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Innate immune system varied with
life stage in barnacle geese

(Branta leucopsis)
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Abstract

Little is known of natural variation in the innate immune system of wild animals.
Therefore we investigated if birds alter their innate immune system during demanding periods
(e.g. moult) or changing environment (e.g. reduced pathogen loads) for the individual. For
this purpose, blood was sampled of juvenile and adult wild barnacle geese during the breeding
season on Spitsbergen, and tested for the ability to kill three different pathogens in vitro.

Barnacle geese varied in their ability to kill the three pathogens but within individuals
the killing of the different pathogens was not correlated. Goslings killed less Candida
albicans than adults but did equal on killing Staphylococcus aureus and Escherichia coli.
Goslings increased their killing ability only for E. coil during growth. For adults the response
decreased with moult progress for S. aureus and E. coil but not for C. aibi cans. Adult females
were better in killing the S. aureus than males during moult.

Thus barnacle geese varied in their innate immune system with the different life
stages. Birds may adapt their innate immune system according to changes in pathogen
pressure and/or birds could have been allocating energy and nutrients away from the innate
immune system to compensate for energy and nutrient demands of moult and growth. This
suggests that the geese regulate and redistribute their uS to keep the immune system working
at the lowest possible cost.

Keywords: Adapt, avian, immune system, life history and variation.

Introduction

The immune system of animals is their defence against pathogens and parasite
infestation. Infestation of an animal by pathogens or parasites can reduce the fitness of an
individual severely. But an animal's immune system requires energy and nutrients for making
white blood cells and immunological proteins. So the immune system is vital for survival and
successful reproduction but bares a cost to the animal. Investments in the immune system
need to be balanced therefore against risks associated with current pathogen loads and against
competing energy draining activities. As is shown in female pied flycatchers which reduced
their feeding rate and faced a lowered breeding success because they invested energy in an
immune response (Ilmonen 2000). Likewise, great tits invested in reproduction at cost of their
health (Ots & Horak 1996). Survival can also be affected by investment in the immune system
as seen in breeding eider ducks evoking an immune response (Hanssen et al. 2004) and house
martin nestlings (Christe et al. 1998). Although most research is based on evoking an immune
response by the specific immune system it seems that the specific and the innate immune
system are costly to an animal and involved in life history trade offs (Lochmiller &
Deerenberg 2000).

The specific immune response is only half of the immune system. The innate immune
system (uS) has an important complementary task to the specific immune system. This is
because a specific response costs a few days in which the 11S must control the infection. The
specific immune response depends on the uS for signalling infections of pathogens
(Medzhitov & Janeway 2000). The animals always have an 115 and have to invest in the
maintenance of the uS. Despite considerable research on the specific immune response little
research has been done on natural variation in the innate immune system in wild animals,
therefore this research will focus on the variation of the 115.

The US is tested for bactericidal competence with the bacterial killing assay (Matson
et al. 2006). This test is in vitro so birds can't recruit a specific immune response because the
blood is taken out of the body, Three different types of pathogens were chosen for the assay:
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A gram negative bacterium (Escherichia coli), a gram positive bacterium (Staphylococcus
aureus) and an yeast (Candida albicans). Blood is than tested for recognition of several
pathogen-associated molecular patterns of different potential pathogens (Aderem & Ulevitch
2000). As this test is a direct way of testing the activity of an animal's US.

This test is done on the barnacle goose (Branta leucopsis) which breeds in the high
arctic. Breeding season is short and birds arrive from half May from Scotland. Adults lay a
clutch, rear their young and undergo a complete wing moult before the end of August when
plants stop growing. Foraging is also limited by the presence of arctic foxes, especially during
the flightless period of the adults (lasting a month). Between August and September birds
have to build up fat reserves for the migration or they will die of starvation (Loonen et al.
1 997b). Thus birds have limited time and probably would benefit from allocating resources
away from the 11S. Other reasons why we have chosen this animal is because there big enough
to easily draw blood from and behaviour and relations are easily observed in this bird.

During moult barnacle goose tend to eat less and loose weight to shorten their
flightless period because lighter birds can fly earlier with their new feathers. Their fasting is
more likely to be an predator evading strategy because birds could rest close to lakes where
they can escape from predators (Owen & Ogilvie 1979) and also captive birds have been
shown to fasten during moult to escape predation from predators while food is abundant
(Portugal et al. 2007). Besides avoiding predators the fasting reduces the chance of getting
sick because less food passes their intestine and so reduces the chance a pathogen enters the
body through the intestine. We expect that barnacle geese lower the activity of their immune
system during moult when fasting, as is shown in fasting eiders (Bourgeon et al. 2006). The
energy and nutrients allocated away from the uS during moult could than be invested in
feather growth which is also an energy and nutrient demanding process (King 1981).

The biggest difference between adults and goslings is that goslings are not full grown
yet. This difference could result in different investment patterns of goslings in their immune
system. If their immune system is not fully developed some pathogens are harder to kill for
goslings. We expect that young have a less active uS than adults because they maybe still
have to develop their immune system and they have to allocate resources towards growth to
be in time for autumn migration. In magpies chicks that invested less in their immune system
had higher growth rates (Soler 2003). Likewise chicks could have higher growth rates if
chicks spend less energy and nutrients in their 11S than adults.

Differentiating between goslings of different ages could reveal how goslings build up
their uS during growth and if they increase investment for certain pathogens which could
reflect differences in pathogen pressure or easier to develop immune pathways. We expect
that the general trend will be an increased activity of the 11S during growth because the body
is still developing but if pathogen pressure of certain pathogens is low pathways to deal with
this kind of pathogen could he developed later in life.

By comparing the activity of the uS within adults and goslings of the barnacle goose
we could shed light on if birds adapt their activity of the 11S according pathogen pressure or
lowering their activity during energy and nutrient demanding times to enhance their own
performance.

Material and methods
Study area and population

In Ny-Alesund, Spitsbergen (78° 55 N, 11° 56' E) field and lab work was conducted
on the barnacle goose (Branta leucopsis). The barnacle goose population of Spitsbergen
consists of 25.000 individuals and in the Kongsfjord with 346 birds (goose count in fjord on
26-07-2007). Birds breed on the islands in the fjord were they are safe for predation by the
arctic fox (Alopex lagopus). Birds arrive in Spitsbergen at the end of May until the beginning
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of June and start laying eggs within 2 weeks. Young hatch from the end of June until early
July. Young are ready to fly from the second half of August and leave the arctic from the end
of September. Adults are moulting from the end of July with a peak around the 25th of July
(Loonen et al. 1997b). During the field work young were hatching and growing until fledging
and adults were starting to moult. Work consisted of three parts: observations, catching and
the bacteria-killing assay.

