that do not contrast with its surroundings.
IRIZEHE R BB E » = RO KEsiiEt o BB SRR LA 6
B. Birds eat Ficus benjamina, another species with red fruits that are 9.8 mm in diameter.
[ ¥ENZ, Ficus benjamina » 2 —EEALLE ~ KA 9.8 mm 5 R AV BIEY)
C. Based on fruit size, Ficus hispida is more likely to rely on bats for its dispersal than Ficus
septica.
FRIZSREHI R/ > Ficus hispida HyHL{fif: Ficus septica 75 HIRERSE RS
D. Birds will eat Ficus variegata.

EJHEZ Ficus variegata L&
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Using a magnifying glass, observe the sample of Ficus fruit on your table. This ‘fruit’ is actually a
unique structure called syconium, which has many flowers on its inner surface. The syconium is
pollinated by specialized fig wasps, which enter and pollinate the flowers as they lay eggs in the

ovules. The syconium is essential for wasp larvae development and their eventual mating.
MR S 2 BB REAVECR - EREHAIERE BRHIEE - Tl "B%(syconium)” -~
WEEFETZIAE - IRFREREER/ NEEANRRNE T BRI EHEY o ERRET/NEL)
ERHVEH MR ACE IR A -

Question 2.10. (3 points) Based on the above information and observation, indicate if each of
the following statements is true or false.
[ 2.10. (3 73) AR4E LAy ERIAIEIZE - f5 T F1IH0 e 7 TR B g 25
A. The Ficus syconium contains both male and female flowers.
PR ERE S T LTI
B. The interaction between Ficus and fig wasps is not mutualistic.
T B TEYINIRE S/ NEHIAC B (F A & 7Y B A3 4R (mutualistic)
C. The relationship between these two species is an example of coevolution.

55 P ([E e 2 P N R (A 2 S R B A B 5
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Task 3. Speciation in Songbirds (31 points)
HE 3. IBEnyYiEEBGL )

Introduction
A S
Songbirds communicate to other animals using clear sound or vocal signals, which are

important cues for both intra- and interspecific recognition.

NS DUA SE Y BN SR B Lt B 0 A e e T A TR P R T ] R A

An ornithologist has been studying several songbirds in the tropical forests of Indonesia and
uses song variations to investigate bird speciation. He analyses all songs using spectrograms
(sonograms) and oscillograms, which are produced by an instrument called a sound
spectrograph (sonograph). A spectrogram, which is a plot of sound frequency (pitch) on the
vertical axis against time on the horizontal axis, reveals (1) the frequency range and (2) the

duration of the song. The oscillogram plot is the variation in amplitude (loudness) against time.

— L BRI E BT M i Se i 2 NS 5 - P IIE R 8 AT SE B RO AL - A RS )

Hr EEHNTS- 2 5 [ (spectrogram) K45k [E] (oscillogram) » 253 A Fr A #l H - RS ENE f J iy &
PR /KPR > HBURHOIRRAVHRE K Q)i B AVETTI R - Y EE i B R
BRI A [E] SR Ry (L] -

Bird sounds typically consist of: call (short and simple) and song (long and complex). In
addition to a repertoire (“collection”) of song types, birds also produce pure tonal or whistled
sounds that can be modulated/varied in both frequency and amplitude. A typical spectrogram
and oscillogram, with explanation is given below:

ORI SIS E0FE - ISNY (RS ) REE (RIMEM) - BER T BEASEAEAHIER
RS - g A RAT Y S B o BRI SN AR R E AL -

— {1 B A Y R S ] R SRURZ [ - R e R SRR B
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Figure 3. Spectrogram and oscillogram of different syllables from a songbird’s repertoire.

3. —{ENSE A H b R BRI ARUR E  A [R e b

= Syllable (S): One or more continous traces, consisting of one, two or three elements,
which appear together in a sequence
FEI(S) + —E S (EEENEET > BIE 15 2 5 3 (En Rk - EEEMEHIR

= Syllables can be distinguished according to the syllable’s frequency range
B A DU EoAp s [ 2 oy o

= Syllable Repertoire (SR): number of different syllables in a song (Fig. 3, > SR =15)
HEiHh H(SR) « & mpr B AR EFEiRVE H (E 3, ¥ SR =15)

You have been provided with the spectrograms of nine individual songbirds. Your task is to
analyze all the spectrograms using the terminologies described above, and identify different
groups of songbirds. You have also been given an MP3 player and ear phone to listen to the
recorded songbirds (see Appendix B if needed).

a9 EREHyERLE - REVLIEEEARE P B EA a0 A BT A B S [0 7 B L
NEMSE VR - SRIBIRFT R AR MP3 g5 R EHARS SHEE (WAENE > iT25f #%
B #IERHEA)
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Question 3.1. (1 points) Which of the syllable types below are unmodulated frequency traces?

FRE 3.1. (1 47) THIMLLF 6B A B4 T B LTINS ©

moOow?>
O b W N P

Question 3.2. (18 points) Count the number of different syllables for each song from the nine
spectrograms provided and enter them into the table in the Answer Sheet. Different syllables in
a song can be more clearly distinguished by comparing between the oscillogram and the
spectrogram.

