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GENERAL INSTRUCTIONS —fig&RAH

1. Your exam is composed of eight parts, some of them with multiple sections to
accommodate different subjects.
KRB EE)\KE - ALEEAZEARTZENAIR
2. Some questions involve calculations, and the students are allowed to use basic
calculators.
BEFERZEFNE - (ROLUERE ST ER
3. Your exam is composed of four types of questions:
ABEPANERANFE
e Multiple choice questions #:1ZzE
e True/ False questions =IEE
e Matching items questions AC¥i%8
e Fill in the spaces questions E7tE
4. The students are not supposed to use words to answer the questions, only codes
of letters placed in the appropriate locations.
ARERANXFREZR[E - ReEAHENRISEEEZZA LNEEE
¢ Multiple choice questions should be answered by selecting the correct answer on
the Answer Sheet.
EEENERATEER BT FRNESR
e True / false questions should be answered by selecting either a “T” for true or
an “F” for false, on the Answer Sheet.
EIFBNERRAEEEZA LT ARERE - ‘P KGR
e Matching items questions and fill in the spaces questions should be answered
on the Answer sheet by selecting the appropriate letter in the key provided in
each case

HETEEZERAEERA L EAEEFRTEEHRNFRKLOZE

ENJOY AND HAVE FUN!!!
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Introduction and context EI=ME=:RAA

The IBO Challenge Il — IBO 2021 is associated with the commemorations of the 500%
anniversary (in 2019) of the first voyage around the Globe, initiated by Ferndo de Magalhaes.

The IBO Challenge Il — IBO 2021 BIR[aX ZE R/ - BERIKMITH 500 BFE (2019F ) B
B -

Fernao de Magalhaes (Ferdinand Magellan), in a
16'"/17" century anonymous portrait.

5 16/17 tHAH - EEMNER

Ferndo de Magalhdes (1480-1521), also known as Fernando de Magallanes (Spanish) or
Ferdinand Magellan (English) was a Portuguese-born experienced sailor who planned,
organized and led a naval expedition to the East Indies by following a western route. That
voyage was financed and done on behalf of the Spanish king Charles |, the future Emperor of
the Holy Roman Empire and father of the Spanish King Philip Il (who would become Philip | of
Portugal).

FHM (1480-1521) HAEHET  B—SLRYUEVHER - 2%  MIR2 - EEILEE—(E
EERRMNENRRE - BEERTME - ZMTESARS B TSR (B — KRR -
MARBEN LM - BUBTERRSHEZFTTEOE L  BEARTBEEFFEANE _H(THME
BE S B EIERE— )RR

The purpose of the journey was to reach the “Spice Islands”, the Moluccas, located in Southeast
Asia in the transition between the Indian and the Pacific Oceans, and to open a new trade route
that would not collide with the rights of the Portuguese to control the East route through the
Atlantic and the Indian Oceans. In fact, as a result of the Tordesillas Treaty the Moluccas

belonged to the Spanish part of the world, but as the eastern route was dominated by the
Portuguese, the Spanish could only reach the Moluccas by sailing west.

IXRMOTHWENZZEEREERMENFTEFEHS  HURRmRE - BENEFAKTF
RF{E - LERBHNESME  BAENEE T AR F ROEFRZEFRMOMERE
R-FBEL RE (BRANZHKD) SEFHERBRANT  BEHARROMERIES
AP - A ARBERAMITHRE FEFES -
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An armada of five ships commanded by Ferndo de Magalhaes left Sanlucar de Barrameda, in
the Gulf of Cadis, Spain, on 20 September 1519 and travelled Southwest through the Atlantic
towards the eastern coast of South America down to Patagonia. Once there, the fleet searched
for a passage to the Pacific Ocean, a passage that even today bears Magellan’s name.
Reaching the Pacific Ocean, Magellan sailed in the direction of the Philippine Islands where, on
27 April 1521, during a battle in the Island of Mactan, he was killed by the natives.

HEMERE—XA 5 HRBMAEMNEMMEZKE 1519 £ 9 B 20 HERANT B ENREFR
- mAREMITERATF - TREESNNRE - Mo NEEESER - BEZE - MMBESHAE
BEKFFNRE  HERMBAZEEREBIR - HEXTFE  £EMMOEREHRS - T
1521 £4 H 27 B - E=BEN—ZERP  FEMBHRSMRERRR -

Magellan 20/0%1519-06/05/1522

and Elcano
circumnavigation

Samar
Mteh. {6, 15
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Mactanreh (7, 15
aril 37, 15

TLANTI Ay S Lils el 7, 1521 PACIFI
ATLANTT e 352 Mima ] PACIFIC
EAl March I8, 132 EA?
Canary Islands
Seperber 26, 1505 e " Ladrones |slands
* . 4 (Mariana Islands)
4 Verde Is| Palay el i
e e "

Erune

San Pablo Island
tok Island or Flint |sland)

Sharks' |slands Koverber 3, 1515
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Santa Lucia E!Ey
(Rio de Janeiro Bay) ﬂ"' e, 1522

io de la Plata) Cape of Good Hope

tareh 30, t3Ruerto San Julidn
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Hcano Al Saints Stait or passing thru daje
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& Passing by
t Magellan's death ariana |slands)hodern name

Source: https://upload.wikimedia.org/wikipedia/commons/thumb/a/ab/Magellan_Elcano_Circumnavigation-en.svg/800px-Magellan_Elcano_Circumnavigation-en.svg.png

The journey continued and, after reaching the Moluccas, in November 1521, and having laden
the ships with spices, Juan Sebastian Elcano, in command of the Victoria, the only surviving ship,
returned to Spain on 8 of September 1522 through the Indian Ocean and up the Atlantic coast of
Africa, completing what turned out to be the first circumnavigation of the Earth.

RUITAE/BRIE - £ 1521 &F 11 ARESSEREE 28  H—EFNAESH DS - mEEER
BAXREMERE - R 1522 £ 9 A 8 HARHEF  aZIEMNOARIFEF - ERIAENRS - =
BT B EREMIKMITHIRIE -

This IBO Challenge Il test is based on the journey of Fernao de Magalhaes since the
departure from the Gulf of Cadis to the Philippines. Along the way, the students will have to
answer some questions and solve some problems that are posed in association to locations that

represent some selected stopovers of the Magellan’s armada along its journey. Each stopover
corresponds to one of the eight parts that compose the present test. ALL ABOARD!

ARGFENEHNZREBEZDMIME - WINBHELS  25FRFEHE - LEUME - RUA
[ —LfE  WAR-LRZARMBEKETSLEEFENMIMBENEE - SEFEBMLE
R ERN\AREZ— - IRER e LM
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Part 1
The departure — The Gulf of Cadis |

BRI

Subject: Cell Biology and Biotechnology #Hif4E4)E2 B4 R4

Theme: Plant adaptations to biotic and abiotic factors B ¥ Y KIFEYE FRIFEREM
Time proposed: 20 min

Introduction

Plants interact with the environment using several mechanisms, either against biotic and abiotic
detrimental factors, and/or by attracting pollinators and animals for seed dispersal. In
Mediterranean climates, plants reveal several adaptations that allow them to succeed and thrive
in these dry and hot habitats. Certain characteristics will provide protection for excessive
radiation and UV light.

BNEBZERAIRTIRIZELE) - CJRERBENEN I FEN Z2BERT - ABZEBRSIBHE
VR HBNEEREFNEY - it BRRE - EVBRLSRERY - fEEEZRERANE
R ERERE - EPAESHORERE - BRBERENNEINNES -

Section | - Observe the micrographs A and B in Figure 1, below.

HENE 1 FEMIER ARB -

Figure 1 - Two focusing planes of a transversal leaf section observed under light microscopy.
The section was stained with Sudan red IV, a fat-soluble dye that stained in red the general

lipids. Scale bar represents 50 um.

E U R EXBEME MEROmE AR S - R KEEMAAL IV WRE - AR
RIEERBAE - LEHIRE 50 pm -
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1. Use the key below (options A to J) to complete the legend of Figure 1 (numbers 1 to 5).
Notice that the number of options in the key exceeds the number of correct answers. [5
points, 1 point each correct answer]

HTFHEHNERREEAR NP - HHEHEB 1 PRIRF( B 5) -
AR! ERRPIVERLCEREZIZNHMBES - [5 7 BELEZERST1 7 ]

KEY ZEXR
Stratified columnar epithelium @1 AR £ 5
Plant epidermis 1E#)%& 5
Cell membrane #AfEE
Cell wall #fifpE*
Intercellular space #fEE S
Chloroplast #4352
Cuticle BEE
Nucleus #iff#%
Cell Wall modification #fiffEEF &2

Vacuole with crystal content A= 45 &R IE

. — T @@ M Mmoo wW >

2. In Figure 1A the structure marked 1 represents [choose the correct option]. [1 point]
1A BRS 1 BERNE (BE—EEEEER)[M 7]

a) Secondary cellulosic cell wall R4 ZAMEEE
b) Lignified secondary cell wall KE AR AR EE
c) Suberized secondary cell wall K42 {ERIZ 44l BEEE
d) Cutinized cell wall BE{CHIAHMREE

3. Concerning the cells represented in Figure 1A and 1B, classify as true (T) or false (F) each of
the sentences below [4 points, 1 point each correct answer]
BREAEE 1A FME 1B AR - f5H MAIRGARIERE (T) BE5:R (F)
[4 77 BELESZEES1 7]

a) The top layer has a protective function, isolating the cells from the environment
B L H—EARERE - FAAREINTIRIEIRERF

b)  All the cells in the transparent layer have no intercellular spaces
ZIRERPTA AR 2 A AR

c) Allthe cells in the transparent layer have the same function
ZRREN PR B AR B EIINEE

d) Cell lengths vary between 25 ym and 300 pm
MEREARRE - /75 25 ym and 300 ym Z &
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4. The video associated to this question shows the changes that occur when a microscope slide
with leaf sections similar to those presented above is irrigated with a HCI solution that
replaces the water of the mounting medium. The event is accelerated 3x to shorten the
duration of the time reaction. [video]

IEEBWE R BERNNEE R TR EAM EARRBEUNEZBEMYIA - WL ER(HCI) A&

RIRFEHMIKIE - IEF RINEE 3 BN - DBRBEREBRENRRE - [FR]

a) Based on the changes that occurred, what would be the composition (chemical nature) of
the structure that “disappears”? [choose the correct option] [1 point]

RIBATEENNE  BRVBRAARNBEE Z(C2EMHT ? CE—EEREIR)[1 2]
a) Calcium oxalate Efg$5
b)  Calcium carbonate fxig$5
c) Silica aggregates WERE
d) Cellulose fibers ## XAV 4
e)  Lignin deposition NEZXHETE
fy  Lipids fAsE
g) Proteins EHE&
b) What is the cell location of the aforementioned structure? [choose the correct option] [1
point]
TSR EARNEE ? E—EEREIR)[ 7]
a) Vacuole &M
b)  Cell wall #fifn8#
c) Cytoplasm #HfEE
d) Cell membrane #HiaiE

Section Il - Observe the micrographs A and B in Figure 2, below.

HENTE2BMERAMNB

Figure 2 - Transverse sections of leaves from two distinct species.

miEARIEYERVETE
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5. Use the key below (options 1 to 20) to choose in the optional term that would best designate
each of the labelled structures and complete the figure captions Figure 2 (letters A to
T) .Note: Not all terms are necessarily used and some might be used more than once.

