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Dear participants,

This test consists of three tasks:

A

Task 1: Quantifying aggressiveness & Z{3li 50| H2FX

Part 1.1: Experimental setup

ELRSR

Part 1.2: Aggressive behavior of Neolamprologus pulcher

AZ2ce BHYS

Part 1.3: Examples of ramming or biting attacks

Mg/ 27 SAAS2 O Al

Part 1.4: Quantify ramming or biting attacks of N. pulcher [30 points]

A
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Part 1.5: Additional replicates

Task 2: Puffed throat behavior & S E2|7|

o

=
=]

Part 2.1: Puffed throat behavior of N. pulcher

AEElee 5 #2217 A5

Part 2.2: Examples of puffed throat behavior
S82a)7| %59 o

Part 2.3: Quantify puffed throat behavior of N. pulcher [21 points]
ABElEe 5 #3217 &3 %

Part 2.4: Interpret your results [4 points]

21 3o

Task 3: Social groups At3|E CH

Part 3.1: Quantifying task sharing in social groups of N. pulcher [15 points]
AIZEIE Ate| TEol EF 25 gt
Part 3.2: Interpret your observations [4 points]
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Please write your student code into the box on the title page. (2412| St S (student code)S EX| 0 U=
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There is no separate answer sheet. Please fill in your answers into the specific answers boxes indicated
with a gray background. Only answers given inside these boxes will be evaluated.
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The answers have to be given either with a tick (V) or with Arabic numbers. The numbers "1" and "7" can
look very similar in handwriting. To make sure that those two numbers can be well distinguished by the
IBO staff, please write them as you normally would into the following box. (B{E<E tick (v) E=
Ol2HH|OF& AL R HAIGILICE A “173t 7S D0| H28IM 25 © 4 YOL| TR} BT FOR AR & &

UEF L0 20 Of A= S He G4 S Ofell AL 2o M E24A|2.)

Stop answering and put down your pen IMMEDIATELY when the bell rings at the end of the exam. Put

the entire protocol with all the answers back into the exam envelope. (10| 22|H SA| HE U=

B Hds SAYLCEL O2(1 2E AlgX|et B©X[E FO0{T S5 20| 5Lt

Material and equipment

Make sure that you have received all the materials and equipment listed for each task. If any of these items are
missing, please raise your hand. (Z It A0l 2 23t B = X 29} MH|E +HW=X| SQIIA| 2. TH Otz

YH| S otLiEte SICHE &2 S0M EE[A L)

Equipment
XrAbSE EF

o 1=

e 1 Tablet with preloaded movies (& &4t

mjo
iz

A PQ)

e scratch paper (H&2X|)
Introduction

Most organisms are limited in resources such as food, mating partners or shelters. As a result, available
resources are often defended by aggressive interactions with conspecific (same species) and
heterospecific (different species) competitors. A very common phenomenon to monopolize resources is
the establishment of a well-defended territory. But territorial defense is costly as it may expose the
territorial resident to an increased risk of injury or predation or reduce the time available for other
activities such as foraging, mating or brood care. Given this, a territorial resident that is able to adjust its
aggressive response to match the degree of threat posed by an intruder is expected to have a selective
advantage.
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In this practical you will test if individuals of the territorial African cichlid Neolamprologus pulcher are

using visual and / or olfactory cues of a competing conspecific to adjust their aggressive response. N.

pulcher is native to Lake Tanganyika where it forms breeding pairs, which defend a small contiguous

0.3 m?) used for feeding, breeding, and shelter from predators.
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All experiments were conducted under laboratory conditions in aquaria and recorded on video. Your

task is now to analyze these recordings by quantifying the behavior of different individuals. All videos

are preloaded on a tablet computer and can be played at your convenience.
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Task 1: Quantifying aggressiveness 224 i so| Mk 2 M

In this task, you will quantify the aggressive behavior of N. pulcher males by statistically testing if males
use visual and / or olfactory cues to adjust their level of aggressiveness to the threat posed by a
competing male.

= MHOM OfHE2 AZEIE 20| 32T 8 +HU22RH JIiXl= 210 iMs5E7| ?I,
WA AN G2 4H FHE 0|8510] ZHAS| LEIE TS, 0|0 et XAdle] SHAASS
ZYoteXE AN d8s Sl =4 o FolL.