M 3.2. (18 77) H#RHEAY O R FEE - st EE kil H PARSZENEE - KEERIEABEE
HyFrh o i B YR BB O] DARE R A R (8] R s ] 1 22 S K A oY

Question 3.3. (3 points) Assign the individual songbirds to three putative species groups A, B
and C, based on the closeness of their syllable repertoires as well as their characteristic

spectrograms.
i 3.3. (3 47) IRIZHN B T ENAVE UM R g E HY R » R (S & e AL T RERR @Y 3 (R
i A~ B K C -
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Question 3.4. (8 points) Compare the syllable repertoire of the two species groups that have
the highest and lowest numbers of syllables, identified in Question 3.3, using the two-sample t-
test with 95% confidence level (Appendix A). Tabulate the results of your analysis in the
Answer Sheet.

R 3.4. (8 77) LhER M 3.3 Frfa I EFYIRE » Hifw S RO RV Z E#E - FIIH ST ¥ S AR t
Hiat(two-sample t-test){f OS%(SHEKEENIRIT NET oM (IHEA) - RFTS4ERIEATEER
&

Question 3.5. (1 points) Assuming that difference in syllable repertoires implies different
species, indicate which of the following statements are correct.
M 3.5. (1 57) Rl B iy E 2= AR A FERVYRE - 50 NI £ 2 ERERY
A. The two groups belong to the same species.
BT E T
B. The two groups belong to two different species.

BB FE
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APPENDIX A: Student t-test

B A B4 t RIS AT

Statistical analysis by Student t-test can be used to compare between two groups. The
calculated value is interpreted according to the t-table value at the significance level (i.e., if the
calculated value > table value, the null hypothesis is rejected and it can be concluded that the
difference is greater than what would be expected by chance; or if the calculated value < table
value, the null hypothesis is accepted and it can be concluded that the observed difference

could have been the result of chance).

BBt AR A T R 2R EC B R (B F YRR 4H - HET BT R BER TR t R (t-table){H T2
HEEZ KERETERA (RS EFENEEANRRER )RTARENE - AIHER
EEMES > A TEmATBNERRANEEBEFRER  EREEEB/IR(QRT AR
fayE - AIEREREESR > T TERMEEFTENEZEZHNERERERN) -

X1 = mean of sample 1 X=tEA 1 09FHy
X2 = mean of sample 2 Yo=tEA 2 By
= AR 1 AVEE
n=FEA 2 (Y8 &

N; = number of subjects in sample 1

n, = number of subjects in sample 2

—_ 2
X1 —
2 — vari > ( x1) w N
s, = variance of sample 1= —n1 512=T7i<21§ 1 [
2 > (x2-%2)* SA=HEA 2 (8
S ,° = variance of sample 2 = e
2
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APPENDIX B: MP3 Player User Guide
ff & B:MP3 g E IR
On your MP3 player, you will find 4 buttons which are: mode button, play button, hold button and volume
button (see Figure A).
TEIREY MP3 558 b - 7 4 (Bl - oAl EH=E - BEGH - SHiEsi s EEFH(2EE A)
= The mode button (1) can be used to go forward to the next song (by turning the button right) or
backward to the previous song (by turning the button left). This mode button can also be used as

an OK button to choose the selection in the root menu by pressing down.
S (L) o] AR AR ) N — & ORGSR ERT—Ea (Rt cHE) -
BN AT DU AR AE By OK §lt » FEHI#E T2 SIS S HAV A AR B -

= The play button (2) is used to play a song or to pause a song. This button is also used to turn the
MP3 player on/off.
RRIEH (2) AR R I BT {2 — K PEsH T I 2RBARE MP3 $ 54 -

= The hold button (3) is used to freeze this MP3 player so no button will be responsive as long as
the hold button is on the left position.
BUFH ()2 HAE (5 MP3 §% 55 - & LRI e A ry (i B BA TS DR B S5 1T -

= The volume button (4) is used to raise the volume (the + button) or to reduce the volume (the —
button)

R (4)E A IIE 2+ B0 E 2 - #)

—

N
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To play a song, first turn on your MP3 player (by pressing the play button more than 3 seconds), then
select music (the musical note icon, spelled MSC) from the main menu (Figure B) then press the mode
button on the MP3 player’s upper left corner. Here you will find your songbird’s song, with each song title
numbered according to the respective sonogram. Push the play button to play the song. Turn the mode
button right for going forward to the next song, or turn left for going backward to the previous song. You
can also hold the button right to fast-forward the song you are listening to and hold left for reversing

backward. On the screen upper right corner, you can see the time and duration of the song.

