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IBO 2014 PRACTICAL TEST 3
BALI, INDONESIA ANIMAL ANATOMY, PHYSIOLOGY, AND SYSTEMATICS

Dear Participants 2 Of 2{&

10.

In this test, you have been given the following three tasks:
AR OE 37HA FAR T H 3
Part A. Acute Response of Fish Larvae to Changes in Salinity (12 points)
(F=wshe] B Za7] Aoje] FHE)
Part B. Calculation of LCso (19.5 points) (HFX| A5 = 54 3}7])
Part C. Classification of Prawns (62 points) (X} -%-#2] )
Use the Answer Sheet, which is provided separately, to answer all the questions.
HE R Al gebAo] ®@ehs AL

The answers written in the Question Paper will NOT be evaluated. A %] o] # &l Hol&
A etA ol ol shAl L.

Write your answers legibly in ink =312 2 W5 3}A @ehS 28k 2.

Please make sure that you have received all the materials and equipment listed for each task. If
any of these items are missing, please raise your hand immediately.

7} Al G B AN E ARl G E BF FUAEA el e, B B2 F @ ARG

= 7;i°] ;,lt}‘i'i EL =N
Stop answering and put down your pen immediately when the bell rings.
ol £eW Age 57t A5 WS el yoe

At the end of the test, place the Answer Sheet and Question Paper in the envelope provided.

Our Assistants will collect the envelope from you. A& o] T 55, FetA o ZAA] & Fo%]
E’_Eoﬂ \:19‘}\] Q. 7]—5_?_].0] J;LE E‘ 74 O 7-]0]1/]1—4__

Note: You are provided with a magnifier glass with lamp, and a desk lamp. Make sure both
lamps are working prior to the test.

FIANG: olREANAE B} FAR S P U 2ABLE S AT T
Az AF A S HA5A

You may work on these tasks in any order. Each task is independent of each other.
ZF Al AR SsHA R FAHAJNY ek of| EA R RAE st = Aaglsyh
You may use your question paper as note to do math work

wAA 2] R F3ES o] &3 Ajtel = gy
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ANIMAL ANATOMY, PHYSIOLOGY, AND SYSTEMATICS

Materials and Equipment X 22} ZHH|

Materials X &

Prawns in tray (E240]0| Y= Af2)

Equipment ZHH|
Dissecting kit (S| 7| E)
Magnifier glass with lamp (& T £ A=l S| A)
Desk lamp (|23 & =)
Pencil ()

Tissue paper (E|+F)
Tablecloth (A El &)
Gloves (EE2E)

Mask (Ot A 3)

Ruler (X

Calculator (Al4H2])
Sharpener (2 & 2Zt7])

Label (2}

Quantity

6

Quantity

Unit

specimens

Unit
Set M E
set
set
Piece 71
Box &
piece

piece

Sheet &
Piece
Piece

piece
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BALI, INDONESIA ANIMAL ANATOMY, PHYSIOLOGY, AND SYSTEMATICS

Part A
Acute Response of Fish Larvae to Rapid Changes in Salinity (12 points)

odst A HSo Cliet 2117] X|0{2] 2/ ¥ (12 H)

Introduction =A™

In Indonesia, the salt concentration in brackish areas is strongly affected by the season. While heavy rain
at headwaters and watersheds lower salt concentration during the rainy season, the lower water
volumes during the dry season increase salt concentration.

QI HA[OFC]  BtSl4=X| Y (brackish area)?| &= (salinity)

=
—
27|(Rainy season) &2 &7 SF RIQ =2 I XY 22| g

gHEH, A7l et SUote YdE Itk

Fish larvae are highly sensitive to changes in salinity of their environment, to which they can respond by
osmoregulation if salinity remains within their tolerance level. When fish encounter salinity levels
outside the tolerance level (either lower or higher), osmoregulation mechanisms fail and salt becomes
toxic for these fish. The goal of this experiment is to assess how larvae of milkfish (Chanos chanos
Lacepede) respond to rapid changes in salinity.

