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General methodology

Bird husbandry

Nestlings were collected from an urban (Munich;®BN, 11°34’ E, 518 m asl)
and a nearby rural site (forest of Raisting 4799311°04’ E, 553 m asl; [1, 2]). All birds
were banded with a unique aluminum rings. The hiigkd in this study were previously
involved in behavioral and hormonal experiments &wever, we consider any carry-
over effects from these experiments unlikely siexperiments were primarily
behavioral, and all birds were treated identicdliyds were kept in individual cages
(HXxWxD:75x45x80cm) in one of two rooms, and cageserequipped with passive
motion sensors mounted to the top of each cagell{t@nse XJ-413T, by CK Systems,
12 m/40° range). Food (Granvit, Chemivit, Quattestélla, Italy) and water were
availablead libitum and both were renewed every day. All experimgmtatedures were
conducted with prior approval by the appropriateharity, the Regierungsprasidium of

Freiburg, Germany (permit number: 35/9185.81/G-08/9

Blood sampling and sample processing

Blood samples were obtained by pricking the winig wéth a 23 gauge needle
and collecting the blood samples in heparinizedlleap tubes. Samples were kept on ice
and were centrifuged within 4 hours for 10 minge8000 g. Plasma was taken off and
stored at -80°C until analysis for hormone conegitins and oxidative stress markers.
Red blood cells were added to a cryoprotectanebuafinsisting of 90 % bovine serum
and 10% DMSO for telomere analyses. Red blood @els other sampling periods were

frozen for later glutathione peroxidase analyses.
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Lyophylized LPS (Sigma L2880) was reconstitutephosphate-buffered saline
(PBS) to a concentration of 1mg/ml. For each offthe LPS challenge periods all
individuals from the stress-exposed group recearedjection on the same day, always
between 9-11 am. We injected a dose of 2.0 ug lilkgd in PBS per gram body mass

into the breast muscle using a 26g needle.

LPSinjections

Lyophylized LPS (Sigma L2880) was reconstitutephosphate-buffered saline
(PBS) to a concentration of 1mg/ml. For each offthe LPS challenge periods all
individuals from the stress-exposed group recearethjection using a 26g needle into

the breast muscle on the same day, always betwéé&ratn.

Deter mination of cytokine concentrations

Plasma samples for IL-6 analyses were taken 6ftessthe first LPS injection (in
Jan 2010), in line with earlier research in sordpsuggesting that they would be
elevated around this time [3]. IL-6-like bioactiibf plasma was determined via
bioassay of cell proliferation in mouse B-cell hgama cells, using the methods of Van
Oers et al. [4] with minor modification [3]). BO It which are highly dependent upon
IL-6 for growth, were maintained in RPMI media (gab. 11875-085 Gibco, Invitrogen,
Carlsbad, CA, USA) supplemented with 5% fetal beserum (cat. no. SH3007002
Hyclone, Thermo Scientific, Waltham, MA, USA), 100/ml penicillin/streptomycin

(cat. no. SV30010, Hyclone), 5 2-mercaptoethanol (cat. no. M6250, Sigma-
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Aldrich), and 50 pg/ml recombinant human IL-6 (cai. 11395, Sigma-Aldrich, St.
Louis, MO, USA). Prior to the assay, cells were egbtwice in RPMI media containing
no IL-6. Bird plasma samples were plated in dupdisaf 10uL and then serially diluted
from 1:2 to 1:64 in RPMI on 96-well tissue cultynlates. B9 cells were added to each
well at a density of 5,000 cells/well in RPMI medi@antaining all of the above additives,
except IL-6, and including a final concentratior2dbx106 M of polymyxin B (cat. no.
P1004, Sigma-Aldrich), which prevents direct adivma of B9 cells by any potential LPS
remaining in plasma samples. Cells were incubateldaiowed to proliferate for 72hrs at
37°C, at which point 24_ of 5 mg/mL thiazolyl blue tetrazolium bromide d¢dTT,

cat. no. M5655, Sigma-Aldrich) was added to eveeyl.Wiour hours later, each well was
treated with 50mL of a solution containing 20% SB®,75%N,N-dimethyl formamide,
2% glacial acetic acid, 2.5% 1M HCI, and 37.75%atezed water. After incubating
overnight at 37°C, cell proliferation was assaygddading absorbance on a Bio-Rad
iMark plate reader (cat. no. 168-1135, Life ScieResearch, Hercules, CA, USA). The
final values reported reflect absorbance at 595mnus absorbance at 630 nm, which
controls for differences in general opacity betwesetfis.