Part 1.1: Experimental setup & X X|

In each experiment, two males are freshly exposed to each other in a previously uninhabited test
aquarium that is divided by a glass wall that either seals off the two compartments completely
(Situations A and B) or is porous and allows for an exchange of water between the two compartments
(Situations C and D). The focal male is always in the right compartment and is exposed to either a
considerably smaller male (Situations A and C) or a male of equal size (Situations B and D).

ofgff At 22 47kK A Mo 2FEACEL HA 2 M2[Z 0= of2f Aot 20
FELR L ofgel 2 220 Z2t 10242 =71 A|Z2|EE A2 AZACE ofg2 o|F| =1 7(7t
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[=N =]
HMEEA2n, M2l Bet Dol 4%, 580| =g 7HH 7t M-S = QUEt

Throughout this task, you will only have to consider the behavioral response of the focal male in the
right compartment (indicated in gray).
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Part 1.2: Aggressive behavior of Neolamprologus pulcher A| 22| EQ| SZHME

In this task, you will count the frequency of a particularly conspicuous behavioral response of N. pulcher
males to conspecifics: ramming or biting attacks. Aggressive behavior is counted as ram or bite
(ramming with its mouth open) when the fish is obviously attacking its competitor by swimming towards
it and hitting the glass wall separating them. Each hit of the snout against the glass wall is counted as a
single event, even if males ram or bite repeatedly within a few seconds. The following figure illustrates
this behavior.

2 oI ol2j2e AZRIE 220 559 20| Bols FE BHUS(M21L7], 80| 2+S
£33 20|k Q2% B0|7 A% 20|12 Yol HYOE SHoto] R0 B WSS HY
1, 01E 3AWSOR TS OFY 18 FX). Y2 T L2 02|97 SHote P 0|2 87
S0 2T falHo| Yo| FEI H4E 1 Ho| THOR AT, o2 F50| X £ St
SHEHO2 O|ROIHES P& 190 3402 UFL
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Part 1.3: Examples of ramming or biting attacks H2|4t7|/E7| 3 ZH -S| 0| A|

Activate your tablet by tapping and sliding with your fingers and open the Folder E_1. In that folder you
will find three movies. Movie | contains a series of obvious biting or ramming attacks. Watch it to get a
feeling of what to look for. Next, watch Movies Il and Il which indicate how these attacks are to be
counted. Watch them carefully. Proceed with the protocol as soon as you feel confident with how to
count this behavior in N. pulcher.

MYE0] AS AOICL Moviel = 2117(2| 2ot 34 dFz(M|L7|/27))8 L UL
goz 2Msiof 207|0 BZ WSS T £1, SYNS 2
Movie II 1t IIT & X 2 &SIt 0| SEAME=2

o
AeX|(count)E EAQZELL SHAYS SJ0f AHilo] YZACHH, o THA = HiZ 0| S5tz2t.

Part 1.4: Quantify ramming or biting attacks of N. pulcher [30 points] A|22|E2

oa|ol/ 87] 32 WS YN 24

Each of the Folders A, B, C and D contain three movies, showing sequences from experiments conducted
under the corresponding Situations A, B, C and D indicated in the figure in Part 1.1 and the table below.
Count the number of ram or bite attacks of the male in the right compartment for each of the twelve
movies and report your results in the table below. It is recommended to count by using tally marks on
the provided scratch paper.
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Situation A B c R
(Mz2l2)

Separation Sealed e Porous

(22lyd) (FHS seale (Fgyol2 porous
Size Different Matched '

Replicate 1

Replicate 2

Replicate 3
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Part 1.5: Additional replicates 37} tt= 4

The table below provides the results of three additional replicates for each experimental setup. These
results are to be combined with your results for the statistical analysis below.