=17(2 X0z FogEo griziof oje THotot Y Fro| Hat Y7t 0]50]
A

ALY 5 b 2FY P, 21|E NEZTUSS Sof Y= WS FE + Uk
SHRIB YET} 0|50 M2|HOR AW 4 Sl LhA B A (tolerance leve)B H0le 3
(B7iLt, QECH ALY, MEZHO) ot IS HIIZ S8 4 glon, gL

=A7|0|A XFHQ 2ntE 7hH2A =l

| =
X Of M2 "™Yl=Z107|(Milkfish, Chanos
chanos)'?t =& 2t (= S

ZARSH=H AL
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Experimental procedure & &= X}

To determine the mortality of fish larvae as a result of rapid change in salinity, 10 fish larvae were each
transferred from 0.4 M solution to different concentrations of salt and the number of fish that died in 5
minutes were recorded. The table below shows the results of three replicates of the experiment.

w2ct §ro| stz QI8 OF7|E= 17| X[0fe] AlYES F3517| fI3H, 04M
258N =R H Ofcf O MA[= B2t 20| 27| CHE 52| 2520 =127 X0 S
10 OF2|Y ERAct 5 & duk £ 0|52 MEet /N =8 7| S5t ofef = 3522

TAE Ao ZnE 20jF1 UL

Number of dead fish larvae Position of dead fish larvae in
Atast 207) & the tubes
Salinity At 207[7F Al B0 M ZAE
o g (ED|
Replicate 1T  Replicate 2 Replicate 3 Surface Middle Bottom
HhE 2= 1 242 HhE 2~ 3 HH e HEEF
2 M 9 10 8 26 1 0
1.6 M 7 6 9 18 3 1
1.2 M 5 5 6 12 4 0
0.8 M 2 3 2 1 5 1
04 M 1 2 0 0 2 1
oM 4 3 3 0 1 9

Data Analysis G|O|E{ &

Question 1.1 Plot the average mortality rate (“M”) as a function of the salt concentration (“S”) as a line
graph in the Answer Sheet (6 points)
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BH1.2 FE("S"S 2 BEA)NO| [HE Ha AUE (%, "M"22 BA|)Q| H3l F0|5 EHeHX|of
MA2HZ(line graph) YEHE ZHSHAI2 (6 H).

Question 1.2 Mark on the graph the concentration that caused mortality of 50% of the fish larvae (2
points).

=8 1.2. 2107| X0 Nz MTE 50%E RESI= Br(sk)E 1=
HEAISHA22 H)

Question 1.3 What is the most probable cause of death for the majority of fish that died in this
experiment? (2 points)
=H 1.3 =2 dFoM 21715 AYSHA o "2 7HY Efget A 27
A. Compared to the solutions, the fish are hypertonic and thus suffer from water entering
their tissues.
2107|& A0 Hls| D& (hyptertonic)O|Ct. [2tA =& Qo 2 F0| X ESICE
B. High concentrations of salt increase the viscosity of water, and hence increase the
energy demand of the fish for movement and respiration.
=2 8= 22| MM (viscosity)E S7HAIZ|H, O|2 Qs E17|7F & {0l 0|Sst
S E5t=0 2t oHX| e 0| SItetet.

C. High concentrations of salt reduce the oxygen available to the fish.

O O?IE'— ':‘_|_7|7|- AI-Q_OI- _/'\_ Ol L= A} AOl F% 7|:||-—+—A||;_|EI'-

T O AT

D. The fish suffer from anoxia due to damages in the gill tissues, caused by the high
difference in water potential between their bodies and the environment.
=2 I Bl A (water potential)@| XtO|Z2 QIst of7t0| A2
Z(anoxia)= 7M=L}

=17(9 51 2g 7te

|
=270 A X FHQ Faba

Question 1.4 In this experiment, what is the most probable cause for the dead fish to float in the water
with high salt concentration? (2 points)

2814 0 2o D3k F=ZUUAM, At 207|7t =8 =2 HREHA & /=

1 QEE e 2Tk @ F)

A. Their body weight is reduced because water diffuses from their tissues.
=2 ZHO|M 20| =[O LH7H7| T2 0| HF0| 7Hef | Tt
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B. Their body density is reduced because the tissues fluids are more dilute than the

surrounding salt solution.

