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ABSTRACT

The effect of physiological body condition on the activity of birds is often studied using infrared
sensors. | used the different technique of continuous video observation, to investigate whether
there is a relationship of activity, food uptake and sleep pattern with body condition during
stopover in a small migratory passerine in Europe. During spring migration 2015 and 2016, 63
garden warblers were captured on an island near Naples, Italy. They were held from migration
for 16 hours in soundproof boxes, while being video-recorded. Water ad libitum and three
grams of mealworms were provided. Physiological body condition was calculated using
measures of subcutaneous fat stores, pectoral muscle score and body weight. Overall resting
behaviour and overall active behaviour were coded. Two sub-states each were relevant: ‘Rest
Back’ and ‘Rest Front’ for resting behaviour, ‘Stationary’ and ‘Moving’ for active behaviour.
Active and resting behaviour are mutually exclusive, as are the two sub-states: a relative
increase in Rest Back behaviour means a relative decrease of Rest Front behaviour. Birds in a
better physiological state generally showed high amounts of resting behaviours during light,
while Moving behaviour was low. Birds in low condition showed increased amounts of activity
and Moving during day. The birds amount of food intake during their stay in the cages followed
a clear all-or-nothing scheme, with birds in lower condition having a significantly higher
likelihood of taking up all the food available. During night, birds in good condition showed
slightly lower amounts of total resting behaviours as compared to birds in bad condition; while

the amount of Rest Back behaviour (beak facing backwards) was substantially lower, and the



amount of Rest Front behaviour (beak facing forwards) substantially higher. My results support
previous findings of birds at stopover during migration to exhibit greater activity during day to
search for food in dependency of a low body condition; while the differences are not
pronounced and might be influenced by other factors. | further suggest, that nightly Rest Back
behaviour in garden warblers during migration can be used as an indicator for deeper states of
recovery and sleep, whereas the amount of nightly Rest Front behaviour might reflect the
physiological readiness of the birds to continue migration, similar to migratory restlessness
exhibited during night. | conclude that infrared sensor methods are to be favoured to search
for differences in migratory restlessness or plain activity. If a finer distinction of behaviours is

needed, video recording should be considered.

INTRODUCTION

Bird migration is a fascinating event and known to humanity since long, early records were
already made by ancient Greek writers (Lincoln et al., Migration of Birds). Increased food
availability and favourable weather conditions in their wintering grounds drive migratory birds
twice a year to undertake tremendous efforts. Having to optimize time and energy-costs,
navigate and find feasible stopover-sites to refuel and recover; while also reducing risk of
predation and disease and taking changing weather conditions into account, individuals are
confronted with huge cognitive and physiological challenges. A variety of behavioural and
physiological adaptations to meet these demanding requirements have been observed and

studied.

Bird migration consists of two main parts: Actual flight, and stopover at sites that are used to
recover. Migration theory predicts birds to spend only one seventh of their time in migration
with actual flight, the rest of the time being used to rest at stopover sites (Hedenstrom &
Alerstam 1997). So even though flight is calculated to be roughly three to four times costlier
than stopover, total energy spent at stopover sites along the migratory route of a bird is twice
as big as the energy spent to fly (Hedenstrom & Alerstam 1997) - the authors therefore expect

“strong selection pressures to optimize fuel accumulation strategies during stopover episodes”.



An important part of research on bird migration focuses on stopover-behaviour, and more
specifically on the external and internal factors guiding the decision to leave or to stay. Factors
known to influence migration are reviewed in Jenni & Schaub 2003 and include environmental
factors such as weather, wind, topography, predation, food availability and competition, and
internal factors such as endogenous time programmes, moult, body mass and energy stores as

well as other physiological factors.

At stopover sites, if applicable, birds search for food to restore fat depots (refuel), and they also
recover from and prepare for oxidative stress that long fasting flights inevitably cause (Skrip et
al. 2015). Birds that have sufficiently recovered are expected to continue migration as soon as
possible. The criterion for when a state of being “sufficiently recovered” is reached, and
whether the weather conditions are considered to be favourable enough to continue
migration, depends on the migratory strategy the bird is using. Field data suggests that most
birds use a strategy of minimizing total duration of migration (reviewed in Hedenstrém 2008) -
especially during spring, where selection favours an early arrival at the breeding grounds (Kokko
1999). Even though, as a simple rule of thumb for birds to decide when to continue migration,
staying for a constant number of days has been shown to work in theory (Erni et al. 2002), some
minimum fuel load is considered to be indispensable to trigger departure, which is then likely
fine-tuned by present weather at the site and geographical factors (Hedenstrém 2008, Fusani

et al. 2009).

Fuel load of birds can be approximated by visually assessing their subcutaneous fat deposits
and rank them in fat-classes, for example increasing from 0 to 8 as introduced by Kaiser 1993.
Looking at the influence of fat deposits on stopover duration, a telemetry-study during spring
migration was performed on a stopover and refuelling site in western Italy, where garden
warblers with low subcutaneous fat stores were shown to stay four times as long as conspecifics
with higher fat stores (Goymann et al. 2010). This supported former studies with less
sophisticated methods but similar results on other small passerine birds during autumn

migration at stopover sites in northern Africa (Bairlein 1985, Biebach 1985).

Another study (Fusani et al. 2009) looked at the link between body condition of long-distance
migrants and the amount of migratory restlessness, a behaviour signalling the birds disposition

to continue migration. The study was conducted during spring migration on a similar stopover



site asin Goymann et al. 2010. All tested species - garden warblers, whinchats (Saxicola rubetra)
and whitethroats (Sylvia communis) - showed a positive correlation of migratory restlessness
during night with body condition (Fusani et al. 2009). Body condition in this study was defined
by a single component extracted from the measures of fat score, muscle score and body weight
of the birds; and the amount of migratory restlessness was assessed by automatized counts of
light barrier crossings during an overnight stay in cages. A follow-up study showed similar
results also for short-distance migrants (Lupi et al. 2016). Overall, these findings strongly

support the idea about the importance of fuel load on stopover duration.

The listed studies do not look at the actual behaviours the birds exhibit during their stay. Mainly,
they distinguish between activity and non-activity (crossing of light barriers or
capture/recapture): Activity during day was shown to be higher in lean garden warblers than in
fat garden warblers (Fusani et al. 2009, Bairlein 1985), and it was proposed that this reflects
food-searching behaviour. However, in other long- and short-distance migratory birds, this
pattern could not be detected (Fusani et al. 2009, Lupi et al. 2016), which again shows the
numerous factors stopover behaviour of migratory birds depends on: not only fuel load, but
also physiological factors (Jenni-Eiermann et al. 2014, Goymann et al. 2017) and constraints
(Gannes 2002), predation or other risk aversion (Sillett & Holmes 2002), the availability and
quality of food (Fusani et al. 2011, Lindstrom 2003), as well as the frequency and distribution
of stopover sites along the birds migratory route. Therefore, different species might behave
differently, also depending on the relative position on their own migratory route (Lupi et al.

2016).