Ofgf &2 FIHC 2 SHE HAHOM 20T 3435 XtZ0|Ct o2 20| Ha ZHo St of2f
AEE SMA TS T o SA MO ALRSICE
Situation A B C D
Separation sealed Sealed porous porous
Size different Matched different matched
Replicate 4 24 45 10 15
Replicate 5 34 41 17 8
Replicate 6 27 38 12 16

Part 1.6: Statistical analysis of bite or ram attacks [20 points] 2 A3l Sof C}f

%

A

£24(20 F)

You will conduct an analysis of variance (or ANOVA) to analyze the obtained results. The goal of this
analysis is to infer what part of the variance in your measures is due to stochastic differences between
the individuals studied, and what part can be explained by the two factors manipulated in this
experiment: 1) the type of separation (sealed vs. porous) and 2) the difference in the size of males
(matched vs. different). This is done by partitioning the total variance into different components and
testing the relative importance of these partitions

0

= 0|&83t0], 0]2{Z0| F et 9 A=zt AH7|0f
F7hE MH=2E M ool o 249 F FH2 oY F0| FFo A=zl THH I = Lh(Variance,

o il
BEZHEAO M&ghat 7h20 ohd Hop =7 @Ak JHH ZF Xofof| 7| 15k=2t, OfL ™ 2 7HX| A

Variance within groups 1S L} £

Compute the mean and variance among the replicates 1 through 6 of each of the four experimental
setups A through D. Report your results in the tables below with a precision of one digit after the
decimal point. The variance is calculated according to

mn

o = —— N (R, - M)?

n—1 ¢
=1
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where i runs over all replicates 1 through n and R; are the observed counts in replicate i and M is the
mean across all replicates 1 through n.

2t 2™ ME2|Z ABCD O A 6 Ho| A ZFKX|(R)Q B at(mean, M)t ME 7 4Fgf(sample variance, Of 2}
SH EX)E A L5k, Ol otz HOl 7| ¥SHA L. O 7| M i= 1 FE n Ho| BtE 5 LIEHLHD, B2 i BT
Z8U0I0, M 21 BE n 7HX|Q] 2 & =40 WS LIEHHCE

Situation (X 2| ) A B C D

porous
Separation (22| 2HH) Sealed (TFH G 2) sealed ol o porous
(:I'I' o ME)

Size (=74 37]) Different(C}Z) Matched (Z2) different matched
Mean (M)

sample variance (0?)

Now compute the average sample variance within groups (V,) as the average of the four variances.
Report your results in the box below with a precision of one digit after the decimal point.

4 7t #Eol FogtE oM dsW B ME 24 (v)S AT Adtet ZatE 7 2o

— —

HIZHf = AW A2 7EX] 7| ESHA 2.

average sample variance within groups (V) EE

R B M E 243

Variance explained by the type of separation and difference in the size of males 22| S 31} £719|

= 37|0f 25 2BEl= =4t

Next compute the variance explained by the type of separation (Vseparation) and the variance explained by
the difference in size of males (V). To do so, you will first have to compute the overall mean of bite or
ram attacks across all 24 replicates. Report your result in the box below with a precision of one digit
after the decimal point.

chee 22l YH(RElY SD)I FW £ B A7I@S, TR0 Ash 22 HF + AL 2AMS
AAtSHE THYOICE 012 SI8H, A & 24 ol M wr=o| 2N SHE SH4 BRS R0} sich
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overall mean across all replicates (Magcp) %

HE S0 HN B

Next, compute the mean number of bite or ram attacks among all replicates for each of the type of
separation and the difference in the size of males, independent of the other category. The mean
number of bite or ram attacks among all replicates with sealed separations, for instance, is simply given
by the average of M, and M;, where M, and Mj refer to the mean number of bite or ram attacks
observed in Situations A and B, respectively, which you calculated above. Compute all these means and
report your results in the table below with a precision of one digit after the decimal point.

Chg, =2 28 S(RalY 78 /77 2212 38 =22 A7|(Z8/HHE) 8 4 sl+2| Braus

e 2O MO @2A|2. 7HE O|E S0 M, 78 8le Reld =40

slo| o2 partll AZOM 20{X|= 2 7kX| M|l ALt B oM A
O

2 TS| ALE = ACE (F AW 2| 7HK])

1
_o'_|.
H

o

Type of separation Difference in the size of males
(22U FAd 7))
Sealed (FH S 2) Porous(FHRU ) Different (C}£) Matched (&)

mean within category
HEY B

The variance explained by factor x (either separation or size) is now computed as