ZXNMOl ST 9| 2520 Hsh EWN 7| Mz 52 2=t SO0=Ct
C. Gas accumulates inside their bodies as a result of decomposition.

2oz Qs 7tA7F 0| S01%7| WZO|Ck
D. They lose control over their swim bladders.

2o thet S At

—
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Part B:
Calculation of LCso (19.5 points) Bt X|Als & A4t (19.5 ™)

Introduction = ¢!

Indonesian aquaculture in brackish areas benefits from the natural inflow of fresh water from nearby
rivers. Recently, these cultures have come under threat from various chemicals such as insecticides
washed into the rivers. A common method to assess the toxicity of such substances is to determine the
concentration at which 50% of the tested animals die. The corresponding concentration is named “lethal
concentration 50%” or LCso.

Rl AlOFe] 7|=X| Y (Bl=
YA A (acquature)2 FH S

i |2
IR S T2 SHHLZRH 22 S0 HEH S 22 ChYet eist= 20|
H

— o
Olsl et ULt o|2fst st HO| EM2 FHSH= 71 YHHQl HH2
dEsEE17)E2 8220 =2AM7 7, 0|8 T BHG0%)E 5 UHEE XAMSEE
S35t A, O] A|™e| 5= & BtX|Als T (lethal concentration 50%, LCso)2F SFCH

The table below shows the results of such an experiment to assess the toxicity of a common insecticide
for fish larva. Determine the LCsq of this insecticide for the fish larvae.

ot #= £ £FHE 20| Foet 2, £0] =0 [HE =17| X|oje] & AT =& 8¢

2 Z200|tt 27| X019 HXMSE LCs &hE TOHA 2.

Concentration Tested Animals )

No (M = AIBIE D Number of Dead Animals

s [ © =2oo = A|-E”‘ 7HX-|| N
. HEH s WA 2 © T

1 10.2 50 44

2 7.7 50 42

3 6.5 50 35

4 5.1 46 24

5 4.4 50 22

6 3.8 50 16

7 3.2 50 11

8 2.6 50 6
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Probit Analysis Z2 5! £

A powerful way to estimate LCso from such data is Probit (Probability Unit) analysis based on linear
regression. The basic idea is to model relationship between the logis concentration of the insecticide (x)
and the probit conversion value of mortality rate (y) as a linear function of the form y = a + bx. To ensure
the relationship is approximately linear, the mortality rates are first transformed into probits, defined as
the position of the value in the cumulative distribution of a standard normal. You can conduct this
transformation on Finney’s table (Finney, 1952) (Table 1). As an example on how to use this table
consider a mortality rate of 17%, for which the corresponding probits of -0.95 is indicated in row “10”
and column “7”.The probit of a mortality rate of 50% is 0.00.

HXAFS E(LCs0)E 57| I3 20|= & T 7t o 22 MA 70 7|gtst
Z 248 24 (Probit, Probability Unit)2 =33t= ZO0|Ct 7| 2™ 2 EE‘?J —E—M'%
H4SHSEE X238 £X] (logy, #EMHEE) MTES
conversion value)2 2 H2tot Z+3 Zt2t x Zat y 5o 2 X|HSHL, O| % Zto| EIME |
FH| 2AE "y=a+bx"2| LAt HHA L Z BAESIE HAE HXCH F B 710 A E
A MAEZ LIEILY 7| QIS = M A E(mortality rate)2 T2 Hl(probit units) FYEHE
E§._W7:|0F ot 7| =282 EEE A E22 —'T—’E*.:.' ME Sl FOX|H, of2 HA|E

|'—|E (Finney's table)'E &3l 11 4t €2 d O|E SXHE, AL E 17%2]
= 242 -0.95 20|, Table 19 ™ 1% H9| ”10"1'f M F =2| “7"0| TtLt= X0 O

|

X0 EAIEI(H UL BIXALS =20f S S E[= AFYE 50%2] 28! gt2 0.00 O| L.