What are the actual behaviours of migratory birds during their stopover period? Studying
behaviours in the wild is limited due to the hard accessibility of the birds, especially during
night. Video recordings of wild-caught birds during an overnight stay at a stopover site should
be better suited to draw more detailed conclusions about stopover behaviour. The relationship
between activity patterns and body condition has been studied before (Bairlein 1985, Fusani et
al. 2009, Lupi et al 2016), as has been the influence of body condition and food availability on
stopover duration (Goymann et al. 2010, Fusani et al 2011). Being part of that research group,
| wanted to study the influence of physiological condition on activity patterns, but using a
different method allowing for finer distinction of behaviours. | used video-recording to code

behaviours associated with activity and with recovery/sleep. My goal was to find out the



influence of body condition on different behavioural indicators of activity, as well as on total
activity during night and day, and on food uptake of garden warblers at a stopover site during

spring migration.

In birds, two main resting positions can be distinguished: Rest Front (RF), where the head of
the bird is retracted towards the body while facing forward, and Rest Back (RB), where the head
is pointing backward, resting on the bird's back and the beak is under the scapula feathers
(figure 2). The latter has been found to be tightly correlated with electrographic sleep in the
blackbird (Turdus merula), while the former also contained bigger bouts of quiet wakefulness
(QW), a state where the bird was immobile and seemingly asleep but electrographically not in
a sleeping state (Szymczak et al. 1993). These two positions therefore are associated with
recovery and sleep - and might also tell something about the depth of rest the bird is likely to
be in. In a similar manner, two different states of activity can be distinguished: Stationary,
where the bird stays at one place, but is clearly awake and active. And Moving, where the bird
also moves physically through the cage, being very active and spending more energy.
| used these four different states as basis for a detailed examination of the influence of
physiological body condition on stopover behaviour of garden warblers during their spring
migration. | took video recordings of 63 wild-caught individuals held overnight in cages on a
small island in Italy, which is frequently used as stopover site after the birds crossed an
ecological barrier on the way to their breeding grounds in northern and central Europe. During
16 hours of stay for each of the birds, | used continuous focal sampling to code for activity and
resting patterns during light and dark hours. | expected differences in the activity patterns of
birds during night and day - with birds in better condition being more active during night, and
birds in worse condition being more active during day. Additionally, | expected differences in
food uptake of birds with different physiological condition - with birds in worse condition taking

up more food.



MATERIAL & METHODS

Species

Our study species was the garden warbler (Sylvia borin), a small European passerine and long-
distance migrant. Birds from central Europe leave during the second half of July for their
wintering areas south of the Sahara and come back around beginning of May (Stdbeck et al.
2005). On Ponza, an island close to Naples and place of our study, first birds arrived in the

second half of April. Number of birds for this study were: n1 = 35 (2015) and n; = 28 (2016).

Study site and method

The study was conducted on Ponza (Italy), a small island around 80 Kilometres west of Naples
in the Tyrrhenian Sea (40°55" N, 12°58" E). Ponza is located along one of the main
Mediterranean migratory routes. A ringing station is operating on the island during spring
migration since 2002. The ringing season usually starts in early March and lasts until end of
May. All times given refer to Coordinated Universal Time (UTC) + 1 hours, which is the standard

(winter) time for central Europe.

| used 63 (unsexed) garden warblers, caught with mist-nets during ringing operations between
20th of April and 20th of May 2015 and between 17th of April and 13th of May 2016. Birds
were caught between one hour after sunrise and 12:00, for this is the time of day with the
highest likelihood of new arrivals. Taking birds from very early in the morning could mean that
they already slept on the island, taking birds from the afternoon increases the possibility of

them already having arrived in the morning.

Immediately after entering the net, the bird was bled from the wing vein (three microcapillaries
of blood (210 pl) which was used for another study), put in a small transport bag and carried to
the ringing station. A single observer scored subcutaneous fat on a 0 — 8 scale (Kaiser 1993),

the size of the pectoral muscles on a 0 — 3 scale and measured the body mass to 0.1 g.

By 12:30, birds were placed in one of three individual fabric cages equipped with 3 grams of
mealworms, water ad libitum, three infrared cameras and two mounts/perches (see figure 1

for setup). Each fabric cage was placed inside a soundproof box, so that the animals were



visually and acoustically isolated. The infrared cameras from each cage were connected with a
surveillance system storing video material on a hard drive for later analysis. The cages inside
the soundproof boxes did receive some natural illumination through a side window, which is
important during night, so that the bird is not located in total darkness and can perform moving
behaviours such as migratory restlessness (personal observation). Additionally, the fabric cages
were illuminated by a daylight lamp built into the roof of each soundproof box (figure 1). Light
hours (= hours when the lamp was operating) were set with civil twilight hours at Ponza and
adjusted every week. Light hours were from 5:00 to 19:20 during middle of April, and from 4:15
to 20:00 during end of May (detailed Civil Twilight hours for Ponza can be found in the

appendix).

Behaviour was recorded from 13:00 until sunrise next morning - approximately 16 hours after
observation had started. So, birds had around six/seven hours of daylight, and between eight
and ten hours of darkness to be spent inside the cage. Soon after sunrise, each bird’s weight,
muscle and fat score was recorded once more, the remaining food in the cage was weighted,

and the bird was released.
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Figure 1: Setup of the observation system for the overnight stay. Soundproof box with a fabric cage
inside. It contained the bird, water, food, two perches and three infrared cameras. Three of these
observation systems were in use simultaneously. Light = Daylight lamp built into the roof of the
soundproof box, W = Water, F = Food.



File preparation

Video files of the three cameras in each cage were automatically saved as .avi - files lasting
around 5 minutes each. To concatenate, | used the “append”-command in Virtual Dub (Version
1.10.4, process partly automatized using a self-written script). The resulting three video-files
for each cage now covered the whole observation-time for that bird. Using AviSynth, a powerful
tool for script-based video post-production, they were then emulated into a single video file
containing three synchronized video-streams aligned next to each other. This virtual video file
could be read by Solomon Coder (version 15.03.15), which was used to code behaviours of the

birds.

Coding behaviour

The videos were coded using the behaviours explained in the ethogram (appendix). The first
minute of each five-minute interval was coded, the remaining four minutes were skipped. Test-
codings using different protocols (5 min out of 20 min, 15/60, full observation) showed that the
1/5-protocol was best suited for my purpose and allowed realistic derivations of what the bird

was doing and in which frequency.

The behavioural repertoire of the garden warblers was similar to the one shown by blackbirds
(Turdus merula) studied in Szymczak et al 1993. | adapted categories to fit the purpose.
‘Stationary’, ‘Preening’ and ‘Moving’ formed the category of active behaviour; ‘Rest Front’ and
‘Rest Back” were the two main parts of resting behaviour. Only when indistinguishable between
back and front, the state was coded as ‘Rest undefined’. When the bird was not visible (i.e.
sitting on the most upper camera), it was labelled as ‘Out of sight’. Dark hours and light hours

were indicated by a marker, and the event ‘Wingflap” was coded (table 1).

Wingflap was defined as when during night, the bird repeatedly flaps its wings as if starting to
fly, but its feet stay on the ground or perch - a behaviour performed during migratory
restlessness (Rattenborg et al 2004). The bird was considered ‘Stationary” when visibly awake
and from time to time moving some body parts, but not changing position in the cage. When

changing position in the cage, jumping and flying around, the bird was considered ‘Moving’.

