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Dear Participants(2f4 0f 2{ &)

e In this test, you have been given the following two tasks:
O Al M= Ch=2l &= 1M 7t o 2 =20 A MSE ALt

Task I: Anatomy of molluscs. (20 points)
M 1 AHS=2| SHE. (20)
Task II: Rank-abundance plots, ABC curves and community structure. (80 points)

HA| 1 =2-E2=FM, ABC FM, 28 7 X, (807)

e Use the Answer Sheet, which is provided separately, to answer all the questions.
2= XSt XS O|83iM 2= 2H|0f| ESHA 2.

e The answers written in the Question Paper will NOT be evaluated.
=M X off & B2 X -SIX| &Lt

e  Write your answers legibly in ink.
Ho =z 97| 2A Atz HE 2AL.

e Please make sure that you have received all the materials and equipment listed for each task.
2 MM S22 2 MAlet de Mzet 7|77t i 210 25 50] JA=X| =HQISHAI2.
If any of these items are missing, please raise your hand immediately.
0| 55 SO|M Ol= StLELE Ble BR0= FAl &2 EAR.

e Stop answering and put down your pen IMMEDIATELY when the bell rings.
S2E Yil= 30| 22| FA Hol7| & B0 WS MY 20 2] 5242,

¢ Atthe end of the test, place the Answer Sheet and Question paper in the envelope provided.
Our Assistants will collect the envelope from you.

Alglo] 2t =0 EetXer EMXIE MEet 35 20 E2AlR. =uIt &

i
me

=7

OHL

A YLICE,

Have fun and Good Luck! ©
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Materials and equipment: (R{ = 5! 7|71):

For Task I: Anatomy of molluscs I}H| I: M| SE2| i &

Materials and equipment (& % 7| ) Quantity(+&) Unit(EH)
Mollusc 1 (in vial)(B Xl &= 1(EEY %)) 1 specimen(0tz])
Mollusc 2 (in vial) (G HS 2 2(EE2 Y %)) 1 specimen(0t2])
stereomicroscope(Si &340 ) 1 set(M E)
scissors(7+2) 1 pair(7h)
forceps(El Al 3 pairs(7H)
plastic tray(E2tA El 7)) 2 piece(7H)
water (in beaker)(8(HlH %)) 1000 mi
paper towels (S O|Et&) 4 sheet(&)

For Task Il: Rank-abundance plots, ABC curves and community structure

M =9-BRESH, ABC FY, 28 7=

Materials(XH £) Quantity(+=%) |  Unit(Etel)
Community 1( %! 1) 1 bag(SX)
Community 2(=%! 2) 1 bag(S*)
Table A (£ A) 1 sheet(&)
Table B(E B) 1 sheet(&)
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Task | (20 points) 24A| | (20 &)

Anatomy of molluscs (FHISE2| s 5)

Introduction (¥ 71 L)

Members of the class Bivalvia are successful molluscs with a long evolutionary history. They
possess hinged left and right shell valves that enclose a headless animal within.

O|Dfmi 0| &3ot= =R 2 Z=tel Ao d3¢ AXS=0|Ct. O|= O[IiF= HElE

ZEX| 2 UK HeH 0|52 ML e 2AFN LEZS| & 2| IiZ0] d¥2 =2 AZAL[V Ut

Vials labelled 1 and 2 contain two species of marine bivalves that are common in tropical Asia but
live in different habitats. The specimens were partly boiled and preserved in 70% ethanol.

Follow the instructions below to open the animals up for detailed examination under the
stereomicroscope.

1 1k 2 o 2tA0 E0{/UE

ojBjfZo| o= F F2

=3 Qo= ZECH OFA[OFOf A

rir
ot

=2 SHAIZE MAX|7F BHE oY
ZI47F UALE Ol52 &% R T 70% LI S0 H2SHIULCL
S E 0|22 KtM|5HA 2HESH | 5 228 £2| S22 HUO XAHZE 252,

e Locate the anterior (if present) and posterior adductor muscles that join the left and right
valves of the animal.

0 520 AR Q2Z T2t AHSHE YH(VY UCHR)T HEZ LIS HoAQ.
e Use the pair of scissors to cut the adductor muscles so that the valves can be separated to
expose the internal parts of the animal.
7tRIE AHESHY T2 S el S 22lA7|2, 0| 322 WR #2280l =55 ER
ohCt.
e Observe the specimens under water in the trays provided.
MSE ZetAE 8701 22 MR, 22 M2 7|0 22 2ESIER

o

Ct.

