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Abstract 17 

Evolutionary selection pressures, and species-specific ecology and behaviour, promote a 18 

great variability in the size and composition of nests. However, it would be expected that 19 

phylogenetically close species, with similar ecological needs, breeding at the same time 20 

in the same place, would also build similar nests. In contrast with this, previous studies 21 

have found differences in nest mass and composition among closely related sympatric 22 

species. These differences have been attributed to small differences in body size (smaller 23 

species building larger and/or more insulated nests), or to the different ways in which 24 

species perceive the environment (e.g. perceived predation risk). In this study, for the 25 

first time, we searched for differences between nest mass, composition, and importance 26 

of the different functional parts of the nest between Blue (Cyanistes caeruleus), Great 27 

(Parus major) and Coal tits (Periparus ater) breeding under the same conditions. We 28 

found that smaller species built larger nests and/or include more thermoregulatory 29 

materials, probably having greater insulating capacity, which agrees with previous 30 

hypotheses. In particular, Blue Tits made greater use of bark, feathers and vegetable 31 

fibre, while Great Tits used wild boar hair in greater proportions. In addition, for the first 32 

time, we described in detail the nest composition of Coal Tits, which contained large 33 

amounts of fluff compared to the other two species. All these results are in line with 34 

previous hypothesis linking nest size and composition to the size of the birds, and the 35 

existence of species-specific characteristics in the selection of materials for nest building. 36 
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 39 

Introduction 40 

Most birds build nests in order to have a suitable environment in which their embryos and 41 

hatched offspring can develop.1 Nests have a wide taxonomical distribution, and their design and 42 

location vary markedly between and within taxa according to phylogeny, environmental 43 

conditions, predation pressure, parasitism, or sexual selection.2,3 Temperature experienced 44 

during nest construction, for example, has been observed to influence the design of nests, 45 

resulting in better insulated nests being built when temperatures are colder.4-6 Nest 46 

characteristics, and the behaviour associated to its building, affect the fitness of the breeding 47 

individuals through several pathways.1,7,8 For example, positive correlations between nest size 48 

and clutch size,9 or hatching and breeding success,10,11 have been found.  49 

Different bird species might use different types of materials to achieve the same functions, while 50 

the same materials could serve as different, simultaneous, function in the same nest.1,3 For 51 

example, moss, a main structural material for tit (Paridae) species, has also an important 52 

thermoregulatory function,12 while feathers, used mainly for their insulation properties, could 53 

also serve as “decorative” materials, signalling the quality of the male bringing them.13 The type 54 

of materials used to build the nest, and the amount and proportion in which they are used, can 55 

also affect reproductive parameters.3,14,15 The quantity of moss and its proportion in the total nest 56 

mass of Great Tits (Parus major), for instance, has been proved to have a positive effect on 57 

hatching and fledging success.16 58 

Intraspecific variation in nest size and design due a large number of factors such as nestbox size, 59 

habitat type, availability of food and construction materials, predation risk, parasitism, or the 60 

quality of the builders on nest size and design has been extensively explored.3,11,17-20 However, 61 

nest design comparisons between closely related sympatric species are less frequent Based on 62 

the previously mentioned factors known to affect nest design, it would be expected that 63 

phylogenetically close species,21 with equivalent ecological niches, and breeding by the same time 64 

in the same habitat, would build similar nests. However, consistent variation has been found 65 

between species under these conditions, and these have been attributed to differences in body 66 

size,22 nest building behaviour,23 differential use of available resources,24 or environment 67 

perception, for example, that the same objective risk of predation might be perceived differently 68 

by species of different size.22,25  69 

We aimed to assess differences in nest characteristics among three closely related sympatric 70 

species of the Paridae family: the Great Tit, the Coal Tit (Periparus ater) and the Blue Tit (Cyanistes 71 

caeruleus). Previous studies comparing the nest size of Great and Blue tits under standardized 72 

conditions have found discordant results, some of them showing that both species build nests of 73 

similar size and mass,24,25 while others conclude that Great Tits build smaller and lighter nests 74 

than Blue Tits.22,26-29 On the other hand, consistent differences have been found between the two 75 

species in the proportion in which different nest materials appeared in the nests.24,29,30 Thus, Blue 76 