[20 points, 1 point each correct answer]

P AHNERRP(GEIE 13 20) - DAIBHEEENRARNETRERNELE  WHEAHFTYH
BB 2 PRARBEFE(AtoT) ° iR : AEFMERFEESHE - BLoJgEER—RUUL -

[20 77 - BEIEEZEERSE1 5 ]

4k 22
KEY =3

1 Stomata &L

2 Glandular trichome (glandular hair) Bf=E

3 Abaxial epidermis EHEHHEMZRE

4  Palisade parenchyma #fiikSEEE4H &

5  Branched sclereid (Astrosclereid) ZikEE* A1
6  Bundle sheath #&5R#

7  Spongy parenchyma ;843588 4R

8 Cuticle BEE

9 Lacunae ZEfF

10  Sclerenchyma EEEH

11 Multiple epidermis ZEXRK

12 Chlorenchyma E/B4E4#

13 Intercellular space #HiEfE R

14 Metaxylem BENREER

15  Covering trichome (non-glandular trichome) BZE(GEIRE)
16 Crystal #&

17 Vascular bundle #E%R

18 Adaxial epidermis i #HH & &

19 Cambium FZALE

Resin duct &ifgiE

N
o
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6. Still considering Figure 2, classify each of the following statements as true (T) or false (F).
RIBE 2 - FIER R BURGHIERE (T) SUEERR(F) °
a) Concerning image A [4 points, 1 point each correct answer]
REAE [4 5 BEEEZES1 5]

a) The palisade cells are perpendicularly elongated to the leaf surface
R AR 2R FEEHREREN RN

b) The mesophyll pattern organization is characteristic of an isobilateral leaf
ERNABRGEASEE

c) The vascular bundles are double open and collateral
HEREERMEINL S A

d) The leaf exhibits anatomical features that can be interpreted as adaptations to
habitats with low water availability and high light intensity
IEE R 2RNEZRSH I BRESERR KBV HRYS NIRRT
b) Concerning image B [4 points, 1 point each correct answer]
RIEBE [4 7  BEEEEERS1 5]
a) The mesophyll pattern organization is characteristic of a dorsiventral leaf
ERNAEBERENEEAEEEERE)
b) The sclerenchyma is poorly developed
BEAHZEBEAR
c) In what concerns the stomata position, the leaf is epistomatic
RESANE  BERARALER

d) The leaf anatomy suggests that the species is a hydrophyte with submerged leaves
IEEE R @R B IE YR R KEHBIIKE
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Section Ill - The effects of environmental factors on leaf morphology and anatomy have
produced a wide variety of adaptations in different taxa. Adaptations enable plants to survive in
adverse conditions. Observe carefully Figure 3, below.

RIERFHERFRERKBEINEE  HERMEARDBHTEEZAHLENEE - BRMEEY
FEEARNBMEE N RE - BIFABRTLES -

Figure 3 - Features of the leaves of two distinct species S1 and S2. a, b and e, f are
macrographs of the adaxial and abaxial leaf surface; ¢ and g are SEM micrographs of leaf cross
sections; d and h are light micrographs of leaf cross sections stained with Ruthenium Red (d)
and Sudan IV (h) to identify cell compounds through histochemical techniques. Ruthenium Red
stained pectins, highly hydrophilic compounds well known by their ability to form gels with water,
with a pink color; and Sudan IV-stained red general lipids.

3. MIEAEEYN(ST and S2)WERFE - a, band e, f NRIZAHENSHENERRR ; c
and g EEREUEKN SEM BiIRE ; d and h 2EREUIEREAIRE()BURERT IV (h)Z
BRCEREMIRR - DIAMEAR(CEEN - EPiARRB(ERKYE - BENMKERBE) - 2
BAE ; &7 IV 8 —RIIEERNAS -
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7. Considering Figure 3, classify each of the statements in the following items as true (T)
or false (F).
RIBE 3 - FIER F 5=/ NBRIRCIIETE (T)SHEERR (F) -
a) Concerning the images of both species [4 points, 1 point each correct answer]
RIEMEENRA [4 7 BELEERZEES1 9 ]

a) The leaves exhibit a mesophytic structure characteristic of species that grow
in temperate zones with average or optimal water availability
EREBETRNSEPEURBERENYE  BEEREKDFHERACHNRFTEE

b) The leaves show features that are often associated with water plants
(hydrophytes)
ERFHBRBERKEEY

c) The leaves present features that are characteristic of plants adapted to dry or
seasonally dry habitats

EREEHEBRIEY BN IR a0 e IRV iZ i
d) The leaves possess a typical structure of plants living on forest floors

ERBEEEERERMERBEYRIHEAES

b) Which leaf features help species to deal with the environment stress factors in the
respective habitats? [4 points, 1 point each correct answer]

B R EBEMRYERNESBEBMVIREFERT? 4 o BEEEZEES1 9 ]
a) Leaves with a cylindrical outline and prominent enrolled margins
EREREHTEHEGRBEEE
b) Leaves with flattened blades and thin cuticles
ERTRERBES
c) Stomata confined to hair-lined grooves
SRAIAEFPEAEBESNMEFR
d) A high leaf surface/volume ratio
HEXRERRRELES

c) The hairs covering the leaves of S1 may have the following functions: [4 points, 1
point each correct answer]

S1MBHNERBEEZ JEB NI : 4 7 SEEEZEERS1 9 ]
a) Increase light absorption
IEINERIIR UL
b) Regulate leaf internal temperature
AHENEE R AEARE
¢) Increase the diffusion of gases across the leaf and air interface
BINKREEER RERFTEBRER

d) Reduce predation by insects and herbivores

RENERNERERR
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d) According with the results of the histochemical tests performed (images d and h)

[4 points, 1 point each correct answer]
RBABCEREERdandh BBR) [4 57 BEEEZEES1 5 ]

a)

The grey-whitish appearance of S1 leaves is due to the non-glandular
trichomes (hairs) that covering the leaf surface absorb the visible light

S1 ERZERAAIFREEZEERE  RWURAMERKEE

The smooth, long, and flexuous non-glandular trichomes of S1 leaves can
entrap and retain dew and fog water

S1ERRFE - RIMKARRIFFIRE - SliUEE KK FEK

The glossy appearance of S2 leaves is due to the thick hydrophobic cuticular
layer that reflects the light as a mirror

S2 ERACERBEZERABENRKERERE - JBEFRRE

The cutinized upper epidermal cells of S2 leaves reduce the
evapotranspiration water loss

S2 ERAEEMN EREAMR - oIfREKD ERERERR
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Part 2
The departure — The Gulf of Cadis Il

8 - REHETE
Subject: Ecology

BH . a2

Theme: The passage of fire over the soil
IR KELTELNEE

Time proposed: 30 min

BEISE : 30 niE

Introduction

The Mediterranean basin is a human made ecosystem traditionally shaped by agriculture and fire.
Fire affects ecosystems in many and complex ways, but several scientists have highlighted the
need to assess the fire impact on soil biodiversity and functionality as a driving force of post-fire
land degradation independently from that of the removal of vegetation, soil roughness and other
fire-induced changes. Many wildfire events leave behind a mosaic of burned and unburned areas
that can be used to study the fire effects on soil.

BRI E—EANEHNERRR - BRLERIEZFZDURKBUEEFIER - KBERZNWFEZ
ZIRMEHMR - BERBRBREN A KH LIENENZHEMRTBNINEREAKZ B LIER
ERrERRRMEAE - SIREMIEICEMTENTE - NEMRBIRR - TIEEHSLUIREMK
PREIERIE - T2 HXEHE T Y REERTENERIMNT - JUREEMERIFFTKE LIE

MEE -



IBO CHALLENGE Il - IBO 2021 - PORTUGAL
THEORETICAL-PRACTICAL TEST

Section | - To assess the effect of fire on soil properties, 10 soil samples were randomly collected
from each plot and immediately mixed to obtain a representative and homogeneous sample of
each of the 5 burned and 5 unburned plots. Samples (£ 1 kg each) were collected at 0 -20 cm
depth, after removing the litter layer. Samples were packed in open plastic bags, kept at 4°C, and
sieved through a 2 mm sieve to remove the coarse fragments (stones, roots, etc.). Afterwards,
each sample was divided into 3 aliquots.

6 RFEHHXKETIEMBENEE  {EENBEERFEKENREZERE/NEE (polt) -

BE/NRIBABBEKERE 10 @ ERRETRESUEE —EHNEHERRUNER - BELIEER

KEHBIRMIFEEBEL (litter layer ) & - BUH N 0-20 A FRELIEXN 1 AFE - LIEERAR

FAOZBBRE - £ 4°CIRIEF - A2 mm B FERELIRBERIBR ( 0RIR - AR ) - HEREs—

BIRAD =51 -

e The first aliquot was air-dried to constant weight for determination of pH, electrical conductivity
(EC), cation exchange capacity (CEC), and total organic carbon (Cqrg) content.

F—ENNAEZRIRREE  ARETPpHE - BEE (EC)  BHAIMESN (BE
CEC) - LIKRBEWIKEZE (Coyg ) RIRIE -
e The second aliquot was stored at 4 C for the assessment of water content (to express microbial

variables to dry weight), total microbial biomass carbon (Cmi), and fungal mycelium (FM)
content, and microbial respiration.

ST ENHEE A CRIGKEE (EERSRMWEYNER )  BMEVEYHE  RE
BEHENZE  LIRMEYNTRE -

e The third aliquot was stored at -20 C for DNA extraction and protein analysis.
%= %HEE7F1E-20 C 5 DNA ZEEUU R EA B -

Table 1 - Results obtained for several parameters in unburned and burned soils
ity DU R K BB T IR IR F RIS AR

Soil before fire Soil 2 weeks after fire
Variable KigEpigy 18 KIEEMBNLIE
mean (x sd) mean (x sd)

pH

L 6.0 (£ 0.3 6.8 (0.2
8 B 1 (*0.3) (*0.2)
EC (dS m™)
v 0.30 (+ 0.06) 0.50 (+ 0.06)
CEC (cmol kg™ dw)

RN 38.0 (3.3 26.1 (9.6
BB TR (x3.3) (x9.6)
Corg (g kg™! dw)

s 98.0 (£ 10.2 86.0 (x 2.7
BERTHEE (+10.2) 27
Cmic (mg g™' dw)

u s e 1.2(x0.8 19(x1.2
N R (+038) (x12)
FM (mg g~' dw)
gt P 1.1 (0. 29 (x 0.
EERAENE S (*0.3) 9(03)

i i - -1 -1
Respiration (mg CO2-C g™"dw d™") 0.15 (£ 0.01) 0.15 (£ 0.03)

TR
dw = dry weight 825 - sd = standard deviation 1R%%
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1. Why is it necessary to determine the soil water content of each sample? Classify each of the
following statements as true (T) or false (F). [4 points, 1 point each correct answer]

ATEFEAEE—ELREEANZKE ? SHWETHIRGHANE (T) 58 (F) -

a) Toexpress the results in terms of soil dry weight (dw) avoiding the water weight
which varies among samples

AIENZEERTER T BREADKEENER

b)  Because it is impossible to determine some parameters in wet soil

RARLHERAFERNTIBEFELAE

c) To evaluate the percentage of living organisms that died  with fire

AR & RO B BE UK B2 SE R 1 RIEE B

d) To assess if the fire was very intense

EEBEZEAEAK

2. After the fire, why does the electrical conductivity of the soil increase? Classify each of the
following statements as true (T) or false (F). [4 points, 1 point each correct answer]

EXEE - BUTIENEEESIEM ? P THIRGHAYY (T) =8E (F) -

a) Due to increased content of ions in the soil solution
HRTEAR PR ERIEM

b) Due to decreased content of ions in the soil solution
HRTIEARPEE 2 ER0R D

c) Due to the decrease in the soil cation exchange capacity
R T IERG R F IR BEERVR D

d) Due to the dead of soil organisms including microbes

HRTEEEMNECEIMED

3. Which hypotheses are supported by the results presented in the table? Classify each of the
following statements as true (T) or false (F). [4 points, 1 point each correct answer]