Answer the following questions in the Answer Sheet:
BHEHX| of Ct= EE0f Oich B8 HoA 2.

Q1.1 (3 points x 2 =6 points) In which habitat (a — d) would you expect to find species 1 and 2

respectively?
BHEx2=6%) E= 1M EZ25 XS + US A2 7|U&= MAX|(@a-d)= 42
OfC| 217k

a. attached to rocks or other hard surfaces(BH¢ILt 7| Ef S&ot T HO| 245110 Q18)
b. boring into coral(= £2 2 F11 S0{Z)

c. buried in sand or mud(Z 22t T Z &0 E8)

d. lying unattached on a sandy substratum(£2SHX| 242 A Z Z2f /0 US
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Q1.2 (2 points x 2 =4 points) How many pairs of ctenidia (gills) are there in species 1 and 2

Q1.3

respectively? Answer using numerals.
B x2=47) B=13 H=22[0t70|= 22 & HO| A=71? A= HOHAIL.

(2 points x 2 = 4 points) How many pairs of labial palps are there in species 1 and 2

Ql.4

Q1.5

respectively? Answer using numerals.
28x2=47) HE210 222 =2 Hes 427 H Y0| J=7t? A2 HOHA |2,

(2 points x 2 = 4 points) Locate the anus near the posterior end of the animal in each
species. The anus empties its contents into the path of the exhalant water flow. Starting
with the anus, trace the path of the intestine forwards towards the stomach. Indicate the
position of the intestine in relation to the heart (a —e) in the two species respectively.

RAx2=47) 2 T FF EFZ0 &=20| At 2+t Sofl 0| WALIZ Il F=2

JAUHE=S HI2LL S22 A2 510] /T o FFR2 2 A Sa7tEAL 48t

A £ F 2H29| Z(intestine)2| I X|(a-e)E T2 H?
a. intestine passes dorsally over the heart(&2 ME9| Z(SF)2Z X|LIZtCH

intestine passes under (ventral to) the heart(&2 20| O Z(HI )2 2 X|LtZtCH
c. intestine passes through the heart(&2 & &S BES|A X|LtZICH
d. intestine passes to the right of the heart(&2 & &2 LEZ O 2 X|Lt7ICH

e. intestine passes to the left of the heart(& 2 &2 KIZ S 2 X|LtZICH

(0.4 points x 5 = 2 points) The following is a list (a-e) of anatomical features in molluscs.

Indicate with a tick (v') if the feature may be present in bivalves and with a cross (%) if it is

always absent.

(048 x5=27A 32 FHz=2 sHESH EZ(a-e)= LIESH AO|Ct 2t O|F
EZO| O|fIi FOfl EXHE = ACHH (V)E, & EMSHA| E=LHH (x)5 SHAR.
a. crystalline style 232 &0 EHA|

b. eye =

c. foot £

d. penis =38

e. radula RS
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Task Il (80 points) 2HA| 11 (80 A)
Rank-abundance plots, ABC curves and community structure

=8-3R E5M, ABC THI - 71X

Introduction(& € 718)

Changes in community structure may be visualized using a variety of graphs. A rank-abundance
plot or “Whittaker plot” is used by ecologists to display relative species abundance, a component of
biodiversity. In this type of graph, the rank of each species is plotted along the X axis. The most
abundant species is ranked 1, the second most abundant species is ranked 2, and so forth. The
abundance of each species is plotted on the log scale of the Y axis. The shape of the curve can
provide an indication of dominance or evenness.

THTxO| Hohs Ot dfZE AMESIO AlZete = QALE =9-8FE 54 =2 "2|EF
"2 dESAS0| dUY T SFEE, dSCE¥del F924AS HEILY] 5ty AMES
WROILE Ol FFS JfZ0M=, 24 J2 &%= X=S Wt & Hetht 7t 7ot T2

-1 O o
192 5, & iz S8t F2 2% S22 ottt 4 Jo SRE=YHS et 23

The Abundance-Biomass Comparison (ABC) method was proposed by Warwick (1986) as a
technique for monitoring disturbance on benthic invertebrate communities. ABC curves have a
theoretical background in classical theory of r- and K-selection. The relative positions of the
abundance curve and biomass curve serves to indicate the level of disturbance in the community
(see graph below).