Table 1. Finney's table I|L{#: SHE AIUF (k)2 ZE2E = T2t gL

% 0 1 2 3 4 5 6 7 8 9

0 -2.33 -2.05 -1.88 -1.75 -1.64 -1.55 -1.48 -1.41 -1.34
10 -1.28 -1.23 -1.18 -1.13 -1.08 -1.04 -0.99 -0.95 -0.92 -0.88
20 -0.84 -0.81 -0.77 -0.74 -0.71 -0.67 -0.64 -0.61 -0.58 -0.55
30 -0.52 -0.5 -0.47 -0.45 -0.41 -0.39 -0.36 -0.33 -0.31 -0.28
40 -0.25 -0.23 -0.2 -0.18 -0.15 -0.13 -0.1 -0.08 -0.05 -0.03
50 0.00 0.03 0.05 0.08 0.1 0.13 0.15 0.18 0.2 0.23
60 0.25 0.28 0.31 0.33 0.36 0.39 0.41 0.44 0.47 0.5

70 0.52 0.55 0.58 0.61 0.64 0.67 0.71 0.74 0.77 0.81
80 0.84 0.88 0.92 0.95 0.99 1.04 1.08 1.13 1.18 1.23
90 1.28 1.34 141 1.48 1.55 1.64 1.75 1.88 2.05 2.33

Page 9 of 19



IBO 2014 PRACTICAL TEST 3
BALI, INDONESIA ANIMAL ANATOMY, PHYSIOLOGY, AND SYSTEMATICS

Question 2.1 For data points 2, 4 and 7, transform the concentrations with logio, calculate the mortality
rates and transform them to probits. Report your results in the table in the Answer Sheet (4.5 points).

Note: Use a precision of two digits after the decimal point for all calculations in this task. Except for
calculation of mortality rate where no decimal required for calculation result.

ZH 2.1 @ BFHD 24,7 HOM 2FE 4B 522 2% (logi)2 THOHAIR. EBH 8
SZO|MO E217|9] MYE %) AHMStD, O|F ZEHl gfo=z HEtA 7l S F;CMIOI
ool MA|2. (4.5 F)

FOoAE: MUEESFTE BANS Mt BE U2 AT SMAEITHK| FEHA| 2.

|¢|

Slope b and intercept a of a linear equation can be estimated from the n data points using the least
squares approach as:

x2t yﬁk *folol 2| H & M(y= a+bx)2| 7127 (b)2t B H(a) U2 X AN S (least square

n 1 n n
Zmiyi_;zfﬂizyi a n
b:z=l 1z=1n 1=12 a:E ;yi_bz;ﬂgi
et (Lm
z i=1

=1

Question 2.2 Calculate x? and xiy; for data points 2, 4 and 7 and report your results in the table in the
Answer Sheet (3 points).

=M 2.2 | AEHD 24 70N 2HSE X2 E 0|8510], x2 xy,atS ALdta, of
EHREXIOf 7| ISR, (3F)

i

Question 2.3 Calculate all required sums (4 points).
=M 2.3 2 ZHUS| SEYE AMSHIA 2. 4F)

Question 2.4 Use the equations provided above to estimate both slope and intercept (4 points).
=M 2.4 2[0| MAIE AS 0|85t 2|22 7[27[(b)2t BHE(a)S ALSIAIR. 47T)

Question 2.5 Use your estimates of the slope and intercept to estimate the LCso concentration of this
insecticide for the fish larvae. Report your result in uM (4 points)
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=8| 2.5 ¢ 2+ of =d&l =AML 7[27|2t BHE 0|8dt], &S X2

o E
= O |
HEXIAHS E(LCs) 2 2HBHAIQ. RS HHXAHS £ uM EHRI2 SHOIX|0f 7| BHAI2. (4 &)

