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IBO2014 PRACTICAL TEST 4
BALI, INDONESIA ECOLOGY AND ETHOLOGY

Dear Participants =84 ozj2

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

Of Algde| Xl “d=Xl2|st S L YL O Ald2 ChE2l Ml 7HA| 2tH| 2

T E LIL.

Task 1 : Island Biogeography (17 points)
o d=X2ls (17 8)

Task 2 : Primary Succession after volcanic eruption
Sttt Z& 0|22 1 Xt HO
Part A: Succession and plant community structure (22 points)
Moot AlE 28 & (22 F)
Part B: Dispersal biology of Ficus (30 points)
Fotatol Atz M= (30 F)
Task 3 : Speciation

S8

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.

drz M5 BHetX| o 2= 220 oot gHE HeAl2 XX o= &S oL o
HA|E S}X| OFA| 2.

e Answers written in the Question Paper will NOT be evaluated.
= MX[0f &£ B2 51X 8= 72t 2.

o Write your answers legibly in ink.
UIWOo= 97| YA B MAQ.

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.
2= 0N HAIE ZHz2ot HAE BF A=K 2AQISHA[2. O F WHEl 20| U2 H, FA|
R

o 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.

A S Atz S0 utH| 110F 20| 22 Sofl= O2E F7HES 37 40l Argd
AYLCE o 7|0 EAIE H7[AL &d2 XA 21, 7P 74X & OrA| 2. 2 2{ Lt 0| 301 A
HSote AHEOO= BAIE SH & E LG

o Stop answering and put down your pen immediately when the bell rings.
50| 22T A EAV|E BFL HE WHs2A|2.
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At the end of the test, place your Answer Sheet and Question Paper in the envelope
provided. Our Assistants will collect the envelope from you.
AlO| ELIH, EHotX|Qt ZHX|E MSE 85 Q| @A ZWIEFE A

2+
O - OT L-
ALt

=

4n
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Materials and Equipment X 22} ZX|

Quantity Unit
% Tkl

Material X &
Aerial photographs, coded A, B and C Sheets
ST, A B, CE EA ° &
Model chips of Ficus fruits (in one plastic bag) chips
(17H2] B2 2|0 So{Ys)T st Hoj me 30 I
Sample of whole and dissected Ficus fruit Fruits
Fotdl Hojf M et fFE A ME 17 Z Of
Bird song spectrogram and oscillogram Sheets
M RIHE(A2) AHEIHI QM2 1 o &
Blank paper for scrap paper 2 Sheets
&g K| &
Equipment & K|
Calculator Piece
A 447 1 q
Ruler Piece
Xt 1 70
Vernier caliper Piece
L]0 42| T & 1 Z
Magnifying glass Piece
g 1 o
Color pencils Pieces
Aot * d
Pencil sharpener Piece
SERE 1 o)
MP3/audio player with recording of bird song + earphone 1 Set
M X Md(xel) 580 S U= MP3/L2L| 2 Z20]0f + ME
O|o{ &
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BIOGEOGRAPHY & BIODIVERSITY
(AH X|2|stn} ME |:|.o|:)k-|)

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.

I=UAlOtE MEZLZRE OIEEMYCR2RH SH22E LRI SATIOA A)0f O

17,000 7fl olgel ez FdE CH¥gol Ofe =2 Uetoltt. elz=UAlore] S+
dEattdd2 d=X2letd FAED otL| 2 SLiX|Zof fIXISHs Ao 7[elgt = UL Chg
3ItMlE d=X2l<f, FA, MOl 22| Seetet HHE HHE S0 /ES = UA[OH0 A2

Ol £ AHESHO] EHELE,

r&* rir

il

Task 1. Island Biogeography (17 points) 24H| 1. M4 EX|2|&H(17 &)

Introduction (=)

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.

gdd=X2st HO|E2 o 40 U= T2 = M2 T2 RYUEFE, T2l F7h1

Ral
o @
il
ro

=]
Tl &4d) Aol BYO ofof ZYECHE AS Mttt M22 T2 RYE2
ol SER2EM 2EERRH HNtX|2 AH2lof ol Yeks =Lt BHEHE X[HH 2l

gel 37|0f of3f Yeks B=Ct.

