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Abstract  

For birds, habitat quality is largely determined by local vegetation and 

anthropogenic activities can negatively influence reproductive performance. A 

major logging event enabled us to examine the effect of tree removal on 

reproductive performance of blue tits Cyanistes caeruleus. Before and after 

logging, the maturity and type of trees around each nest-box were recorded and 

related to changes in reproductive performance. Logging of young coniferous, but 

not deciduous, trees significantly reduced the number of eggs laid. Differential 

logging has contrasting effects on blue tit reproductive performance and should be 

considered in forest management. 
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 1- Introduction 

Anthropogenic change in forests through activities such as logging often results in 

habitat loss and fragmentation, which is associated with reductions in biodiversity 

(Sih et al., 2000). For birds, local forest structure around nesting sites and 

territories is one of the main indices of breeding habitat quality as this is a major 

determinant of food availability and may therefore influence their reproductive 

performance (Blondel et al., 1991, 1993; Lambrechts et al., 2004; Mägi et al., 

2009; Wilkin et al., 2009). Thus, a reduction of breeding habitat through logging 

may negatively affect avian reproductive performance. 

While several studies have examined the effects of logging on reproduction in 

birds (e.g. Bourque & Villard, 2001; Gram et al., 2003), few have used fine-scale 

indices at the level of individual trees to directly investigate effects of habitat 

structure and logging on reproductive performance. By manipulating individual 

trees of different maturities and relating this to reproductive parameters of birds, it 

is possible to explore how logging may affect avian reproduction and to identify 

the proximate ecological factors that influence reproductive performance. As such, 

a deeper understanding of the relationship between forest structure and avian 

reproductive performance can help to develop more informed forest management 

plans.  

In the winter of 2013, a substantial number of trees were logged in a field site 

inhabited by blue tits Cyanistes caeruleus subject to an ongoing long-term study. 

This created an ideal opportunity to investigate the effects of anthropogenic 

change in forest structure on reproductive parameters such as laying date and 

number of eggs laid. We hypothesized that logging of mature trees will negatively 

influence reproductive performance and this effect to be stronger in the case of 

cutting of deciduous trees are given their importance of food resources for Blue 

Tits (e.g. Amininasab et al. 2016). 

 

2- Materials and methods 

2-1- Study population and data collection  

The nest-box population of blue tits was established in 2001 at ‘De Vosbergen’ 

estate near the city of Groningen in northern Netherlands (53°08’N, 06°35’E). 188 

nest-boxes designed especially for blue tits were installed at regular intervals 

across an area of 54 ha consisting of mixed deciduous and coniferous forest 

interspersed with open grassland. Habitat quality was assessed following 

Amininasab et al. (2016) from 2001-2013. Briefly, deciduous and coniferous trees 

with a minimal circumference of 30 cm and within a 20 m radius of each nest-box 
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were considered. A radius of 20 m was chosen as a compromise between 

biological plausibility and practical feasibility given the workload of counting and 

measuring individual trees. Tree circumference was measured at breast height and 

used to categorize trees by size (small: 30-100 cm, medium: 100-200 cm, large: 

>200 cm). The logging occurred between November and December 2013, 

approximately 3-4 months before the breeding season. Trees selected for logging 

were marked and measured 2 weeks before the logging event. The local habitat 

around a nest-box was considered logged if at least one (coniferous or deciduous) 

tree was cut within a 20 m radius. 

From April to June of each year, nest-boxes were checked daily to record the 

laying date (date at which the first egg is laid with April 1 representing day 1) and 

the number of eggs laid of each breeding pair. Due to the cold spring in 2013, the 

initiation of breeding was substantially delayed compared to previous years so 

averaging from 2001-2013 is a more reliable measure of pre-logging breeding 

parameters than values from 2013 alone (Amininasab et al., 2016). Thus, the mean 

laying date and number of eggs laid in 2001-2013 was calculated and used to 

represent breeding parameters in nest- boxes before the logging event while laying 

date and number of eggs laid in 2014 represented post-logging values. The change 

in laying date and number of eggs laid was obtained by subtracting post-logging 

from pre-logging values and used for longitudinal analyses. 