Observation
Barnacle geese in Ny-Alesund are individually recognisable by marked colour rings

(63% of the adults breeding on Storholmen breeding island). Observations of barnacle geese
were made by telescope on Storholmen and in Ny-Alesund and surroundings. Birds can easily
be approached to read ring codes.

To determine age of goslings the hatching date was observed from hatching goslings
on the main breeding island Storholmen by visiting the nest and of age estimations of foraging
goslings in Ny-Alesund. Age of goslings can easily be judged from body structure and agility
with methods derived from Larsson (Larsson & Forslund 1991) corrected for local gosling
growth as in (Loonen et al. 1997a). Also family size was observed because during catching all
birds mix up and goslings can't be pointed to their parents. Family size was determined as the
number of young and parents that were together the day before catching.

Goose catching
In 6 catches birds were bled for the bacteria-killing assay. All catches were done from

24-07-2007 until 9-08-2007 during the flightless period of the adults.
Catching involved chasing birds from land into water and with a kayak onto land into a
holding pen made of netting. The catch took about an hour and another hour was spend on
preparations for measuring and to make sure the geese emptied their intestine.

During a catch the length of the 9th (longest) primary, length of the tarsus, sex and
weight were determined. Moult progress was calculated as the number of days the bird was
from shedding its old 9th primary by recalculating from the length of the new 9th primary
using research on primary growth rate by Loonen which determined the growth rate of a p9
for males at 7.2 mm a day and females 7.0 mm a day (Loonen et al. l997b). Barnacle geese
were sexed by cloacal inspection (Owen 1980).

Birds were bled with heparinised sterile syringes, taking 2 ml of blood form the
brachial vein. As soon as six birds were bled blood was transported to the lab to start the test.
Blood was transported under a coat to keep the temperature closer to the bird body
temperature (4 1°C) than the ambient temperature (5°C).

Catching, ringing and blood sampling was done with permission of the Governor of
Svalbard and a ringing permit of Stavanger Museum to MJ.J.E. Loonen. Blood sampling did
not require an extra permit according to Norwegian laboratory animal legislation.

Bacteria-Killing Assay
The in vitro bacteria-killing assay involves testing fresh blood for the ability to kill

pathogens. Blood is mixed with media and a pathogen and incubated at bird temperature
(41°C). In sterile 1 .5-mL tubes, we diluted whole blood (20 iL for Escherichia coli and
Candida. a! bicans. 40 il for Staphylococcus aureus) from each individual three times to a
fmal volume of 200 jiL, using CO2-independent media (catalog no. 18045; Gibco-Invitrogen,
Carlsbad, CA) plus 4mM 1-glutamine and 5% heat inactivated fetal calf serum. To each
diluted blood sample, We added a 20- 1iL aliquot containing about 200 colony forming units
(CFUs). Blood of every bird sample was tested separately with E. coli, C. albi cans and S.
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aureus working culture. The E. coli (ATCC 8739), C. albicans (ATCC 10231) and S. aureus
(ATCC 6538) cultures were prepared from lyophilized pellets (E. coli Epower
Microorganisms no. 0483E7, C. albi cans Epower Microorganisms no. 0443E7 and S. aureus,
Epower Microorganisms no. 0485E7, MicroBioLogics, St. Cloud, MN). The microorganisms
were reconstituted according to the instructions provided by the manufacturers.

The final suspensions (220 pL total; diluted whole blood plus bacteria) were incubated
at 41°C for 1 mm for E. coli and 120 minutes for C. albi cans and S. aureus. During
incubation the processes of the bacterial culture (growth and division) and immune
components (stasis and killing) were allowed to interact. During incubation, every 15 minutes
I removed and briefly (-3 s) vortexed the samples to prevent sedimentation. After incubation
samples were vortexed once again and pipetted in duplicate 75- L aliquots onto two agar
plates, and the mixture was spread evenly over the surface of the agar. Following a brief
drying period (-.20 mm), I covered and inverted the plates and incubated them overnight at
35°C.

To control for the amount of pathogens added 4 control plates were made for every 6
birds consisting of 20- iL aliquot containing about 200 pathogens and 200 j.tL C02-
independent media plus 4mM 1-glutamine and 5% heat inactivated fetal calf serum. 2 of the
control plates were incubated to account for pathogen growth during incubation.

The next day I counted the number of viable colonies and determined the killing
power. The killing power is the percentage of pathogens killed and calculated by subtracting
the number of colonies on the plate of the bird divided by number of colonies on the control
plate from 1.

To avoid contamination, I made use of a laminar flow hood at all stages that required a
sterile environment. The experimental protocol is derived from Matson (Matson et al. 2006)
and modified by D.M. Buehler (see appendix) and ourselves.

Before the incubation times were chosen the first catch (24-08) was used to test
different incubation times and this data is only used for the assessment of the incubation
times. Data of agar plates was excluded from analyses if the two plates per bird differed for
more than 30% and the amount of colonies differed with more than 20 to exclude non
biological outliers in the data. Each individual was only tested once.

Statistical analyses
All tests were conducted in SPSS14.
Control plates with the same incubation as the blood and without incubation did not

differ significantly for the three strains (Wilcoxon matched pair test: E. coli Z=1.78, N=lO,
p=0.O745. S. aureus Z0.47, N=9, p=O.6356. C. albicans Z=l.17, N=10, p=0.24l I) and were
pooled for the calculation of the killing power. All test were the killing power was negative
because the number of colonies on the plate of the bird were bigger than the control plate
were assigned 0 killing power.

Time it took to bleed the bird and take the blood to the lab and into the media was
noted to control for blood becoming less effective in killing pathogens, this is because mainly
white blood cells could become inactivated on its way to the lab. The time it took to transport
the blood will be further addressed to as time of transport.

In the analysis, for the effect of moult on adults ability to kill the pathogens, a measure
of body condition was taken into account by using the body mass corrected for size. Body
mass was corrected for size by dividing the body mass by the length of the tarsus. For adults
age (in years) was taken into account by determining the age of the adults from the year a bird
was ringed. If birds were ringed as adult there age could not be determined exactly but the
minimum age was taken. For adults who were ringed as goslings the exact age was known.
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With a ANOVA the differences in killing power between goslings and adults were
tested with the predictors sex and time of transport. The differences between adults in killing
power was tested for moult progress, sex, time of transport, body mass divided by tarsus, age
and family size. For goslings differences in killing power were tested against sex, time of
transport, family size and body mass. Body mass was taken instead of age because age was
not determined for all goslings and the correlation between age and weight was significant
(Spearman rank= 0.567, N=l6, p=O.O22).