Part C (62 points)
Classification of Prawns A 2| & &

Introduction (= ¢})

Indonesia is one of the main producers of prawns with many small to large scale aquacultures along the
long coastline. Due to differences in environmental conditions along the coast, different prawn species
are cultured in various locations. The goal of this task is to identify specimens of Indonesia’s famous
prawn species and to study their phylogenetic relationships based on morphological characters. You may

use the magnifying glass, dissecting kit, forceps and the needle provided.
A0t =2 M FA=oH, et S et 30 22 M2 L4 0] ZHLISHA
e D QO K|S 2 BEZA KO|2 B, 27| k2 MRB0| CrYtt X

— —
ULE = el =X 2 Ql=U|Aloto|A 22| & Tl Af2E 2
=/1%t0] 0|5 &5 e AS<H A E #Yot=0 ULt
t=

Sl F7|E, HA, Bt=S 0|83 2 ItH| & A5 =2

,I_A

Note: Damage to the specimens will not lead to point subtraction. Some specimen may be from the
same species.

FOIMY: RS 22 PO B $o0, ofH EEEL SATY 2 ULt
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Identification of Prawn Specimens M| $E & S8

Question 3.1 Identify all prawn specimens using the following identification key. Consult the figure
below to identify the required morphological features (15 points).

=8| 3.1 ot MA|E S787| (dentification key)E 0|83t MIE E& M? #22 T
SJOHAI2. (Of: SpA & 1t o F2UX| oS Fof"v" & otA|L) ot XM A=

o o —
HIOSHY BN HESS SEOHAL. (15 F)

mjo

suzEd Epigastric tooth
median tubercle HIQIZ ELE7 . .
1% &7 Thoracic sternite (located on the ventral)
(a] ru
AU EEEE7| A ) y 55 e
gastro-orbital carina arEe'_nnuI:l adrostral carina 7 T e
; LI %%/%ﬂ
/ yd
/ y 4 y,
pd 3 ' 3
=T PSIUM= e/ CATAPACE e
: ~ = Ol : lengtlhy !
S .
ROHEQEHE : .’(. = : —r%ﬂ : // I-6 abdominal segments
antennular I/ | i P (or somites)
flagella & F ! //
Az N [T S S
peduncle e — -ao / Car?n::ha._nm
e — TE
antennal w
scale = y

=70 H

dorsal
| crest
b, ’ {

/ _ ’7%4'{/}’(( (( ' ‘
:'!‘/ dactyle szere) ' // / / ( O\ N\ \ 8 me|oto

(=3

=

\

\ 1 |\‘ \ \ s | endopod StCH| . ‘
N\ — pleopods

\ 2N o B endopod
antennal / e T N ’

. StCt2|
flagellum D s b A— e Ap - A
CEo| =D chela dactyle S exopod
150/ # pggéodus AL Lot HHZECHa)

pereipod;sq or legs
H=
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Identification Key for Prawns Af & &8 7|

Note: A dash “-“in b indicates the absence of the pattern described in a.

FofAteh a 0| MAIE HEH E40| fle= 8% b g0 "-"2 EA|Z| AL
a. Second pereiopod bigger and longer than the other
pereiopods Al 2 EX0| CHE EZF0] H|s 310 ZCk 2)
b. - (4)
a. Antennal scale anterior margin strongly produced forward at
or near mid-line HZQIHO| X JHEAIE|7F M =2 Macrobrachium rosenbergii
SLUEZ N2 == ACL
b. - (3)
a. Thoracic sternite 4 with distinct median suture
T 4 FFATHO| TS SobEshM EXYBH Macrobrachium australiense
b. - Macrobrachium koomboolomba
a. Rostrum with ventral teeth
Z=S0|o B0 20| EYRYo| 7| =x| S (12)
b. - (5)
3. Telson with fixed subapical spines 112|O}C|(telson) 5% )
A0 7FA 2 =7] (subapical spine) Z=XH
b. - (9)
a. Telson with 1 pair of fixed subapical spines (7)
M2[OrE(telson) EFF A0 7N 2 7] 18
=X
b. Telson with 3 pairs of fixed subapical spines
2|0k (telson) B¢ 2T ZHA 2 =7] 34 (11)
=X
a. Maxilliped 3 and pereiopod 2 with spine on inside of basis
M2 20t M 3 ©HCte[o] 7[MF CHZ0f| 7HA[2 2o Metapenaeopsis barbata
=7 EX.
b. - (8)
a. Carapace with longitudinal suture (seam)
S50 Mz Be =) 1ol
b. - Penaeopsis eduardoi
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Pereiopod 5 with exopod