10



The last of the active states, sub-state ‘Preening’, was used when the bird was using the beak

to stroke through the feathers and clean itself.

When the bird was inactive and only showing reflex-like movements like breathing or short
opening of the eyes, it was coded as in a resting state. When the bird was in a resting state and
the beak was facing forward, head mostly retracted towards the body and occasionally
dropping to the feet, this was marked as sub-state ‘Rest Front’ (figure 2). Occasional short scans
of the environment with one eye were normal in this state. When the beak was facing
backwards, usually tucked under the scapula feathers, and the bird sat almost completely

motionless, often for a long time and just on one leg, this was coded as ‘Rest Back’ (figure 2).

For a change between (sub)states to be coded as such, the new state had to last longer than

three seconds. The full and more detailed ethogram can be found in the appendix.

Measures for activity were on the one hand the total of either active or resting behaviour, or
the sub-states Moving, Stationary, Rest Front, Rest Back. According to the definition of the sub-

states, Moving was the most active behaviour, followed by Stationary, Rest Front, Rest Back.

Table 1: Coded behaviours. Moving, Stationary, Rest Front and Rest Back were of main interest. States
and Sub-states were continuously recorded. Wingflap was an event, therefore recorded every time the
behaviour was observed. Beginning of light hours as well as of dark hours were indicated by single event-

markers called Light and Dark.

State Active Resting

Sub-state

Stationary (ST)

Rest Front (RF)

Preening (P)

Rest Back (RB)

Moving (M)

Rest undefined (RR)

Out of sight

Event

Wingflap, Light, Dark

11




Figure 2: Different resting positions of birds. A-D: Rest Front (RF) with increasing inclination of the beak,

E: Rest Back (RB). Modified after Szymczak et al. 1993.

Statistical analysis

| used non-parametric tests, since most of the variables were not following normal distribution
or not meeting other assumptions of parametric alternatives. To answer my research
questions, | calculated correlations between different activity measures and an index of
physiological body condition of birds. | applied simple linear models to check for a linear
relationship between body condition and these variables. | checked for an influence of year on
the data using Wilcoxon rank sum test. | also searched for behavioural differences between
light and dark hours for birds in a similar body condition by means of the same test. | performed
a logistic regression to check for the influence of body condition on the amount of food that

was taken in by the birds during their overnight stay.

As condition-index (Cl), | used a single variable consisting of three physiological measurements:
body weight, fat score and pectoral muscle score. Like Fusani et al. 2009, | ran a principal

component analysis (PCA) on these measures. From the resulting principal components, PC1

12



was used as Cl for analysis, hereafter called ‘Condition’. PC1 explained 71.2% of total variance
of the three measures. The loadings (correlation with the variables used to run the PCA) of PC1

were as follows: body weight: 0.615, fat: 0.622, muscle 0.485.
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Figure 3: Birds clustered in different categories in dependence of their body condition (as calculated by
PCA of the measures body weight, fat and pectoral muscle). Total number of birds: n = 63.
A) Division into three Condition-categories using quartiles: 'Low' (n = 18), 'Medium' (n = 29) and 'High'
(n =16). These were used for statistical tests. B) Division into ten even-spaced categories. These were

used to illustrate the data (figures 6A and 6B), but not for statistical tests.

For some statistical analysis, birds were clustered in Condition-categories: Lower quartile of
birds was put in the category ‘Low’ (Condition < -0.99, n = 18). Due to three birds having the
same value of Condition exactly at the threshold, these birds were included in the ‘Low’
Condition class, resulting in an increased number in this class as compared to class ‘High’. Upper

quartile of birds was put in the category ‘High’ (Condition > 0.91, n = 16). Intermediate half of

13



the birds were labelled as ‘Medium’ (n = 29), see Figure 3 A. The chosen categorization reflects
a good balance between amount of birds in each category (18, 29, 16) and size/length of
category on the x-axis. Be aware that the categories used are not absolute, i.e. the category
‘High” just represents the quartile of birds in this study with the relatively highest Condition,
similarly ‘Low’ represents the lower quartile of birds regarding Condition. Birds in migration are
subject to a lot of physiological challenges, therefore are very unlikely to be in “high”

physiological condition on an absolute scale.

Especially during discussion, | use the term ‘lean birds’ and ‘fat birds” as synonyms for birds in

low/bad body condition and high/good body condition.

Statistical analyses were performed using R Studio (RStudio Inc., Version 1.1.423) and R (R
foundation for statistical computing, Version 3.2.3). Some Graphs were edited using Gimp

(Version 2.8.16).

Since all my final deductions in this work rely on less than five tests, a Bonferroni-correction of
the alpha-level (0.05/5) results in a new, conservative measure of 0.01, which the relevant tests
pass. However, single test-results with a significance-level at 0.05 are still shown in the results-

section, as well as some trends (a < 0.1).
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RESULTS

The behaviour of garden warblers during their stay showed differences between night and day
and between birds in good Condition and birds in bad Condition. One should bear in mind that
total resting behaviour and active behaviour were mutually exclusive, and birds were always in
either of these states, except when out of sight, which was negligible. Therefore, in the
following sections, speaking of an increase in resting behaviour, means at the same time a
decrease in active behaviour and vice versa. The same is true for Moving and Stationary, as well
as for Rest Back and Rest Front. Wilcoxon rank sum test was performed to compare all
dependent variables of interest between years. It was non-significant for all - thus, data of both

years was pooled in the analysis.

Difference in behaviours between night and day

A comparison between night and day for the main recorded behaviours of all birds is given in
figure 4. Birds moved significantly more during light hours than they did during dark hours
(Wilcoxon rank sum test with continuity correction, W = 1370, n = 63, p < 0.01). Also, they
showed more Rest Front (W =745, n =63, p < 0.001) and less Rest Back (W =3215.5,n=63, p
< 0.001) behaviour during light hours as compared to dark hours. The amount of Stationary
behaviour didn’t differ between day and night. Also, the amount of total resting behaviour
(constituted of Rest Front, Rest Back and Rest undefined) didn’t differ between night and day
for all birds together. In reverse conclusion, that also means that active behaviour didn’t differ

between night and day at the whole-group level.
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Main behaviours

compared between light and dark hours

Light Dark

70-
60-

BehavType
. Moving

50-

Stationary

. Rest Front
. Rest Back

40-

30-

Percentage of behaviour [%]

20-

10-

Active Heéting Active Heéting

Figure 4: Main behaviours recorded — comparison between light and dark hours. Mean of behaviour as
percentage of all behaviours during the respective observation time. Data of all birds, not sorted by
Condition, n = 63. Due to negligible size (< 1 %), Rest undefined and Preening are not shown. Birds
showed significantly more Moving and Rest Front during light hours; and more Rest Back during dark
hours. Amount of total resting behaviour (Rest Front + Rest Back + Rest undefined) didn’t differ
significantly between light and dark hours. (Wilcoxon rank sum test with continuity correction,

Significance levels: *p<0.05, **p<0.01, ***p<0.001)

When the birds were clustered by Condition-categories, total amount of resting behaviour
showed differences between night and day (figure 5). Birds in category ‘Low’ showed
significantly more resting behaviour during night than during day (Wilcoxon rank sum test, W =
85, n = 18, p < 0.05). Birds in category ‘Medium’ (n = 29) and ‘High” (n = 16) didn’t show
differences in amount of resting behaviour between night and day. Amount of Rest Back
behaviour was higher during night for birds in Low (W =15, p < 0.001) and Medium (W = 152,
p < 0.001) Condition, but no difference was found for birds in High Condition. The reverse
pattern was found for Rest Front behaviour: Birds in category Low (W = 289, p < 0.001) and

Medium (W =721, p <0.001) showed more Rest Front during day than during night, while birds
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in High Condition didn’t show any difference. Moving behaviour differed only for birds in Low
Condition: They moved significantly more during day than during night (W = 263, p < 0.001);
birds in Medium Condition showed a trend in the same direction (W = 527, p = 0.099). Only
birds in High Condition showed significantly more Stationary behaviour during night hours as

compared to daylight hours (W =66, p < 0.05).