Results

The first difference between
the three pathogens was that the
birds killed the pathogens in
different timeframes. For E. coii
only ten minutes was needed to kill
all pathogens and 14.4% was killed
in one minute. For S. aureus the
double amount of blood was used as
for E. coli and still it took two hours
of incubation to kill 28.0%. The C.
aibicans was killed with the same
amount of blood used for E. coli but
it took two hours to kill 36%. This
suggests that the different pathogens
are killed by different components of
their uS. This corresponded to the
fmding that the killing power of the
blood on the three organisms was
not correlated (killing C. aibicans &
killing E. coil Spearman rank= -

0.0

0,2

-5 0 5 tO 15 20 25 30

Moult progress (days from losing old p9)

Figure 2. The activity of adult blood in killing E.
coil in relation to the days since the bird lost its
primary during wing moult of approximately 28
days.

Adults and Goslinas
Adults were better in killing the

yeast C. albicans than goslings
(F1,43=24.79l, p=<0.00l)(fig 1.), while in
both age groups the time of transport had
a negative effect on the killing power
(F1,43=ll.953, p=O.00l). ForE. coil
killing power was not different between
age groups (F141=0.015, p=O.904) (fig 1.)
nor was the killing power dependent on
the time of transport (F1,41=0.000,
p=0.982). Adults were not significantly
better in killing S. aureus (fig 1.) than
goslings (F1,=0.043, p=O.837) nor did
the time of transport have any significant

Killing power of Adults and Goslings
1,0

0,8

0,6
a.

0,4

0.0 IhjrHlh
C..

P.

Figure 1. The average (± SE) killing power of the
blood of adults (black bars) and goslings (white
bars) for the three different pathogens.

0.008, N=45, p=0.957, killing C. aibicans & killing S. aureus Spearman rank= 0.0 18, N=38,
p=0.91 I and killing S. aureus & killing

Adult goose blood tested against E. coil E. coil Spearman rank= 0.2 17, N=38,
p=0.l9l).
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Adults and Moult a
The stage of moult did not

influence the killing power of the
blood of adult geese on C.
aibi cans (F1,=0.O13, p=0.9l2).
The time of transport had a
negative effect on the power of
the blood to kill C. albicans
(F1,25=8.488, p=0.007). The sexes Moult progress (days from losing old p9)
did not differ in killing of C.
albicans (F1,=0.1O7, p=O.747).
Adult goose blood was better in
killing E. coli when the bird was
earlier in moult (F1,=7.488,
p=0.015) (fig 2.) and the time of transport (F1,19=O.152, p=0.70l) and sex (F=O.4l9,
p=0.525) had no effect. S. aureus was killed better by blood of adults who were earlier in
moult (F, o=13.694 p=O.0Ol) (fig 3.) and by blood of females (F0=6.0O4, p0.024). A
positive relation between killing power and time of transport (F1,,9=5.678, p=O.028) was
rejected because no plausible biological meaning could be assigned to it. Effects of other
ecological parameters were non significant (table 1.).

Moult progress was highly correlated to date (Spearman rank= 0.51, N=28, p=0.0056)
and so any effects attributed to moult progress could also be caused by other effects related to

Goslings and growth
There was no relation

between gosling body mass and the
killing of C. albicans (F,,,7=0.555,
p=O.466) also the time of transport
had no influence in the killing
(F,,7=3.329, p=O.O86). Gosling
blood was better in killing E. coli
when the bird was heavier
(F119=16.159, p=0.001) (fig 4.).
Although the pattern was caused
mainly by 5 goslings these goslings
were of 4 different families during
the last catch suggesting this is a

general pattern. With E. coli the
time of transport had no effect
on the killing power
(F1,1g=4.052, p=O.059). The

I

I

I

I

influence on the killing power
(F1=0.225, p=0.638). The sexes
did not differ in their killing
power for any of the strains (C.
aibicans F142=l .089, pO.3O3, E.
coli F,,41=0.0l0, p=O.9l9, S.
aureus F134=l.906, p=O.I76).

Adult goose blood tested against S. aureus

I

I

I

I

I

-5 0 5 10 15 20 25 30

I

Figure 3. The activity of adult blood in killing S.
aureus is set against the days since the bird lost its
primary during wing moult of approximately 28 days.
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Gosling blood tested against E. coil
date.
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Body Mass (9)

Figure 4. The activity of gosling blood in killing E. coil
is set out against the body mass. The further a gosling is
in growth the higher its killing power.
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Table 1. Variation in the killing power between adult
geese for the three pathogens was not explained by family,
body mass corrected for size and age.
Effect Pathogen DF F-value p-value

Family size
C. albicans 1,24 0.001 0.838

E.coli 1,19 0.268 0.611
S.aureus 1,19 1.004 0.329

Body mass corrected for size

C. albic,ans 1,24 1.623 0.215
E.co!i 1,19 0.054 0.818

S. aureus 1, 19 1.568 0.226
Age

C. albicans 1, 24 0.980 0.332
E. coli 1, 19 0.009 0.925

S. aureus 1, 19 0.609 0.445

By testing the power of the blood to kill pathogens we assessed investment of the
barnacle goose in the innate immune system. Our study shows that barnacle geese varied in
their innate immune defences. This implies a cost of maintenance of their uS because else
there would be no or low variation. Also, the variation correlates to life stages and suggests
that birds adapt their immune systems, saving energy and nutrients by distributing and
regulating their immune system. These adaptations of the immune system seem to be
developed and possibly reflect past experience with pathogen pressure.

Birds showed no correlation in killing one pathogen and the ability to kill another. The
activity of the 11S could differ for the different mechanisms by which the three pathogens used
were recognized and killed. E. coli is recognized by the complement system (Joiner et al.
1984) and killed quickly in barnacle geese (14,4% was killed in 1 mm). Staphylococcus
aureus was a lot harder to kill, Using twice the amount of blood used for killing E. coli the
blood killed 28% after two hours of incubation. Confirmation of why birds had trouble killing
S. aureus comes from research of (Rooijakkers et al. 2005) who showed that S. aureus
excretes a protein that inhibits the complement system and research of (de Haas et al. 2004)
who showed that S. aureus excretes another protein that prevents recognition by heterophils
and monocytes. These proteins make that the Staphylococcus aureus is killed with different
innate immune pathways than E. coli and C. albi cans. C. albicans has no conspicuous cell
surface being a eukaryote this explains why it took much longer to kill than E. coli. After two
hours of incubation 36% of the pathogens were killed. This coincide with the knowledge that
the killing of the yeast by the uS is mainly done by monocytes and heterophils (Jensen et al.
1994).

The time needed to transport the blood from the bird to the lab only had an significant
effect on the killing of C. albicans this is probably because the killing of C. aibicans is done
by white blood cells and some of these then die during transport.

