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Supplementary material

PRISMA scheme using ISI Web of Science (Sept 2019):

Database: Zoological Record

SUBJECT DESCRIPTORS: (Aves OR Birds)

AND TOPIC: (paramet* OR profil* OR leu* OR lym* OR immun* OR (H:L OR H/L) OR blood)
OR TOPIC: (PHA OR Phytohaemagglutinin) OR (BKA OR "bacteria-killing assay") OR (RRBC OR
HLHA OR "Hemagglutination" OR "hemolysis")

AND TOPIC: (sex*)

OR TOPIC: (male* AND female*)

NOT TOPIC: (poultr* OR chicken* OR broiler* OR caged)

Refined by: ORGANISMS: (AVES) AND [excluding] DOCUMENT TYPES: (BOOK CHAPTER OR
BOOK OR MEETING)

Timespan: All years

Outcome: 8,056 for inspection based on title and abstract

7307 documents discarded due to:

* Not in birds

Not in adults

Not an immune study

Domesticated species

Experimentation or manipulation (medication, in fection, etc)
Review articles

749 full texts assessed for further eligibility

705 documents discarded due to:

* Adult and non-adult combined

* Males and females combined, or only one sex analysed
4— * Raw values (means, variance or sample size) not provided in
main text nor upon request

No relevant immune data

All seasons combined (breeding and nonbreeding)

* Not in wild birds (in captivity or semi-natural enclosures)

44 Publications included in final analysis
e 35 for cellular immunity
e 12 for immune response

Figure S1. Searching parameters and PRISMA scheme followed to obtain publications used in

analysis.
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Figure S2. Phylogenetic trees used in meta-analyses and MCMC generalised linear mixed models.

H/L ratio = heterophils/lymphocytes ratio. s refers to number of species.
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Table S1. Breeding status and time from capture to blood sampling in studies investigating cellular immunity (WBC).

Reference | Species Breeding status | Breeding status Stated capture-sampling time
number
1 Larus fuscus Breeding Captured at nest during breeding season Not specified
2 Zonotrichia leucophrys Breeding Captured pairs with mist nets near the nest during breeding season. Breeding status Within 3 mins after capture
confirmed with behavioural observations
3 Aphelocoma coerulescens Breeding Not specified; sampled during the breeding season. Inferred by capture date' Within 1 min after capture
4 Morus bassanus Breeding Captured at nest during breeding season Immediately after capture
5 Hirundo rustica Breeding Captured at the gate of breeding colony (in stables) Not specified
6 Haemorhous mexicanus Breeding Not specified; sampled during the breeding season. Inferred by capture date'! Immediately after capture
7 Charadrius falklandicus Non-breeding Captured with cannon net to non-breeding birds outside the breeding season 10-232 min, mean = 105.2 (SD = 56.7)
8 Phaethon rubricauda Breeding Captured at nest during incubation and chick rearing Within 3-10 mins after capture
Sula leucogaster
9 Eudyptes chrysocome Breeding Captured during incubation Within 3 mins after capture
chrysocome
10 Larus michahellis Breeding Captured at nest for breeders Not specified
Non-breeding Captured outside the breeding season for non-breeders
11 Calonectris diomedea Breeding Captured at breeding colony Not specified
Non-breeding Divided in breeders and sabbaticals (non-breeders)
12 Chloephaga picta leucoptera | Breeding Captured during chick rearing with whoosh nets Not specified
13 Vireo olivaceus Breeding Captured by mist-netting during the breeding season Within 30 mins after capture
14 Parus major Breeding Captured from nest boxes during the breeding season Not specified; stated: “at capture”