ERPIERIFMLERER ? 7P FIIRCGLAYYE (T) 386 (F) -

a) The microbial community of the soil may increase after a fire
KB LIBARNMEY) R E I BE S I8

b) The soil respiration and soil biotic activity increase after the fire
KB HIBARNWIRE DR T IZEYEENIEM

C) The fire contributes to the loss of organic matter in the soll
KIER TIRPERYBRIER

d) The fire is a cause of soil acidification

KBEMTIERENARZ —
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4. The observed increment in fungal mycelium after fire... Classify each of the following
statements as true (T) or false (F). [4 points, 1 point each correct answer]

BEREEHAREXEESHRINZMEN - 2B TIIRGERE (T) 6 (F) -

a) Cannotjustify the observed decrease in soil organic carbon after fire
BEX K ER BRI HIEANA KR D
b) May result from the proliferation of certain fungal species able to grow fast

when nutrients are available

FACERNREBERE YK - REEREEBRNEEYBIBENGER

C) Contributes to an increase in soil electrical conductivity
RHTIEBEERIIEM
d) May represent a substantial contribution for the observed increment in the

soil microbial carbon

SHE T BRI ARSI EE RO SRR

5. What does the soil organic carbon include? Classify each of the following statements as
true (T) or false (F). [4 points, 1 point each correct answer]

TIRENARIKE S HE ? P TIMMAYE (T) (EE (F) -
The soil organic matter, as well as the living biomass

2) TIEEARY SEENNEYE

The bacterial biomass, but not the fungal one
Hrty=s - BELA2EEN
All the carbon in the soil

°  tmdFanE

The carbon fraction that can be used by plants

oI DIEMERNEZE
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Section Il - People often realize that after a fire water lines change their path across fields.
Several factors contribute to these changes. One of them is soil hydrophobicity, which can be
understood as the soil's water repellency. This phenomenon is associated with the covering of
soil particles by hydrophobic organic substances, and there are currently numerous reports of
water repellency in areas with burnt soils. Fungi such as Fusarium graminarum or Penicillium
nigricans can release hydrophobic organic substances. The hydrophobicity of the mycelium is
determined by low molecular weight proteins that are unique to fungi and are excreted in
monomora/monomers that acquire their final conformation by self-assembly — the hydrophobins.

EE  AMPKE THRITTEXE  KEFMWBRENE - BENEXILERFHITLE  Ho
Z—HeTIBENEKEE - SRR T IEEKEERYE - RSB RN BN EKES
WYEBAEER  BHABAFIMESHE RSO EBNME T EEKBERY - EEHBN Fusarium
graminarum X Penicillium nigricans BEERIE/K BN E - BB KEREEERNER R
BNESFEERE HOWWERS FRARBESREMERMN D MY--EKE ( HKER
hydrophobins ) -

In the following experiment, soil hydrophobicity was determined using the angle between the water
drop and the soil surface, as represented in the Figure1.

MIEE - TIEBEKMERBKRETIERENAE - WE—FK -

Yes 290°

No 0’ <x<90°

Figure 1 - Schematic representation of the angle formed between the
water drop and the soil surface. 1 - Schematic representation of the
water drop on the soil surface; 2 - Soil water repellent; 3 - Contact
between soil and water.

1 BRBERKRETBERALANBE - 1 - BEBRKRELIE
RE ;2 - TIEEKEFY | 3 - TIREIKAVES -
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6. Based on figure 1, answer the following questions by filling the space with the letter
corresponding to the correct situation (A or B). [5 points, 1 point each correct answer]

RIBE 1 EZTFAIRE - BEESRNEE (ASB) EA -

Which soil is more hydrophobic?

IARFE T I B HE K ?

Which soil favours run off?

IHR7E T IEE KRR B R ?

Which soil favours water infiltration?

IHh7E TIEA AR KEDRHE ?

In which soil do you expect to find a higher hydrophobin concentration?

e LR IRFERE BRI AR SHEKRRE?

Which soil may belong to a burned stand?

IAR7E T 1 o E B BRI B ?

Section Il - After a fire soil water infiltration decreased by 50% and the fungal mycelium increased

by 30%
B=

D EKEE TIERIKOREREE 50% - EEE#ESIENM 30% ©

7. Based on the statement above, classify each of the following conclusions as true (T) or
false (F). [5 points, 1 point each correct answer]

RIF LD - SWETIIRGRRYS (T) 36 (F) -

a)

b)

d)

the proportion of Fusarium graminarum or Penicillium nigricans increased
among the soil filamentous community and they are producing more
hydrophobin than before fire

Fusarium graminarum 3% Penicillium nigricans £ T P& # 2 £ r0LLBI1E
- EEEXKER A EEEZHEKE

There is an increased production of hydrophobin, which contributes to an
enhancement of water run off

BKERESEN - MERKRKE

There is an increased production of hydrophobin, which contributes to an
enhancement of water infiltration

BKRRESIEM - MNRRKRE

Fungal mycelium is occupying the free space left by the decrease in water
infiltration

HERE AL 7 EKR B (infiltration)id /> &~ 2RAIZE R

The decrease in water infiltration increases the run off and the risk of soil
erosion

HORERUR D - BN Y KADAR K LUK T 8P ER AV EL R
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Part 3
The departure — The Gulf of Cadis lll

538k
tH 8% - RIBHEE I

Subject: Animal Physiology

Theme: Microplastics in aquatic insect larvae (20 min)
Time proposed: 20 min

HME : $YEEE

mEl  KER @SR PRIZBBAR (20 D )
EZISME : 20 niE

Introduction AisS

Five hundred years ago Ferdinand Magellan, commanding a fleet of five vessels,
headed south through the Atlantic Ocean to Patagonia. Despite a series of storms and
mutinies, they made it through the Strait of Magellan into a "peaceful sea" (Pacific
Ocean).

BT EEEE- FaEREEE —<HAEM ?HﬁJZE’JﬁE‘IKX R TR AP EEELDE
SEL: - BELE T —RIEAEMNEE AR BRBLEEMBUEANT "M¥EZE .
(K¥=*) -

If Ferdinand Magellan left today the likelihood of finding a sea of plastic particles would
be enormous. In early times, microplastic contamination was associated to the sea, but

nowadays we know that its origin is terrestrial and that our rivers are one of the main
vehicles of these particles for our oceans...

MREBHEEZEMNSHER  BARAKNOHKESRAZESERNBNNE* - E8H
MEBRL s R ELE AR - BIRTERMABEOHERREREREN - MO TRESELENEA
BENTEHRE T —. ..

.. Thus, in this stopover, you will have the opportunity to know what microplastics
cause in the larva of an insect that lives in contact with the contaminated sediments of
a river in the Iberian Peninsula. It is intended that you understand the physiological

responses of these organisms when they are forced to ingest inert particles due to
microplastic contamination of the sediments they live in.

LCRUE  EERPRFEERE - RBERE 7 RRRMERE R ERILANDRY BRE
BRs BN ERNESEUE[BE - ABEENZE RN Y BELEYMERRLEEEN
BRDSRAIEN P MBE R A B BRI EERE -
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Context 1515

The non-biting midge larvae Chironomus riparius is one of the most abundant
macroinvertebrate species in freshwater benthic ecosystems. Its lifecycle presents an
adult aerial period of 2-4 days for reproduction and a period for development of 14-16
days, where larvae go through 4 metamorphic stages (from L1 to L4) until reaching a
pupal stage and emerge as adults. This lifecycle is represented in figure 1.

AN RBYIE YL ( Chironomus riparius ) 452 %&dkf“’f%i“t’%%qjam—_%;?ﬁ’]j(’_—*é%ﬁ’fﬁ
BYNEy— HEAmBHEEAREERS 24 X - #B5HS 14-16 X - Hh4)a:
RPE 4 [EEREMREE (L1 3 L4) - BERNERWEE - Iumﬁtﬂiﬁ EEEan B HEA N E
1P -

L3

Figure 1 - Life cycle of Chironomus riparius. A, adult; E, egg rope; L1-L4, 1stto 4" instar larvae; P, pupa.
[ 1 - Chironomus riparius 3#IIAES - A, A& ; E. UPER ; L1-L4 - E—ZIENERME ; P, 1§ -

1. One characteristic of the life cycle of Chironomus riparius that allows scientists to use
this species in freshwater studies concerning the effects of contaminants is: [choose
the correct option] [1 point]

Chironomus riparius 458 £ O] DGERI B REEAE R KR PR TRV E L
RERME ? [EH—EEREIR] 1 2]

a) arelatively short period developing in sediments
B PR B R EREE
b) arelatively long period of its aerial phase

EZEPEREFNREMREE

c) arelatively long period developing in sediments
EIBMPRHEBRERYE

d) arelatively long-life cycle

EEEREHR
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Context {51%

Inhabiting the uppermost layers of sediment, the larvae of Chironomus riparius act as
deposit-feeders, feeding on sediments and particulate organic matter (detritus). Their
feeding behavior is mostly non-selective determined by bioavailability. Typically, first
instar (L1) larvae of Chironomus riparius ingest sediment particles up to 20 um as part
of their regular feeding activity. Conversely, final instars (3"—4" instar; L3-L4, figure 2)
can ingest particles up to almost 200 pm.

BEEIIEYNE LERIZL ( Chironomus riparius ) g2 &)Y EINE YIRS
MBENEEHY (B ) - EMNEETAARSHIFEHEEMZ RN ZM ol EE %
REMERIORTE - —MRFRIZBN—c (L1) 4122 EENSE 20 ym ROIIEMIRENL - 1F&
HHOBEBEEW IS - AMALE: (5 3-4 #:; L3-L4 - B 2) oJi@EEEST 200 um
RORENL

Figure 2 — Schematic representation of L4 larvae of Chironomus riparius in freshwater
sediments. (This figure was kindly provided by the project comPET).

2. - EW 4 R(LA)NBEXR KBV PRIREE

2. Due to the feeding behaviour of L4 larvae of Chironomus riparius, it can be
hypothesized that: [choose the correct option] [1 point]

TRISIEIL 4 T4 &2V BTT Ry > DU N —(EIfEER IERE 7 [1 53]

a) The mouth apparatus of L1 enables the larvae to ingest particles up to 200 um
1 e Zh 2= 28 E EAER A 200 pm BYFEHT

b) The mouth apparatus of L4 enables the larvae to ingest particles up to 200 um
4 e ahianiy 85 HaE R A 200 um Ay

c) L1larvae can be a good model to determine the ingestion of particles of
the size range 32-63 um

1t 4hER T SAOHIE 32-63 um FERITEE AETE
d) L4 larvae is not a good model to determine the ingestion of particles of
the size range 32-63 pm

4 AR A S AONIE 32-63 um BERIATHE AT
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Context 1515

Continuous release and long-term deposition of microplastics (MPs) are the main causes
of their presence and persistence in freshwater sediments, especially near highly
industrialized or densely populated areas where they can reach levels up to 9 g kg™ of
sediment (Hurley et al., 2018). Therefore, riverine sediments might be major sinks of
MPs imposing a potential threat to freshwater benthic invertebrates.

LBRMR(MPs) N ERMARIDIEZ B MEXKIIBYPEENFAGFEN T ER

- REZ2ESELHEEIMEANRBNME - BMEI2E0]iZ 9 g kg
(Hurley A - 2018) - It - STRNTEY TR MPs (X BER R %K B
BIEEBMBRETERE -

Figure 3 — Photographs of L4 larvae of Chironomus riparius exposed 48 h to
sediments containing polyethylene microplastics (PE-MPs) of the size range 32-

63 um (left photograph) and sediments without microplastics (right photograph).