Adults were only better in killing C. aibicans compared to goslings. Why the adults
were not better in killing all pathogens could be because goslings invested more energy and
nutrients to killing E. coil and S. aureus during growth and goslings had invested less energy
in producing the white blood cells needed to kill C. aibi cans than adults. This is supported by
the results that goslings only increased investment for killing E. coli during growth.
Alternatively, this could also be caused by adults down regulating investment on the killing of
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E. coli and S. aureus which corresponds with them lowering the killing ability for these two
pathogens during moult.

Adults decreased their killing ability during moult for E. coli and S. aureus. We
expected that adults had a less active uS during moult but we found a decline during moult
which makes sense when you assume that birds need time to reduce uS activity because of
regulating chemicals retention time. They probably decreased uS activity for these pathogens
because they stopped investment in pathways of the uS to kill these pathogens. They could
have used the energy and nutrient savings to invest in moult. These energy and nutrient
savings could be advantageous because pathogen pressure is lower during moult or they
needed the energy and nutrients to moult quicker and be safe from predators. Birds did not
show any correspondence between moult and the killing of C. albicans which could be caused
by a constant infestation risk for yeasts or because regulating chemicals retention time for
producing the immunological pathway to kill C. aibicans takes more time than moult lasts.

The effect that females killed S. aureus better during moult than males could be
because the two weeks prior to wing moult females need to regain body mass lost during
incubation. Because females eat more they encounter more pathogens and this higher killing
power would support that birds adapt their uS to pathogen pressure. No sex effect for the
other two strains could be found which could be because females don't need to adjust their
immune system different from males because infection chance does not differ between the
sexes despite a feeding behaviour difference or the infection chance does not result in an
immune adjustment because it is not advantageous for a female to adjust here immune system
in a different way than males.

Moult progress is correlated to date and so any effect in pathogen abundance or bird
behaviour which is not related to moult during that time could influence the results found.
The primary concern in this period is the wing moult and a decrease in pathogen load during
moult seems unlikely.

We expected that goslings would increase investment during growth because goslings
were still growing and developing. But goslings only increased the activity of their US for the
killing of E. coli. This could be caused by three factors or any combination of them. (I) could
be that go slings differ in killing if the pathway of killing E. coli is cheaper to produce than
the pathways of killing S. aureus or C. albicans and they can only afford a more active uS for
the killing of E. coli. (2) Goslings increase their killing of E. coli because the chance of
getting infected was bigger for such a pathogen than the two other pathogens used during
growth. (3) Goslings grow and during growth build up their immune system and probably
only increased production of this part of their immune system in this period of growth.

Capturing geese and bleeding the birds took about 2 hours and so effects of capture
stress could influence the killing power for the different birds. (Matson et al. 2006) showed a
decrease in killing power for three out of five tropic bird species for the pathogen E. coli. Not
all species showed a response of killing power to capture stress when contained for one hour.
But to our knowledge no data is present of within species variation of killing power caused by
capture stress. All birds tested had a similar catching treatment which could make comparison
legitimate but no indications beside that can shed light on how and if the capture stress had an
effect on our results.

To elude how and when birds adapt their immune system it would be interesting to
further research: (1) Look for differences between temperate and arctic to determine if birds
have a higher ITS in the temperate region than in the high arctic because the arctic seems to be
a relative pathogen free area as suggested by Piersma (1997). (2) Look into development of
the uS in goslings. The development of the US in goslings would be interesting to follow
from birth on to see how far developed the ITS was in the egg and how much development
there is during growth. (3) Look into the activity of the immune system of adults during
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incubation. Measuring adults during incubation would reveal any constraints during that part
of the life cycle.

The barnacle goose varies in its innate immune response correlating to moult, juvenile
growth and differs between the sexes. Geese seem to regulate and distribute their innate
immune system according to energy and nutrient demanding times and/or pathogen pressure.
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Strain Blood
Dilution

Incubation
time

Comments

E. coli ATCC #8739
Microbiologics #0483E7

1:10 10-30 mm Killing is complement dependent

E. coli ATCC #51813
Microbiologics #0791 ES

1:10 90 mm Mostly complement independent and requires
phagocytosis

C. albicans ATCC #1023 1
Microbiologics #0443E7

1:10 0.5-4 hr Killing mostly by phagocytosis

S. aureus ATCC #6538
Microbiologics #0485E7

1:4 1-3 hr Mostly complement independent and requires
phagocytosis

S. epidermidis ATCC #12228
Microbiologics #0371 E8

1:4 4 hr Mostly complement independent and requires
phagocytosis

You may need to change the dilution or incubation time to keep this in the dose response region of the killing curve
for your species.

This assay is simple and you probably did all of the techniques in Micro I a. Basically blood is diluted and a known
number of bugs are added. After a period of time the number of remaining bugs is counted. So it is an assay of the
killing capacity of whole blood. This integrates the activities of phagocytic cells (macrophages, heterophils,
thrombocytes), opsinizing proteins (complement, acute phase proteins), and natural antibodies.

A. Making the Plates

Add 40g of tiyptic soy agar (D-ifcolM Soybean-casein digest agar, USP. Fisher catalog # DF0369 176) to
l000mL of tap water and mix by shaking in media baffle (with cap that can withstand autoclaving) - makes
8Oto 120 plates.

• Loosen the cap slightly, cover with aluminum foil and autoclave for 20 mm.
• Remove from autoclave and tighten lid. Transfer the agar bottle into the hood. Make sure the hood is sterile

by wiping down with alcohol and sterilize your gloves by wiping with alcohol.
• Open a bag of Petri dishes in the hood and begin pouring the hot agar into each plate leaving the lids off

while they cool in the hood. Pour enough agar to cover the bottom of the plate. If agar is too thick, reading
the colonies is harder because the agar becomes cloudy. If bottle is too hot use hot hand protector. Try to
avoid bubbles. SWIRL bottle constantly to mix agar otherwise some plates are too concentrated and cloudy
and others are too dilute and do not harden properly.

• When the agar is hardened (takes about 5 mm), place the lids back on and stack upside down in groups of 6
or 8.

• Store the plates upside down and taped together in the refrigerator. (Transfer in box or bag). For long term
storage wrap edges in paratilm.

• Clean hood with alcohol.

B. Preparing Microorganlsn (Enower microorganisms, Mlcrobiologics) - do thb for each bacterial strain

• Remove a vial of lyophilized sample from the refrigerator and allow it to equilibrate to room temp (about 15
mm)

• Add 19.5 ml PBS to two 50m1 tubes and waxm them to 35-37°C in the incubator.
• Warm I ml PBS to 35-37°C in the incubator (about 10 mm).
• Transfer a pellet using sterile forceps (alcohol and flame) into the I ml of hydrating PBS fluid, vortex until

the pellet is completely dissolved.
• After 30 mm add 500W of the hydrated microorganism to each of two large tubes (for a total of 20 ml per

tube).
• Vortex or thoroughly mix the hydrated material.