Z 0o (2] g8 2+ A7)0 w2t dFE = A= 24t U2 Chg A 2o AtE = ALt

it

where i runs over both categories of the factor considered, n is the number of replicates within each
category (12 in your case), M; is the mean within category i and Mygcp the overall mean computed in Q4.
Compute the variance explained by each factor and report your results in the table below with a
precision of one digit after the decimal point.

of oA 72 zt 2218 2 7tX| (22| BEel 32 79 8le 7ald #9 Ues 7el¥el 2 7tX)S
o|0|5ta, n 2 Z} Y3 QoM & =5 O0ISHCHO| ER, 12). EEBF Magep2 Q4 Ol A 0[O 7 4tHE
o Bails ololsta, M; 2 2 3 ol(z2 ¢, =

Ho| BRYOICHY Q5). 018 2712 %t ¥¥e
a

2t
4
370l oo 2FE = U B & = WM KF2|7HR] A LHSHAl L.
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Difference in the size of

Type of separation (& 2| dH4A]) males(23H 23 7|)
A O

variance explained by factor (Vy)

2210 ofsf 2 &= 24t

If a factor does not explain any of the observed variance, we expect V, to be zero. However, due to the
stochastic nature of this experiment, deviations from zero are expected. You will now test if the
deviations from zero you observed for both Veparation and Ve are statistically significant, which would
indicate that these factors are significantly explaining part of your observations. This is done by
computing the probability of observing deviations as large as or even larger than what you observed. To
do so, you will need a F-test, for which you now need to compute the test statistic F,, which is given by
the variance explained by factor x (either separation or size) divided by the average sample variance
within groups (V,) you calculated in Q3.

of A o= 2 g defof 2 M, 242 01 O{=FE HAPIF US
Ao 2 o ¢, d2e2 XAaFH ot o2fz0| 2t 2 20 & Fit & Vieparation 2t Viize Ol
SAH2Z Rolot &0 0 22 RE HO{LI=X0f Cis A8 O-§OICH o]24gt HE 182 &A|
SYE HA 2Ot SSOtALE OfL| B 24 O 2 HAE 2HEE &S AL EM 7158, 0|5
ol FAES sAolof ot F 48E A4 F ratio gt= A M3lOF ot=H|, Ol= Lt €2
SH2E AlthE &+ Rk F, 24 22(Z2l/37N o o 23&e 24 K2E20] 0/0] Q3 oA
Adet Bd ¥E =4 @S Lis 4LOICH

Calculate F, for both factors and report your results in the table below with a precision of one digit after

the decimal point. Zt Q018 F, Zt2 AHAtStD O] ofgff EO| 7| YBHA| 2. (M= AR XIE2|7HK])

Type of separation Difference in the size of males
(=2|H) (=% 37])

test statistic F,

You can now use the properties of the F-distribution to translate the test statistic into the probability of
observing the V, values you calculated or even more extreme V, values if factor x does not explain any
of the variance observed. This probability is commonly referred to as the p-value. The table below
shows the corresponding F-values for a wide range of p-values.

At

(@)
Al st

O|™ F

0x

HI

UG 0|ZehAl Cl2{20| WS AN SHT VIt LEE B8, £« BRE WS
2 r

25K 23} Ol V, Z}0| LIEIY S22 A AtS 2 QIC}

rr

o

=
120 I
H.

LIEFEHEY. Oof2fel #& 02 p g0 &&dt= F 4tS LIEHHEL
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Fx p-value
047 0.5
296 0.1
432  0.05
8.02  0.01
1459 10°
22.89 10"
33.28 10”
46.27 10°
62.46 107
82.65 10°

fiie

Qs

fik

Q9

Use this table to translate your test statistic values into p-values. For each factor, indicate in the table

below, the smallest p-value for which the p-value corresponding to the calculated F-value is smaller.