(The photographs were kindly provided by the project comPET).

3. - 4 M= RE 48 /NN EA 32-63 ym BELIGEERB UK (PE-MP) 8901

Y (2B ) MAZLEBMAIEY (AE ) -

3. The observation and comparison of larvae on both photographs is a good method to:
[choose the correct option] [1 point]

ERRBALEREMRR A PRER B2 ET AU UZREZEIERERER)(1 2)

a) quantify the number of PE-MPs of the size range 32—63 ym inside the
gut of L1 larvae

S1b1 2258 32-63 ym B PE-MPs
b) quantify the number of PE-MPs of the size range 32—63 um inside the
gut of L4 larvae

£1b 4 i a35EA 32-63 um Y PE-MPs

c) show that L1 larvae ingested PE-MPs of the size range 32—-63 um
BN 1 R4S A 13263 um B9 PE-MPs

d)  show that L4 larvae ingested PE-MPs of the size range 32—63 um
R 4 R4S A 13263 ym B9 PE-MPs
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Context 151%

Three replicates (of 15 organisms each) per condition were used to estimate the number
of MPs inside the gut of the larvae of Chironomus riparius exposed for 48 hours to
concentrations of 0.00, 1.25, 5.00, and 20.00 g kg™ dry sediment of PE-MPs of the 32-
63 um size class. Table 1 presents the results of such experiment.

BEKE=EELR (BEEE 15 Ei2 ) AREFTRER 32-63 um R FHRAY PE-MPs
JUEY) - RE 2RI 0.00. 1.25. 5.00 # 20.00 g kg™ oF 48 /NEFRYIE B4 SRR E A HY
BRMNEE. & 1E&IHEEERNER.

Table 1 - Number of polyethylene microplastics (PE-MPs) of size-class 32-
63 um inside the gut of L4 of Chironomus riparius after 48 h of exposure to
different concentrations of PE-MPs in the sediment.

F 1. ENEDPRERAEREMN PE-MPs 48 /N - 4 iciE W 4Ns=2058A
32-63 um R~TERVER L IG BB IR (PE-MPs) RIEIE -

Concentration of PE-

MPs in the sediment Number of ingested PE-MPs + standard error of the

_ mean
TARYDP PE-MPs I PE-MP B + THENEERE

SHE &=
HWIRE (number/organism)
(g Kg'* sediment)
0.00 0,00 + 00.0
1.25 525 +51.1
5.00 2047 +54.1
20.00 2389 +31.0

4. AREMHER

5. The observed proportions between the number of PE-MPs inside the gut of L4 as a
function of its concentration in sediments might mean that: [choose the correct
option] [1 point]

T 4 BRENNEBEABHZEI N PE-MPs & £ L 4l BHE £ JIEYF B9
RETEERRE | EEEEOEIR] 1 7]
a) The volume of the gut of L4 is not finite

4 iR ENNEBENSETL AZHRAY

b)  The expected number of PE-MPs of L4 for the highest concentration in
sediments could be lower
EEREIEYPH 4 i2)zEEE N PE-MPs RUHAEE BB ol sEBR K

c)  The number of ingested PE-MPs is near its maximum value

FEAN PE-MPs i i FERKE

d) None of the above

LI EEIF



IBO CHALLENGE Il - IBO 2021 - PORTUGAL
THEORETICAL-PRACTICAL TEST

6. The number of PE-MPs inside the gut of L4 was 0 for the control condition. This is
because: [choose the correct option] [1 point]

4 40558 PE-MPs WEIETEHRFGNR 0 - E2ES : [EEIEEANEIR]
(1]
a) L4 did notingested PE-MPs despite their presence in sediments
BE PE-MPs FERIIEMD - 4 lir4) 2= W RIEE PE-MPs
b) L4 ingested PE-MPs in control sediments, but the egestion was faster
than ingestion
4 BRNSBIEHRANEY P EA PE-MPs |, BEEHLEBAREIR
c) L4 did not ingested PE-MPs since sediments of control do not have them
RS HRAITEYRE PE-MPs - Pl 4 ik =28 B@A
d) none of the above

DE=FL

Context &%

Seven replicates (of 15 organisms each) per condition were used to estimate oxygen
consumption rate of larvae of Chironomus riparius exposed for 48 hours to
concentrations of 0.00, 1.25, 5.00, and 20.00 g kg™ dry sediment of PE-MPs of the 32-
63 um size class. Briefly, samples were homogenised for 30 seconds at 4 °C. From each
homogenized sample, 300 uL were collected, mixed with a detergent, centrifuged (1000
g X 10 min, 4°C), and the resulting supernatant used for the analysis of the electron
transport system (ETS) activity. The oxygen consumption was estimated by following the
increased absorbance at 490 nm throughout a 3 min period and expressed as

KJ hour’ mg™ organism. The results of such experiment are presented in figure 4.

BRERGER 7 BEE (BEEEESB 15 @2 ) KMt ENNERENRER 32-63 ym
£ PE-MPs - J2E4£ 815 0.00 - 1.25 + 5.00 &1 20.00 g kg-1 8 PE-MPs 82317&4 48 /)
g - METEEEE - BMs2 - BmiE4°C FEEL 30 - 8EHEEERT - W
£ 300 yL - & %/gnmJ/th B/ (1000g X 10 7288 - 4°C ) - FRE EBARARDITE
BIEZ4% (ETS)RUEM - BIBTE 3 DHENTE 490 nm EFTIEMA RN ERMEETFEEE -
IR~ 4 KJ hour’ mg™ organism - EiERAE 4 Fivk -
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70
.
60 I - -
> 50 - — *
40 -
30
0 1.25 5 20

Figure 4 — Oxygen consumption rate(mJ h-'mg-

" organism) in isolated samples of larvae of Chironomus riparius exposed f
or 48 hours to concentrations of 0.00, 1.25, 5.00, and 20.00 g kg

1 dry sediment of PE-MPs of the size class 32-63 um. Axes: X -
concentration of polyethylene microplastics (g PE-MPs/Kg sediment); Y -
oxygen consumption rate (kJ/h/mg organism). Values are presented as me
an + standard error of the mean (n=7). *denotes a significant (p < 0.05) diff
erence when compared with the control (0) treatment after one-

way ANOVA followed by the post-hoc Dunnett's tests.

4 -HDRIRENR~T#RAE 32-63 ym BBRE S A4 0.00 ~ 1.25 ~ 5.00
20.00 g kg-1 9 PE-MPs 8231184 48 N\IMBEN A B A ZFEE X

(mJ h" mg' organism ) - X #—FGEBBHIAEE (g PE-MPs/Kg

IUEYD ) Y—REEXE (kJhmg £YERE ) - HERFHEE £ FHENE
HEFRE (n=7) ° * RONEEIR (0) RIEARLE - £4B ANOVA 2 #7157 Dunn
ett 1R BROBEE (p <0.05) Z£ -

7. The oxygen consumption rate (Figure 4) of larvae of Chironomus riparius:
[choose the correct option] [1 point]
BOanEax (B4) @ EZEEEER] [(12]

a) Was not significantly affected by the ingestion of PE-MPs
TARBEZZRA PE-MPs W &

b)  Was significantly increased due to ingestion of PE-MPs
HiE A PE-MPs MARBEZEE N

c) Was significantly decreased due to ingestion of PE-MPs
H#EA PE-MPs B #EE

d) Is not shown in figure 4
B 4 PRBERBR
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8. The results obtained with larvae of Chironomus riparius indicate that: [choose the
correct option] [1 point]

FEDNNSRPMESNAEREL . UEZEERER] [(179]

a) The ingested PE-MPs are inert and consequently aerobic energy
production might be compromised due to lack of nutrients
HREARN PE-MPs 216MH - BRAREENESURESRMRZEEM

REATE

b) A decreased ETS activity enables larvae to ingest less PE-MPs due to
an excess of nutrients
RE&BH BT HEXMTHNORERENHSTAR DY PE-MP3

C)  All the above options are correct
D=t
d)  All the above options are incorrect

LI EEIF

9. The electron transport system occurs inside: [chose the correct option] [1 point]
BFEERAEET . EZERER] (15]

a) Lysosomes &/)\A2
b)  The nuclei ZifR1%
c) The Golgi apparatus &E K52

d)  The mitochondria %47 58

10. What stage of aerobic respiration does the protocol focus on to determine oxygen
consumption? [choose the correct option] [1 point]

AETFEREFEERANERELEEFRTRAB—MEER ? [EEFELREE
H] (171

a) Oxidative phosphorylation E{EHEEE{E
b)  Krebs cycle 52 LBIR
c)  Glycolysis HEEZ{EF

d)  Gluconeogenesis i & #E1F F
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Part 4
The first stopover — The Canary Islands

—hiEDh - FMRIES

Subject: Ecology

B ARE

Theme: Cory’s shearwaters: mighty travellers of the Atlantic seas
IR ERER | AP LRIRMRE

Time proposed: 20 min

BEISE - 20 niE

Introduction

Although poorly known, Cory’s shearwaters, Calonectris borealis (Cory, 1881), are the most
emblematic seabirds in the Portuguese coastal and oceanic waters. They nest exclusively on
islands, occurring in the archipelagos of the Azores, Madeira, and also in Berlengas, off the
Portuguese coast.

BEIAEIT CEES ( Calonectris borealis (Cory, 1881) ) FiAl A% - BEZMEBER B S BR LB &
BEERERMNEES - IR BERE FTINEBWIRHEEE (Azores) « Madeira & Berlengas 58
EEE

Corys shearwaters are formidable oceanic migrants. They are present in their breeding areas
from mid-February to mid-October. They nest in burrows and rock crevices where they lay just
one egg, and are unable to replace it in the same year, in case of loss. In late October, the vast
majority of birds departs to the southern hemisphere, heading towards Uruguay and Brazil, and
then crossing to South Africa, where they spend most of the non-breeding season in the rich
waters of the Benguela current. In February, they return to the colonies for the next breeding
season.

WERESE—EUHNAFERE  tHRAE_RPE+BhEHIREREM - tFEmINA
ERER  BRRE—F UREIVRNEFFIBEN  £1THK  BRAZHUSHREER
HIK - ROFHUEMER - REBREEZmMIF - thMEIFEEHMEE LR Benguela JFRIRIEE

B —RtMEE R RREEETERE -

According to the International Union for Conservation of Nature (IUCN), the conservation status
of Cory’s shearwaters is “Least Concern”, due to the relatively large populations, some of which
are actually growing.

RIBEFREEE ( the International Union for Conservation of Nature (IUCN) ) B3 - fKEESH
RERANEGE - MEBLEHDRES  FIUREASATERENSE -

The largest known colony of Cory’s shearwaters is located in the Selvagens Islands, ca. 300 km
south of the island of Madeira, Portugal. In this island, with about 270 ha, there was a breeding
population of shearwater that some researchers speculated to have reached 130,000 breeding
pairs! However, the continued exploitation of birds for human consumption, and especially two
slaughter episodes of adult birds, in 1978 and 1979 (coinciding with the creation of a Nature
Reserve) decimated the population, drastically reducing the number of breeding pairs. From 1980
onwards, a biological station was set on the island, ensuring a permanent presence of nature
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wardens, which has allowed the recovery of the shearwater population. Since then, several studies
have been undertaken on the demography and migratory ecology of this species.