—11—

Appendix 1. The protocol (differences with mine protocol are noted in red)

Killing Assay Protocol

(Version Feb 2006, D.M.Buehler@rug.nl)

Anytime you work with bacteria or yeast, you should wear gloves to protect yourself
from infection and to prevent contamination of your samples. These bugs are biosafety
level I or 2 but read the ATCC Biosafety information before using them:
http://www.atcc.org/Technicallnf&BiosafetyLevels.cfm

DISCLAIMER: results may very depending on avian species



I

I

I
• Store this stock suspension at 4°C.
• Make up new stock (i.e. resuspend a new pellet) every I to 3 weeks to ensure that bacteria are not mutating in

I the stock solution.

C. Makln the Media

I
. Example for 25m1 total volume:
• Need 5% Fetal Calf Serum 5% of25 =0.O5X25mL= I.25mLFCS
• Need 4mM L-glutamine (stock is 200mM - mM means mM per liter) 4/200 = 1/50 X 25 mL = 25/50 mL =

0.5mL L-glutamine

I
Example Recipe:
23.25mL Media
l.25m1 FCS
0.5mL L-glutamine

I
25.OmL total

• Putapproximately25mlmediaina5omLtube
Measure exactly 23.25mL and pipette into another 5OmL tube

• • Add l.25ml FCS

I • Add 0.5m1 L-glutamine
• Mix

These steps may be skipped if all other tubes beakers etc are sterile)

I
-Pour solution into a 50m1 syringe
-Add a sterile filter to the syringe tip (this step may be skipped if all other tubes beakers etc are sterile)
-Squeeze solution through filter into another SOznl tube (or several lSmI aliquots) (this step may be

I
skipped if all other tubes beakers etc are sterile)

• Cap and store in4°C
lips:

I
. Pipette L-glutamine and FCS into I mL aliquots in 1.5 mL tubes so that you only need to thaw the amount

you need. This preserves supplies (less freezing and thawing), reduces the chance of contaminating stock
solutions and I mL thaws much faster than 100 mL!

• Pour fresh media in fresh 15 ml tube every day. Wipe bottle down with ethanol first, and pour in hood maybe
10 mI/day or so. This prevents contamination of media by pipetting all the time.

D. Dilution series for concentration of bacteria for the workln solution

I The purpose of this dilution series is to determine how many bacteria per unit volume you have. This should be done
every time you make up new stock from pellets and periodically if you are storing stock for long periods (to make sure
the bacteria are not replicating in storage). Based on the results of this series you modify your working solution until it

I
gives you about 200 colonies per plate (plating 75u1 of 1:10 dilution without incubation).

• Try 35ul of stock in lmL PBS in a l.5mL tube to start as a working solution
• For each bacterial strain make up tubes with:

I
I. 200ul stock suspension (+ control of stock — should get an uncountable
mat of bacteria)
2. 200ul straight working solution (this should have much more than 200
colonies)
3. 20u1 working solution and 200ul media (1:10 — this is the one you want to

I
have — 200 colonies)

A final tube with 200ul straight media is advisable as well (negative control of media — if something grows the
media is contaminated) Plate 75u1 from each of the above tubes onto two separate plates (replicates) Grow up

I

overnight 8-16 hours at 35-37°C

. Store stock and working solution at 4°C (if you leave it out the bacteria will begin to replicate).

I

- 12 -
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I
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E. Sterile blood sample

I . Fill container with ETOH and soak cotton balls. Remove wrapper from a new clay card and swab the clay
with an ETOH saturated cotton ball. Swab the inside of the blood sample carrying box with ETOH allow to
ETOH to evaporate and place clay card into the box and cover.

I
. Locate the brachial vein and pluck a few feathers from around the area so that the vein is exposed
• DO NOT SPIT ON YOR FINGER AND RUB THE WING TO EXPOSE THE VIEN

Use a cotton ball to apply a generous amount of ETOH onto the exposed skin and surrounding feathers.
Spread the ETOH from the brachia] vein outward toward the feathers. This will plaster the feathers away

I
from the vein (discard cotton ball).

• Allow the ETOH to evaporate for 15 seconds. (Don't blow on it or fan it)
• Reapply ETOH with a new cotton ball. Hold and remove without moving around the feathers.
. Allow the ETOH to evaporate for 15 seconds. (Don't blow on it or fan it)

I
. Take microcapillary tubes from pm-prepared sterile 15 ml tubes by gently shaking the tube so that several

microcapillary tubes extend beyond the top of the tube. Try not to touch the ends of the capillary to anything
that is not sterile.

• Hold the wing as horizontal as possible so that blood will not flow towards feathers, fingers, or other sources
of contamination. Lance the vein with a new needle and immediately draw blood directly from the puncture

I
(not from the feathers or skin) into microcapillary tube. Try not to breathe directly onto the

• wing or capillary.
• When the capillary is full, position the microcapillary so that there is air in both ends. Holding the

microcapillary horizontal, press the clay card into the microcapillary. There should be a small air bubble

I
between the blood and the clay. Replace the clay card into the sterile box. Discard the needle.

• If you contaminate a sample, discard it (or divert it to another assay that doesn't need sterile blood).
. The blood samples should be kept at ambient temperature for the killing assay. They should not be stored for

more than 1.5 hour before being processed for cell culture.

I
. In the flow h or dead air box, use wetstone (or nail file) to score capillary and break off clay
• Suck or blow blood out of tubes using a pipette (not your mouth!) with 200W pipette tip
. Pool blood in an eppendorf
. Need 20- 100 ul for killing (per bacterial strain)

I
. Spin down the rest of the blood for plasma and RBC's (for DNA)

F. Killina Assay

I
. Dilute blood 1:10 with media. For example for E. coli we used 20W blood, 180u1 media, then added 2Oul

bacteria solution.
Add an appropriate amount of bacteria to about 200 colonies per 75iiL of diluted blood.

I
Organizational Tips:

• It is easiest to have tubes with media prepared in advance. When you have blood samples first pool the blood
in eppendorfs for each bird

• Then dilute blood (add blood to media) for all birds if doing more than one at a time

I
. j for the first bird (for all strains and times) and incubate immediately
. Then add bacteria for the second bird (for all strains and times) and incubate immediately . and for forth for

more birds - this spaces out the tubes nicely for later plating
• Thoroughly mix/vortex the solution.

I
. Incubate at 41°C (or body temperature of your organism) for a specific period of time (i.e. 10 and 20 minutes

for E. coil, I and 2 hours for S. aureus) Always incubate (or plate if it is a control plate) immediately after
adding bacteria.

• During incubation, every 15 minutes remove and briefly (—3 s) vortex the samples to prevent sedimentation.