 

2-2- Statistical analyses 

To control for year-to-year variation in laying date and number of eggs laid before 

logging (2001-2013), all breeding parameters were standardized to a mean of 0 

and a standard deviation of 1 with the following equation: 

Standardized 𝑥 =  
𝑥− �̅�𝑦𝑒𝑎𝑟

𝑠𝑑 𝑥𝑦𝑒𝑎𝑟
  (where x = laying date or number of eggs laid, and 

�̅�𝑦𝑒𝑎𝑟 the average laying date or number of eggs laid in all nest-boxes in a given 

year) 

R software was used to implement all statistical models (R Development Core 

Team, 2015). Linear models were used to test the effects of logging deciduous and 

coniferous trees of different size categories (small, medium and large; thus 

including six independent variables) on changes in laying date and number of eggs 

laid before (2001-2013) and after logging (2014). The models were ranked based 

on AICc, and we averaged the parameter estimates (with standard errors) over the 

estimates and weight of the best models (the model with lowest AICc and all other 

models where ∆ AICc  < 2), using the MuMIn package.  P-values < 0.05 were 

considered significant for each variable.  
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3- Results 

During the logging event, coniferous and deciduous trees were removed in 25.7% 

and 27.5% of territories that were occupied the subsequent spring, respectively  

(n = 109 territories). A total of 18 small (mean per territory = 1.55, range = 1–3), 

22 medium (mean = 3.27, range = 1–11) and 9 large (mean = 1.44, range = 1–3) 

coniferous trees were cut and a total of 19 small (mean = 3.26, range = 1–17), 20 

medium (mean = 2.4, range = 1–8) and 7 large (mean = 1.14, range = 1–2) 

deciduous trees were cut. 

The analyses indicate that blue tits did not lay later in the year if deciduous or 

coniferous trees of any size were logged (Table 1, Figure 1). However, a 

significantly lower number of eggs was laid in nest-boxes situated in areas where 

small coniferous trees were cut (Table 2, Figure 2). There was no effect of logging 

deciduous or coniferous trees of any other size categories on the number of eggs 

laid.   

 

Table 1 Results of a linear model testing the relationships between change in standardized 

laying date of blue tits and logging of deciduous and coniferous trees of different sizes. 

The estimated coefficients (with associated standard errors, z and P-values) are based on 

averaging the models that gave the best fit (based on AICc). The order of variables is 

based on ranking by relative importance. 

 

 

 

 

 

 Change in laying date 

 Estimate SE z-value P-value 

(Intercept) 0.107 0.109 0.98 0.33 

Medium deciduous -0.488 0.252 1.91 0.06 

Small coniferous 0.323 0.253 1.26 0.21 

Large deciduous -0.362 0.380 0.94 0.34 

Small deciduous  0.218 0.303 0.71 0.48 

Medium coniferous 0.148 0.237 0.62 0.54 



Chapter 3 
 
 

54 

Table 2 Results of a linear model testing the relationships between change in standardized 

number of eggs laid of blue tits and logging of deciduous and coniferous trees of different 

sizes. The estimated coefficients (with associated standard errors, z and P-values) are 

based on averaging the models that gave the best fit (based on AICc). The order of 

variables is based on ranking by relative importance and significant variables are in bold.  

 Change in number of eggs laid 

 Estimate SE z-value P-value 

(Intercept) -0.006 0.103 0.06 0.95 

Small coniferous -0.534 0.265 1.99 0.046 

Large deciduous 0.539 0.384 1.38 0.17 

Medium coniferous 0.294 0.267 1.09 0.27 

Large coniferous 0.315 0.320 0.97 0.33 

Medium deciduous 0.134 0.235 0.56 0.57 

Small deciduous  0.101 0.246 0.41 0.68 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Notched box-plots showing the influence of logging deciduous and coniferous 

trees of different sizes on change in standardized laying date of blue tits. Notches represent 

confidence intervals around the median, which is based on the median ± 1.57 Interquartile 

Range/√n. Notches overlap in all plots indicating there is no strong evidence (95% 

confidence) that the medians differ. 
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Figure 2 Notched box-plots showing the influence of logging deciduous and coniferous 

trees of different sizes on change in standardized number of eggs laid of blue tits. Notches 

represent confidence intervals around the median which is normally based on the median ± 

1.57 x Interquartile Range/√n. Notches do not overlap when testing logging of small 

coniferous trees  indicating that the medians differ (95% confidence). 

 

4- Discussion 

Based on longitudinal analyses, we show that young (small) coniferous trees have 

an influence on blue tit reproductive performance. Specifically, we demonstrated 

that logging of local young coniferous trees around nest-boxes significantly 

reduces the number of eggs laid, but this had no effect on laying date. 

