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Appendix 1 

Monthly temperature in the two study years 

Table A1. Data from the Finnish Meteorological institute (weather station in Kauhava Airport, in 
the middle of the study area). 

Year Month Mean ºC ± SE Minimum ºC Maximum ºC 
2012 January –7.70 ± 1.01 –18.6 0.9 

February –9.20 ± 1.60 –27.1 –0.2 
March –0.90 ± 0.80 –12.9 5.1 

2013 January –6.70 ± 1.09 –22.0 1.7 
February –3.70 ± 0.80 –14.7 3.1 
March –8.60 ± 0.60 –17.3 –2.1 

 

Diversity and abundance of small birds 
Pygmy owls Glaucidium passerinum can hunt both small mammals and birds, but among the birds 

they prey upon species weighing less than 60 g (Kellomäki 1977). The bird species with body mass 

<60 g recorded during census, apart from the tit species, were: the yellowhammer Emberiza 

citrinella, the goldcrest Regulus regulus, the tree-creeper Certhia familiaris, the bullfinch Pyrrhula 

pyrrhula, the greenfinch Chloris chloris, the redpoll Acanthis flammea and the red crossbill Loxia 

curvirostra. In overall 114 census sessions, small birds with body mass <60 g, apart from tit 

species, were observed in 43 sessions and among these goldcrest, redpoll and bullfinch were the 

most common (each observed in the 8–9% of the census sessions). These birds were included in the 

census model as ‘other birds’ to control for their possible effect on tit abundance (for example, 

through heterospecific attraction or interspecific competition). Overall, during the mist-net trapping 

sessions, apart from tit species, only two tree-creepers were trapped. 

 

References 
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Correlation between species richness and abundance 
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Figure A1. Number of individuals against the total number of species observed during the censuses.	
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Tit abundance in mist-net trapping 

Overall tit abundance in the mist-net trapping data was affected by food supplementation but not by 

predation risk (Table A2, Fig. A2). See the manuscript for the discussion on the impact of food 

supplementation and predation risk on local abundance of tits species. 

 

Table A2. Results of GLMMs (GLMM, PROC GLIMMIX, SAS 9.3; negative binomial 

distribution, log link) for the pooled abundance of five tit species (great tit, willow tit, blue tit, 

crested tit and coal tit) in mist-net trapping sessions according to food-supplementation (‘food 

treatment’) and owl predation risk (‘owl risk’). Numerator DF is always equal to 1 and thus in the 

table only the denominator DF is presented. The reference levels for the categorical variables are: 

2012 for ‘year’, unfed for ‘food treatment’ and low owl risk for ‘owl risk’. Forest patch, nested in 

treatments, was used as random factor. Factors in parentheses were excluded one by one through a 

stepwise method, but reflect statistics of these individual terms entered into the final models. 

Statistically significant values are presented in bold. 

 Variable Slope ± SE Den 
DF 

F p 

Abundance 
(mist-net) 

owl risk –0.002 ± 0.25 78 0.00 0.99 
food treatment –1.91 ± 0.25 78 57.19 <0.0001 
year –0.35 ± 0.24 78 2.07 0.15 
month –0.16 ± 0.16 78 1.00 0.32 
min. from 
dawn 

–0.003 ± 
0.001 

78 7.02 0.01 

(owl × food)  78 1.67 0.20 
(owl × year)  77 0.82 0.37 

 

  



4	
	

	
Ti

t a
bu

nd
an

ce
 in

 m
is

t n
et

0

2

4

6

8

Unfed Fed 	

Figure A2. Estimates ± SE of the interaction between level of owl risk (low versus high) and food-

supplementation (unfed versus fed) on the number of tit species trapped in mist-nets. Food 

supplementation treatment is on the x-axis (either unfed or fed). White bars represent sites with low 

owl risk whereas black bars represent sites with high owl risk. Abundance of tit species is only 

affected by food supplementation but the interaction owl risk × food supplementation is presented 

(even if not statistically significant) because is representative of the experimental design. 	
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Local abundance of great, blue, willow and crested tits  

The abundance of great and blue tits in the census data increased as a response to food 

supplementation, but was not affected by predation risk (Table A3–A4), whereas the abundance of 

willow and crested tits remained unaffected by food supplementation (Table A3–4; estimates ± SE 

for willow tit abundance: unfed 1.18 ± 0.21, fed 1.68 ± 0.28). None of the tit species considered 

showed interactive effects of food-supplementation and predation risk on their abundance.  