Tits generally make a greater use of bark and feathers, while Great Tits use relatively fewer 77 

feathers and more hair. Comparisons of nest characteristics involving other Paridae species are, 78 

however, exceptional. To the best of our knowledge, the only direct comparison between nests 79 

of Coal, Blue and Great tits was made by Lambrechts et al.25 That study concluded that the 80 
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external height of the nest walls, the only parameter actually measured, was larger in Coal Tits 81 

than in Great and Blue tits when co-existing in the same coniferous woodland. It should be also 82 

stressed that, contrasting with the several detailed description of Great and Blue Tit nests,31 we 83 

are not aware of any one reporting nest mass and composition of Coal Tits, so we will describe 84 

them here for the first time. 85 

Variation in nest size and composition between sympatric tit species has been suggested to be 86 

generally caused by differences in the way that each species perceives its environment.22,25 For 87 

example, small differences in body size might make smaller species to be more sensitive to cold 88 

temperatures, so they would be expected to build larger and more insulated nests.22 Also, the 89 

need to keep a minimum security distance between the nest content (especially nestlings and 90 

incubating females) and the entrance of the nestbox, to reduce predation risk, might press bigger 91 

species to build shorter nests.27,28 92 

In this study, we searched for specific differences in mass and composition of the nests of Great, 93 

Blue and Coal tits, breeding at the same time in the same habitat, and using the same nestbox 94 

type and size. Our predictions, based on the above-mentioned studies on these three species, 95 

and others using different species,32,33 are that (1) smaller species will build heavier nests than 96 

larger ones, (2) smaller species will use a higher proportion of insulating materials, and (3) the 97 

use of nest materials would be species-specific, following, for Great and Blue tits, the patterns 98 

found in previous studies.24,34,35   99 

 100 

Methods  101 

The study was performed in Monte de Santa Bárbara de Pina (Castellón, Spain, 40o 01’ N, 0o 38’ 102 

W, 1200 m a.s.l.), during three breeding seasons (2016, 2017 and 2018). The area was a mainly 103 

Maritime Pine (Pinus pinaster Aiton, 1789) forest, with scattered, and generally smaller in size, 104 

Portuguese Oaks (Quercus faginea Lam., 1785). As the two species are not distributed in patches, 105 

but are interspersed forming a homogeneous landscape, we believe that there is little variation 106 

in environmental conditions, including temperature and humidity, parasite pressures, predation 107 

risk, or availability of food and nest-building materials, throughout the study area. We recorded, 108 

for other study, temperatures within some occupied nestboxes during the laying period 109 

(Thermochron iButton data loggers, accuracy ±0.5°C, Model DS1922L-F5, Maxim Integrated, CA, 110 

USA), so they could serve as an approximation of general thermal conditions around the time of 111 

nest construction. Mean minimum recorded temperatures were 3.3 ± 2.5 oC (n = 11 nests) in 112 

2016, -0.7 ± 2.3 oC (n = 6) in 2017, and 3.1 ± 2.4 oC (n = 10) in 2018. Potential nest predators in 113 

this area include Red Squirrels (Sciurus vulgaris), Stone Martens (Martes foina), Common Genet 114 

(Genetta genetta), Montpellier (Malpolon monspessulanus) and Ladder (Zamenis scalaris) snakes, 115 

and Great Spotted (Dendrocopos major) and European Green (Picus viridis) woodpeckers. 116 

Wooden nestboxes were distributed along trails within the study area, and about 50 m away from 117 

each other. They had a front removable door with a circular entrance hole of 3.2 cm diameter. 118 