M5 2F0 HZCH2| EX.

Rostrum as long as peduncle of antennule and antennal scale

F&0|(rostrum)= &2 Q1 H(antennal scale)1t

L2 &0|(antennule)2| XHF (peduncle)2t 2 0|7}
H| =g
Rostrum shorter than peduncle of antennule and antennal
scale & 0|(rostrum)= &2t 21 H (antennal scale)1t

L2 E&0|(antennule)2| XHF (peduncle)Of HISH 2.

Rostrum with 4-6 dorsal teeth

S350 4-6 72| XO(EBEE2Y2 E7))E 7HEl FS0|
=Xy,

Rostrum with 10-13 dorsal teeth

SZ0 10-13 72| X|oHEE 22| =7))E 7I7

FSO0| =X,
The height of the gastro-orbital carina is at least half of the
height of the carapace at the same location

S XM M EEE=72 =0l Mo &84
=0|o| Hut =gl

Rostrum with 6-7 dorsal teeth and 3 ventral teeth

5 K[OHEE R =7]) 6-7 72t HiZ

KoL 2| =7]) 37/HE 717 =017} EXE.
Rostrum with 8-9 dorsal teeth and 2 ventral teeth

SZ x|0f (ELR Y| £7)) 8-9 JHot HjZ
XOHEL R Y| E7)) 2 4E IHE FE0|7 EXfE

= .

Trachypenaeus curvirostris

Metapenaeus monoceros

Parapenaeus australiensis

Parapenaeus sextuberculatus

Funchalia villosa

Funchalia woodwardi

(13)

Penaeus merguiensis

Penaeus monodon

Litopenaeus vannamei
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Compiling Character and Similarity Matrices SE Y& XZAl U FAHS HE =g

=2 |10

o

In this task, you reconstruct the phylogenetic relationships among the six prawn specimens from
morphological characters. You will first need to compile a character matrix, which is a list of the
presence or absence of the morphological characters, listed below, for each specimen. Use the figure
provided under Question 3.1 to identify the required morphological characters.

=2 AN oHES HElEX EXS 2O Z O E00AH FOZE 6 02|9] MR EE9
HESHN QAUTAE XEE A=O|CE 24 o2 2 silE H2o HElN
AHOIN=EE)o EX FF0 et o2 HAEXIZ M B (character matrix)S ZHJ sl OF LT,

=M 3.1 0 MAlE 28-S 0| 85t0] of2f MAlE B YESS SIoA.

Number pegeription ()

(M=)

1 Second pereiopod bigger and longer than the other pereiopods
M2 £Z0| CtE EXS0f HIsf ALt ZCt

2 Distinct median tubercle on ocular peduncle
X2 Y ZYEHO| ULk,

3 Upper antennular flagellum subequal to lower one, attached to apex of third antennular
segment 2 25 50| HEO| MR ot otaks ZO|7f AHe| H|X5HH, X 3
L 2HS0|HZo| 20{ALL.

4 Antennal scale anterior margin strongly produced forward at or near mid-line
HZQIHO| A IRV HF 52 SYMUFL=E H0| S50 Uk

5 The height of the gastro-orbital carina is at least half of the height of the carapace at the same
location

S XM 2H=8E=712 50l F8L2 =0[0f Hgh x| 2o FLEolot

6 Rostrum with ventral teeth
HiZ O 222 =7|E 7HX&= =017t EXSHCE

7 Blade of rostrum high, broadly triangular in shape
FS0/2 20| H2(FHR) 4d ZYO|Lt.

Telson with one pair of fixed subapical spines. 2| OFC| Q| X0 7FA[Z QY =7 14 EXY.