In the mist-net trapping data food abundance and predation risk did not have clear 

interactive effects on great tit abundance, but great tits were more numerous in food-supplemented 

sites (Table A3–A4). The abundance of the other tit species could not be analysed from the mist-net 

trapping data because too few individuals were caught per treatment. 

Abundance of willow tits in the census was affected by the significant interaction between 

the level of predation risk and the study year (Table A3). According to the least square means 

estimates, and post hoc test on the estimates of this interaction, in 2012 willow tits were more 

abundant in sites with high pygmy owl risk, and overall fewer willow tits were observed in sites 

with low pygmy owl risk in 2012 than in 2013 (Table A5). All the other tit species considered were 

more abundant in the census in 2013 than in 2012 (Table A3–A4), and the number of great tits 

trapped in the mist net was also higher in 2013 than in 2012 (Table A3–A4).  
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Table A3. Results of GLMMs on the abundance of each tit species both in the census and in mist-
net trapping data, depending on food supplementation (‘food treatment’) and perceived predation 
risk (‘owl risk’). In the census data great tits (negative binomial distribution, log link) and willow, 
blue and crested tits (all Poisson distribution, log link) are included, whereas in the mist net data 
only great tits (Poisson distribution, log link) were considered. The distribution for each dependent 
variable was selected according to the fit statistics of the model (for Poisson and negative binomial, 
log link) or visually from the distribution of the residuals (for normal distribution, identity link). 
Numerator DF is always equal to 1 and thus in the table only the denominator DF is presented. The 
reference levels for the categorical variables are: 2012 for ‘year’, unfed for ‘food treatment’ and low 
owl risk for ‘owl risk’. Forest patch, nested in treatments, was used as random factor. Factors in 
parentheses were excluded one by one from the final model using a stepwise method but reflect 
statistics of these individual terms re-entered into the final models. Statistically significant values 
are presented in bold. 

 Variable Slope ± SE Den DF F p 

Great tit 
abundance 
(census) 

owl risk –0.06 ± 0.29 79 0.05 0.83 
food treatment –1.32 ± 0.29 79 20.05 <0.0001 
year –0.79 ± 0.26 79 9.41 0.003 
month 0.63 ± 0.15 79 18.70 <0.0001 
min. from dawn –0.004 ± 0.002 79 4.98 0.03 
(owl × food)  79 0.02 0.88 
(owl × year)  78 1.47 0.23 

Great tit 
abundance 

(mist-net) 

owl risk –0.41 ± 0.39 79 1.11 0.29 
food treatment –0.91 ± 0.38 79 5.63 0.02 
year –0.77 ± 0.32 79 5.78 0.02 
min. from dawn –0.005 ± 0.001 79 17.93 <0.0001 
(owl × food)  79 0.88 0.35 
(owl × year)  78 0.01 0.92 

Willow tit 
abundance 
(census) 

owl risk 0.32 ± 0.32 78 0.58 0.45 
food treatment –0.36 ± 0.24 78 2.20 0.14 
year 0.009 ± 0.30 78 5.75 0.02 
month –0.11 ± 0.11 78 1.12 0.29 
min. from dawn 0.001 ± 0.001 78 0.74 0.39 
year × owl  78 5.60 0.02 
(owl × food)  78 0.05 0.83 

Blue tit 
abundance 
(census) 

owl risk –0.03 ± 0.45 79 0.00 0.95 
food treatment –1.69 ± 0.48 79 12.54 0.0007 
year –0.76 ± 0.35 79 4.71 0.03 
month 0.57 ± 0.18 79 10.47 0.002 
min. from dawn –0.005 ± 0.002 79 3.59 0.06 
(owl × food)  79 0.05 0.83 
(owl × year)  78 0.14 0.71 

Crested tit 
abundance 
(census) 

owl risk –0.02 ± 0.27 79 0.01 0.93 
food treatment –0.51 ± 0.27 79 3.63 0.06 
year –0.48 ± 0.22 79 4.66 0.03 
month –0.01 ± 0.12 79 0.01 0.91 
min. from dawn –0.002 ± 0.001 79 1.45 0.23 
(owl × food)  79 0.06 0.81 
(owl × year)  78 0.96 0.33 
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Table A4. Estimates ± SE of the abundance of great, blue and crested tits in census and great tit in 

the mist-net trapping data (see Table A3 for the statistics of the final models and table A5 for 

willow tit abundance).  