I
. Remove 75W of the blood/bug solution using a pipette and place in the center of a Petri dish. Flame-sterilize

the bacterial spreader by dipping the bacterial spreader in 96% ethanol and passing it through a flame.
Spread the solution evenly over the plate. It's easiest to use a turntable while plating.
Let the plate dry completely by letting it sit in the hood for a couple of minutes with the lid off (until the

I
surface is not shiny anymore).

. Store the plates upside down while bacteria grow (at room temp or in incubator). You can put in refrigerator
to stop growth if you want to count them later.

• Make a couple of control plates by adding the bacteria to media (20W bugs, 200u1 media) and plating 75uL.' Without incubation, this shows how many colonies grow without any killing (or feeding) by blood. If you
incubate them you see how much they multiply without blood.

• Make a couple of blood sterility control plates by adding blood to media (20W blood, 200W media) and
plating 75uL (two replicates). Nothing should grow, if something does the blood was not collected sterilely.

1

I

I



• Discard all used eppendorf tubes, tips etc. plus all remaining liquid by placing in 10% bleach overnight or
autoclaving.

G. Count1n Colonies

• Count the number of colonies that have formed on the agar plate overnight. Big and small colonies are
counted the same. An electronic cell counter helps.

• Dispose of the plates by soaking in 10% bleach or by autoclaving. Once sterilized these materials can be
thrown away as regular trash.

Steps to do when using this assay on a new species

H. Determining best blood dilutions and incubation times to te er bacteria for
data collection

The purpose of this dilution and time series is to examine the "killing power" of your particular species at different
times and different dilutions. Essentially you are trying to describe the killing curve for your species. It should be done
every time you introduce a new "host" species or a new strain of bacteria. The standards in the table at the beginning
of this protocol refer to this blood dilution and are based on laboratory trials with chickens.

• Dothisontwotofourbirds
• Plate replicates of 75u1 per plate
• Standard blood dilutions

E. coli S. aureus C. albicans
1:5 1:2 1:2
160W + 4Oul blood + 20u1 bacteria lOOul blood + 100W media + 2Oul lOOul blood + 100W media 2Oul
(working solution) bacteria (working solution)

(This takes a lot of blood! ) Plan in
advance

bacteria (working solution)
(This takes a lot of blood! ) Plan in
advance

1:10 1:4 1:4
180W + 2Oul blood + 20W bacteria SOul blood + 150u1 media + 20u1 SOul blood + 150W media + 20u1
(working solution) bacteria (working solution) bacteria (working solution)
1:20 1:10 1:10
190W + 10W blood +20W bacteria I 80u1 + 20u1 blood +20W bacteria 180W +20W blood +20W bacteria
(working solution) (working solution) (working solution)

• Standard times

E. coli

0(200W media and 20W bacteria
plated straight away - without
incubation in eppendort)

S. aureus

0(200W media and 20W bacteria
plated straight away - without
incubation in eppendort)

C. albicans

0(200W media and 20W bacteria
plated straight away - without
incubation in eppendort)

15 minutes
30 minutes
60 minutes
90 minutes (optional)
l20 minutes

I hours
2 hours
3 hours
4 hours
5 hours

30 minutes
I hours
2 hours
3 hours
4 hours

I. Control Plate Series to determine the consistency of platlnu and olpettine

• • 10 eppendorfs with 200W media and 20W bacteria
• • Without incubation plate two replicates of each using 75W (20 plates)
• • All 20 plates should have a similar number of colonies. Differences between replicates indicate vortex

(mixing problems). Differences between tubes indicate pipetting error.
Notes:

Proper duplicate would be to make 2 dilutions of blood instead of just one and then making 2 plates. This would
incorporate pipeuing error also.
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I

I

I
gVDJ CA44202 F 6-8-2007 C. albicans

I
8VCF CA44409 F 1-8-2007 C. albicans I 1409 736 142 75 0:59 0,21 0,21 0 2006 I

8VDH CA41249 F 6-8-2007 C. albicans 0 598 676 14 1 1:03 0,49 0,49 1 2007 0

8LVL CA22604 F 28-7-2007 C.albicans I 1706 815 108 21 0:39 0.81 0,81 0 1996 II

8LBP CA36916 M 28-7-2007 C.albicans I 1731 819 110 22 0:35 0,74 0,74 0 2001 6

I gTNX CA41290 M 1-8-2007 C. albicans I 2017 903 102 72 108 0,33 0.33 0 2003 4

gXCI CA41232 F 28-7-2007 C. albicans 0 1023 799 100 3 0:38 0.27 0.27 I 2(r 0

gSNS CA33275 M 1-8-2007 C. albicans I 1802 853 66 73 1:03 0.42 0.42 0 1993 14

I
8XCH CA41231 M 28-7-2007 C. albicans 0 874 770 30 2 0:43 0,00 -0,17 I 2007 0

gSYZ CA36894 M 1-8-2007 C. albicans I 1890 830 69 74 I.02 0,53 0,53 0 2003 4

8VDP CA44205 F 6-8-2007 C. albicans 0 932 792 96 7 0:36 0,37 0.37 I 2007 0

I
8XDA CA41241 F 30-7-2007 C. albicans 0 736 730 70 I 1:20 0,00 -0,03 I 2007 0

gVDN CA44204 M 6-8-2007 C. albicans 0 1112 823 99 6 0:40 0.20 0.20 I 2007 0

gLXI CA22602 F 1-8-2007 C.albicans 1 1512 774 71 70 1:11 0.48 0.48 1 1996 II

I
8VTC CA44224 F 9-8-2007 C.albicans 0 1159 812 152 21 1:05 0.19 0.19 1 2007 0

g'flJX CA22886 F 9-8-2007 C.albicans I 1596 740 168 23 103 0.00 -0.01 0 1997 10

8V'ID CA44222 M 9-8-2007 C. albicans 0 1064 809 161 24 0:57 0.00 -0.17 I 2007 0

8V'FB CA44225 M 9-8-2007 C. albicans 0 1403 878 157 25 0:48 0.10 0,10 I 2007 0

I gVFA CA44226 M 9-8-2007 C.albicans 0 1184 835 137 26 0:44 0.00 -0,08 I 2007 0

gSUB CA36754 F 9-8-2007 C.albicans I 1823 805 98 73 0:37 0.61 0.61 I 1999 8

8PCU CA22742 F 9-8-2007 C. albicans I 1983 810 166 72 0:40 0,33 0.33 0 1997 10

I
gBVA CA44235 M 9-8-2007 C. albicans 1 2402 823 97 70 0:46 0,39 0.39 0 2006 I

8VDZ CA36843 M 9-8-2007 C. albicans I 1778 830 149 69 0:49 0.39 0.39 I 1999 8

gVAC CA44449 M 1-8-2007 C. albicans 0 990 814 108 3 1.02 0.05 0.05 1 2007 0

I
8VDI CA4420I F 6-8-20(17 C. albicans 0 999 805 99 3 0:56 028 0.28 I 2007 0

gPZP CA36845 M 28-7-2007 C.albicans I 1944 824 I 0:53 0.37 0,37 0 1998 9

8XDI CA41246 M 30-7-2007 C.albicans I 1848 849 116 17 0:55 0.32 0.32 0 2006 I

I
gL.FN CA22628 F 30-7-2007 C.albicans 1 1485 717 999 22 0:21 0.71 0.71 I 1997 10