Hod 5 KRV ECEE SR EF 2 7E Selvagens Islands & £ - B 8% S Madeira EliF2E 300 2EE »
FEESIEL 270 AE - REMEEAENMLETE 13 BHEE LEE - AMARHSHERNF
- LHRZT 1978 2 1979 FMRARENERAS (ARZERIBARREBE ) - ENEEE
BERERD - 1 1980 FHMA - EE LRIUEYIL - FEBHXKAMITHEMSHRE - £EZiM
T ECEES AR X E - HEBLIRMRHE A ERHBD B R BB ERETHE -
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Context 1515

In 1980, the population of Cory’s shearwaters was estimated at only 7000 breeding pairs (Mougin
and Stahl 1982). In 2005, the population was estimated again suggesting the presence of 29,540
breeding pairs (Granadeiro et al. 2016).

£ 1980 F - 1] CEER AR 5T KAIA 7000 ¥ ( Mougin and Stahl 1982 ) - £ 2005 &1 KA

A 29540 ¥t ( Granadeiro et al. 2016 ) -

1. Assuming that the rate of population increase has remained constant throughout the entire
period; determine the annual growth rate of the population. Perform the necessary
calculations, starting from the function:

BRREFHBRERE LARHZEEERN - MESFHREERER - REU MR - ETLHEN
A&

N(t+1) = R X N(t) & N(t) = Rt X NO

Where:
N = Number of individuals {Elf2 &2
R = Growth rate of the population i85 REX
t = time B35

and choose the correct option. [1 point]
EEILHREE -

a) 5.93% per year

b)  3.22% per year

c) 4.22% per year

d) 3.05% per year

2. Considering that the population growth rate has remained unchanged since 2005, and
assuming a hypothetical growth rate of 4.6% per year, determine how many years it will take
this colony to reach 130 000 breeding pairs. Perform the necessary calculations using the
function above and choose the correct option. [1 point]

RETE 2005 FZEGHRRRRET AL  EHUREXRETR 46%  HEZVFEEHS
Z21 130000 £ - FAHALLENARNAITLENGTE - WEEERER -

a) around 26 years (25.7 years)

b) around 33 years (32.9 years)

c) around 48 years (48.2 years)

d) around 51 years (51.4 years)

Context 1515

During the breeding period, Cory’s shearwaters feed in a vast area around the Selvagens,
including the pelagic waters around the island, the seamounts and also the African coast, i.e., in
very different oceanographic domains. Figure 1 portraits 3 real shearwater tracks collected when
birds were foraging during the chick-rearing period, as well as the variation of temperature and
bathymetric conditions during each trip.
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ERIEREE - AEEREEE Selvagens BIFRA—ERMEE - SESESMOBIMEKS - 58
EURFIENSR - RS FRMSHEESR - B 1 Br-slRERcE s iuEaRnE
BN - UERSREDBREEBERENS -
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Figure 1 — Three real shearwater tracks obtained (with GPS loggers)
in Selvagem Grande (the island is marked by a black asterisk), plotted
over maps of sea surface temperature (A) and of depth (B), showing
the variation in temperature and bathymetry experienced by
shearwaters during the course of each trip. Trip 1 - dashed line, trip 2
- solid line, trip 3 - dotted line.

1 BBEENUWE=S1JKESTH Selvagem Grande Sl ( I
MURBERER) FHHNN  BPERESFEERE (A) BXE
(B) - ES—RIKE LREENBERERE - $—RRRBEEE
o B_RIRERER  F=RIRETHEIRER -
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3. Figure 2 shows three profiles of temperature and depth variation related with the trips
displayed in Figure 1. Associate each of the trips (1, 2 and 3) to the respective profile of
variation in temperature and depth conditions shown in figure 2 (A, B and C). [Fill the
spaces with the letters A, B or C, as appropriate] [3 points, 1 point each correct answer]

B 2 BRE 1 P=RIEAREEREMREEIE - = RIRE(D - 2 & 3)FREERELELE
2BA B CER - REBUTEEEZEESHNFEEA -

Profile A Profile B
04 23 0 23
- || 22 22
~ »
-1000 o " -1000 ]
-4t -~ i - P A
M2t g
e PR H
5 5
52000 | 20w £-2000 2%
5 3 & 3
[=] g o !El
19 19¢
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Figure 2 — Profiles of variation in temperature and bathymetry experienced by
shearwaters along each of the three trips represented in figure 1.

B 2 - E—ENRERERE AR E R = |w
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Context

During the breeding period, Cory’s shearwaters feed in different areas, and therefore prey on
distinct marine communities. Table 1 shows the results of diet studies of birds foraging in three
areas.

wZEH  NRKESEAARBER - FILMMMEABRBFHERE - X 1 BAREREE=_ELF
BE&ENE -

Table 1 - Prey consumption by Cory’s Shearwaters in three different oceanic domains (the figures in the
table represent number of prey)

=1 ERESE=—EARSFERRBENEY (RPEFRNRENEE)

Prey species Coastal zones Seamounts Pelagic areas
EmE B 3 LUK A EE K5

Sardina pilchardus 280 70 21
Scomber colias 28 140 28
Macroramphosus scolopax 20 140 70
Engraulis encrassicolus 20 84 42
Trachurus sp. 16 210 161
Diretmus argenteus 12 28
Naucrates ductor 12 350
Ommastrephes bartramii 8

Histioteuthis arcturi 4

4. Using the Shannon-Wiener index (H’) rank the studied areas by ascending order of diversity.

[choose the correct option] [1 point]
& A Shannon-Wiener index (H)HEZISHiF = BRIV EMZEME - EFIEEEIR

H' =-1x Z(Pt X Inp;)
i=1

Where:
pi = relative proportion of each prey species SE & 4T EHIAEET LA

a) Seamounts < African Coast < Pelagic areas
b)  African Coast < Seamounts < Pelagic areas
c) African coast < Pelagic areas < Seamounts
d) Pelagic areas < African coast < Seamounts
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Context {&1&

Cory’s shearwaters are trans-equatorial migrants, heading to the southern hemisphere in mid-
October and only returning to the breeding grounds in mid-February. A group of researchers tried
to understand whether the date of departure from the colony influenced their migratory strategies,
and particularly the decision to carry out (or not) temporary stops during the migration, commonly
known as stopovers. To address this issue, researchers deployed tracking devices (geolocators)
to 97 individuals in September, before they left the colony to migrate. The data obtained in the
following breeding season allowed for the construction of Figure 3.

EESEEUAENEBREE  ETHPEREFIK  REE_RPREIZEEN - —&HHRAABE
A ERBRZEMNHEEER EHBRERE  RHEBRBRFREEFTRERFENAEFHE -
RYBEREEE  MRABEY o7 BEE - £/ M MEERIE BN (€M) B3/
—ZEFRNERINER -

A Outward migration
700 -
€ 1
<
> 600 -
o
2 16
3
] 4 14
§ 500
o
[&]
c
S
[Z]
a 9

400 (} .......

O Stopover
® No stopover

300 r

Oct1 Oct15 Nov1 Nov15 Dec1

Departure date

Figure 3 — Relation between the date of departure of Cory’s
shearwaters for their migration and the mean distance
travelled per day (+ standard deviation) in birds that made
stopovers (open symbols) and in birds that did not (solid
symbols); the numbers next to each dot represent the
number of individuals tracked in each situation.

3 M (BEPREFEBAAEE ) WKEMREEHN
HEE 9B RMITIERE (+ R%E ) WEG  ABABHE
DREFE  RMEAFE ABRRUSHHEFER/UEER
S EESEL -
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6. Based on the interpretation of the Figure, classify each of the following statements as true
(T) or false (F). [4 points, 1 point each correct answer]

RIBEIRVERES - DML TOIRGERYS (T) =86 (F) -

a)

b)

d)

The decision to make migratory stopovers does not depend on the date of
departure from the colony
HRBRERED  BEEERETRFEERRBEHIAERR

When birds choose to stopover, it is because they can travel faster
ESREEPRFEZRALMMEHRSER

The distance travelled per day increases throughout the migratory period,
regardless of stopovers
ERABTEPREFR  EERBREDPEXARITIEEIZM

The probability of carrying out a stopover tends to decrease with the
increase in the departure date
FiaER HEM - ERERIFBIOEREE
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Part 5

The second stopover — Rio de Janeiro, Brazil

F0h BREENRAE

Subject: Cellular Biology and Biotechnology
BB : AREMENEY Rl

Theme: Natural products in plants

TE  BYPRORARY)

Time proposed: 20 min

EESE - 20 0iE

Introduction

There is growing interest in the use of herbal medicinal products (HMP). Among the most
sought-after HMP are those containing Hypericum perforatum L., prescribed, essentially,
for the relief of moderate depressive states and of anxiety. These products are available
on the market in various forms, such as, for example, capsules, tablets, alcoholic
extracts, plant for infusions and food supplements. Antidepressant activity has been
attributed to hypericin and hyperforin. These compounds, however, do not exist in all
Hypericum species. In H. perforatum, hypericin, with a characteristic dark red color,
occurs in black glands present in the leaves and petals.

IREAMBEZEERDR (HVMP ) WEREAHEEER  HPHFIREUINE 2B EEEH

( Hypericum perforatum L. ) WEZER  TEANRERTESSRENERE - LEE
mUEBEEAENS LRE - AINBE - ZiE - BEFERY - AR ERNERER
FpEY) - S#RNBETHRREBNEENEUER - A - BEEEMTALZE
GFERFIBES#EBEYYE - CEEEIT  BERBFENEAIEGFTERET
AMIEMPWREBIRET -
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Section | - To evaluate the presence of hypericin in two sachets of HMP, marketed for
infusions, and in capsules, marketed as food supplements, the morphological and
chemical characteristics were evaluated. For this, the material was observed under an
optical microscope, and extracted with methanol. In this way it was possible to
differentiate which HMP were from H. perforatum, or from another species, frequent in
Portugal.

BVMEEEEREGSAESHIENTE - LERES _EmERFRANMRAE
HEMAETEHNBE BREEENECRERE - BlL - EC2BME NEREYMR
WHPERZE - KAERS T - B MEEEEmEREERENIRERE TR
SEMYRE -

The images in Figure 1 show, randomly, phases of the process.
1 PR GBI IEEENSEREE -

Figure1-Different phases of the determination of the presence of hypericin and of the
extraction process, based on the method of methanol extraction.

1 - ERFEZINTE  LEESHAERFEMEZEBEN AR -

Bt
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1. To present correctly and sequentially the observations of the morphological and
chemical characteristics of the samples, the ordering of the figures should be:
[choose the correct option] [1 point]

HIIERE - H IR 5 i 2REeOEENCESE 2 28R B 1 P 8 &

OGP ErzE « EEIEREREIR] 7]
a) 2,43,1,5

b) 3,2,4,1,5
c) 1,2,3,4,5
d) 4,2,3,1,5

2. Classify as true (T) or false (F) each of the sentences below. [6 points, 1 point
each correct answer]
&7 e —(EaFIEET)SEERF) - [6 0 - BEEESE17]
a) Image 5 shows the maceration of the plant material in methanol

& 5 BUR T EYMM R EE PR

b) Image 2.B represents schematically the observation of sample 4.C under
the microscope
18 2 BRENKRERME NEERRT B 4 Z CHIBET

c) Image 2.A schematically represents leaves and petals from sample A,
which has no black glands
F& 20 ABERNERER ANEFNTEE  ERAREREEFEE

d)  Chlorophyll is the dominant pigment in sample C
EGREEMCINTIEEER

e) Based on the observed reaction, we can conclude that sample A is from
Hypericum perforatum

RIFARFRE - HPIIUBHARERm A REEEER

f) Only two samples show the presence of hypericin
REMEERRBERESHIRENTE

Section Il - Allelopathy is a natural phenomenon of biological interaction. Mediated by
substances (allelochemicals) produced by an organism, the interaction can affect the
surrounding community positively (to be beneficial) or negatively (to be harmful). Many
allelochemicals produced by a plant affect germination, growth, survival, and
reproduction of other plants. Some aquatic plants (e.g. Nymphaea odorata) release
allelopathic substances that suppress the growth of duckweed (Lemna minor). Man often
uses this type of allelochemicals to obtain formulations that act as natural herbicides. For
this purpose, it is necessary to test the allelopathic potential of plant extracts, such as,
for example, essential oils.