Study the aerial photograph provided for Halmahera islands (coded B), which are on the
eastern part of Indonesia, and locate the following five islands :

2otsfett = (B 2 BEAIE)S &SATE BA|2. O] 2= 2 A|Ore| SZF0f ?|X|5HH
Cg 5712 de 2 Y&t

= Ternate H| EL}E|(area ®&: 111.80 km?)

» Tidore E|=2{(117.60 km?2)

= Mare 0t2{(6.04 km?2)

= Moti 2 E[(24.60 km?)

= Makian Ot7[2F(113.12 km?)
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= 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).
HEE X2 ALgsto] Zotsat 222 2E 2t Hoj o2&
dE 10MM 20lZ3= o2t 20| d2f 7HE HHE ZHEAte|
Syt

H HelE FEoAR. A=
=Eet gt Xt A2

Al
=

=

=

HdA

Shortest
distance

Figure 1. Measurement of shortest distance between islands.
a1 Atole| Z[EFAE| £

Question 1.1. (5 points) For each island, determine its distance from the mainland and record
your measurements in the Answer Sheet.

28 1.1, (6 ™) Zzto| Mo chsto gopslzt REZEEOl 72|E FHFstD EHoHX|of
Z™KX|E Mo,

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:

=X 1.2. (10 ) BHAX[e| OQzfz=of BAIE HEELN EEE sHEot= A2l 712 (0tH0

HSE)E 44 HeAl2.

Code(7|Z) Island(X)

A. Ternate(E| 2LtH|)
Tidore(El =&l

C. Mare(OFH2))

D. Moti(ZE|)

E.

Makian(O}7| 2h
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Question 1.3. (2 points) Which two islands listed have the largest number of species in
equilibrium?

28 1.3. (2 3") ozl d SOl BAYENOIM T =7F 7t B2 2708 DEA 2.
A. Ternate (E|2L}H])

Tidore (E|=2{)

Mare (OF2))

Moti (2 E|)

Makian (OF7| 2H

moow

Task 2. Primary Succession After Volcanic Eruption (52 points)
A 2. SEERY 2 1 X} HO|(52 H)

Introduction(= %)

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.

A2FER M= 2 A AiHtet 0tEEHE SAITI0A C 2 #AIE)E 22[5ts =L o o
XS A2 sitdES2 FEEICH 1883 E 2ZF FGAOAM 7HY 2 MY S = HUFE F2
StLEZb A2pFrERRAOAM  ZOf&tCt ol StLtel AMzE  =HdQl ofY  AZtFHERR
(R2FFHEFRL| RHA])7H 1927 H LIEFG O T, O] $hih2 OFX = &5t ULt

Part A : Succession and Plant Community Structure
ODE A: HO|F M E22EH 1=

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.

O|H| Ot Aet7tEtR = Chfot A2t S22 A X7t £ RUCH & 12 1934, 1949, 1963, 1979,
1991 HOj| Ot AZI7IEFROA ZEALE AlZ20| T =9t R H|O[Ee| YFE LIEFH ZI0[CE
H# 19| HIO|HE AF83t0] ZALE! 8 ALO[O]| Ot A 2t7tERR L AlEdd FAE ChFd X|=2f
FALE X|=5 AFE510] H| WA 2.
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Table 1. List and abundance of plant species on Anak Krakatau.
E 1.0t F2P7EIR0IN A2 S 220t Z0

Plant Abundance & 8

L|fe* Plant Species Habitat** (number of individuals per unit area)
No | Form N = 1 Al (Thel HAE WA )
Ao".%"%l* = oS 'I = I
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 | 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 I 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 I 0 0 3 4 121
20 H Vigna marina C 2 3 4 5 46
DIVERSITY INDEX (H’) oo 0.94 217 233 2.70
Chb4 XI5(H)) " ' - '

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

= The Shannon-Wiener diversity index (H’) as in Table 1 is calculated using the formula below.