Previous experimental studies on blue tits indicated that reproductive 

performance was influenced by food availability (e.g. Svensson & Nilsson, 1995). 

Compared to coniferous habitats, deciduous trees support more caterpillars and 

other insect communities as food sources during the brood rearing phase of blue 

tits due to leaf shape (tree buds) and branch surface phenotype (without glue 

produced by the trees) (e.g. Blondel et al., 1993; Lambrechts et al., 2004). 
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However, deciduous habitats may be occupied earlier leaving lower quality 

individuals to occupy coniferous habitats (Mägi et al., 2009; Amininasab et al., 

2016). Thus, coniferous trees are also important because blue tit populations may 

adapt to coniferous habitats depending on the environmental context especially at 

lower latitudes (e.g. see Tremblay et al., 2003; Mägi et al., 2009). In addition, 

coniferous/evergreen trees may provide useful hiding spots for tits against 

predators outside or during the breeding season (Lambrechts et al., 2004). Hence, 

small changes in coniferous habitats can have significant effects on reproductive 

performance, especially when food supply is low. 

Initially, logging of mature trees was suspected to have the greatest ecological 

impact on blue tit reproductive performance. Tree age is related to canopy size and 

larger canopies provide more food resources for blue tits. However, mature 

coniferous needles may be unappetizing to caterpillars and other insects because of 

their toughness and high levels of secondary components like tannins. In contrast, 

needles of small coniferous trees may contain less secondary metabolites and are 

generally less tough (Hatcher, 1990). Hence, young coniferous trees may provide 

better food resources for blue tits compared to mature trees, which could explain 

why only young coniferous trees had an effect on the number of eggs laid. In 

addition, the larger distance between the canopy of large trees and nest-boxes may 

cause the vertical flight between food resources and nest-boxes to be more 

energetically costly for blue tits. Lastly, small coniferous trees near nest-boxes 

might have served as hiding spots and removing them may have resulted in an 

increase in 'stress-related' hormones reducing clutch size (see e.g. Travers et al., 

2010) since the logging event occurred approximately 3-4 months before the 

breeding season and individuals likely already adapted to the changes in habitat 

structure. Ultimately, however, separating the effects of stress due to logging 

disturbance and those of the food shortage due to tree logging is difficult and 

should be interpreted with caution.  

Longitudinal analyses also indicated that logging deciduous trees of different 

sizes had no effect on laying date and number of eggs laid. In contrast, our earlier 

studies on this population showed that egg laying started earlier with greater 

number of eggs laid in habitats with more mature deciduous trees, possibly due to 

mature deciduous trees providing better food resources for blue tits (Amininasab et 

al. 2016). Thus, we expected that logging of mature deciduous trees should 

negatively influence reproductive performance parameters. Perhaps the small 

number of deciduous trees cut per territory did not significantly affect food 

supplies and most territories had sufficient food resources available despite 
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logging. Further experimental studies are needed to clarify these results and 

investigate the mechanisms in greater detail. 

Although we could not incorporate other parameters of breeding performance 

(like fledging success) due to other experiments in this population (see 

Amininasab et al., 2016), laying date and the number of eggs laid are considered 

good predictors of reproductive fitness because they usually correlate with other 

traits including hatching success (e.g. Arriero et al., 2006), number of fledglings 

(e.g. Lambrechts et al., 2004), and recruitment (e.g. Boyce & Perrins, 1987). 

Given the importance of young coniferous habitats for blue tit reproductive 

performance, the presence of these habitats should be incorporated in forest 

management plans for blue tits and other insectivorous forest birds. 

 

Acknowledgments 

We thank Kraus-Groeneveld Stichting for permission to work on De Vosbergen estate as 

well as Peter Korsten, Oscar Vedder,
 
Elske Schut, Berber de Jong, Michael Magrath, 

Reinaldo Marfull and several students who assisted with the field work. We also thank 

Peter Korsten and Han Olff for general advice. This study complies with the current laws 

of the Netherlands where it was conducted and permission for animal handling of birds 

was granted by the Animal Experiments Committee of the University of Groningen, the 

Netherlands. Research was supported by the Netherlands Organisation for Scientific 

Research (NWO-ALW 821.01.008) and other grants funded to Jan Komdeur between 2001 

and 2014. 



 

 

 
 

 

 
 Photos: Seyed Mehdi Amininasab 

 