Behaviours in relation to Condition
compared between light and dark hours

100- .
75-
50-
25- I
0 8 29 16

1
Low Medium High
Condition (3 classes)

=3

BehavType

Moving

Stationary

. Preening

. Rest undef.
. Rest Front
. Rest Back

Percentage of behaviour [%]

Figure 5: All behaviours of birds in Condition-categories ‘Low’, ‘Medium’ and ‘High’ compared between
light and dark hours. Number of birds in each category is printed at the base of the bars. Only birds in
Category ‘Low’ showed significantly more resting behaviour during dark hours than during light hours,
while they also differed in amount of Moving, Rest Back and Rest Front. Birds in category ‘Medium’
differed only in Rest Back and Rest Front between light and day. While birds in ‘High” Condition showed

a significant difference only in amount of Stationary behaviour. Test statistics see text above.
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Difference in behaviours linked to Condition

Different measures of activity and resting, as well as total food intake during stay in the cage
correlated with Condition of birds, which is summarized in table 2 and visualized in figure 6A
and 6B. Food intake decreased with increasing Condition (rs = -0.54, p < 0.001). Resting
behaviour increased during light (rs = 0.33, p < 0.01) and decreased during dark (rs =-0.26, p <
0.05). Birds with higher Condition showed less Moving during light (rs = - 0.27, p < 0.05) and
more Stationary behaviour during dark (rs = 0.3, p < 0.05) as birds with a lower Cl. Rest Back
behaviour during night decreased strongly with increasing Condition (rs = - 0.55, p < 0.001), as
did Rest Back behaviour during total sampling time (rs = - 0.49, p < 0.001). Rest Front behaviour
showed the opposite pattern, namely, with increasing Condition of birds, it increased during
dark (rs = 0.55, p < 0.001) as well as during total sampling time (rs = 0.49, p < 0.001). There was
a significant but weak positive correlation between Condition and scored number of the

behaviour Wingflap during dark hours (rs = 0.26, p < 0.05).

Table 2: Correlation Matrix for the Cl ‘Condition’ - correlated with different measures of activity as well
as with Food intake of the birds, n = 63. Colour, width and orientation of ellipses code for strength and
direction of correlation (i.e. Spearman’s rho). Measures of activity correlated negatively with Condition
during light, and positively during dark. Resting behaviour correlated positively with Condition during

light and negatively during dark.
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Spearman'srho |- 0.54 0.33 -0.26 | -0.27 0.3 -0.55 -0.49 0.55 0.45 0.26
Significance level | < 0.001| <0.01 | <0.05 | <0.05 | <0.05 | < 0.001| < 0.001| < 0.001| < 0.001| < 0.05
Color coding of _—— e
correlation-coefficient -1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
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Behaviours during dark and light in relation to Condition

A) Behaviours during dark
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B) Behaviours during light
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Figure 6: Overview. Amount of different behaviours during dark and light hours plotted against
Condition (higher class = better physiological condition). Mean percentage of behaviours in each class
stacked on each other. Number of birds in each class is printed at the base of the bars. Classes were
made using the ten classes shown in figure 3B, but merging the two lowest and two highest classes,
resulting in an increased n in these categories. Graph was made for visual understanding of the data; no
statistical tests were performed on grounds of the depicted subdivision of Condition (PCA). A) Behaviour
during dark: Rest Back behaviour decreased with increasing Condition, while Rest Front behaviour
increased. Total resting behaviour decreased slightly with increasing Condition. B) Behaviour during

light: Moving behaviour decreased with increasing Condition, while Rest Front and total resting

behaviour increased.
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Linear regression models were applied to predict different measures of resting and activity

based on body condition of the birds.

Condition had significant influence on resting behaviour during light hours, with birds in better
Condition spending more time resting (F161= 10.59, p < 0.01, R? = 0.14). Influence of Condition

on resting behaviour during light is depicted in figure 6B and 7.

Condition had no significant influence on resting behaviour during dark hours, but a trend for
birds in better Condition spending less time resting could be observed (F161= 3.77, p = 0.06, R?
=0.06).

Resting behaviour during light hours
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Figure 7: Percentage of total resting behaviour during light hours plotted against Condition of the birds

(n=63). Applied linear model is shown as a black line, with the 95% confidence interval around.

Condition had significant influence on Moving behaviour during light hours, with birds in better

Condition spending less time moving (F1,61= 5.87, p < 0.05, R? = 0.07) (figure 6B).

Condition had significant influence on Stationary behaviour during dark hours, with birds in

better Condition spending more time stationary (F161= 4.95, p < 0.05, R? = 0.08).
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Condition had strong influence on Rest Back behaviour during dark hours, with birds in better
Condition spending significantly less time in this state (F161= 28.03, p < 0.001, R? = 0.31, see
figure 8, or 6A). During light hours, no effect of Condition on amount of Rest Back behaviour
was observed. A linear regression performed for total observation time, states a significant
influence of Condition on Rest Back behaviour, with birds in better Condition spending less time

in this state (F1,61= 22.85, p < 0.001, R>=0.27).

Rest Front behaviour during dark hours was strongly influenced by Condition, with birds in
better Condition spending significantly more time in that state (F1,61= 31.30, p < 0.001, R? =
0.34) (figure 6A). During light hours too, birds in better Condition spent more time in Rest Front
behaviour as compared to birds in worse Condition (F161= 6.29, p < 0.05, R = 0.09), (figure 6B).
So, naturally, also for total observation time, this effect remained (F161= 24.86, p < 0.001, R? =

0.29).

No linear influence of Condition on the amount of the behaviour Wingflap was found.

Rest Back behaviour during dark hours
as proportion of all behaviours during that period
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Figure 8: Percentage of Rest Back behaviour during dark hours plotted against Condition of the birds (n

= 63). Applied linear model is shown as a black line, with the 95% confidence interval around.
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Food intake

Food intake decreased with increasing Condition (rs = -0.54, p < 0.001) as seen in table 2.
Furthermore, a logistic regression was performed, to predict the influence of Condition on Food
intake of the birds. Data followed a clear binomial distribution as one can see in figure 9.
Therefore, depending on the amount of food intake in grams, birds were put in one of the two
categories: “High food intake” (intake > 1.5 g) and “Low food intake” (intake < 1.5 g). With these
two classes as dependent variable, the regression model was performed. The model found a
highly significant influence of Condition on Food intake (p < 0.001, Residual deviance = 68.3 on
61 degrees of freedom, Odds ratio = 0.38). The odds ratio indicates the prediction that, when
Condition is raised by one unit, the odds ratio is 0.38 times as large — therefore, birds are 2.63
times less likely to be in class “High food intake”. The predicted probabilities, which are easier
to interpret visually, are plotted in figure 9. Both, the odds ratio and the probabilities, are
predicted values based on the model that was calculated by the data collected. Therefore, they
intrinsically fit the data plotted in figure 9, and still need to be tested with independent data.