8VAD CA44448 M 1-8-2007 C. albicans 0 720 712 58 4 0:59 0,05 0,05 I 2007 0

8SXP CA29489 F 30-7-2007 C. albicans I 1485 717 999 21 0:29 0,73 0,73 0 1991 16

gVAF CA44447 M 1-8-2007 C. albicans 0 864 749 107 5 0:56 0,00 -0.08 I 2007 0

I gSNU CA36567 M 30-7-2007 C. albicans 1 2066 862 999 20 0:37 0.41 0.41 0 1998 9

gXDJ CA22867 F 30-7-2007 C.albicans I 1710 794 999 19 0:43 0.23 0,23 I 1998 9

gVA}I CA44446 M 1-8-2007 C.albicans 0 921 780 114 6 (8.53 0.18 0.18 I 2007 0

I
8THN CA41071 M 30-7-2007 C. albicans I 1903 833 26 18 0:49 0.47 0.47 0 2004 3

8NNC CA36785 M 28-7-2007 C. albicans I 1863 842 77 23 0:30 0.75 0.75 0 1996 II

gVAI CA44445 F 1-8-2007 C.albicans 0 1018 797 90 7 (850 0.09 0.09 I 2007 0

I
8SHI CA36777 M 30-7-2007 C.albicans 1 1836 816 35 7 0:35 0,31 0.31 0 1999 8

gVDS CA44206 M 6-8-2007 C. albicans 0 921 745 68 8 0:31 0.59 0.59 1 2007 0

g1DX CA26424 M 6-8-2007 C. albicans I 1984 875 88 21 0:53 0.56 0.56 0 1999 8

I
gSBX CA36838 F 30-7-2007 C.albicans I 1576 812 76 6 0:41 0,49 0,49 0 1999 8

gLXU CA22534 M 6-8-2007 C.albicans I 1654 834 115 19 102 0.52 0,52 0 1996 II

gFID CA33411 M 6-8-2007 C.albicans I 1791 823 136 20 0:57 0.54 0.54 0 1994 13

gXI)D CA41244 M 30-7-2007 C.albicans 0 1033 817 100 5 (8.45 0.41 0.41 1 2007 0

I 8SNF CA36931 F 6-8-2007 C.albicans 1 1666 774 113 23 0:44 0,81 0.81 0 2(8)2 5

8VDU CA36814 M 6-8-2007 C. albica.ns 1 1770 815 21 22 0:49 0,45 0.45 I 1999 8

1

1

I



gFID CA33411 M 6-8-2007 E.coil I 1791 823 136 20 0:57 0.11 0.11 0 1994 13

gTDX CA26424 M 6-8-2007 E. coli I 1984 875 88 21 0:53 0.01 0,01 0 1999 8

8VTB CA44225 M 9-8-2007 F.. coli 0 1403 878 157 25 0:48 0.47 0,47 I 2007 0

gTNX CA4l290 M 1-8-2007 E.coli 1 2017 903 102 72 1.1)8 0,10 0,10 0 2003 4

8VDN CA44204 M 6-8-2007 E coli 0 1112 823 99 6 0:40 0,00 -0,03 I 2007 0

8VTD CA44222 M 9-8-2007 E.coli 0 1064 809 161 24 0:57 0,48 0,48 I 2007 0

8VDI CA4420I F 6-8-2007 E. coli 0 999 805 99 3 0:56 0.06 0.06 I 2007 0

8VTC CA44224 F 9-8-2007 F.. coli 0 1159 812 152 21 1:05 0.64 0,64 1 2007 0

gSNF CA36931 F 6-8-2007 E. coil 1 1666 774 113 23 0:44 0,00 -0,09 0 2002 5

8VDP CA44205 F 6-8-2007 E. coli 0 932 792 96 7 0:36 0,00 -0,05 1 2007 0

8VDS CA44206 M 6-8-2007 E. coil 0 921 745 68 8 0:31 0,00 -0,05 I 2007 0

8VDU CA36814 M 6-8-2007 E. coli I 1770 815 21 22 0:49 0.00 -0,02 1 1999 8

8LXU CA22534 M 6-8-2007 E.coli I 1654 834 115 19 1.1)2 0,06 0,06 0 1996 II

gVDH CA41249 F 6-8-2007 E. coli 0 598 676 14 I 1:03 0,00 0,00 1 2(X)7 0

8VTF CA44223 F 9-8-2007 E.coli 0 1190 798 166 22 1:00 0,58 0,58 I 2007 (1

8SBX CA36838 F 30-7-2007 E. coil 1 1576 812 76 6 0:41 0,04 0,04 0 1999 8

8SYZ CA36894 M 1-8-2007 E. coil 1 1890 830 69 74 102 0,03 0,03 0 2003 4

gXDA CA41241 F 30-7-2007 E. coli 0 736 730 70 I 1:20 0,05 0,05 I 2007 0

8VAF CA44447 M 1-8-2007 E. coil 1) 864 749 107 5 0:56 0,00 -0,34 I 2007 0

gXI)B CA4 1242 F 30-7-2007 E. cob 0 1001 775 98 2 0:57 0,00 -0,08 1 2007 0

8VAI) CA44444 M 1-8-2007 F.. coil 0 720 712 58 4 0:59 0.00 -0,10 1 2007 0

gXCI CA41232 F 28-7-2007 F.. coli 0 1023 799 100 3 0:38 0,03 0.03 I 2007 0

8VAC CA44449 M 1-8-2007 E. cob 0 990 814 108 3 102 0,00 -0,02 I 2007 0

8XCH CA41231 M 28-7-2007 E. coil 0 874 770 30 2 0:43 0,08 0,08 1 2007 0

8SHI CA36777 M 30-7-2007 F.. cob 1 1836 816 35 7 035 0,16 0.16 0 1999 8

8VAB CA44450 M 1-8-2007 E. coil 0 921 769 97 2 108 0,00 -0,11 I 2007 0

gXI)I CA41246 M 30-7-2007 E.coli 1 1848 849 116 17 0:55 0,29 0,29 0 2006 1

gThN CA41071 M 30-7-2007 E. coil I 1903 833 26 18 0:49 0.42 0.42 0 2004 3

8XDJ CA22867 F 30-7-2007 F.. coil I 1710 794 999 19 0:43 0.25 0.25 1 1998 9

8SXP CA29489 F 30-7-2007 E. coil I 1485 717 999 21 0:29 0,35 0.35 0 1991 16

gXl)D CA41244 M 30-7-2007 E. coil 0 1033 817 100 5 0:45 0.15 0,15 I 2007 0