The wall thickness was 1.5 cm, the bottom area (inside) had 11.6 x 10.6 cm, and the distance from 119 

the floor to the lower edge of the entrance hole was 10.5 cm. Less than 20% of the nestboxes 120 

were occupied in any particular year, so we consider that they were in excess for the needs of 121 

local hole-nesting species. Each nestbox was visited at least once a week from March to June, to 122 

follow the breeding process of the three studied species.  123 
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Females build the nest in the three species,34 so the three species would have the same time and 124 

energetic constraints during nest-building. Laying date of the first egg (assuming one egg was laid 125 

per day) and clutch size were recorded for each nest. Considering the nests included in the 126 

present study, we did not find differences between species in any of the two parameters (laying 127 

date: F2,44 = 0.88, P = 0.42; clutch size: F2,44 = 0.48, P = 0.63). Females were captured and weighed 128 

when feeding 10-12 (for Great Tits) or 9-11 days old nestlings (for Blue and Coal tits) using door-129 

traps. Coal Tits were the lightest species (mean ± SD = 8.61 ± 0.40 g, n = 13), followed by Blue Tits 130 

(10.22 ± 0.46 g, n = 10) and Great Tits (16.97 ± 0.61 g, n = 15), each species differing from the 131 

other two ones (F2,35 = 1054.4, P < 0.001, followed by a posteriori Scheffe pairwise comparisons). 132 

Finally, once fledglings left the nestbox, nests were removed and stored individually in plastic 133 

bags at -20 oC. A total of 15 Great Tit, 10 Blue Tit and 15 Coal Tit nests, where at least one chick 134 

fledged, were collected (15 in 2016, 12 in 2017 and 13 in 2018). As far as we know (not all the 135 

females were captured), most nests included in this sample were built by different females: only 136 

3 Great Tit, 3 Coal Tit, and one Blue Tit females are known to have contributed 2 nests each. 137 

All the collected nests were deconstructed by the same person (IA), and the different materials 138 

(moss, fluff, bark, vegetal fibre, sticks, feathers, and wild boar hair) were dried independently 139 

during 12 hours at 105 oC, following the same protocol as Álvarez and Barba36. Each component 140 

was weighed using an electronic balance with an accuracy of 0.01 g. Components weighing less 141 

than that, which included some leaves, were not taken into account. The dry mass of each nest 142 

was the sum of all its component parts. 143 

Components were also classified into two functional groups (“structuring” and 144 

“thermoregulatory” materials) to test for differences in the importance of the distinct functional 145 

parts of the nest. Since some materials could have various functions,3 we have classified each 146 

material considering what is considered to be the main one. Thus, components that would have 147 

been mainly used to compact and stabilize the structure (moss, vegetal fibre, bark, sticks, and 148 

rigid long hair from wild boars) were grouped under “structuring” materials. Fluff, including 149 

woolly materials from animal and artificial sources, and feathers, were put together under the 150 

“thermoregulatory” material group, as their insulating properties are well known,37-39 and were 151 

mostly used to line the nest cup. 152 

To assess differences among the masses of each component, the two functional groups, and total 153 

nest mass between species, we built a linear model (LM) for each variable of interest with an 154 

identity link (Gaussian family) for each variable of interest. We used species as an explanatory 155 

categorical variable and also considered year as factor to account for the variability between 156 

breeding seasons. Residuals of the response variable were visually inspected to check for 157 

normality and homogeneity of the variance. Due to a small sample size, we corrected LMs 158 

estimates when we found data points showing high leverage, or outliers, using the Robustbase 159 

package.40 Applying this correction, we avoided highly influential data points by assigning them 160 

lower weights in the LMs. Residuals in the model analysing the weight of wild boar hair showed 161 

heteroscedasticity; hence, estimates were corrected using the Sandwich package.41 We reported 162 

model R2 values and considered significant p-values lower than 0.05. All the analyses were 163 

conducted using R 3.5.2.42 164 

 165 

 166 

 167 
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Results 168 

The three species used the same material types to build their nests (Table 1), but we found 169 

differences in the mass of most materials between species (Table 2, Figure 1). Coal Tits used more 170 

fluff in their nests. Blue Tits built their nests with more bark, feathers and vegetal fibre than Great 171 

and Coal tits. Great Tits made a greater use of wild boar hair. Despite being the most important 172 

component, in terms of mass, we did not find between-species differences in the amount of moss 173 

used. 174 

Table 1. Descriptive statistics measuring the dry mass (g) of nest materials, functional groups and 175 