Food was exclusively taken up during light hours.
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Figure 9: Food intake in grams plotted against Condition of the birds. Blue dashed line marks the
threshold above which birds were classified as having “High food intake” (n = 32), and below which as

having “Low food intake” (n = 31). These categories were used for calculating a logistic regression model.
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Red curve plots the predicted probabilities of the performed model, so the probability for a bird with a

given Condition to be in the category “High food intake”.

Summary

During night, the behaviours of birds in low physiological condition were constituted to a
greater degree of general resting behaviour and deeper states of resting as they were during
daylight - which was therefore filled more with active states, other active behaviours such as
Moving, and lighter states of resting. This whole pattern became less pronounced with
increasing Condition of the birds (figure 5, 6A and 6B). So, birds in a better physiological state
generally showed high amounts of resting behaviours during light, while Moving behaviour was
low. During night, these birds showed slightly lower amounts of total resting behaviours as
compared to lean birds, while the deeper states of resting were substantially lower and the
slighter forms of resting substantially higher (table 2, figure 6A and 6B). The birds amount of
food intake during their stay in the cages followed a clear all-or-nothing scheme (figure 9). Birds
in lower Condition had a significantly higher likelihood of taking up all the food available (table

2, figure 9).
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DISCUSSION

My results show that the amount of active behaviour of garden warblers during spring
migration correlates with their physiological condition - negatively during light, and positively
during dark hours - as recorded by video-observation of an overnight-stay in soundproof cages
(see table 2). Additionally, during dark hours, the amount of resting behaviour with the head
facing backwards and the beak tucked under the scapula feathers, is significantly higher in birds

having a low Condition; while these birds also take up more food during their time in the cage.

The higher active and moving behaviour of lean birds during daylight, combined with a higher
food intake (which was also just happening during day), strongly supports the idea that these
birds use the light hours on stopover sites to actively search for food. This has been proposed
by previous studies which have also found higher activity of lean garden warblers during light
hours (Bairlein 1985, Fusani et al. 2009); a similar pattern was found in different thrushes after
crossing the Gulf of Mexico (Young & Moore 1993). An endogenous factor determining food-
uptake behaviour and migratory restlessness in migratory birds has recently been identified:
The hormone ghrelin. Garden warblers with high fat score had higher levels of ghrelin and took
up less food. When birds were injected with unacetylated ghrelin, food intake, especially of
lean birds, decreased and migratory restlessness increased (Goymann et al. 2017). This goes
together with my findings of lean birds having a higher likelihood of taking up food, suggesting
lower levels of ghrelin. But refuelling in terms of increasing fat deposits is not the only
important factor. Since migratory birds at stopover sites not only recover from, but also prepare
for, oxidative challenges posed by long fasting-flights (Skrip et al. 2015), they are expected to
rebuild antioxidant capacity during their stay — by endogenously building up enzymatic
antioxidant capacity, and by taking up dietary antioxidants. It has been shown that birds at
stopover during autumn migration are trying to find and take up food that is high in antioxidants
(Alan et al. 2013, Bolser et al. 2013). In newly arrived garden warblers at a stopover site during
spring migration, antioxidant capacity didn’t show a correlation with measures of body
condition, and oxidative damage increased with increasing absolute fat mass (Skrip et al. 2015)
- so not only lean but also fat birds should have a need to rebuild antioxidant capacity. The
search for antioxidants, beneath refuelling, might therefore be an additional driver of daylight

activity that makes also birds with high fat score/body condition to have increased activity
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during day. However, when tested in 2012 on Ponza, antioxidant capacity remained unchanged
with stopover duration in garden warblers, which was argued to be caused by the scarcity of
antioxidant-rich food resources in spring on the island (Skrip et al. 2015). In autumn, when birds
are supposedly less urged to use a time-minimization strategy (Hedenstréom 2008), and food
supply at theisland is richer in antioxidants (i.e. berries), stopover-behaviour of garden warblers

on Ponza might look different.

Still, it is plausible to assume that birds which can afford it are spending less time and energy
on food searching behaviour — it might be more rewarding for them to save energy during day
and limit exposure to threats (Hedenstrém 2008). Birds in migratory disposition have been
shown to become more risk averse in their food-uptake behaviour when already having gained
enough fuel to continue migration (Moore & Simm 1986). Risk-aversion must be an important
factor: 85% of annual mortality in a small North American long-distance migrant were shown
to happen during migration (Sillett & Holmes 2002). Even though, naturally, a lot of other
factors (unfavourable weather, physical exhaustion, etc.) are playing a role in the increased
mortality during migration, predation and the exposure to parasites and disease are without
question very important. But even with the above-mentioned risks, what prevents lean birds of
spending all possible time with taking up food, thus being able to continue migration earlier?
Since especially when using a time minimization strategy during spring migration, rewards of

early arrival (Kokko 1999) could make up for the increased risks and costs.

The first part of the answer is, that physiological limits regarding food uptake come to play.
Gannes 2002 found evidence that in blackcaps (Sylvia atricapilla), intake rate upon arrival at a
stopover site was physiologically limited and prevented large mass gains until assimilation
organs were sufficiently recovered. A second part of the answer is likely to be the need to
recover from oxidative stress that was posed upon the birds by long endurance and fasting
flights. Since the birds just crossed a large ecological barrier (Mediterranean Sea), levels of
oxidative damage are high upon arrival at Ponza. Jenni-Eiermann et al. 2014 studied short-
distance migrants in the alps during their autumn migration and compared birds caught during
stopover and birds caught during nightly endurance flight. They found that oxidative damage
and antioxidant capacity was higher for birds in migration, and conclude, that avoiding oxidative
stress might be an overlooked factor that shapes bird migration. Skrip et al. 2015 show that

birds at stopover not only prepare for endurance flight by upregulating antioxidant capacity
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and building fat stores, but that they also recover from oxidative damage. They found that
oxidative damage levels of garden warblers decreased with stopover duration, while fat
anabolism increased. So, birds during stopover need to recover, they should balance well
between needed active engagement in food searching behaviour and physical recovery
through rest or sleep. This notion is supported by my data in two ways: First, lean birds spent
more of their daylight time active than fat birds, while this difference wasn’t extremely
pronounced and thus reflects the need to recover physically for all the birds irrespective of
body condition. Other studies found the same daylight-activity pattern for garden warblers,
also on Ponza, but not for other long- and short-distance migrants (Lupi et al. 2016, Fusani et
al. 2009). This can be interpreted in a similar manner, namely that in these species, daylight
activity and food searching behaviour might be less influenced by body condition, and stronger
influenced by other factors, such as the need to recover from oxidative damage. Secondly, and
this is my main point, | found a strong pattern regarding resting position in dependency of body
condition, especially during night. Birds in low condition spent profoundly more time in a Rest
Back (RB) position as compared to birds in high condition (figure 6A, 8). The total amount of
resting during night, again, as during day, didn’t change so much with condition (though still
showing a decreasing trend, see figure 6A and table 2). The difference was just, that birds in
better condition were spending their resting time during night almost exclusively in a Rest Front
(RF) position (figure 6A). | argue here, that the difference in amount of RB/RF behaviour in
dependency of body condition reflects the migratory disposition of the birds. While these two

positions likely also have different up- and downsides regarding recovery and rest.