HERRERZEVRAERANBRIRSE - TEVRBESNYE (BEERNNE ) &
NZF  EEXEFAUNEBEIEEELEED (Bm ) 8@ (B ) NEE - &Y
EXNRZREEAYESEXEHEMENNGS £R - BENEE - —LKEEY

( BlaNdE3=&EEE Nymphae aodorata) AR E AR ERINEESE ( Lemna
minor ) AR - NSRS FEAILBRENAEEERDERMARIARET R R -
U6 - RIEEYZEEY) ( AlEEE ) WAREERRDENZB L ER -
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In the present experiment, Figure 2, the allelopathic effect of Eucalyptus globulus
(eucalyptus) essential oils was tested on Lemna minor (duckweed). The multiwell plate
A served as a control (without the addition of essential oil). In each well of the multiwell
plate B, 100 ul of essential oil were added. The allelochemical effect of the essential oil
was evaluated, among others, by determining leaf chlorosis (a condition characterized
by a decrease in the content, or absence of chlorophyll, visible by the pale green or
yellowish aspect).

EARERP - B 2 - EEt% ( Eucalyptus globulus ) (1215 ) #5M¥F EAREMAERIIE
FETT 7aliR - 28 AERBIR (AANEHE ) - 2588 B WEALIA 100l #55H
- EHARENRFRZRERERZESE ( —BUESRIER D NRZ B ERVIE
A - ERREBIKES ) HKEHEAY -

Figure2— Different steps of an experiment performed to test the allelopathic effect of
Eucalyptus globulus essential oils on Lemna minor.

2~ HASERIRMENE YRR ER R R ETERNARDE -
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3. Classify as true (T) or false (F) each of the sentences below.[6 points, 1 point
each correct answer]

&7 e —EaF A IERET)SEERF) - [6 7 - BEEESE17]

a) An allelopathic potential of 100% means that 2 out of 4 leaves of Lemna

minor did not show leaf chlorosis
100%MHEMHENBNEREIE 4 AN\ EFFE 2 RRARREERESE

b)  The whole experiment could be carried out in the same multiwell plate
BEERTLIER —EZ A B P ET

c) Leaf vigor was assessed by the absence of leaf chlorosis

ERENURELHRIEE R E=ERTG

d) The experiment should be carried out under conditions of natural light and
humidity, like the natural growth conditions of Lemna minor
ERBEBZNCBMBERG TNET  BEUFINBERERKHE

e) Based on the observed reaction, we can conclude that the essential oil of
Eucalyptus globulus has no allelopathic effect, under these conditions
KEFMERNKE - HMoILISL AR EELRET  ERERLAEE
THRIEH

f) The physiological state of Lemna minor can condition the result of the

experiment
FHNEENEELEERNER
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Part 6
The third stopover — The Strait of Magellan

5% 6 &5

F=0h - BEmBIK

Subject: Ecology
Theme: Demography of penguin populations

Time proposed: 20 min

BE: &£
imel: DRENGBIMRETES

iEME: 20 min

Introduction AisS

The Magellanic penguin (Spheniscus magellanicus Forster, 1781) is an aquatic bird, native to
the southern region of the South American continent, particularly to the coasts of Patagonia,
Argentina, and the Falkland/Malvinas Islands, in the Atlantic Ocean, and of Chile, in the Pacific
Ocean, where the species forms densely populated breeding colonies. After the breeding
season the Magellanic penguins migrate North in search for food, in both oceans, reaching the
coasts of Brazil, in the Atlantic, or of Peru, in the Pacific.

KT . (Spheniscus magellanicus Forster, 1781) 82— /KE - RERBEEREFITHE
Rl ZEESER - FREME=E/ SHBAMT R ENAIF aENENNRIEFaFE - 21
B MGERENEERE - ZEFHMER  FERECHEEMEAFRILERRSHEY - 3
ZEMEBENATF oF  INBNREFOE -

The common name of the species is associated to that of Ferdinand Magellan (Fernao de

Magalhées), as its existence was noted for the first time in 1520, during the circumnavigation
voyage lead by the Portuguese sailor while passing by the Tierra del Fuego.

ZYENERSEEEHREE KM (Ferndode Magalhdes)WEFHER - EA M NEFERE
1520 FRHEBF KFERFENRIMTEPT LB X EREREFIRN -

According to the International Union for Conservation of Nature (IUCN), the Magellan penguins’
populations are estimated as composed by 1.3 million reproducing couples and the species is
classified as “Least Concern”, although following a decreasing tendency (globally) during the
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last decades. This decrease is essentially due to the reduction in prey abundance, caused by
fishing, to climatic changes and to pollution.

RIERIR B A RER R (IUCN) - ZEMEISNGGETE 130 BREEHAER - BETEAEZE T+
Foh (23K ) ETVRED  ZVEBERBELEG - SEA) T EEZHREY - KIEE2BNITHR
FREXEMEER D -

The adults may attain 70 cm in height, and weight up to 4-6 kg, the females being a little less
robust than males.

REBEUZET0 AT - BREOE4-6 AT - MHMEEEUMSEOS A IBEEA -

The Magellan penguins are monogamous and reproduce between September and February.
They build nests on the floor or in small burrows or lairs, normally protected by low vegetation
and, in the most populated colonies, which may have up to 200 000 individuals, the nests may
be as close as 1.2-2.5 m. The female lays up to four eggs per year, in two broods of two eggs,
laid with an interval of 4 days. The eggs are incubated for about 40 days. The mortality is rather
high, both in ovo, as in the juvenile phase, before leaving the nest, and especially during the

first migration. From then on, the mortality stabilizes, and the adults may live up to an age of
10-20 years.

HEMEEE—R—Z4 ENRETRAZBEEIE - #MEtmEmsy/ VIS BNNEE - BEH
ERERIRE - EEERRZRUEIET - JBEAZE 200000 £ - ENNERVEEBECIFER £ 1.2-
25m - IEMEBFEZSENELNN - MEmELY - ZIER 4 X - SPFEER% 40 X - EBERIEIN
ZAl - TEZERMERRNE AR CRINIFSH S RES —RBIEHBRIETREEHEES - ZUI
ZE  FCERIBRIBE - RS OEEER] 10-20 5%

Note: the experience upon which the exercise is built, is fictitious, as well as the figures that
were obtained from it. Nevertheless, all the elements produced for the purpose of this test, are
realistic and possible.

it BREEFEMKBENARUNETESHNEFAZERR - BEWL - BULEFERMER
ENF B TR EIREPEZ O BELIRM -
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Context {515%

Since several decades, the population dynamics of two Magellan penguins’ breeding colonies,
in two natural reserves dedicated to the conservation of the species — Cape Vigenes, Argentina
and Isla Magdalena, Chile — have been regularly monitored.

R ER - EMERNIRFEZVENBERREE—URIEES AT BINEHNSRERME—

MEZELGHREEEENNGENSE— BRI EHER -

Recently, a study on the abundance and population structure of these two colonies, which
involved a mark-recapture experiment, was conducted.

BT WEMENEEEEMNGAERET /MR EPPREFCHEHEER -

One week before the beginning of the experiment, in each of the reserves, a 3.0 ha (hectares)
study area was selected and three funnel shaped rails were placed by the beach, just as
represented in Figure 1.

ERRGN—BE  £8ERER - EBE—E 3.0 2ENTREE - WEESHENE —ERE
AT - WE 1 PR -

Such devices are intended to guide and concentrate the penguins, making it easier to count
them and mark them in their return from the sea towards the respective nests.

EREESUSIEBNEDTEE  FEHESSHETAETMEXEREIZBNENKETRC -

Ocean
pspES

Sandy zone
s U
. q Vegetation zone
B
4

Rocks

8L oy N
Sampling aid device
AN

REREwERE

Figure 1 — View of the sampling aid device installed in each of the studied reserves in
order to sample the Magellanic penguins (the image is merely illustrative, as the various
components it portrays are not represented in the same scale).

1 - 7THELMEBETREMZEESENERERPHVREHEDRBEN EE
(ZE®EREE  EAapHEnsiEaeRERNtEAERR) -
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In the first session of the experiment an observer, positioned in the narrow extreme of each rail
device, counted and marked all penguins that passed by him in their way from the sea to the
nest. The marks were small circular spots, made with a harmless colour paint spray on the
external face of the left wing of each animal.

EERNE—HE  —2EREURSEEEEENREK - stEILRLHEAERE AR
ARBHRBEFIALEN - R/ \WEENE - ARENTEHRREEESESYEENIMI
<HELE -

In the second session of the experiment, the same observer counted again all penguins that
march in their way from the sea to the nest and, among them, all those which were marked in
the previous session.

EE_HED  B-ESRZEBREE TRECBRIENMMRAERE - HP 8B —RWITH
FRELEHS -

The conditions of the study were those displayed in Table 1.

BEMF RN BRERMARER 1 7R -

Table 1 — General conditions of the experiment performed on the population dynamics of
the reproductive colonies of the Magellan penguin, Spheniscus magellanicus, living at Cape
Virgenes and Isla Magdalena

=1 -BEEE EiWHﬁ%(Cape Virgenes) 1 H18Z# M S (Isla Magdalena) WX @t Hs
NGBS RETERN —MIFHRTE

Cape Virgenes Isla Magdalena (Chile)
(Argentina)
Study area 3 h 3 h
Mg E @ @
Sessions ) d o d
#AES ays ays
Sampling effort
5 hours 5 hours

RERLIF
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The results of the experiment, related to the two 3 ha areas under study, are presented in Table 2.
R 2B ZRAMEPRIMIE 3 ARRGAEFNERER -

Table 2 — Results obtained from the experiment performed on the population dynamics of the
reproductive colonies of the Magellan penguin, Spheniscus magellanicus, living at Cape Virgenes and
Isla Magdalena

*® 2 -HAEEEHESANETA(Cape Virgenes)HHEERM S (Isla Magdalena) W E L RIS EIARF SR

BREBREETHNERESNG

Cape Virgenes Isla Magdalena

(Argentina) (Chile)
15t Session Counted 1 1 068 inds. 1 077 inds.
B Prevous) Markes 0nds. 0inds.
ond Session Counted &t & 1239 inds. 1245 inds.
%= HARY Previously Marked 36 inds. 34 inds.

FERIHARRCRY
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Other information on both populations has been collected for some years and part of it, namely
that related with reproduction and mortality, is reproduced in Table 3, while the population
structure is presented in Figure 2.

FEREMEREANEMEMNCENE 7 —LEF - Hh—8ln - EZEMNIETRHBENEN -
ERIPER - MEEFEBAEERE 2 F2R -

Table 3 — Information relative to sex ratio, number of eggs per female and mortality rates
estimated for the populations of the Magellan penguin, Spheniscus magellanicus, living at
Cape Virgenes and Isla Magdalena.