Page 15 of 19



IBO 2014 PRACTICAL TEST 3
BALI, INDONESIA ANIMAL ANATOMY, PHYSIOLOGY, AND SYSTEMATICS

9 Adrostral carina and groove extending as far as, or slightly ahead of epigastric tooth

FEREZ ES7(2 0| HI?IF 85720 2% AFo2 YL UAALE

H|==StC}
10 In adult males, dactyle of third maxilliped half (0.5 to 0.6 times) as long as propodus

=0 dHe B2, M 3  rte|ef ZrrEr2 PR Hlsh it Y= (0.5-0.6 Hi)O|Ct.
11 Pereiopod 5 without exopod and telson without fixed subapical spines

M 5 2=0f BFZCH2| 7t glen, ma2|ote|of el EXtE BfZ0t2 o= 7HAI=E7]7F 8L
12 Body white yellowish, yellow reddish with black or green spots

o= 2 L2MO|ALE, HAL 54 HE50| s 2 HO0| == SB[
13 Rostrum with 6-9 dorsal teeth and 2-3 ventral teeth

sZ0l= 6-97M, HiZM= 2-3 712 & Z¥2| 7|8 7Hl= FS0|
14 The movable finger of the chela has very short and fine spinules

YAZOAM S50l Z7HE0= O 210 74X 2k DI M7HA[= 7|7t ERH St

15 Fifth pereiopod without an exopod
M 5 20 gZct2| 7t gict

Question 3.2 Compile the character matrix in the Answer Sheet. Use “1” for presence and “—* for
absence (22.5 points).

28 3.2 HotX| o] HEAXIZH H (character matrix)S X RA| 2. ST HEO| EX|IH “1"2,

A

QoM " "2 HA|SIA| (225 ).

Reconstructing phylogenetic relationships using UPGMA (UPGMA £ 0| 8¢t A| S 2HA| x| 14

UPGMA (Unweighted Pair Group Method with Arithmetic Mean) is considered the simplest method for
reconstructing phylogenetic trees with assumption the data provide has constant rate of evolution. In
this method, the pair of clusters with the shortest distance is combined into a higher-order cluster at
each iteration. To illustrate this concept, consider the number of character differences between the
Taxa A, B, Cand D.

HAEO| Tt =7t 2E5IChH= T Stof M “MzdaS 08¢t HIZISUHIZAY (UPGMA,
Unweighted Pair Group Method with Arithmetic Mean)"2 ZS+& M 7dsh=0 U0
70 HEet o 2 e RULE AHE2[7t 7Y ME 7P o ol RE|(cluster)=
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HREHA S 2|2 S0, o3t 2PEE ofH BHEEICE Ot 22 JES HYESH
siA, Ot BF T A B, C, Do EXI0| =& LSt 2L
A

A 0 B

B 6 0 C

C 7 8 0 D

D 8 9 4 0 |

Iteration 1: The pair of clusters with the smallest distance is the pair C and D, which is thus combined
into a higher-order cluster (C,D). The relative age of the newly formed cluster is computed as half the
distance between the two original clusters. In this case, the relative age of the cluster is 2.

BEE 1: O| & A2[7t 71 70t2 o 2| Fel(cluster)= C 2t D 0|, 0] &2 &%l tHA 2

222 STEICE oA MZ MME Fa|o| ‘AT HH(relative age) 2 F 27 (C 2t
D)Zte| HE|E Bt 2 Ltegte = A7t O 32 MEO0| M- E F2|of oo Hd2

2 O|Ct.

Next, a new matrix of all distances is generated by computing the distance between clusters as the
average distance between all taxa from one cluster to all taxa of the other cluster. The distance between
Cluster A and Cluster (C,D), for instance, is computed as the average between d(A,C) and d(A,D), where
d(x,y) is a notation to indicate the distance between Clusters x and y.