In a study investigating sleeping behaviour in three different passerine species of South Africa,
birds spent significantly more time in RB when temperature was at 5 °C, well below their
thermoneutral zone (Wellmann & Downs 2009). This was interpreted as thermoregulatory
behaviour, since the RB position reduces heat loss as it decreases volume/surface ratio and
thus helps to save energy. However, increased amount of RB behaviour in the current study is
unlikely due to saving energy, since temperature in the cages was around or above the
thermoneutral zone of garden warblers, which lies at around 20 °C (Klaassen & Biebach 1994).
The reason for the difference in resting position must therefore be looked for somewhere else.
RB posture has been found to be tightly correlated with electrographic sleep in the blackbird,

and around 60 % of REM sleep (rapid eye movement) was spent in RB position (Szymczak et al.
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1993). Whereas during RF position, it is quite likely that the birds were not sleeping all the time,
since states of quiet wakefulness (QW) can occur also when the bird is immobile and having its

eyes closed (Szymczak et al. 1993). The amount of QW in blackbirds varied between different
hours of the day (including night), and roughly ranged between %8 and % of total time — and

it was almost exclusively shown when in a RF position. Looking at my results regarding resting
position during night, it is therefore likely that lean garden warblers slept more than fat
individuals. It has been shown that a common North American passerine is generally able to
deal greatly with reduced amounts of sleep when in a migratory state, i.e. they could maintain
adaptive brain functions even though sleeping less than a third of the normal time when not in
a migratory state (Rattenborg et al. 2004). Still, this study didn’t distinguish between
physiological condition of the birds. So, it might be that lean birds in fact do need more sleep
than birds in good condition. Alternatively, the lean birds could exhibit the default programme
of stopover recovery, while the low amount of RB and high amount of RF in fat birds reflects
some sort of ‘mental restlessness’ - which doesn’t show in a physical way like normal migratory
restlessness does, but still mirrors the birds mental and physiological readiness to continue
migration in an environment where it can’t continue migration (i.e. a cage). In such a setting,
this could be the best fit alternative behaviour to actual migration and possibly even emulate
similar sleep patterns that might be at work during nightly migratory flights, namely
unihemispheric and bihemispheric short wave sleep (U+B SWS) interrupted by brief awakenings
to scan for predators and other visual stimuli used for navigation (Rattenborg 2006, Rattenborg
et al. 2016). Short visual scans of the environment, including slowly turning the head with only
one eye open, were repeatedly observed when birds were in RF position, while it was difficult
to estimate the eyelid position and finer head movements when birds were in RB position
(personal observation). It is possibly more effort for birds in RB position to scan the
environment as compared to being in RF position, but this remains to be tested. In an
experiment about group-sleeping behaviour in mallard ducks (Anas platyrhynchos), individuals
sleeping at the edge of the group were significantly more likely to have the eye open which was
directed away from the group, thus being able to detect potential threats (Rattenborg et al.
1999). The authors unfortunately don’t state in which position the birds were sleeping and if

they performed regular scans of the environment; but the situation in a group differs from our
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experimental conditions anyways, since birds sleeping alone can experience threats from

different directions, which results in the necessity for regular scans.

So, RF position might provide some advantage regarding alertness and overview, while under
circumstances of migration likely reflects the bird’s readiness to migrate; whereas RB position,
again under circumstances of migration, likely is used for deeper states of rest or sleep and

signals the birds need to recuperate before being able to continue migration.

Wingflap-behaviour, which is the common behavioural measure of migratory restlessness,
somewhat increased with increasing condition, but didn’t show a clear or pronounced pattern.
This might be owing to methodological shortcomings during coding: It was very difficult to
distinguish between real Wingflap-behaviour that clearly reflected migratory restlessness
(coded) on the one hand - and other flapping and jumping behaviour that was more likely to
represent attempts to escape the cage (non-coded) on the other hand. The decision to label a
flapping event as Wingflap was therefore not satisfyingly consistent across video coding. Setting
the ethogram differently could help in future studies using focal observation. Coding both
behaviours, ‘Wingflap” (WF) as well as ‘Flap and Jump’ (FJ), or merging them under the term
‘physical restlessness’, would make coding of these behaviours more explicit and might result

in a clearer pattern regarding the relation with body condition.

Since eyelid closure is stated to be the most useful behavioural index of sleep (Szymczak et al.
1993), and other studies also find a tight connection (Rattenborg et al. 1999), it would be
interesting for future studies investigating sleep behaviour in birds, to assess eye-closure of
both eyes more accurately. Additionally, scans of the environment should be recorded, as they
might reveal a connection to resting position. However, for a clear distinction in which state of

wakefulness or sleep the bird is in, electroencephalography is inevitable.
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Significance and Conclusion

My results show that the amount of active behaviour of garden warblers during spring
migration correlates with their physiological condition, negatively during light, and positively
during dark hours. Additionally, birds in a low physiological condition are more likely to take up
food, and their amount of Rest Back behaviour during dark hours is strongly significantly higher,

while the amount of nightly Rest Front behaviour is much higher for birds in good condition.

My results support previous findings of birds at stopover during migration to exhibit greater
activity during day to search for food in dependency of a low body condition; while the
differences are not pronounced and might be influenced by other factors such as the need to
recover from oxidative damage, and also do vary between species. | further suggest, that
nightly Rest Back behaviour in garden warblers during migration can be used as an indicator for
deeper states of recovery and sleep, whereas the amount of nightly Rest Front behaviour might
reflect the physiological readiness of the birds to continue migration, similar to migratory

restlessness exhibited during night.