= 3 -BAEEHEAHTA(Cape Virgenes) B8 EHR A E (Isla Magdalena) W E L i #5Ek
BERMRILLAI - SEMMNEINEMILTEEBIEN -

Cape Virgenes Isla Magdalena
(Argentina) (Chile)
Sex ratio M/F 1,0145 0,9231
14 Bl EE B FIM 0,9857 1,0833
Number of eggs per female 4 4
SEUEHERIDIEL
In ovo o o
50 53% 53%
Mortality rate Juvenile . \
TR e 65% 59%
18t migration . .
1B 71% 65%
Cape Virgenes Isla Magdalena
(Argentina) (Chile)
6000 4000 2000 0 0 2000 4000 6000 6000 4000 2000 0 0 2000 4000 6000
‘ ‘ 11 I f ’ I 11 ‘ l
10 10
9 9
8 8
7 7
6 6
5 d 5 9
; :
2 2
d ; ? :

Figure 2 — Population structure of the populations of the Magellan penguin, Spheniscus
magellanicus, living at Cape Virgenes and Isla Magdalena. Vertical axis represents age
in years, and horizontal axis represents number of individuals.

B 2. EEEASTAIANMTEERMNENEEMEIS OGEESE - MHARER - =584
RERMEIEH -

Based on the data provided, help the researchers in the characterization of the studied
populations by finding the solution for the problems below, assuming that in both colonies the
juveniles have not left the nest yet.

RIBFTIRERVENR - ROJHEI LIS FRERAR S SR E MR A B REA RS E - HRR
MERENNSEELIBMAREN -
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1. Estimate the number of adult individuals that composes the population of Cape Virgenes
[choose the correct option] [1 point].
5T AL Cape Virgenes IREE B RS 12 [EIZIEEEIR[1 2] °

Cape Virgenes

(Argentina)
a) 44 604 inds
b) 38 448 inds
c) 36 757 inds
d) 35 206 inds

2. The estimate made in the question above was based on a model with the following
assumptions [classify as true (T) or false (F) each of the sentences below]
[8 points, 1 point each correct answer]

EEREEPR T G Z KB U MRRAER (B MR R ERE(T) siiERR (F)] [8

7 BEEEZE1 7]

The marks and the marking do not affect the survival/behaviour of the animals
CR AR ARENNFEETR

The marked animals are easier to detect than the unmarked

BATECENMEERBARECEN M B SR A

The marked animals must have a recuperation period

BATECE DR B IREH

The probability of capture of marked and unmarked animals is similar
IR A AR B I R EAS
The marked animals mix randomly within the population

ALY EREF PR D R EX

The marked animals are more abundant than the unmarked ones

ARV EER RSV ERE TN EEERS

The marks are not lost between the two sessions of the experiment
FREEERETOMEZBAGER

All marked animals go to the nests after being marked

PSR M ER AR R E S EREN
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3. Estimate the average adult individuals’ density in the population of Isla Magdalena [choose
the correct option]. [1 point]

LETSRERNE R PR EER IR E EEIERANEIR] - [1 2]

Isla Magdalena

(Chile)
a) 1.41 inds/m?2
b) 1.31 inds/m?
c) 1.28 inds/m?2
d) 1.22 inds/m?2

4. Estimate the number of adult males and females in the population of Isla Magdalena [choose
the correct option] [1 point].

EETBIRERMNEEA PR FEE R AR PHRE [BEEIERER] - [1 2]

Isla Magdalena
(Chile)
Males Females

a) 18930inds 20507 inds
b) 18202inds 21361 inds
c) 21361inds 18202 inds
d) 19628inds 20894 inds
5. Estimate the average density of nests in the population of Cape Virgenes [choose the

correct option] [1 point].
f&i5t Cape Virgenes I&Rf P ER 9T EEZILENEIR] - [1 2]

Cape Virgenes

(Argentina)
a) 0.63 nests/m?2
b) 1.63 nests/m?
c) 0.82 nests/m?

d) 0.61 nests/m?
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6. How many new individuals (recruits) can be estimated to enter the population of Cape
Virgenes in the following year [choose the correct option]. [1 point].

BEMNRN—F - LEtBZVHERTINNA Cape Virgenes IR ET ? [ IEMERVEIR] - [1 7]

Cape Virgenes

(Argentina)
a) 3583 inds
b) 4 463 inds
c) 3482 inds
d) 4 863 inds

7. Taking into consideration the graphs of population structure in each reserve, characterize
the growth of each of the populations [choose the correct option]. [1 point].

RMERERNGEHGREMAZRER  SEEFNBRGERQEEZELENER] - [1 2]

Cape Virgenes Isla Magdalena
(Argentina) (Chile)
a) Moderate growth Stable
FERE 1BE
b) Slow growth Fast growth
EIERE RIRAF
0) Stable Moderate growth
=1E FEME
d) Fast growth Slow growth

REM R EEME
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Part 7
The fourth stopover — Ladrones Islands (Marianas)

ET7E9

FMh - NSEAHRES (K2 )

Subject: Ecology and Anatomy
Theme: Insect anatomy and ecology

Time proposed: 20 min

BB SRR

E=1113
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2
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Introduction

I

The Marianas were the first islands Magellan encountered after crossing the Pacific
from the southern tip of South America. They set in an area of about 1000 km? in the
Pacific Ocean and the flora and fauna biodiversity is relatively valuable. The community
of insects, although neglected, has been studied and several autochthonous species
were found. Among these, there are four endemic species (Figure 1) with
morphological adaptations to different habitats and diverse behavior.
SEDWNHEREEMEEINmREFU AT FRBINE—ESE - BEMEMRKE
FLEL 1000 FHABNESE - BEMEYSHREENES -  ERFSHAERBE - B
WAL IR 7 ERERTYE - Hop - BINERBEMRE ( 1) BEAHEARZRI
ZIRIT RO EBRE -
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Gafanhoto
Salomong guamensis

A - Hemicordulia mindana Needham & Gyger, B - Salomona guamensis Hebard, 1922.
1937. [Odonata, Anisoptera] [Orthoptera, Ensifera]

Formiga-cabecuda
Mosca-da-carne FPhefdole vot
Sarophago strickiandi .

C - Sarcophaga stricklandi Hall & Bohart, 1948. D - Pheidole vatu Mann, 1921. [Hymenoptera,
[Diptera, Sarcophagidae] Formicidae]

Figure 1 - Four Marianas Islands’ endemic insect species.
1- UERERSREDMEEENE R

Section |. Based on the characteristics of each of the insects present in Figure 1,
answer the following questions by selecting the correct option.

F—8 : ERE 1 PATSEERNFE - RIZ NIBETEL FRESR -

1. The modified hind wings of Sarcophaga (= Bezziela) stricklandi are: [1 point]
Sarcophaga (=Bezziela) stricklandi B4 {EERZE : [1 5]
a) Elytra (#8)
b) Hamuli ( #$3)
c) Haltere ( FE1E)
d) Tegmina (#%&E )
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2. Another name for the walking legs of Pheidole vatu is: [1 point]
Pheidole vatu (I TN THES : [15]
a) Cursorial (1TER)
b) Ambulatory ( H1TE)
c) Fossorial ( FE#EE )
d) Saltatory ( BEZE )

3. Salomona guamensis can detect sounds through an auditory sense structure called:
[1 point]
Salomona quamensis SERMEREEIZST . [(15]
a) Antenna (88 )
b) Sensilla (KEE)
c) Tympanum ( E5Zf% )
d) Bristle (&®IFE)

4. Hemicordulia mindana uses a characteristic mouthpart to eat: [1 point]
Hemicordulia mindana fEFBA@REMNORER © [1 9]
a)  Sucking mouthpart ( RUZZL 23 )
b)  Chewing mouthpart ( MEIEZ{2S )
c)  Siphoning mouthpart ( HHE( 28 )
d)  Sponging mouthpart ( MR 28 )

5. The forewings are attached to which body segment? [1 point]
AIAEESIEM—EE L ? [15]
a) First abdominal ( Z5—Hg6&0N )
b) Prothorax ( BT )
c) Metathorax ( B7A@ )
d) Mesothorax ( 9/ )

6. Insects can create vibrations that are transmitted through a substrate... [1 point]
EmoUHEHNEFENEBE.. [17]

a) And send very specific intraspecific messages, e.g. courtship songs
TRGAIRENRBANR - AIKERE

b) And used for efficient intraspecific communication over short distances
T AEBEFRIPRANETAEVNNENESE

c) And represent a secure means of intraspecific communication

THE—TELENEBRBEBEAT
d) All of the above
MUEEZE
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7. The chemical trail produced by Pheidole vatu would be classified as a(n)... [1 point]
Pheidole vatu FrZE M EE I o] I 0 $8%... [1 7]

a) Kairomone ( F&E )
b) Pheromone ( &%)
c) Allomone ( fI}&%)

d) None of the above ( Bl EESFE)

8. Sarcophaga (= Bezziela) stricklandi larvae (maggots) move away from a bright

source of light. This is an example of a... [1 point]
Sarcophaga (= Bezziela) stricklandi B94g2(18)& BB BT - E2—EEN
Z6... [159]

a) Taxis (#814)

b) Kinesis ( Z#)14 )

c) Reflex ( &57)

d) Transverse orientation ( f=[@xE[D )

9. Like in most insects, Salomona guamensis has the sense of smell located in...
[1 point]
MUMEZEE R —1 - Salomona guamensis WIEE R EMIR... [1 5]

a) The tarsi ( MI&)

b) The maxillary palps ( /\5858 )
c) The antennae ( B85 )

d) The frons ( Ri%E )

10. Hemicordulia mindana mechanoreceptors would not be receptive to... [1 point]

Hemicordulia mindana B9t M 228 A UL ERIE... [1 9]

a) Body movement ( S22 E) )
b) Wind speed ( &% )
c) Sound vibration ( BEEEE) )

d) Water vapour ( /KR )
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Section Il. Match species with characteristics. Use the key to indicate the
characteristics of each of the insect species in the right column. [Notice that each
element of the key may be used once, more than once, or not at all] [4 points, 1
point each correct answer]

BIE RS EHEYE - BRAEZNRERBEEARPELEEEREBENSE - [
B BEBPOEETCRBIUER—K - SRIBREIAEA] (47 SEEEZE 1
]

5

Species characteristics

KEY (8% ) (PEREE)

Apterous ( #&3¥ ) Hemicordulia mindana
Halteres ( F#18 )
Hamuli ( 3383 )
Jumping legs ( BkiE2E ) Pheidole vatu
Sponge-like mouthpart (;B4Rz028 )
Furcula ( 5828 )

Small hair-like antenna ( /N FEARES ) Salomona guamensis
Elytra ( 388 )
Tegmina (&)
Wasp-waist ( £ ) Sarcophaga stricklandi
Two pairs of wings ( M ¥38fE )
Geniculated antenna ( BAREE R )

rX««< — IT @ TMmoon w >»

Section lll. Match each behavior listed in the right column with its typical function listed
in the left column [Notice that each element of the key may be used once, more
than once, or not at all] [5 points, 1 point each correct answer]

F=H  SAEWPIENERETAELRPIENEBINERLE UERE - EBPH
BRETHRUEER—R - SRAIRFARER] (55  BEEEZE15]

KEY (#8%) Behaviours (1748)

A Light flash in firefly Courtship
B Waggle dance in honey-bee Dispersal

BEKN\FE e
C Stridulation in cricket Nestmate recognition

IR E B A E
D Trophallaxis in ants Location of food

ISIEB O RY SKEY
E Hissing in cockroach Alarm

bR oRESENSE T )
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Part 8

The end of the journey — The Island of Mactan,
Philippines

MIEALRE - FFREER=IEE

Subject: Microbiology
BB mMEYE

Theme: Bioremediation
F&E: EMEE

Time proposed: 20 min
EERE: 20 7iE

Introduction

Currently, diverse human activities without respect for the environment make pollution a
serious problem. The Earth can only continue to be our home if we adopt sustainable
living strategies. Bioremediation uses the metabolic potential of microorganisms to
reduce pollution in contaminated environments. There are several bioremediation
strategies: in situ, handling pollution where it exists; ex situ, collecting contaminated
material and treating it at specific sites; by biostimulation of microorganisms indigenous
to an environment by adding nutrients or improving environmental conditions to promote
the development of that microbiome; by bioaugmentation, addition of cultures of
exogenous microorganisms to promote degradation of pollutants.