19| Md-2lH Bt X|(H)= Of2h A5 AHESH] Al LHSHRAL

where (0] 7| 0f| A):

n

=— Z (pilnpfi,)

i=1
H’= diversity index (CH2d X|4)

pi= the proportion of the i species (i 2™ 2| 74X %= H|8)

In p; = the natural logarithm of p;(p; 2| Xt 21)

n = the number of species in the community (& 0|A Z2| £)
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Question 2.1. (3 points). The diversity index for vegetation on Anak Krakatau in 1934 was:
=8 2.1. (3 7). 1934 H Ot AZI7IEFRO|M A2 CHYE X|5=E?

C. 0.70 B. 0.83 C. 0.95

D. 140 E. 1.73

= The similarity between two communities is often expressed using indices, such as the

following Sarensen similarity index:

T o MO FAtEE BT LEl €2 2HE AL X5 AFESH0] LIEFHLY,

where (87|10 A): B = similarity index (- AtZ=X|=)
¢ = number of species common to both communities
(F o8 250 EXot= 2| )
S1 = number of species in community 1
(FEH1Q 2E T )
S2 = number of species in community 2
(TH22 2T )
B values range from 0 (no species overlap) to 1 (complete overlap)
U2 0(SE22 EXst= F0| Stz gl= E2)0AM 1(Z= S0l
S25= F9) Abo|7t Eirt

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.

28| 2.2. (5 ) Ot A2IFIEFR 0| M RALSH RE 0| HIO|HE AIRSI0] RE £ A
ALO|S] SALEE A3 K55 ALRSHY TLBIAIQ. T3t QALES HOHX|o| HO| HOA|2,

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:

=H 2.3. (2 F) =X 2.2 o HO[EE AESIO OfY FA=t7tEte 440] 7k ChHE F i
ini=PNE=}

1934 and 1949

1949 and 1963

1963 and 1979

1979 and 1991

1949 and 1991

mjn

moow >
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Question 2.4. (4 points) Indicate, using the data above, whether the following statements are
true or false.

=Ml 2.4. (4 ) 22| HIO|EE AHESIY Ctg &0 tiet 21 JA8S HEAISHA| 2.
A. Plant species richness at a particular observation year is always higher than the
previous observation year.

EH0| =AE AlE T SR s O 0|0 =AE AR O =L
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 Ho| A2 1963 HO|| HISH & 57t H REf(FSEes HI(S T2 A=
W= ol Elt).
C. On Anak Krakatau, the first pioneer plant species were dispersed by sea.
Ot F2t7HELR O M N3 7HA A& T=2 HICHE &3l Tt ALt
D. On this island, the first pioneer plant species were woody plants.

of oM MZ /X HE F52 5= =0

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.

=M 25. (6 ) # 12| HOIHE AFESIO] &R0 =0T =0 AlZH(E =)0 CHet OF
A 2FERR | ot LIF O Ao T 4 i Z 8 IO 2.

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

=M 2.6. (273F) 22 22f=0f 2A35}0] CtZ TI=0| TRIX| AX QK| EHEHSIA| L,
A. The coastal colonization of Anak Krakatau stabilized after 45 years.
Ot A 2FFHELR SHHOIM O] FHAN2 45 H 20 QHE 2| RACE.
B. The inland colonization of the island occurred 15-30 years after that of the coast.
Ol @ LHF O o FAH=2 sHHO| Mo HAELE15-30 H = LO{ WLt

Part B: Dispersal Biology of Ficus
O E B: F3afe| &z ‘455t

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).

2o Eojet TA 27| MZEE MRE2 F20 FHSE SHIF A UACH FIpat

5
3 & (Ficus hispida, Ficus septica and Ficus variegata: & 2)0| Ot A2} 7ELL 0| A LA QUCT
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Table 2. Description of fruits of Ficus species found on Anak Krakatau
H 2. OfY A 2p7tELR 0| LA E Fotat 3 50| Sofol| cist 4

Species (3)

Fruit Description (Z0H0]| CHst A H)

Ficus hispida having the form of a pear, greenish yellow, diameter 24-35 mm.
(HE) Hl 2, =M ws =M, 7 24-35mm
Ficus septica globular, light green, longitudinally ribbed with many pole warts,

diameter 15-25 mm.