 Food supplementation Owl risk Year 
 Unfed Fed Low High 2012 2013 
Census       
Great tit 0.55 ± 0.13 2.06 ± 0.37 1.03± 0.21 1.10 ± 0.23 0.72 ± 0.15 1.58 ± 0.29 
Blue tit 0.16 ± 0.06 0.88 ± 0.24 0.37 ± 0.12 0.38 ± 0.12 0.26 ± 0.08 0.55 ± 0.15 
Crested tit 0.89 ± 0.18 1.48 ± 0.26 1.13 ± 0.21 1.16 ± 0.22 0.90 ± 0.16 1.45 ± 0.25 
Mist-net       
Great tit 0.46 ± 0.14 1.14 ± 0.29 0.59 ± 0.17 0.89 ± 0.25 0.50 ± 0.13 1.06 ± 0.26 
 

 

 

Table A5. Estimates (least square means, LSM) ± SE on the significant interaction ‘year × owl’ for 
willow tit abundance in the census data (see Table A3 for the statistics of the interaction) and the 
results of the post hoc tests comparing the estimates of different owl predation risk levels (high and 
low risk) in the two study year.  

Willow tit 
abundance 
(census) 

Year Owl risk Estimates (LSM) ± SE 

2012 low 0.77 ± 0.21 
2012 high 1.55 ± 0.32 
2013 low  2,11 ± 0.40 
2013 high 1.54 ± 0.39 
 
Year Owl risk  Year Owl risk Post hoc test 

estimates ± SE 
t p 

2012 low 2012 high –0.70 ± 0.34 –2.06 0.04 
2013 high 2013 high 0.32 ± 0.32 1.01 0.32 
2012 low 2013 low –1.00 ± 0.29 –3.45 0.0009 
2012 high 2013 high 0.01 ± 0.30 0.03 0.98 
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Discussion on local abundance of tit species 
Abundance of great and blue tits in the census was positively affected by food supplementation, 

with more individuals in fed sites, independently from predation risk. Previous studies have also 

shown that these tit species benefit from food supplementation in winter. Great and blue tits showed 

larger population size in the breeding season following food supplementation in the previous winter 

(Van Balen 1980, Dhondt 2012). The abundance of willow and crested tits was instead not affected 

by food supplementation or predation risk. This lack of response in crested and willow tit could be 

species-specific. These species could have slightly different diet preferences and be able to forage 

on food items that are still present in the forest even during winter (animals seem not to respond to 

supplementary feeding if natural resources are abundant). Otherwise these species could be less in 

need of additional food resources, since at least willow tits are known to cache food for the winter. 

A previous study showed, however, higher winter survival rate after receiving food supplementation 

in willow and crested tits, although the main reason for mortality was predation by pygmy owls 

(Jansson et al. 1981). The authors suggested that fed individuals may modify their foraging 

behaviour and spend less time foraging in areas of trees that are more exposed to risk of predation 

from pygmy owls (Suhonen et al. 1993, Kullberg 1995).  

Overall, more birds were observed in 2013 than in 2012. This could be due to the warmer 

temperatures: although still below zero ºC, temperatures were considerably less harsh in 2013 than 

in 2012, especially in January and February (Table A1). Abundance of willow tits also varied 

between years apparently depending on the perceived predation risk. Unexpectedly, the number of 

willow tits observed in 2012 was lower under low than high predation risk within the same year and 

in both high and low risk sites in 2013. This suggests that some unspecified characteristics in the 

low risk sites in 2012 were not suitable for willow tits, even though different patches were a priori 

similar in habitat characteristics, and thus abundance of willow tits in these sites was lower than in 

sites at high predation risk. 
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