Zt 201 HE ALEF 20| 4385t=p 40| O &2 = A= 71 M2 p 2t S HO|A =2 Ofeff glztof

HOoA|Q.
. Difference in the size of
Type of separation
males
('E'El %)H:él.l) A B2 71 Xlo

(=AH & 37| %t0|)

p-value <

Indicate with a tick (V) for each factor if it explains a fraction of the total variance significantly (p-value <

0.05) or not in the table below.
Ct2 #0| 2t 22(22| &Y, = A7|)0| TM| 24 4o YR E
0.05 O|3hoi| M HFL = Ues B2 s 7t VEE EAISIA|R

& (p-value gf

Type of separation
(22| g

Difference in the size of
= 37| Xo])

males(=7]1 =

Explains part of the total variance

HAI EEXHO

(TA

=itE FEXo 2 4ot

Does not explain part of t
(HA|

T -—= 2o

At HYSHR| 2ECh

he total variance

Indicate with a tick (V) if each of the following statements is a valid conclusion from your results or not.
o] A2 2 EtFoHXA| OtHX| o F & Crg BHO| v EA[SIA| L.

(g MERO| A3 2

(L fywi)
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Valid(E}g})

not valid

(EHSIX| Bk &

Males of N. pulcher use visual cues of a competing conspecific to
adjust their aggressive response.

oo T

AZRIE £ NZH MBS 0|88) 3 +20] it 37 ur8 8 THACL

72|
Males of N. pulcher use olfactory cues of a competing conspecific to
adjust their aggressive response. A|22|E =712 S 2™ MS E 0|3

B SO Ch3 AP BB S FYBICE

—
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Task 2: Puffed throat behavior 5 £ EZ2|7| &

In this task, you will check if a second aggressive behavior indicates the same pattern you found for the
number of ramming or biting attacks in the previous task by concentrating on the puffed throat
behavior.

-l

= MHOAM ofHZ2 2 DHoA 2EE SH ASMe[L7|/27]) 2t 22 IHEHO| Al

=
o
20| 2K ZAN WSO B HEa|7| WS Y A0 HL Y FAS HO|EXE

EL ALY
- Oo ?:-II

Part 2.1: Puffed throat behavior of N. pulcher A|22|EQ| B B E2|7| HE

N. pulcher males use puffed throats to impress conspecifics, possibly because it makes them appear
larger. A behavior is counted as puffed throat whenever the focal fish flares out its operculum and lower
jaw and swims in the direction of his competitor on the other side of the glass wall. Note that males may
flare out their operculum and lower jaw cavity for a very short time or an extended period of several
seconds. Each flaring out of the operculum and lower jaw is counted as a single event. Be aware that
some males may flare out their operculum and lower jaw multiple times within a few seconds, each of
which is counted as a single event.

AIZEIE +22 A S RIS e HIAS SN SY T2 T2 HH S| KHlo| o
S0l 32 TAIBICE 0|28 B £E2|7| WSS 1|7} x| OFO|HIHE HalD, ol E S
SEBIA AHAO FRAL e Yo (a0 HIT W) RUss WSS So HolHnt
S7S RHAIC| OF7FO|H7H ThAIQF OF B WL WIS B AIZ0| HOIFE PR& UKD, B &
SOt XISHOR HrEsts & ULk EH|ZH0) 7 OF70|S B WAl S, XISN B & Sot
ubEshA Hal s Zto) of2i3 WS 132 SHELS |oltat

Part 2.2: Examples of puffed throat behavior & 2 Z2|7| -5 0f

Activate your tablet by tapping and sliding with your fingers and open the Folder E_2. In that folder you
will find three movies. Movie | contains a series of obvious puffed throat behaviors. Watch it to get a
feeling what to look for. Next, watch Movies Il and Il which indicate how this behavior is to be counted.
Watch them carefully. Proceed with the protocol as soon as you feel confident with how to count this
behavior in N. pulcher.
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ESSIPCE SOM 2H 20| MTE SSY ItES Eofat 470 = 3 7HK| 7L 30| U=,

< <
Movie | 2 A|Z2|E7F O{BA Atilo] 52 22| =X|0f Ca) B=ts| E0{3=1 QUL 0| A S 2&ESHL, 5
FEL7| ASof thet 42 S 215]7| B2t CHE, Movie I 2b 1l & 2HESED Of2iet 5§ £F2|7| &2
Sl=7t O A O| RO X[=X|0fl L3l REMIS| S X[SHA| 2. & £E2(7| d& 530 tieh S A 0]
AZICHH Ch5 HA 2 0| S5HA| 2.