ST 2, ot =M, B2 B2 7S 7MKL MEZ B E &

ZH| b 2 XF 15-25mm

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

diameter 20-25 mm

S22, WM BT S I B2M, EE AN, TF 20-

25mm

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.

BIOl= 2I0f 30 71| F2ta @07 (0|52 T FOh7E oL 2t A Eojef 27|ef X
HEIS (EE + =S s of 3 Y R¥O|h)7t 50f s EX|7} Uk Ztzto]
2Ho= YHHS I HE QUL

Observe the morphology and color of the fruits and separate them according to species.
Zojof HEjQt MES 2ESIN SHE RO L.

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).

HOLOf Z2|HAS ARESIO] of2fe| oo EolF= AMEH Gofel 7t &2
F20M  &of ZZel HFs =Fotn, Ao Z2O0H SR SFKE

HoAl.(F: 23 ofefl =M X2 7HK]| H2A|L.)

{ diameter

Figure 2. Example of fruit diameter measurement at the widest part.

a8 2.7t €2 f20M 2oie HE S 585t= of

Page 11 of 19



IBO2014 PRACTICAL TEST 4
BALI, INDONESIA ECOLOGY AND ETHOLOGY

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 27. (15 H) Bxe ®O| ZE OS] SJXE HeAl2 HES T dHot=s
EMzZ2E)0f 2 oo M U= LHHSO| et 0| E Hojof gLt 2E E0jE =gt

=0 2 Foil s Sot= Eojo ot X E 1 HEEHALS A M5 2.

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

28| 2.8. (8 JH) =& 2.7 0| BT HIO|HE A5 382

| €0 27| HlWsto 20 FE
HEEEAF ZetE G0 =S J2(A2. Ol HSE MAHAES

A8 % k.

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.

Fotut Hofjs BHO7F Yot Mot #F 22 Mo BE | HFESE F2|of 25 | E
H

Me dtidez &2 Y5 7ML, O|#O0| GleH, 4 #M LX| A4S 7HX 1, HME &
YAISHA| ZotLt. g3 = O|"E 7HX[1 EO0E =ZUA Hol, R U0 &sotl, HME
2 gXeth Me 28 of 11.3mm 2| 37|21 SAYE0E d=5t= g =23 = X F0] 50mm
oj¢fol EOiE H= = QUL

Question 2.9. (4 points) Indicate whether the following statements are true or false.
ZH 2.9. (4 F) ChZ Tl=0| & QAKX AR QUX| EHEFSHO] HA|SHA| 2.
A. Bats will choose fruit colors such as green, yellow, pale, orange or brown, i.e., colors

that do not contrast with its surroundings.

HEX| = =M L2 50|85 A QBIX| fEe ZHA ZHe Al

L=, N 22 Mg JhR|E UOHE MEt

mjo

=, O OHH| | X| Q= M-S 7Y SO0iE HEE AO|Ct

B. Birds eat Ficus benjamina, another species with red fruits that are 9.8 mm in diameter.
M= 2140]9.8mm ¢ HF2M 0| E 7tX|= CHE Z Q! Ficus benjamina € =Lt

C. Based on fruit size, Ficus hispida is more likely to rely on bats for its dlspersal than Ficus
septica.

Aof 27|0l 273+ Ficus hispida = Ficus septica 2Lt ZXtQ| A E HEF| 0f
o|FEY A Zrf
D. Birds will eat Ficus variegata.
M+ Ficus variegata & 22 Z0|LC}.
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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.

g S AE5H0 HIO|S ?I0 A= Ficus BO HEES ZHESIA|R. 0] 'E0f'= 2F0H| 2
x= Hls 2FAMEAH)E R2E S50 #28 7HULL 272t = E50tH 2=t
Fotit 2| o = ElCh HE2 IS0 Fotiltol 2F3ME S07tM EMO| 25 Z5
M =20 HOJLtA ot 2F=t= TRl o7t E=ot= O, A2[1 d52 BA7|0f
& st