8SIJB CA36754 F 9-8-2007 E.coli I 1823 805 98 73 0:37 0,16 0,16 1 1999 8

8VDZ CA36843 M 9-8-2007 E. coil I 1778 830 149 69 0:49 0,00 0(8) 1 1999 8

8BVA CA44235 M 9-8-2007 E. coil 1 2402 823 97 70 0:46 0,00 -0,12 0 2006 I

8VAI CA44445 F 1-8-2007 E.coli 0 1018 797 90 7 0:50 0,00 -0,16 I 2(8)7 0

8PCU CA22742 F 9-8-2007 F.. coil 1 1983 810 166 72 0:40 0,22 0.22 0 1997 10

8VDJ CA44202 F 6-8-2007 E. coil 0 953 758 102 4 0:52 0.00 -0.04 1 2007 0

8SNS CA33275 M 1-8-2007 E.coli I 1802 853 66 73 11)3 0.11 0.11 0 1993 14

8VTA CA44226 M 9-8-2007 E. coil 0 1184 835 137 26 0:44 0.57 0.57 I 2007 0

8VCF CA44409 F 1-8-2007 E.coil I 1409 736 142 75 0:59 0.12 0.12 0 2006 I

8LXI CA22602 F 1-8-2007 E.coli 1 1512 774 71 70 1:11 0,15 0.15 1 1996 II

8PZP CA36845 M 28-7-2007 E. coil 1 1944 824 I 0:53 0.46 0.46 0 1998 9

8BVB CA44236 M 9-8-2007 E. cob I 1561 872 115 71 0:43 0.05 0.05 0 2006 I

8SNS CA33275 M 1-8-2007 S. aurcaus I 1802 853 66 73 11)3 0,50 0,50 0 1993 14

gLXI CA22602 F 1-8-2007 S.aureaus I 1512 774 71 70 1:11 0.61 0.61 1 1996 II
8VCF CA44409 F 1-8-2007 S. aureaus I 1409 736 142 75 0:59 0.43 0.43 0 2006 I

8imix CA41290 M 1-8-2007 5. aureaus I 2017 903 102 72 1:08 0.04 0,04 0 2003 4

8XDB CA41242 F 30-7-2007 5. aureaus 0 1001 775 98 2 0:57 0.42 0.42 1 2007 0

8VTC CA44224 F 9-8-2007 Saureaus 0 1159 812 152 21 105 0,21 0,21 I 2007 0

gXC}I CA41231 M 28-7-2007 S. aureaus 0 874 770 30 2 0:43 0,12 0.12 1 2007 0
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8XCI CA41232 F 28-7-2007 S. aureaus 0 1023 799 100 3 0:38 0,55 0,55 I 2007 0

8LVL CA22604 F 28-7-2007 S. aureaus I 1706 815 lOS 21 0:39 0,00 -0,02 0 1996 II
8LBP CA36916 M 28-7-2007 S. aureaus I 1731 819 110 22 0:35 0,00 -0,20 0 2001 6

gSUB CA36754 F 9-8-2007 S. aureaus I 1823 805 98 73 0:37 0,40 0,40 I 1999 8

8XDA CA41241 F 30-7-2007 S.aireaus 0 736 730 70 I 1:20 0,09 0,09 I 2007 0

8PCU CA22742 F 9-8-2007 S. aureaus 1 1983 810 166 72 0:40 0,09 0,09 0 1997 10

gXDD CA41244 M 30-7-2007 S. aureaus 0 1033 817 100 5 0:45 0.62 0.62 I 2007 0

8SHI CA36777 M 30-7-2007 S. aureaus I 1836 816 35 7 0:35 0,31 0.31 0 1999 8

8XDI CA41246 M 30-7-2007 S. aureaus I 1848 849 116 17 0:55 0,00 -0,26 0 2006 1

gThN CA41071 M 30-7-2007 S. aureaus 1 1903 833 26 18 0:49 0,27 - 0,27 0 2004 3

8SNU CA36567 M 30-7-2007 S. aureaus I 2066 862 999 20 0:37 0,13 0,13 0 1998 9

gSXP CA29489 F 30-7-2007 5. aureaus 1 1485 717 999 21 0:29 - 0,64 0,64 0 1991 16

8NNC CA36785 M 28-7-2007 S. aureaus 1 1863 842 77 23 0:30 0,00 -0,62 0 1996 11

g'IlJX CA22886 F 9-8-2007 S. aureaus I 1596 740 168 23 1:03 0,17 0,17 0 1997 10

8VDP CA44205 F 6-8-2007 S. aureaus 0 932 792 96 7 0:36 039 0.39 1 2007 0

5VDS CA44206 M 6-8-2007 S. aureaus 0 921 745 68 8 0:31 0,24 0,24 I 2007 0

8LXU CA22534 M 6-8-2007 S. aureaus I 1654 834 115 19 102 0,63 0,63 0 1996 II

81DX CA26424 M 6-8-2007 5. aureaus 1 1984 875 88 21 0:53 034 0,34 0 1999 8

8VDU CA36814 M 6-8-2007 S. aureaus 1 1770 815 21 22 0:49 0,59 0,59 I 1999 8

gPZP CA36845 M 28-7-2007 S.aureaus I 1944 824 1 0:53 0.47 0.47 0 1998 9

8LFN CA22628 F 30-7-2007 5. aureaus I 1485 717 999 22 0:21 0,83 0,83 I 1997 10

8VDJ CA44202 F 6-8-2007 5. aureaus 0 953 758, 102 4 0:52 0,12 0,12 I 2007 0

8VTD CA44222 M 9-8-2007 S. aureaus 0 1064 809 161 24 0:57 0,17 0.17 I 2007 0

8VTB CA44225 M 9-8-2007 5. aureaus 0 1403 878 157 25 0:48 0,23 0.23 1 2007 0

8VTA CA44226 M 9-8-2007 S.aureau.s 0 1184 835 137 26 0:44 0.15 0,15 I 2007 0

8VDZ CA36843 M 9-8-2007 S. auzeaus 1 1778 830 149 69 0:49 0,00 -0,05 I 1999 8

8BVA CA44235 M 9-8-2007 S.aureaus 1 2402 823 97 70 0:46 0.14 0.14 0 2006 1

gBVB CA44236 M 9-8-2007 5. aureaus 1 1561 872 115, 71 0:43 0.00 -0.03 0 2(1)6 I

8V'FF CA44223 F 9-8-2007 5. aureaus 0 1190 798 166 22 1:00 0,18 0.18 1 2007 0
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