Part 2.3: Quantify puffed throat behavior of N. pulcher [21 points] A|Z2|EQ| &
2Ee7| Y WY 2N

Watch the three movies found in each of the Folders A, B, C and D you already analyzed in the first task.
Count the number of puffed throat behaviors of the male in the right compartment for each of the
twelve movies and report your results in the table below. It is recommended to count by using tally
marks on the provided scratch paper.

Z0 ABCD O 22 374 S0 U= 5B (Replicate 1,2,3)S ZESHA| L. IHA| 1 0| A<} ORXL7HX| 2
oo LEZN U= A =3 207|7t HO|l= 5 £E2|7| d=5 3+E 552 o 20| 5zt
= 2227 4352 I+E ol HOf| 7|YSHA 2. (NSE AESEHE ALESHY IE & X|HAM S+
SHT )

Situation A B C D

Separation

=2)) Sealed (-H QI 2) Sealed Porous (FH U L) porous

Size(4=74 37|) Different (C}£) Matched (Z+2) Different matched

Replicate 1

Replicate 2

Replicate 3

Part 2.4: Interpret your results [4 points] Z 1} 2 A6} 7|

Based on your observations, indicate with a tick (V) if each of the following statements is true or false.

dS ZE HIE2 R, Lt FO T T&F0| FO[H true of, X O|H false 0 v SHA| 2.
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true

false

These results are in line with N. pulcher males using visual cues of a competing
conspecific to adjust their aggressive response.
240 N2 AU AMNLH LS E QX2 Z7 =20 TS RHilo| 54

ES TYHCH ZTtet R EICE

The results are in line with N. pulcher males using puffed throat behavior to bluff
about their size, which is most effective if males are of equal size.

= 2= AMEE e U2 MUY U2 E F 2227 d5S S Al 537|8

IHEHSLD, 0|2{3H = AFALLH RARSHE 27| S 2 JHA|Of Th3l 7HE Bk o|ch 2hs
AbA T} S8t o)
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Task 3: Social groups A}3| & EH

In nature, N. pulcher lives almost exclusively in social groups made up of a dominant breeding pair and 1
to 20 smaller subordinates called helpers (average group size = 7 to 9). In each social group, the
breeding male is always the largest individual (5.6—7.0 cm in length), the breeding female is usually the
next largest fish in the social group (4.8—6.0 cm) and subordinate helpers are generally smaller (1.5-6.4
cm). Both breeders and helpers show three main behaviors:

=2 Mot Eadez 7-90r2 Yo, 0|52 ety 2 '=20|" (helper)2t & 2ICH
| - EO 7S SOl 2 A7 =2 Y JHM(ZZ0l, 5.6-7.0cm)0|H, 1 Ctg2=2 2 JHHM 7t

— =
2 4] I H|0[CHA.8-6.0 cm). =052 YEPH o2 O|L2Ct Of XL HAXeL 20|15 25

1. territory defense (against predators and conspecific or heterospecific territory competitors)
g ol HE( EAX, 55 32 0159 Y ZHTY

2. territory maintenance (by digging and removing debris)
FY 7A &S (BtHIH7|, 2= MA S YD)

3. brood care (by cleaning and fanning eggs and defending the young)
M7l SE7| dS5(E FH 2 74X & 8 2 S5, 02l X0 E9)

The goal is to understand task sharing in such groups by observing such a group for several minutes.

= A= R 232 HES Sl 2107| A2l oM K S Ztofl OB X|= Y7 == ol Chol

Part 3.1: Quantifying task sharing in social groups of N. pulcher [15 points]

AMEEE AR T AR EE BEH 24

Activate your tablet by tapping the screen with your fingers and open the Folder X. This folder contains
the Movie x with two sequences showing typical territory maintenance and brood care behavior of the
simplest social group of N. pulcher consisting of a large breeding male, a slightly smaller breeding female
and a small helper. You can recognize each individual easily in the very first scene of the sequence (see
figure below): the breeding male (A) is standing in the ceramic nesting cave in the background on the
right and the breeding female (B) is swimming in open water on the left. The only eggs in the aquarium
are attached to the top of the inner wall of the ceramic cave (C) within which the helper (D) hides.