It wouldn’t have been possible to detect differences between Rest Back and Rest Front
behaviour by using automatized counts of light barrier as has been done in other studies (Fusani
et al. 2009, Lupi et al. 2016). Therefore, the methods used in my study can detect finer
differences in bird behaviour in comparison to infrared sensor methods. The main findings in
the above studies, however, overlap well with my findings regarding activity. So, infrared sensor
methods are to be favoured to search for differences in migratory restlessness or plain activity,
since they have a lower workload as compared to focal observation. But if a finer distinction of
behaviours is needed, as is the case for determining resting position, video recording should be

considered.
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APPENDIX

Zusammenfassung

Der Einfluss der physiologischen Korperverfassung auf die Aktivitat von Vogeln wird oft mithilfe
von Infrarot-Sensoren untersucht. Ich verwendete hier eine andere Technik, ndmlich die der
kontinuierlichen Video-Beobachtung. Ich untersuchte an einem kleinen europdischen Zugvogel
wdhrend einer Zug-Pause, ob ein Zusammenhang von Aktivitdt, Nahrungsaufnahme und
Schlafmuster mit der physiologischen Verfassung des Tieres gegeben ist. Wahrend dem
Frihjahrszug 2015 und 2016 wurden auf einer Insel nahe Neapel, Italien, 63 Gartengrasmicken
mithilfe von Japannetzen gefangen und fur 16 Stunden in schalldichten Stoffkafigen vom
Weiterzug abgehalten. Mehlwirmer (3g) und Wasser (ad libitum) wurden jedem Vogel zur
Verflgung gestellt. Drei Kameras machten kontinuierlich Video-Aufnahmen des Verhaltens. Es
wurde allgemeines Rastverhalten und allgemeine Aktivitdt kodiert. Zwei Unterformen waren
jeweils relevant: 'Rest Back' und 'Rest Front' bei dem Rastverhalten, 'Stationar' sowie
'Bewegung' bei der Aktivitat. Aktivitdt und Rastverhalten sind sich gegenseitig ausschlielSend,
wie auch die jeweiligen Unterformen: Eine relative Zunahme von Rest Back bedeutet
beispielsweise eine entsprechende Abnahme von Rest Front. Das Ausmall der Unterhaut-
Fettdepots und des Brustmuskels wurde gemeinsam mit dem Korpergewicht zu einem
einheitlichen Index fir die korperliche Verfassung des Tieres verrechnet. Vogel in guter
physiologischer Verfassung zeigten wahrend Tageslicht mehr allgemeines Rastverhalten und
weniger Bewegung als Vogel in schlechter Verfassung. Die Menge an aufgenommener Nahrung
folgte einem eindeutigen alles-oder-nichts Schema, bei welchem Vogel in schlechterer
Verfassung eine signifikant hohere Wahrscheinlichkeit hatten, das gesamte zur Verfligung
stehende Futter aufzunehmen. Wahrend der Nacht zeigten Voégel in guter Verfassung
tendenziell weniger allgemeines Rastverhalten im Vergleich zu Vogeln in schlechterer
Verfassung. Die Menge an Rest Back (Rastverhalten, wahrend dem der Schnabel nach hinten
zeigt) war wesentlich niedriger bei Vogeln in guter Verfassung; die Menge an Rest Front
(Rastverhalten, wahrend dem der Schnabel nach vorne zeigt) war wesentlich héher. Meine
Ergebnisse unterstiitzen vorherige Studien, die besagen, dass Vogel in schlechter kérperlicher
Verfassung wahrend den Zug-Pausen tagsiiber eine hohere Aktivitat aufweisen, um nach Futter

zu suchen. Doch sind diese Unterschiede in meinen Ergebnissen nicht stark ausgepragt, das
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Verhalten wird vermutlich von weiteren Faktoren beeinflusst. Zusatzlich unterbreite ich die
Idee, dass nachtliches Rest Back Verhalten in Gartengrasmicken wahrend dem Vogelzug als ein
Indikator fir tiefere Formen der Erholung und des Schlafs genutzt werden kann, wahrend die
relative Menge an nadchtlichem Rest Front Verhalten die physiologische Bereitschaft zu einem
Weiterzug reflektiert, dhnlich der bekannten Zugunruhe. Ich schlieRe mit der Aussage, dass
Infrarot-Sensor Methoden verwendet werden sollten, um nach Unterschieden in Aktivitat oder
Zugunruhe zu suchen. Falls jedoch eine detailliertere Unterscheidung von Verhalten benétigt

wird, sollten Video-Aufnahmen bevorzugt werden.
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Ethogram

Definition of recorded behaviours, Ponza Rest Study 2015 + 2016

States

IStates

Sub-states

Active: Bird has open eyes

Resting:
one can

Stationary: Bird turns the head around, moves its body or body parts (comfort behaviour like
stretching legs, cleaning beak, etc.), turns around on the perch or floor; the bird does not change
its physical position in the cage, i.e. the feet stay on the ground and legs are not moved except
turning or stretching.

Preening: Bird is touching himself repeatedly with the beak, usually stroking through the
feathers. Does not include: other comfort behaviour like stretching, cleaning beak on the wood,
pulling with the beak at the ring, scratching the head with the feet.

Moving: Bird is active, often seems restless, moves regularly on the perch or floor, jumps or flies
through the cage, explores the cage. The position of the feet is changed often and the rest of
the body is moved extensively.

Either one or two eyes are closed, or impossible to confirm if the eyes are open or not while
exclude active states such as Stationary, Moving or Preening. Bird is sitting without motion,

excluding breathing or reflex-like movements. It often stands on one leg. Feathers can be ruffled —
which results in a “fluffy” or “round” appearance. The head is turned to one side or points forward,
occasionally dropping to the bird's feet.

Rest Front: The head is retracted towards the body while facing forward.

Rest Back: The head is pointing backward with the beak resting on the bird's back or under the
scapular feathers.

Rest undefined: It can’t be assessed in which state of Rest the bird is in.

Out of sight: Bird is outside of the surveyed area (e.g. sitting on top of upper Camera)

Events

Wingflap: the bird flaps its wings, but the legs don’t leave the perch or floor

Eat: the

bird swallows down a piece of food (mealworm)

Drink: the bird puts the beak into the water and then ups the head

Light: Marker for Daylight — only put once in each video, in the instant when Lights are turned on in the
morning or at the beginning of the video (if it starts during light hours).

Dark: Marker for Night-time/Darkness — only put once in each video, in the instant when Lights are
turned off at the evening, or at the beginning of the video (if it starts during dark hours).
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Civil Twilight hours Ponza (2015)