Question 2.10. (3 points) Based on the above information and observation, indicate if each of
the following statements is true or false.
ZHl 2.10. (3 ™) | YEQ 2HEOf| 2SI CHZ T=0| FHOIX| AR X EAISHA| L.
A. The Ficus syconium contains both male and female flowers.
Fotito| 253t =R HES BF I
B. The interaction between Ficus and fig wasps is not mutualistic.
Fotute Fobut U H AO|o] A= oE|S H A 7t oL T
C. The relationship between these two species is an example of coevolution.
O] & & AtO|o] &A= STl=tef of O Lt

Task 3. Speciation in Songbirds (31 points) (2| 3. E32| &3}, 31 H)

Introduction (= &)

Songbirds communicate to other animals using clear sound or vocal signals, which are
important cues for both intra- and interspecific recognition

Ya2 S XM (2d) E= S22 U= E AESHY CHE S 2880 0] 22| e s

o O —

SU 2|02 AN 250 S BATt E'Ef.

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.

IRt QzuAlotel AcholM oz FRO BIES ATHYUCH, M BF2uS
GIBt7| 9IBt0] A2l XK B0 QLOfAe] #O|E ALESLRCE Tk A2 BAT|(Ak 3 E)2t
g2 =T0| oY BSORE AWERIAWESYISE)T QURIHS ABSIO BE
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AXHS EMOIGCL JtRZF0IE AIZE, MERZ0E 2200 FINDmA)E et
AHERTYL (1) T4 H2I9H(2) KIM B XI$7|2t2 HOIECE QRIS AIZto] T3t
ZIZ(A7])0) #0|Z HOjECL,

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:

Magle TEHCZ cal(IX The)db song(2 =)Lz FYECh Song 72
elHEZ|(+=&")0l Hoto] M= Fhet UE 25 HEdE 5 Qs et & = 2|0IE
Aok e MYHO AHER N Q-2 72 A0k slvH Of2of 30 MLt
R M=
- bo 40— ol
o x
r SH(s1) AHEz
Syllable (S11)
qoqg ——— 54 ﬂ SF 57 58 s10 512 53 512 Y 513 514
R, 515
aV V M A L S M A

I 1 ] i T I ] ] 1 i 1
0 02 04 i 08 r 1 {4 {6 18 : i
Time (second) A| ZH(Z)

Figure 3. Spectrogram and oscillogram of different syllables from a songbird’s repertoire.
a3 3 o2le W3 A HER 2 HE @2 ofzf SHO AHER U QMR Y

= Syllable (S): One or more continous traces, consisting of one, two or three elements,
which appear together in a sequence

=E(S): AEH 22 ol LIEtL= StH, &, E= M 242 FIE L EE= 1 0] 42
o1&xol 1l
= Syllables can be distinguished according to the syllable’s frequency range
=22 S22 Fht= Hlo| el F2E 5= AUCL
= Syllable Repertoire (SR): number of different syllables in a song (Fig. 3, > SR =15)
=2 | HEZ|(SR): e XN MMM CHE SH 2| (2 3, ySR =15)
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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).

9 oi2] FYgo 2HE=ZIRMO| FOMCL MHe o e EHE AMESIH 2=
~HEZOME M50 M2 CHE F2(e] 355 &= Aot MP3 E2{0]012F 0| ES
0|85t 7|F& a2 XNdE == + UL ERSILHH 25 B & EA|2).

[

Question 3.1. (1 points) Which of the syllable types below are unmodulated frequency traces?

25 3.1. (1 F) OfzHol O} 8% Q0| WZEX| 2 Fi4 IR 25 D2AQ.

1. 2. 3. 4. 5.
o 5 i S e r‘"u"i'\. —— \\i\\\ ——
A1 B. 2 C.3 D.4 E.5

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.

25 3.2. (18 M) F0i7l 97}o| AHER MO HE 2 X|XHo| Cfsf CH2 SHo| 5 Alof
BHOEX[o] ®#O| HoA[R, SLIo| XXM CHE S22 LU0} AHEZWE H|L
24510 O Yes| TR £ ULk

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.

=8 3.3. (3H) 1=2

o
2tztol 332 TNl

SHYHOl AMERIUED OFLI2t 8T YHER|C] RAHIO) 2H3H0]
35

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.