m

njc

=2 PCOIM ZE X E E0{2}. 0] 2H0= MovieX 2= SEJ0[ A=Hl, 07|0= LA S
| S M7 227 dF5S 20F= SEUE 201510 QUCh. S0 s 217| IEH2

0]

oo do
>~

ial

o
7t 2+ 10t2|e o[ =L o7k 22 2 10t2|, J2[1 7hy %2 =20/ 1012,

I

=
S
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While watching this movie, you will focus on two typical behaviors:

0| 3¢S #Ests LN EZS2 U3 22 27K RE A0 F55tA & Aotk

e Digging behavior is a typical territory maintenance behavior in which the fish takes up sand,
carries it away in its mouth and spits it out at another location. Count the number of digging
sequences performed for each of the three individuals.

BHE} 7| 5 0l YES RO FAS RA[SH| Sig YUK Ol WSo|o], 2|k S
Q0| 21 C}2 £O2 0|S5t0f, 0| Woluick 217|303, Y, =20)) 7+ 22

HOlE BtS op7| #& YOl A+ FYHA 2.

o N. pulcher individuals perform egg care by cleaning the eggs from small particles such as fungi or
biofilms. This behavior is visible by back-and-forth movements in front of the eggs and
simultaneous mouth movements. Estimate the total time spent on this behavior by each
individual.

g 227 dE AZEE S22 5E0[Lt 2 (biofim)it 22 2252 Y2225 H

=2 = E =

=2 85 RAAZIE dEE 20A E=H, ol2iet 352 247|171 & FHE 25 =2
S0l A3 0|2 SAIf S BH0l= B35S S g 8L = ULt Z4 JHH(=H,
2N, =20)7t ol2et AES StEHA EL&= & AlZtS G50
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Report the total number of digging behavior for each individual in the table below.

Zt WM 20| 20l HISMY| d52 & S of2 H2A|L.

Ik
& Breeding male Breeding female Helper individual
: (4] 5:34) (814 Q434 (E0))

Q13

Total number of digging
behavior events displayed

BFEHTEY) 9 314

Indicate with a tick (V) the time spent on egg care for each of the three individuals in the table below.

ZNM S0l s SEH 2l T A|ZHf S S =l = Of2 EO| ZHOl| VEAISHA| 2.

aj_-.-l._ Breeding male Breeding female Helper individual
irs (4] $:31) (214] 2b34) (E0)

no egg caring or for < 5s
YEE7|5 =02

egg caring for > 5s and < 30s
Q14 52 0|4t 30 OJgt

egg caring for > 30s
30 &= O| At

Part 3.2: Interpret your observations [4 points] 2t& s} A1 5} 7|
Indicate with a tick (V) if each of the following statements is true or false.

C2 WA 7F £0|H true 0], HAI O] ™ false Of v & SIA| 2.

ﬁ Assuming that the observed social group is a good representation of the majority
of social groups in nature, we would conclude that ... 0j2{&0]| g2
N R N N true false
A2E|E S07] A7t XA A O EX5H= THE &= ARl E & Bt otrtd

8ottt 2= L3t 42 Z2ES W & AUS AO|Ct

... helpers are likely to have a larger effect on the survival rates of clutches of
breeding pairs after an oligotrophic environment was suddenly converted into a

=

highly eutrophic (hypertrophic) environment. 2teF E17|7} A= £=AM51 40|

YL SE N R AL SEN 2 ZAL7| M S 22, =02 =X U 25 077t &o
M0 Fotet &0 o 2 IS 0jE A2 TEED
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. large-bodied breeding males are crucial in maintaining breeding caves by
digging large quantities of sand. 2Z!0| 2 HAl=Z{S HAEX|(S2)2 X|0 0§

25IH, 0= 2 ¥ ZefE 28t 5= 7| M= 0|t

.. the presence of helpers allows the breeding female to spend most of her time
patrolling the territory rather than on territory maintenance. =0/9| EXj=

HASHE LA Y 7R 2SN H B2 AIS IS 22 5 AHE AL

.. helper individuals accommodate the large breedlng male by following it and

=

maintaining the cave currently occupied by it. =20/52 HAI4ZIS 2O,

20| MA[Bt A= SA(E2)E RAIL22MN HY 20| A HO|E HSetet

End of practical exam.
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