15 Alauda arvensis Breeding Captured breeding birds 2006-2009 Within 2-35 min, median =5 min
Non-breeding captured birds at moulting, autumn migration and wintering 2007-2008
16 Acrocephalus scirpaceus Breeding Captured at different times of the year. The last one corresponding to post-breeding, Not specified
Acrocephalus schoenobaenus | Non-breeding dispersal and start of autumn migration
17 Spinus tristis Breeding Mist nets by feeders in breeding grounds. Birds were determined as breeders based on | Within 60 mins after capture
bill and plumage colours
18 Parus major Breeding Captured at nest boxes during breeding Not specified; stated: “at capture”
19 Poecile cinctus Breeding Captured at nest boxes during breeding Not specified
20 Parus major Non-breeding Captured with mist nets by feeders in winter Within 1 min after capture
21 Larus marinus Breeding Captured at nest in breeding colony Not specified; handling time and
lymphocyte levels not correlated P = 0.34
22 Locustella luscinoides Non-breeding Captured with mist nest post breeding and beginning of dispersal and migration Not specified
23 Carduelis carduelis Breeding Captured during breeding season. Presence of brood patch or cloacal protuberance Not specified
24 Cardinalis cardinalis Breeding Captured during breeding season. Presence of brood patch or cloacal protuberance Not specified
25 Cygnus columbianus Non-breeding Captured during moulting in the breeding grounds, previous start of migration Not specified
26 Pygoscelis antarcticus Breeding Captured at nest in breeding colony Not specified
27 Larus ridibundus Non-breeding Captured in non-breeding grounds (Spain) Not specified
28 Empidonax traillii extimus Breeding Captured during breeding season. Presence of brood patch or cloacal protuberance Not specified
29 Pygoscelis antarcticus Breeding Captured by hand at the nest during nesting for breeders and later at moulting for non- | Not specified
Non-breeding breeders
30 Hirundo rustica Breeding Captured using mist nets when arriving to breeding site and then during check rearing Not specified
31 Falco tinnunculus Breeding Captured at nest boxes during breeding season Not specified; stated: “at capture”




32 Cyanoliseus patagonus Breeding Captured at nests on cliffs during breeding season Within 30 mins after capture
33 Somateria spectabilis Breeding Captured at the onset of nesting during breeding season Not specified

34 Forpus passerinus Breeding Captured at nest boxes or using mist nets close to nests Not specified

35 Alle alle Breeding Captured at nest in the colony (stated that only took breeding adults) Within 3 mins after capture

Y Species breeding period was assumed according to del Hoyo et al. (2019) Handbook of the Birds of the World Alive. Lynx Edicions, Barcelona.

Table S2. Breeding status in studies investigating immune function.

Reference | Species Breeding status | Breeding status

number

1 Larus fuscus Breeding Captured at nest during breeding season

2 Cepphus grylle Breeding Captured when leaving nest in burrows in breeding colonies

3 Plocepasser mahali Non-breeding Captured at nest during breeding season; breeders were discarded after behavioural observations

4 Calonectris diomedea Breeding Captured by hand on their nests during the incubation, in colony

5 Tachycineta bicolor Breeding Captured from nest boxes during breeding season

6 Passer montanus Breeding Captured with mist nets and breeding status determined by anatomy and behaviour

7 Molothrus ater Breeding Captured during the breeding season; only using older birds (according to plumage) to ensure they got a mate
Agelaius phoeniceus Non-breeding Recaptured outside the breeding season

8 Passer domesticus Non-breeding Captured just before start of breeding season. Reproductive status inferred by date of capture'V

9 Pygoscelis antarcticus Breeding Captured by hand at the nest during nesting for breeders and later at moulting for non-breeders

Non-breeding

10 Falco tinnunculus Breeding Captured at nest boxes during breeding season

11 Sula nebouxii Breeding Captured at nest in breeding colony

12 Agelaius phoeniceus Breeding Captured during breeding season while territory formation till fledging of chicks

W Species breeding period was assumed according to del Hoyo et al. (2019) Handbook of the Birds of the World Alive. Lynx Edicions, Barcelona.
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Table S3. Number of studies, species and effect sizes used in present analyses.

Immune variable Studies Species Effect sizes
White blood cells
Heterophils 23 21 45
Lymphocytes 25 23 47
Macrophages 14 15 27
Eosinophils 12 13 24
H/L ratio 27 27 55
Immune response
PHA 8 8 16
BKA 3 3 7
Haemolysis 3 3 3
Haemagglutination 3 3 3

H/L ratio = heterophils/lymphocytes ratio, PHA = phytohaemagglutinin test, BKA = bacteria-

killing ability assay.

Model specification of Markov chain Monte Carlo simulations for generalised linear mixed models

Apart from the H/L ratio and the PHA, all our variables were proportions. Proportions were considered as
success/failure (cbind(success, failure)) and the H/L ratio was log-transformed. The H/L ratio and PHA models
were run with a Gaussian family distribution, whereas the rest of the models were run using a binomial family
distribution (specified as ‘multinomial2’). We used parameter expanded priors for the random effects (V =
diag(1), nu =1, alpha.mu = ¢(0), alpha.V = diag(1)), inverse Wishart priors (V = 1, n = 0.002) for the residuals
and normal distributions centred on zero with large variances as fixed effects priors (default prior in function
MCMCgImm). These priors were chosen to improve model convergence while being minimally informative
(random effects) or completely uninformative (fixed effects). The models of macrophages in both full data set
and subset analysis were run across 25,000,000 iterations with a thin of 20,000 and a burn-in of 5,000,000.
The rest of the models were run across 1,603,000 iterations, thin of 1,600 and a burn-in of 3000. In all seven
models, the potential scale reduction factor from the Gelman-Rubin test was 1.04 or lower, which is below the
threshold of 1.1 indicating model convergence. Autocorrelation was also low, always below the threshold of