=X 3.4. (87 ™) =4l 330N STHE F2 T 7+
7R & B0 st F2lo sHE MY ERE II'L
= £

9
TEEFAAM F YTES BUS AL, 24 21t

o>|
&2
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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) =2 dlHE2|2| X}0|= CHE 2 2l0|ettt= 7FEE 7KL LS Te & =
A0 EAISHA[2.
A. The two groups belong to the same species.
T Fol= d2 30 oot
B. The two groups belong to two different species.
T+ 22l F 712l CHE J0f £ttt

rlo

APPENDIX A: Student t-test 2 E ¢4

ol

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).

= TS HU5H| R3iME AREE tAB0 2ot A4 =4S StL. t-table Off HA|E
=8 ral= °| KO S A Aot kS o dotth(F, AlLteh 2k >table 2102, S/t S
71245k, E | XH0|7 2 ¢0f| ofof T dot= ALCH ALt ZEWE 4 UL HHH=

Aitet 2t < table gtO|H, 7S BHOHS0|H, BHEZLS| XH0|& 2o Tdoh 2 -
UL ZEUZ == ULt

?1 = mean of sample 1

X2 = mean of sample 2

N, = number of subjects in sample 1

n, = number of subjects in sample 2
i
E ()(1 = x1)
ny

5 (2 - %)

Ny

512 = variance of sample 1 =

S 22 = variance of sample 2 =
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Statistical Tables Table ¢ - distribution

Table entries are values of t corresponding to proportions in one tail or in two tails combined

One tail Two tails
(either right or left) combined
t Table
cum. prob t 50 ts t g tss tgo tos t 975 t g9 t 995 t 999 t 9995

one-tail 0.50 0.25 0.20 0.15 0.10 0.05 0.025 0.01 0.005 0.001 0.0005
two-tails 1.00 0.50 0.40 0.30 0.20 0.10 0.05 0.02 0.01 0.002 0.001

1 0.000 1.000 1.376 1.963 3.078 6.314 12.71 31.82 63.66 318.31 636.62
0.000 0.816 1.061 1.386 1.886 2.920 4.303 6.965 9.925 22327 31.599
3 0.000 0.765 0.978 1.250 1.638 2.353 3.182 4.541 5841 10.215 12.924
4 0.000 0.741 0.941 1.190 1.633 2.132 2.776 3.747 4.604 7.173 8.610
5 0.000 0.727 0.920 1.156 1.476 2.015 2.571 3.365 4.032 5.893 6.869
6 0.000 0.718 0.906 1.134 1.440 1.943 2.447 3.143 3.707 5.208 5.959
74 0.000 0.711 0.896 1.119 1.415 1.895 2.365 2.998 3.499 4.785 5.408
8 0.000 0.706 0.889 1.108 1.397 1.860 2.306 2.896 3.355 4.501 5.041

9 0.000 0.703 0.883 1.100 1.383 1.833 2.262 2.821 3.250 4.297 4.781
10 0.000 0.700 0.879 1.093 1.372 1.812 2.228 2.764 3.169 4.144 4.587
11 0.000 0.697 0.876 1.088 1.363 1.796 2.201 2.718 3.106 4.025 4.437
12 0.000 0.695 0.873 1.083 1.356 1.782 2.179 2.681 3.055 3.930 4.318
13 0.000 0.694 0.870 1.079 1.350 1.771 2.160 2.650 3.012 3.852 4.221
14 0.000 0.692 0.868 1.076 1.345 1.761 2.145 2.624 2977 3.787 4.140
15 0.000 0.691 0.866 1.074 1.341 1.753 2.131 2.602 2.947 3.733 4.073
16 0.000 0.690 0.865 1.071 1.337 1.746 2.120 2.583 2.921 3.686 4.015

a7 n nnn n oo n onn 4 neo 4 nnn 4 74N 2440 n Eco7 2 eao L W-Y V-3 2 aac
[N v.uuuv V.00 V.000 1.0 1.999 1.9V .11V .90/ £.090 9.0%40 9.9090