OCLT CoLeo VELT 6690 TT6T S0S90 LS6T CEVO S@0¢ Love 6498T 9¢%e €9LT TS990 TE
OCLT TOL0 TTLT TH#90 O9ELT 8099 OC8BT 9tS@ E€16T ¥OSO 8S6T TEVE LIOT 9@ve Seec [oV@ EE6T 6EVO 8SBT B8BTSO CSLT €599 Bt
6TLT ToL0 TTLT OFW9@ LELT 9090 TT8T SES@ PI6T €090 656T OEve LTIOT SBve +veec 8ove Te6T OO LSBT BESe OSLT TS99 6T
8TLT ToLO TTLT 6£90 BELT 5090 €8T ves@ 9161 7SO ©000C 6¢v@ B8IOT Seve ceec 8abe TE6T PO OS98T CEse STBT LT98 6FLT €599 8T
8TLT ToL0 E€TLT BE9@ 6ELT 099 SCBT €eS@ BI6T TS0 100C BIve BlOC veve <ceec 6ev@ 6761 VPO SSBT tES@ vIBT 8198 8VLT ¥599 LT
LTLT @el0 €TLT /€90 TVLT €090 /LT8T 7ES@ 616T @0SO 7007 /e BIBT veve T1eec oTve B8e¢6T ¥Whhe S8BT GES@ ETBT 0C98 /[VLT SS9@ 9T
9TLT @eL0 <C€TLT 9£90 PLT 7090 8C8T Tcse TI6T 65F0@ €00¢ 9¢ve BIOC veve eeel TIve LI6T 9PPO €G8T LESe (CTBT T¢98 9PLT SS90 ST
9TLT 65990 PILT SE90 VL1 1090 ©t81 0csSe td61 8SPO PvOOC Scve L10C teve 6561 TIVe 9¢61 LPPO ¢S8T BtSe TCIBT €¢98 SPLL 9599 ¥
STLT 6990 ©VILT PE90 SP.LT 00968 <CEBT 6CS@ VI6T LSl S@ec vibe L107 teve B8S6T CIPe SE6T e6vPe@ @S8T ovse 6181 ve98 EVLT L5590 EX
STLT 8990 STLT €€90 9P.LT 6550 PEBT 8CS@ 9Z6T 95P0 9007 €I LIOT ceve LS6T £€IP0 vIZ6T @Sk 6v8T Trse 8I8T 9798 ZPLT LS99 T
PTLT 8990 STLT CE90 LPLT 89590 SE8T £CS@  LC6T vSbe LOBC CIv0 LTOC €eve 9561 vIvPO €¢6T CSPO 8PBT €vse LI8T L7909 TvLT 8599 1¢
PILT LS990 9TLT T€9@ 6VLT LSS0 LEBT 9¢S@ 6C6T £97V0 80OC Tive LIBC €Bve SS6T STP@ Te6T ¥#SPO LPBT SvSe@ OTIBT 8¢98 VLT BS99 ©T
€TLT £998 LTLT @£9@ 0OSLT 9550 6£8T SCS@ Te6T SO 8067 @@ OTOT 7eve vS6T 9TF@ 76T SSPO SP8T /vS@ STBT OE98 6ELT 6599 6T
ETLT 9990 LTLT 6€9@ ¢SLT 990 Ov8T v¢Se@ Ccel TS9P0 600¢ 61ve OST0C ceve €S6T LIV@ 6161 LSPO SPBT 8¥S€@ VIBT Tc98 8ELT 6590 8T
CTLT 9990 8TLT BC9@ ESLT €590 CPBT €CS@ VTE6T @SP0 OTOC BIve OTOC ceve <¢S6T 8IV@ BI6T 8SPO VvPBT ©55@ EIBT CTE98 LELT 00L0 LT
CTTLT SS90 6TLT £29@ SSLT 7S%@  vr8T Tcse SE6l 6vb@ TTI6C LTIvP@ STOT Teve T1S6T 6IW@ LI6T @0SO E€¥8T €S%€ TI8BT vE9@ 9ELT 00/0 9T
CTLT 990 6TLT S€90@ 9SLT TSS90 9v8T TCse Leel 8Yke TTOC 9Tve STOC Ceve 0S6T 0dhe 9T6T TS0 V8T €99@ OTI8T 998 StLT TeLe ST
CTLT +¥990 OCLT ¥79@ BSLT @550 LV8T ©¢Se Be6l LVPO C10C SIve S10C Ceve 676l Tdbe ST6T €050 TV8T S5%@ 6081 9898 VELT 1L VI
TTLT €990 TZLT €290 6SLT 6¥S@  6V8T 61S@ Ovel 9vbe €167 STve vIecT Teve 8vel ¢ibe VI6T S0Se 6€8T [SG@ BOBT LE98 €ELT TO/0 E£T
TTLT TS990 TTLT 7790 TOBT 8vS@ TS8T LTIS@ T1Tvel SPPe E€10C vIve ©IOT Teve 9v6eT €Ch@ TTI6T 9050 8EB8T 8550 LOBT 898 TELT TOL0 TT
TTLT 1990 €CLT TE9@ <COBL LvSe <¢SBT 91Se@ Cvel vk VI0C tElve E10C teve Svel vdve@ TI61 B80SO LEBT 9€9@ O0BT 0v98 OtLl ¢0L0 1T
TTLT @S990 vILT 079 PeBT 9vse vS8T ST1se vrel tvbe VIeC ¢ive ET10C ceve Trel 9¢v@ OT61T 6159 OSt8T Tese veBT 1v98 6C.T ¢a/e 8T
TTLT @99@ SZLT 6190 SO8T S¥PSe 9S8T vIS@ Svel Tvbe STed TIve <107 ceve tvel LZve 606T TISO SEBT t@9@ €081 Tr9@ 8.1 To/0 60
TTLT 6790 92LT 8190 [O8T vrse B8S8T €150 9v6Tl Ovre STOC TTve TIOC tove CPeT 8CY@ 8061 £1S0 VEST S€90 (V8T t¥90 B8TLT CA/0 B8O
TTLT 8¥90 LTLT 9190 BOBT EVSO 6S8T CT1Se 8F6T 6tvb0 OT6C BT TIOT €eve T1TreT 6¢h0 LO6T STSO EEBT 989@ Te8T vP96 LTLT TOLO L6
1141 £P90 8ZLT G198 OIBT Zvs@ 16l 11S@ 6F6T 8tb@ 9167 660 OIOC vere evrel TEV@ 9061 9150 <CEST 8@9@ R8T Sv98 97.T Te/e 90
TILT 9790 6ZLT ¥19@ <CI8T Tvs@ €6l 0150 0S6T LEV0 9107 60v@ 600C vore 6t6l Ctv@ SO6T 8190 TEBT 6€9@ 6SLT 9v98 STLT TOLO SO
TTLT SP90 OELT ET9@ ETIBT @vS@ TO6T 6050 CS6T 9tV LTOC BOve 600C SBve LE6T EEVO VO6T 0TSO OEBT T19@ LSLT Lv98 VILT COL0 VO
1141 ¥P90 TELT 21908 SIBT 6£5@ 9861 88S@ E€G6T SEPO [LTI67 /[6FG BOBT SBre 96T SEVG TO6T T7ZSO 8T8T ¢19@ 9S/LT 8v9@ €ZLT TOL0 €0
TTLT €¥90 TELT TT9@ LTBT BESO 86T LBS@ PVS6T PEVPO LTOT [6v@ L[6OBT 98ve SE6T 9tW@ TO6T €750 [LT8T v19@ GGLT 6v98 CTTLT 7ToL0 TO
TTLT ¢90 €ELT @190 BIBT LESO 6061 905@ SS6T £EVP0 LTOC 90v0 0O00C 90ve TE6T LEVO 0061 SCSO 9¢8T S19@ VSLT 0598 TCLT Tl 1O
wy wy wy wy wy wy wy wy wy wy wy wy wy wy wy wy wy wy wy wy wy wy wy wy

puj ut8ag puj utS8sg pu3z urSsg puj ut8eg pu3l ut8ag puj ut8sg pu3z urBsg puj utSeg pu3z utSsg puj utdsg pu3z utdag puj utdeg Aeg

*33g * AON *330 *1dag *8ny Arng aung Kepy - ady TJdep 'qo4 “uer

YoTMUISJD 30 35B3 YT :3uoz

@tys-¢6ee@z DA ‘uoidutysem uozLoH
AJO3IBAUDSQO TBABN ‘S N Japun .9 s1uns = SIHZ J04 IYSTTIML TIAT) S5 BYN 85 ZTE3 :uOTIEIO]
*3dag suotie>TTddy TEOTWOUOJLSY vZNOd ‘o ‘o
Jes A suQ Joj 8|ge | 18S/8SIy UCON JO ung sLogiely

36