0.1.
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Table S4. Number of species and number of individuals included in MCMC generalised linear
mixed models of the full data set, and in the subset of data including species for which there were

data from both the non-breeding and breeding periods.

Analysis using full data set Analysis using subset of data
Number of species  Number of individuals Number of species  Number of individuals
Heterophils 21 90 3 28
Lymphocytes 23 94 4 30
Macrophages 15 56 2 14
Eosinophils 13 56 3 18
HJ/L ratio 27 110 7 48
PHA 8 32 5 24
BKA 3 14 2 12

Table S5. Sex difference and seasonal variation in white blood cell counts and immune responses in wild
bird species for which there were data from both the non-breeding and breeding periods (MCMC generalised

linear mixed models; n = total number of individuals; P-values < 0.05 highlighted in bold).

95% credibility intervals

Post. mean  Lower Upper P
a) Heterophils (n = 28)
Intercept -1.008 -2.261 0.424 0.124
Season (breeding)? 0.030 -0.630 0.676 0.946
Sex (males)® -0.649 -1.145 -0.242 0.004
Season (breeding)®*sex (males)® 0.572 -0.052 1.213 0.084
Random
Study 0.550 <0.001 1.852
Phylogeny 0.592 <0.001 2.395
Residual 0.123 0.014 0.265
b) Lymphocytes (n = 30)
Intercept -0.048 -1.717 1.330 0.980
Season (breeding)? -0.005 -0.563 0.556 0.994
Sex (males)® 0.334 -0.021 0.755 0.088
Season (breeding)®*sex (males)® -0.280 -0.834 0.283 0.352
Random
Study 0.260 <0.001 0.983
Phylogeny 1.186 <0.001 3.588
Residual 0.119 0.029 0.231
¢) Macrophages (n = 14)
Intercept -2.679 -5.357 0.317 0.050
Season (breeding)? -0.598 -1.538 0.223 0.142
Sex (males)P 0.025 -0.501 0.496 0.930
Season (breeding)®*sex (males)® 0.241 -0.943 1.325 0.674
Random
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Study 1.786 <0.001 7.264

Phylogeny 2.287 <0.001 10.91
Residual 0.035 <0.001 0.145
c) Eosinophils (n = 18)
Intercept -2.933 -4.824 -1.205 0.018
Season (breeding)? 0.410 -0.277 1.076 0.224
Sex (males)® 0.265 -0.292 0.838 0.346
Season (breeding)®*sex (males)® -0.382 -1.278 0.411 0.376
Random
Study 0.850 <0.001 3.622
Phylogeny 1.138 <0.001 4.594
Residual 0.05768  <0.001 0.207
c) H/L ratio (n = 48)
Intercept -0.553 -1.353 0.183 0.120
Season (breeding)? 0.066 -0.342 0.492 0.744
Sex (males)® -0.389 -0.750 -0.015 0.040
Season (breeding)®*sex (males)® 0.556 0.091 1.070 0.040
Random
Study 0.394 0.021 0.989
Phylogeny 0.177 <0.001 0.709
Residual 0.212 0.126 0.306
d) PHA response (n = 24)
Intercept 0.805 -0.281 1.984 0.104
Season (breeding)? -0.094 -0.334 0.153 0.422
Sex (males)P 0.091 -0.076 0.273 0.282
Season (breeding)**sex (males)® -0.070 -0.397 0.214 0.654
Random
Study 0.224 <0.001 1.021
Phylogeny 0.531 <0.001 1.881
Residual 0.030 0.013 0.054
d) BKA assay (n =12)
Intercept -1.711 -6.111 2.292 0.234
Season (breeding)? 0.364 -1.213 1.989 0.624
Sex (males)? -0.215 -1.414 1.110 0.702
Season (breeding)®*sex (males)® 1.501 -0.450 3.736 0.144
Random
Study 3.328 <0.001 14.14
Phylogeny 3.707 <0.001 11.33
Residual 0.671 0.067 1.62

Relative to the non-breeding period

bRelative to females