SRE-MEY HRABOES +M FHFSEQ wate FHIY| 2t MR 22(1986)0|
o

M eret Z#O|Ct ABC 542 AHHQl r- K- 5 O|Z20f O|2H HiEdS 71 AL SF= M1t
d=2 F4o JUH /Xl= oM nEte] =55 HOELHOE] da =8 EAIR).

Biomass Abundance .-

Abundance . Biomass Biomass

Cumulative %

Undisturbed Moderately Heavily
disturbed disturbed

Species rank (log scale)

—

* cumulative %(5X %), biomass(2 &), abundance(S 5 ), species rank(log scale) & =2|(E1X k)

*undisturbed( 2HEHX| 24-2), moderately disturbed(E 78 & W 2H8HS), heavily disturbed (X SHA w 2HEES)
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Q2.1 (16 points x 2 = 32 points) In an environmental impact assessment (EIA) study on the
impact of salmon cage farming on benthic communities, samples were collected from the
various stations along two transects, Al to A3, and B1 to B7 (see figure below).

(16 M x 2 = 32 H) AOAARA0| A ZHO| O/X|= 0| CHst AIEHIL
HAFO|A otz IZ ol A10|AM A3, B1OIA B7 2| & WXH™ES a2t CHEDH ZOjA A
jtHTlor r

(E

no >

Ml

®

L1 Iocation of floating salmon cages(® 0] 7F52| LAIE Q[K|)

rr

; > indicates direction of current flow along the coast.(2t& HE£ it 2 2 S 2

1RO Y2 LIET)

You are a summer intern at the marine laboratory in which this EIA study is conducted. Your
responsibilities include the processing of benthic samples. You are given two bags
containing Community 1 and 2 and your job is to process the samples and collate
information similar to that carried out by a senior research assistant for Community 3 and 4
(see Table A, page 11 for Summary of the information). Each community may contain any of
the 17 species (A — Q) listed in Table B (page 12); the respective mean fresh biomass per
individual of each species is also provided in Table B.

OE2 EA g7t TdEl= YU UM SRS SO QH(ATFERCE
25t ACH oZE0A= 28 1 o 2F 2 7t S0JE F el X7t FOAI,
ool & 22 MY S7xurt 23 310t 2 4HEE ¥ s2 11 F HEAE
HEho| ofet AFE = Al FAS HHOR MEZ NIt FEE H4HEE=
Z0|Ct 2t #H2 E B(12F)0| A= 17F 5 o A2 =t AL, ® B o= 2 T2
IHHE M A =2 (fresh biomass)O| MAIZ[O] QUCH
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Q2.2

The abundance of each species in Community 1 and 2 is indicated with different-sized chips (see
photograph below); e.g., there are 61 individuals of species A shown here:

=8 10 28 2 of 4 B SREs Chy¥et A7(9 Hof2f MThe=z Lt ACH =

orgiof M = &= A= AME T A= 61 K7t QUL

1 individual 10 individuals 50 individuals
1 70A| 10 7HA| 50 7H A|

e Determine the abundance of each species in Community 1 and record your data in Table
1lin the Answer Sheet.

52| SRS 2ot HAX[ 2 & 10 HO|HE 7|F5HA 2.

E.II 1 O| 2F =

e Fill in the rest of the required information (to 2 decimal places) in the table. Please note that
Ig in the table and figure represents logio and in the calculator, this is represented by the log
button.

HO| 2ot YEO| LHHX|E 258 & A2[T7HX] FoiM LA B2t A7 2| Ig = logio
=2 LIEHH Z30[10 A &t7|0| = 2 (log) H{E0| O] LIEHHCE

e Repeat the entire procedure for Community 2.
T 20 E 99 Y-S S5 L.

(3 points x 4 =12 points) Using your data in Tables 1 and 2, as well as the data provided in
Tables 3 and 4, plot the rank-abundance curves for Community 1 to 4 on Graphs 1to 4
provided in the Answer Sheet.

B x4=127) & 31042 F0{T HO|EER OtL|2} & 11 2 of HIO|HE 0| &3]

O HX| off 2 1~4 X9 £9-F3F = S92 A= 1~4 0 D2[A[2.

Answer the following questions in the Answer Sheet. Indicate correct answer(s) with a tick (v)
and incorrect answer(s) with a cross (%).