To facilitate analysis similar to all other metriosthis study, an average
absorbance was calculated across all dilutionsidf sample, yielding a single value per
sample. These values were then analyzed using mixelels as specified below.
Analysis by nested mixed effects models, incorpogatalues of each serial dilution and

autocorrelation functions, as in Adelman et al, {8¢lded qualitatively identical results.

Deter mination of telomere length



70

71

72

73

74

75

76

77

78

79

80

81

82

83

84
85

86

87

88

89

90

91

92

93

Briefly, DNA from whole blood was extracted in 0.&¥arose plugs, digested with
proteinase K, followed by restriction digestiontwit5 U ofHinfl, 75 U ofHaelll, and 40
U of Rsal at 37 °C. Plugs were loaded into a 0.8% nondemafagarose gel. DNA was
separated using pulsed field gel electrophoreN8d®, 0.5—-7.0 s switch times, 14 °C)
for 21 h, followed by in-gel hybridization at 37 Wernight with a radioactive-labeled
telomere-specific oligo (CCCTAA)Hybridized gels were placed on a phosphorscreen
(Amersham Biosciences, Buckinghamshire, UK), whiets scanned on a Storm 540
Variable Mode Imager (Amersham Biosciences). Weal usnsitometry (ImageQuant
5.03v and ImageJ 1.42q) to determine the positiwhsérength of the radioactive signal
in each of the lanes compared to the molecular engdflkkb DNA Extension Ladder;
Invitrogen, CA, USA). The background was fixed las hadir of the low MW region on
the gel (<1 kb). Genome-wide mean telomere length @alculated in the range of 1-40
kb (the limits of our molecular marker). Intra- ainter-gel coefficients of variation were,

respectively: 3.3% and 2.0%.

Oxidative status of blood

Plasma oxidative damage (mostly hydroperoxides)measured by colorimetric
determination using the d-ROMs test. The OXY-Adsnititest was used to quantify the
ability of plasma non-enzymatic antioxidant compasito cope with the oxidant action
of hypochlorous acid (HOCI; an endogenously produmddant). We chose this assay
because compared to others (e.g., FRAP, TEAC)as aot overly rely on the
contribution of uric acid. The concentration oftglihione peroxidase in red blood cells
was quantified using the Ransel assay (Randox lkaétrdes, Crumlin, UK; for further

details on all assays see [5]). Readings of abscgbhaere carried out with a Thermo
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Scientific Multiskan Spectrum (ThermoFisher, Vantaialand). All samples were run in
duplicate and the respective intra- and inter-assafficients of variation were: 5.80 and
7.45% for hydroperoxides; 5.96 and 6.69% for plasmaenzymatic antioxidant

compounds; 5.65 and 8.05% for glutathione peroxdeasels.

Hormone analyses

Recovery of sample content after extraction wa88514% (meanzCV).
Corticosterone antibody was purchased from Esotamtocrinology, CA, USA. All
samples were assayed in duplicates. A total ok8ysswere run and all samples from
one individual collected during a particular samglperiod were always included in the
same assay. Two buffer blanks were taken througleriire assay procedure in each
assay. Four samples with known amount of corticoseadded (at low, medium and
high concentrations) were included in each assapnagpute intra-assay (mean CV:

6.8%) and inter-assay variation (mean CV: 13.2%).

Satistics: Analyses of short-term effects of the two treatments on biomarkers
Short-term efficacy of LPS injection on body masgpkines (samples taken in Jan '10)
and on oxidative stress (samples taken in Oct ‘48, of chronic disturbance treatment
on body mass, oxidative stress (samples taken W) and stress hormones (samples
taken in Dec '09 and Mar '10) were analysed usingdr mixed models in which we
always included ‘treatment’ (vehicle versus LPSation, control: vehicle versus stress-
exposed: LPS-injection), the interaction of treatimeith ‘time’ (before versus after

injection or before versus after stress exposespectively) as fixed effects and
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individual ID, as well as ID nested within nest (f® account for the fact that some
individuals were siblings) as random factors. Thaable ‘sex’ and the interactions of
‘sex*time’, ‘sex*group’ and ‘sex*time*group’ werancluded in the models (and will be
reported in the Results section) if they increabedmodel fit and explained a significant

proportion of the variation.