AN\4Y7]
né

Bal - NABABERENEEEE - £ TRABR—ERENEE - HPESERXE
EERES - FTREEMIREEFRTPINRE - £YIE1E (Bioremediation) ERIAHME
MR BE DR FERTRIRIRROT R - BEIEEMIEERRES | Z/&E 149 (in situ) - 1R
SHIBUEITRIE | AE1AT (ex situ) - WETRYBERRHRNBETER ;| oXA
EMRF (biostimulation)H5K S - MEERIBEFRMEBMEN 2 CERIBRG - &K
RE-—EREPHOHMEDY LR (microbiome) WEBE ; S ERHAEMIIES
(bioaugmentation)fy=KHES - Z2ARMNIMRIMEY EERIEETRYRPEEE -
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Section | — An experiment about the purification of mine drainage fluids

% | 8 - —(EBEAEERS FBUKNER

The problem: To study the role of sulphate-reducing bacteria in the bioremediation of
acidic mine water.

BE . ReIHRMRSHIUKETEYEER  MKEEREMNENSE -

The goal of the experiment: To remove metals and sulphate from polluted waters through
the use of sulphate-reducing bacteria, reducing those pollutants to levels that allow the
waters to be used for irrigation.

AERNERS  BRANBMEKEESE RERBRTKPNEEEMKE - BETRYE D
HOEBNREE -

The experiment: A bioremediation system, at laboratory scale, was developed using
acidic water from an abandoned copper mine.

BE . M —EREZERSHOEMK  BUE—EERERENENEERR -

The results: &%

I. Chemical composition, sulphate concentration and chemical parameters of the
original acidic water were analysed (Table 1).

DITIRIGEE M KRVERAM - MRERE - LAEBRZE (R1)

[I.  Chemical composition, sulphate concentration and chemical parameters of the
water after the biologic treatment were analysed (Table 1).

DITEYEEBEKIERARN - MKRERE - LAEBEZSE (F1)

lll. Electrophoretic profiles of bacterial communities based on the 16S rRNA gene
(Figure 1).

% 16S rRNA ERFENAEREE XD ME (B 1)
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Table 1 - Chemical composition, sulphate concentration and chemical
parameters of the water collected in the mine before and after biological
treatment

R1-EVEERRIRSKNCEER - MERERE - LURIEESH

Chemical composition Concentration (/2E)
({E2#RR) (mg L)
Before treatment After treatment

BEIEA EIRE
As 0.10 <0.03
Cd 0.12 <0.06
Co 0.99 < 0.01
Cr 0.08 0.06
Cu 28 <0.01
Fe 70 0.09
Hg < 0.01 < 0.01
K 0.30 3.70
Mn 7.10 3.70
Mo <0.01 < 0.01
Ni 0.26 <0.02
Pb <0.04 <0.04
Sb <0.1 <0.1
Se < 0.007 < 0.007
Sn <0.1 <0.1
Sr 0.14 0.47
Zn 13 < 0.007

S04 1800 303

Chemical parameters (Eh = Reduction Potential)
{EEA2% (Eh = EIREN)

Eh (mV) 401 -376

pH 2.8 6.5
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1. Based on the information provided relative to the experiment described above,
classify the statements (a to d) using the key (A to C) [4 points, 1 point each
correct answer]

RIZ_ LB BRFTREAVER R - ROW TSR (1€ a 2 d)EH—IE Key (& A 2

C) S [H449, B—EREES159]
Key

A The statement is supported by the data
BB IR

B The statement is contradicted by the data
EREIEAILRUAAEF E

C The statement is unrelated to the data

BB EUE B I A IR

a)  Before the sulphate-reducing bacteria’s activity the redox potential was
lower than after bioremediation

EMMREEREEH ZA - HARLEREUBREDEEZRE -

b)  After the treatment, the water’s acidity decreased

FEREZE - KRB HERERE T

c) An efficient removal of the three most abundant metals in the acidic mine
water has occurred during the treatment

ERERAED  BURSKPEEESN-"EETBRBENER T

d)  The water obtained after the treatment is not suitable for irrigation

RIBZEIFRRK - NEaERER
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2. Figure 1 shows the electrophoretic profiles of bacterial communities, based on the
16S rRNA gene, present in four bioremediation systems. Select the key option (A,
B or C) that correctly evaluates the whole set of statements regarding the band
that corresponds to sulphate-reducing bacteria. [1 point]

1 Z21R1# 16S rRNA ERFLRVAEESEE Xk mE - RIRLIUEBEMEE
2 - BIRBATEMKEZREAEBOSIRRCL - B HAEEET & ZRUR
#Y Key #IE (A~ B * 5 C) [1 4]

W

I | I | I A
_a—p —_— . . -
_?_r — —
——l — . —
L’ —_— . . -
_}e I N -
;p — —
—E 5 e

Figure 1 - Electrophoretic profiles of bacterial communities, based on
the 16S rRNA gene, present in four bioremediation systems. Only one
system contains sulphate-reducing bacteria. Each band (a to g)
corresponds to a different group of bacteria.

1. 1R1% 16S rRNA ERFLAMAEREE XD ME - RELIBEEY
BEZML  EPRE—(xGSAMKEERE - 8—EFT (taZlg)
ER 2 —{E AR R AR E AR EIFE -

Key

A a) istrue, b)is true, but c) is false
a) 1Ef& - b) IERE - BZ c) #55R

B a) isfalse, b)is false, and c) is false
a) #H:ER - b) #57R - c) #HaR

C a) isfalse, b)is false, but c) is true
a) #HR - b) #hER - BZ c) L&
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a)

b)

The band that corresponds to sulphate-reducing bacteria is e because it
is more intense

HEMMERRENE e 8% - AAHEERE
The band that corresponds to sulphate-reducing bacteria is g because it

exists in a profile that does not have f
HEMMEZERENEZ g 8% - AAEHEXIMETRAEISf

The band that corresponds to sulphate-reducing bacteria is a or d
because it exists in all the profiles

HEMMEZE RERHENE a A4 1K%% - BAEMEREMBNEXD |
[l

3. Only one of the bacterial community profiles shown in Figure 1 corresponds to the
bioremediation system under analysis in Question 1. Which is the profile? [choose
the correct option] [1.0 points]

RIBEE 1 (2 - B 1 PEE—REAEFEE XD mMERENEEYEEZRRHESE
& - BEEM—EEXDmE ? EHIEREER][1.0 7]

a)

b)

d)

Profile |
NHE |
Profile I
nE
Profile Il
pakizl= Rl
Profile IV
DHE IV

Section Il — An experiment about the purification of food and feed industrial effluents rich
in oily products

F N8 - —EAFEemRAtEk LEE 2 HEMHRUKE(ERESR

The problem: Food and feed industries produce oily effluents, with high fat, oil and
grease (FOG) content.

B emEEt TEEELAENHRUK - BEAXERMN (fat) - & (oil) - EBlE
(grease) & (FOG) 7 °

The goal of the experiment: Select bacteria that exist naturally in polluted sites and
evaluate them to improve bioaugmentation strategies.
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AERNWBEE: (HELESRSGIUIRAGENMAE - BRATMEEYIEZ RIS ERIS
22
The experimental steps:

o
Efn T

1. Bacterial isolation from activated sludge of residues treatment stations.
ERBYERIGR SR 2R H AR
2. DNA extraction from the isolated bacteria.
e 73 etk B AV A SR P 25 EVE DNA
3. Molecular identification of the isolates.
HomARRKETY FiRT
4. Evaluation of FOG-biodegradation potential of the isolates.
AHE D BEAERIERE FOG 0B N

The results: #55R:

l. In total, 196 isolates were screened for biodegradation potential with pollutants
as sole carbon sources for growth.

PUTARERIE—R - #2280 196 ko B 2 AR BTV FEERE DRVERE

Il. Best biodegradation results, in 7 days assay of FOG content removal, were
37.9% for oleic acid and 19.1% for triolein by an Aeromonas sp. isolate and a
Staphylococcus cohnii isolate, respectively.

K7 RoH FOG BREFMBIANEZERBRER DA —HKERERE
(Aeromonas sp.) 73 BEIR O] 5 FR 37.9%HHAEE (oleic acid) - Ik—1k BE&EZE
IKE (Staphylococcus cohnii ) B BEFR DI K ER 19.1%A0 = A& H MM (triolein) -
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4. Based on the experiment described above, classify as true (T) or false (F) each of
the following sentences [4 points, 1 point each correct answer]

RiB LB ERRORGL - S THIEREERYE (T) s (F) [(H4 79, B EEEZRT1

71

a) The work described aims to evaluate the biostimulation process in the
presence of FOG
PR ER: - HEMZEHE FOG FEMIERN N RFEEMRIMIEF

b) A biostimulation process will be more successful if point 3. of the
experiment is previously applied
MREEFRITENMBRAE 3 3 - RIEYIRIANZFRESIE RLIN

c) Biostimulation can only be carried out if the described in points 2. and 3
of the experiment are carried out
RETERPIHIAVSE 2 BHEASE 3 BMITE - EYRIBA BEMINIT

d) The use of bacteria for bioremediation can be a sustainable strategy
against pollution
NABAERETEMERE - afFRB RN —BKERE

Section Ill — Bioremediation of oily sludge-contaminated soil

& - HETRTREEZEYEE

5. Consider that you need to create a bioaugmentation system for oily sludge-
contaminated soils and you have at your disposal the elements that are presented in
Table 2. Select the option that corresponds to an appropriate bioaugmentation
system for oily sludge-contaminated soils [3 points, 1 point each correct
answer]

BRRRIRBERFT—EEMIBZ 240 - FRERSCHMETRTRILE - R 23E 7
MEANZREEITE - SHHEHETEFTRINLIIE  FELESENEYIES 2
MEIR [ 39, B—EEEERST 1 7]
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Table 2 — Elements available to build a bioaugmentation system for oily sludge-contaminated
soils

F2-Bu—EEAMTIRTIRTEZEYIEZ ZMFIRENSIETER

1.

oily sludge-contaminated soil

BORMETIRFT A I8

EOEEI0 TR0

& OTA 0y

o

selective growth in lab KEREENEFERER{ED N

FRBE VAR

2. lipolytic bacteria naturally present in the soil T
TIEPRAGFE 2D RENAE
3. bacteria with enhanced lipolytic activity after some

molecules T MR/ F RN EE

a) 1+2+4
b) 1+2+3
c) 1+2+3+4

4. nutrients used by lipolytic bacteria
s RAE BB S i\
5. surfactant that breaks down oils into smaller

6. Which strategy, among those presented below leads to an effective bioremediation
system for fats and oils? [choose the correct option] [1 point]

NI —E RIS SR E — A NREHE R EMEE 24 ? [EHIEWEEIR] [1 7]

a) In situ promotion of the growth of indigenous lipolytic bacteria
TR MARER T D RIEAENER
b) Addition of a surfactant to a soil containing lipolytic bacteria
AN EEMEE ZARED ZER TIED
c) In situ addition of bacteria with high lipolytic activity
TR MANNERR I AE D SRR
d) Confirmation that there is no antagonism between the soil microbiome
and the added bacteria
R T IR A Y BEES (microbiome) BLRNIMAIE A = 3 IR
e) All the previous strategies

AR AR RES
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CONGRATULATIONS!
YOU MADE IT TO THE END!
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