O, MER A2 B2 FElE 742 HE|E A2 W EC]

—_—

FelE 7¢tel Hele o
F2|(Y: cluster C,D)Of| £t 2E E2FL E CHE F2|0f ot 2= 2/
ooz ALEICE 7HE 22| A(cluster A)' 2F "F2| C, D (cluster C, D)2 HE[= A2t C
Atole] 72|[d(A,C)12F A 2F D AtO|2] HZ[[d(A D)2l HZLolct O7|M & R2| x oty 7to)
HE|E dxy)2 EA|=ICE

25 7t Aalo
i

A
A 0 B
B 6 0 (c,D)
(cp)| 7.5 8.5 0 |
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Iteration 2: The pair of clusters with the smallest distance is now the pair of A and B, which is thus
combined into a higher-level cluster (A,B) with a relative age of 3.

BEE 2: SIXf AH2[7F 7HE 7h2 ot W2 AR B Ol Aoz LIERCH, EtM O] & 2RE2

YHABE0 32 ¢9FE2 S U

Again, a new matrix is constructed by calculating all distances as indicated above. The distance
d((A,B),(C,D)) is defined as the average between d(A,C), d(A,D), d(B,C) and d(B,D).

M AT AR 2 E AH2|7F ALERA2D, O|E HIZHCE MER HZ|HEO
G E[RAC AH2] d((AB), (C,D))= d(AC), d(AD), dB,C), X d(B,D)2| HatgLO[L}

(A,B)
(AB)| © (C,D)
(co)y| s 0o |

Iteration 3: In the last iteration, the two remaining taxa are combined into the new cluster ((A,B),(C,D))
and the relative age of this cluster is 4.

Bh5 3: OFX| 9 2= 0| 42 LIMX| & 2/RT2 MZ2 72| (AB)CD)Z s A2H, O

ol Y2 4 O|Lt.

—

Question 3.3 Calculate the distance matrix based on the character matrix provided at Table 2. The
distance between two specimens is defined as the number of characters at which the two specimens
show different character states (one present and the other absent) (7.5 points).

ZH 3.3 E 2 Of FAIE YEXAEAES HEE HE[HEE AU & B2 AH0[Q

o=2=
Hele & #2= 2P M2 OHE g8 (17— 2 #= dES2 & o/t

Table 2. # 2
Character | | | | y | w | v | w
& Xl
o=
1 T - - 111 -1-
2 - - - - 1 -
3 -1 - 1=
4 ot -1 -1
5 -1 1 -1-
6 T - 11 - 1711
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7 1 - [ 1 -1 1
8 1 T - -1
9 A - - - -
10 - - |1 - -1
11 R - R N
12 1 - - -1 -
13 - - A - | -
14 - - -1 - |-
15 A - -1 -
16 1T [ 1 | 1 -1 [
17 -1 1 -1
18 1 S T T AT A
19 A - - - -
20 1 - - -1 -

Question 3.4 Resolve the phylogenetic relationships of all all six specimens (I-VI), showed at table 2,
iteratively using the UPGMA method and based on the distance matrix you compiled above. Make sure
to report the names of the clusters using the specimen codes I through VI (12 points).

=8| 3.4 UPGMA B2 BtEMO = 0|8510f H 2 Of MA|El 6 7 E& (I-V)e| ASH
SAZHE HHSIAL2. RE|(clustern)Q| 0|2 HEEHS | I, 1, IV, V, VI &
O| 2SI0{LIEILIAIR. (12 &)

Question 3.5 Draw a phylogenetic tree (dendrogram) based on the UPGMA results. Indicate the
relative length of each branch by writing the correct number next to it (5 points).

=8| 3.5 ?| UPGMA 21tS HIE 2R A &+5 HdstA L. Zf ZX|(branch)2|

A THZ0|(relative length)S 2X| HO| X2 HAISIA|L.(5 )
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