B ChE 220 EotN L. 2 R0 = (v)

25 1

, £8 BR0= (x)2 X0 E7|SHAL,
Q2.2.1 (1 point x5 =5 points) Low evenness is:
QAx5=5%) He FSEE:
a. indicated by a steep slope in the rank-abundance curve.
=RERE FUM 24 7|27 220

b. shown in Community 1. =& 1 0|A & & ATt
c. shown in Community 2. & 2 0| M & = QULCE.
d. shown in Community 3. & 3 0A & 5= QULCE.

e. shown in Community 4. % 4 0| M & 5= QUL
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Q2.2.2 (2.5 points x4 =10 points) Indicate the correct ABC curves (A — H) that
correspond to Community 1 to 4.

(2.5 3 x4=10 %) ABC FMA-H) & =& 1~4 2t LX|St= AS &0t MA|2.

A

Cumulative %

100

0+

60

a0

20 20

ol . . 0l— ‘ ‘
1 10 15 1 10 15

Species rank (log scale)

e abundance(Z5 £); o biomass(2 2 )

—

* cumulative % (=& %), species rank(log scale)(Z =2/(EAX L))
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Q2.2.3 (1.5 points x 4 = 6 points) Rank Community 1 to 4 in decreasing levels of
disturbance.

(158 x4=6%) *&1~40M LRe+F0| 22 XM K2 X222 =AMUZ
MAI2.

Q2.2.4 (1 pointx 10 =10 points) A careless summer intern, mixed up the labels for the
sampling stations (A1 — A3; B1 — B7) when the samples were transferred from
leaking containers to new bottles. From which stations could the benthic samples
containing Community 1 to 4 likely to be collected?
(13 x10=10%) FF2fct AHO| x{Tet HE2SS =0| M= E2HUM M=2
B#E2HOZ F7|= IPHOIM T TAA1-A3;B1-B7)E H7|GHE2 2tEYS
FOIHRICE 2T 1~4 0 Yot MA RHFES0 ERS 22 + U 2 M
HAE St HetX|of 7| 5HAlIR.

Q2.2.5 (2.5 points) Which of the 17 species (A — Q) is likely to be a bivalve?
(2517 FA-Q oM O|HiIfZ HAX|= A2 FAAI?

Q2.2.6 (2.5 points) Which of thel7 species (A — Q) has the potential to be a bioindicator of

organic enrichment?
(257) 175A-Q) B0M 87|82 2¥o| HE 2 Yot MEXEEOR

MEE 7580l &2 T2 0l A7t
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Table A
Community 3 Community 4
Log1o (I9) Cumulative | Cumulative Log1o (19) Cumulative | Cumulative
Species | Abundance | Rank | Abundance % % Species | Abundance | Rank | Abundance % %
= ZH 9] = 20z Abundance Biomass = ZHe 9 | #% % =13 | Abundance Biomass
R FHn | 42T FH®% SRESN% | Qe F4%

D 200 1 2.30 14.31 28.30 J 320 1 251 60.49 7.83

C 180 2 2.26 27.18 41.03 G 78 2 1.89 75.24 38.37

L 175 3 2.24 39.70 50.76 B 50 3 1.70 84.69 60.39

N 150 4 2.18 50.43 58.34 A 32 4 1.51 90.74 71.35

P 120 5 2.08 59.01 68.65 F 25 5 1.40 95.46 85.42

B 112 6 2.05 67.02 73.74 [ 10 6 1.00 97.35 91.53
M 98 7 1.99 74.03 81.17 N 5 7 0.70 98.30 93.98
Q 80 8 1.90 79.76 86.02 H 4 8 0.60 99.05 96.62
o} 75 9 1.88 85.12 88.29 E 3 9 0.48 99.62 98.53

E 62 10 1.79 89.56 92.36 M 2 10 0.30 100.00 100.00
F 35 11 1.54 92.06 94.40

H 30 12 1.48 94.21 96.45

A 28 13 1.45 96.21 97.44

G 25 14 1.40 98.00 98.45

J 15 15 1.18 99.07 98.48

[ 8 16 0.90 99.64 98.99

K 5 17 0.70 100.00 100.00

Total 1398 Total 529
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Table B. Fresh biomass per individual for species A to Q.
T A-Q UM 7HME dX d=T

Species Mean Fresh biomass (Q)
£ o M d=E(g)
A 0.70
B 0.90
C 1.40
D 2.80
E 1.30
F 1.15
G 0.80
H 1.35
I 1.25
J 0.05
K 4.00
L 1.10
M 1.50
N 1.00
@) 0.60
P 1.70
Q 1.20

END OF PAPER

fuin §
E
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