BRI —E Wl > ELITh MP3 g E(REEBE MRBGHEE 3 FhLL L) » AR EHES S RAVE T
LI MSC ) LB (E B) - ZA&H% ME MP3 g5 /e EAAyHES - It Ral IREIReSEdhE -
Rl B A RIS A BT AR ST - BE T B A RE R - R ma e > (Eg 2T — kil H > 50
& [FZEHEAR IR BIAT—REK » IRt v DRI SRS SR 2R PRI IR BT RE AR > R o] R SRS SHAE 22 R (Bl - 2%
oA b A U R S o R S TR D R AR R

Figure B. MP3 Main Menu

B. MP3 F- 75
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Total points: 100
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STUDENT: | e

The answers have to be given either with a tick (\) or with Arabic numbers. The numbers "1" and "7" can
look very similar in handwriting. To make sure that those two numbers can be well distinguished by the IBO

staff, please write them as you normally would into the following box.
& ] LT A (VB BT RO 8 - B0 | B T E TS B aml - A EEaoes BT E
IBO WY N BRES I » SEARHRT-IG T B LR » TEAE NEITAS -
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Biogeography and Biodiversity
YR R AR AR

TASK 1. ISLAND BIOGEOGRAPHY
B 1. AYptEE
Question 1.1 (5 points: 5x 1)

MRE 1.1(547: 5x 1)

Distance from mainland (km)

EUREHEERE(AE)

No. | Island
Sl
1. | Ternate
2. | Tidore
3. | Mare
4. | Moti
5. | Makian
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Question 1.2 (10 points: 10 x 1). Fill in the boxes along the graph axes with the appropriate island

codes.

IR 1.2 (10 43 10 x 1). FEh&RSFRYITHE R A E B Y SIS -

B> @

4

Rate of Colonization

Number of Species VIR

Question 1.3 (2 points: 2 x 1)
fiE 1.3 24:2x1)
Place a tick ( \ ) mark in the box of your selected correct answer.

S IERES (N EE BT T -

A B C D E

TASK 2. PRIMARY SUCCESSION AFTER VOLCANIC ERUPTION
BIE 2. KIR BRI

Part A : Succession and Plant Community Structure

A By R R EYIRRR RS

r I
[V]
=
(1]
o 4
*
m
= M
=1
2
o X
=
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Question 2.1 (3 points)
HE 2.1 34)
Place a tick ( \ ) mark in the box of your selected correct answer.

GRS 2 rps (N e S R

A B C D E

Question 2.2 (5 points; 10 x 0.5)
& 2.2 (547; 10 x 0.5)
Fill in your calculated similarity indices in the boxes provided.

R AT R EI R R FRIRY R o -

Year 1934 1949

1949

1963

1979

1991

Question 2.3 (2 points)
M 2.3 (247)
Place a tick ( \ ) mark in the box of your selected correct answer.

S IERE S (N RS TR -
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Question 2.4 (4 points: 4 x 1)
M 2.4 (44 4x%x1)

Place a tick ( v ) mark in the box of your selected correct answer.

SIS 22 npE (N eI ke

Question 2.5 (6 points)

I 2.5 (6 97)

|
T
#

Number of Species

Statement True False
Rt FhE Fr
A
B
C
D

Time (Years)

BEfE (4F)
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Question 2.6 (2 points: 2 x 1)

ME 2.6 24 2x1)

Place a tick ( V ) mark in the box of your selected correct answer.

I TS 2 A8 R TR -

Statement

True
R

False
PH

A

B
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Part B : Dispersal Biology of Ficus
B #ity : MEEEYIRUG LR

Question 2.7. (15 points)

RS 2.7. (15 43)

Fruit Serial
Number

RE

Fruit Diameter (mm)
REER(AEH)

Ficus hispida

Ficus septica

Ficus variegata

OO NOO ORI WN -

Mean

T

Std. Dev.
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Question 2.8. (8 points)

& 2.8. (8 43)

Ficus hispida

Ficus septica

Ficus variegata

Question 2.9 (4 points: 4 x 1)
M 29 (447 4x1)

Place a tick ( \ ) mark in the box of your selected correct answer:

S IERES s\ e BT T -

Statement
Ao

True
1F R

False
BE

A

B
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Question 2.10 (3 points: 3 x 1)
fRE 2.10 (343:3x 1)

Place a tick ( \ ) mark in the box of your selected correct answer:

SEIGTERE S 22 npE (N e ke

Statement

True
i

False
SH

A

B

TASK 3. SPECIATION IN SONGBIRDS

B1E 3. REHEL
Question 3.1 (1 point)

& 3.1 (143)

Place a tick ( \ ) mark in the box of your selected correct answer.

S IERES 22 (N R E I A& -
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Question 3.2 (18 points: 9 x 2)
fRE 3.2 (18 43: 9x 2)

Question 3.3 (3 points: 3x 1)

M 3.334r:3x%x1)

SNounrgggS Syllable Repertoire
B i E R
e E
G =
1
2
3
4
5
6
7
8
9
Group Songbird Number
BF NS 25 45t
A
B
C
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Question 3.4 (8 points: 2 x 4)

8 3.4 (84):2x4)

Group ....

Group ....

Mean within group

BAPIE

Variance within group

HNET

Calculated t-value

STEAYHE

Table t-value

t R tHE

Question 3.5 (1 point)

& 3.5 (1 42)

Place a tick ( \ ) mark in the box of your selected correct answer.

S TFRE S 22 rpsE (N e RS R

END OF PAPER
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