Results: Efficacy of the immune and chronic stress treatments used

Six hours after injection, plasma interleukin (lbJike bioactivity was 2-fold
higher in LPS-injected than in vehicle (PBS) ingztbirds (all raw data and statistical
results are summarized in Table S1). Both groupsrdé lost body mass following the
injection, but LPS-injected birds lost significanthore body mass than PBS-injected
individuals. LPS injected birds also showed a neaifold increase in plasma oxidative
damage levels 24 hours after LPS injection, whB&fnjected individuals displayed
consistently low oxidative damage levels. Howetteere were no differences between
treatment groups, or changes over time in non-eangmntioxidant levels. Likewise,
there were no group differences in glutathione yidese levels, although both groups
decreased levels over time.

As a consequence of the chronic disturbance tresfrak birds lost body mass,
but birds in the stress-exposed group decreaseghads more strongly than control
birds (all raw data and statistical results arersanized in Table S2). Stress-exposed
birds overall had higher plasma oxidative damage tontrol birds, and stress-exposed
birds decreased while control birds increased dixidalamage during the chronic stress

period. Stressed-exposed birds overall had higlasn@a non-enzymatic antioxidant



140 levels, but levels did not vary over time, nor ajpaudifferently in the two groups. There
141  were no differences over time or between grougsadnd cell glutathione peroxidase
142  levels.

143 Following the 10-day repeated chronic stress distace regime body mass of all
144  birds decreased over time (comparing Nov 09 to M@y but groups did not differ.
145  Although there were temporal changes in endocrar@bles in both groups over time
146 (BaseCort, StressCort and ACTHCort increased, vaseDEXCort decreased), there
147  were no differences between groups nor interacti@tsween time and treatment. For
148 ACTHCort, there was a significant main effect ot saéth females having higher

149 concentrations of corticosterone than males (T&B)e

150

151 Discussion: Treatments caused short-term physiological challenges

152 Both of our stress treatments (i.e. immune cha#eargd chronic daily

153 disturbances) were effective in delivering shortrtatressful stimuli, in particular by
154 decreasing body mass and affecting oxidative stoask(Tables S1, S2). Injections of
155 LPS are known to cause robust immune responsesrti@brates by inducing the

156 energetically costly acute phase immune resporsec#m include fever, anorexia and
157 sickness behaviour in birds [3, 6]. LPS is a pro&ipressed on bacterial cell walls,
158 representing an ecologically relevant stimulus thdividuals in the wild likely

159 experience during their lives. As in a previougigtaon song sparrows [3], cytokine
160 secretion of Eurasian blackbirds in our study wgsificantly increased within 6 hours
161 after LPS-injection. Furthermore, corroboratingyioes studies showing that immune

162 responses can induce oxidative damage and chatigridant status (e.g., [7-9], within
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24 hrs LPS-injected individuals in our study lostlip mass and had increased levels of
circulating oxidative damage (Table S1).

Likewise, birds exposed to 10 days of the chromstudbance treatment lost mass
(see also [10] and decreased plasma concentratiansdative compounds from an
elevated level to that of control birds (Table SR)rprisingly, effects of the chronic
disturbance treatment on the endocrine stressagexis not detectable (Table S2). Our
chronic disturbance protocol represented a miléesion of that used previously in
studies on European starling$ufnus vulgaris), in which more disturbances per day (up
to 6) and for longer periods of time (up to abowte®ks) resulted in reduced baseline
and stress-induced corticosterone concentrationehss a reduced maximal
corticosterone secretion after ACTH injection [12]. It is highly likely that in our
experiments each individual disturbance on a goeninduced an endocrine stress
response, especially in the beginning of the treatrperiod [11], and that a longer
duration of the disturbance regime may have reduft@n alteration of the endocrine
stress axis. At the same time, the lack of sigaiftachanges in the endocrine stress axis
in the current study suggests that the chronicrhsince treatment did not induce HPA

pathology.
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