18 0.000 0.688 0.862 1.067 1.330 1.734 2.101 2.552 2.878 3.610 3.922
19 0.000 0.688 0.861 1.066 1.328 1.729 2.093 2.539 2.861 3.579 3.883
20 0.000 0.687 0.860 1.064 1.325 15725 2.086 2.528 2.845 3.552 3.850
21 0.000 0.686 0.859 1.063 1.323 1.721 2.080 2.518 2.831 3.527 3.819
22 0.000 0.686 0.858 1.061 1.321 1717 2.074 2.508 2.819 3.505 3.792
23 0.000 0.685 0.858 1.060 1.319 1.714 2.069 2.500 2.807 3.485 3.768
24 0.000 0.685 0.857 1.059 1.318 1.711 2.064 2.492 2.797 3.467 3.745
25 0.000 0.684 0.856 1.058 1.316 1.708 2.060 2.485 2.787 3.450 3.725
26 0.000 0.684 0.856 1.058 1.315 1.706 2.056 2479 2.779 3.435 3.707
27 0.000 0.684 0.855 1.057 1.314 1.703 2.052 2473 2901 3.421 3.690
28 0.000 0.683 0.855 1.056 1.313 1.701 2.048 2.467 2.763 3.408 3.674
29 0.000 0.683 0.854 1.085 1.311 1.699 2.045 2462 2.756 3.396 3.659
30 0.000 0.683 0.854 1.055 1.310 1.697 2.042 2.457 2.750 3.385 3.646
40 0.000 0.681 0.851 1.050 1.303 1.684 2.021 2.423 2.704 3.307 3.551
60 0.000 0.679 0.848 1.045 1.296 1.671 2.000 2.390 2.660 3.232 3.460
80 0.000 0.678 0.846 1.043 1.292 1.664 1.990 2.374 2.639 3.195 3.416
100 0.000 0.677 0.845 1.042 1.290 1.660 1.984 2.364 2.626 3.174 3.390
1000 0.000 0.675 0.842 1.037 1.282 1.646 1.962 2.330 2.581 3.098 3.300

z 0.000 0.674 0.842 1.036 1.282 1.645 1.960 2.326 2.576 3.090 3.291

0% 50% 60% 70% 80% 90% 95% 98% 99% 99.8% 99.9%
Confidence Level
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APPENDIX B: MP3 Player User Guide
55 B: MP3 E£80|0{ ALEX}IE flct QLY

On your MP3 player, you will find 4 buttons which are: mode button, play button, hold button and volume
button (see Figure A).

MP3 Of| = 4 7i 2| H{ E(mode button, play button, hold button, volume button)0O| /Lt

= 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.

Mode button 2 (1) Ltg X[ M & 2|2 Z [ (RLEZ HES =) L= ¥ XNE 222 £|=0t
Z (2% HES S2)AEE + Utk
= 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.
Play button 2 (2) XX & £2|7F LA StALE A & [ AFESHCL O] HHE2 MP3 E2|0|0f &
77{Lt & W(on/off) = At SICE.
= 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.

Hold button 2 (3) MP3 Z2{0]0{2| CH2 H{E0] X33HA| ¢=% & Of hold button & 2Z0]
IXISHA| SHO] AFESHCE.
= The volume button (4) is used to raise the volume (the + button) or to reduce the volume (the —
button)
Volume button & (4) 22|& 3 & M(+HE) E= L2215 2 & W(- HE) AHE Tt

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
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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.

Mol KM 2212 £7] YeiAs HH MP3 Z20/ojo] HAZ ZChplay button & 3 X O[4 F5).
J813 LM B9 Bl(Figure BN KM 42(MSC 2 EAIE 29 ofo|)E Mehstn, MP3
Zajolof Y% 9lo] M2l U= mode button 2 F2Ch O7[ofM 2z XMA 2|oict
287125 (sonogram)0ll MSE DiAE2 YO XKY A2S #S 4 UCk S0 HES HaA
AHE 2212 L2 STt Mode button & 2EZOR SN O3 XN 228 XL}, 9%o2
SEM O XNY 4212 SETh BE HES Q2% 20| DY KXY 2218 B2 TYAZ
4 9lon), 9% Boj DYAA HijE T ¥ 4 ATt 22F 9 TMR0N XKF 227 Lt

AlZa 7|zts & & QR

Figure B. MP3 Main Menu
MP3 O QI O =
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