total dry mass after nest deconstruction for the three species. 176 

 177 

 178 

 179 

 180 

 181 

 182 

 183 

 184 

 185 

 
Great Tit 

n = 15 nests 

Blue Tit 

n = 10 nests 

Coal Tit 

n = 15 nests 

Components Mean ± SD Mean ± SD Mean ± SD 

Moss  9.29 ± 3.77 8.89 ± 2.33 10.51 ± 3.64 

Fluff   1.29 ± 1.06 0.76 ± 0.70 3.18 ± 1.62 

Bark   0.15 ± 0.28 2.33 ± 1.76 1.08 ± 1.86 

Wild boar hair 0.30 ± 0.29 0.07 ± 0.15 0.02 ± 0.06 

Feathers 0.13 ± 0.24 0.39 ± 0.33 0.09 ± 0.13 

Vegetal fibre  0.21 ± 0.20 0.37 ± 0.25 0.19 ± 0.18 

Sticks 0.45 ± 1.18 0.09 ± 0.13 0.37 ± 0.49 

Functional groups    

Structuring 10.39 ± 4.33 11.75 ± 2.93 12.17 ± 3.16 

Thermoregulation  1.42 ± 1.13 1.15 ± 0.78 3.27 ± 1.65 

Total mass 11.81 ± 4.29 12.90 ± 3.21 15.44 ± 3.93 
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Table 2. Results of the linear models analysing the effect of species and year on the dry mass (g) 186 

of nest materials. The categorical variables “species” and “year” were assessed in comparison 187 

with the reference species Great Tit and the year 2016. 188 

 189 

 190 

 191 

 192 

 193 

 194 

 195 

  Estimate SE t P 

Fluff 
R2 = 0.41 

     

Intercept 1.70 0.38 4.53  

Blue Tit -0.40 0.50 -0.80 0.432 

Coal Tit 1.86 0.44 4.24 <0.001 

Year 2017 -0.34 0.47 -0.71 0.482 

Year 2018 -1.02 0.46 -2.23 0.033 

Bark 
R2 = 0.61 

     

Intercept -0.13 0.14 -0.94  

Blue Tit 1.54 0.21 7.40 <0.001 

Coal Tit 0.27 0.17 1.61 0.116 

Year 2017 -0.21 0.19 -1.12 0.268 

Year 2018 0.16 0.18 0.86 0.397 

Wild boar hair 
R2 = 0.27 

     

Intercept 0.32 0.07 4.42  

Blue Tit -0.21 0.10 -2.08 0.045 

Coal Tit -0.27 0.08 -3.40 0.002 

Year 2017 -0.10 0.06 -1.60 0.119 

Year 2018 -0.01 0.10 -0.06 0.956 

Feathers 
R2 = 0.34 

     

Intercept 0.15 0.05 3.22  

Blue Tit 0.25 0.06 4.03 <0.001 

Coal Tit 0.03 0.05 0.68 0.502 

Year 2017 -0.20 0.06 -3.50 0.001 

Year 2018 -0.08 0.05 -1.57 0.126 

Vegetal fibre 
R2 = 0.06 

     

Intercept 0.19 0.06 3.31  

Blue Tit 0.16 0.07 2.15 0.038 

Coal Tit -0.01 0.06 -0.16 0.871 

Year 2017 0.02 0.07 0.29 0.775 

Year 2018 -0.04 0.07 -0.60 0.554 

Sticks 
R2 = 0.02 

     

Intercept 0.13 0.04 3.18  

Blue Tit -0.05 0.06 -0.88 0.380 

Coal Tit 0.07 0.05 1.30 0.201 

Year 2017 -0.02 0.05 -0.44 0.666 

Year 2018 0.00 0.06 0.04 0.969 

Moss 
R2 = 0.03 

     

Intercept 8.91 1.01 8.78  

Blue Tit -0.03 1.35 -0.03 0.980 

Coal Tit 1.49 1.20 1.25 0.221 

Year 2017 -1.26 1.28 -0.98 0.332 

Year 2018 1.30 1.25 1.04 0.306 
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 196 

Figure 1. Dry mass (g) of the different nest materials, and the two functional groups in which nest 197 

materials were classified, and total nest mass, of the three species. Figures show the mean value 198 

and the 95% interval (black bars) obtained from the resulting linear models with the effects 199 

package.43 Grey points show raw data for each species. Square brackets indicate statistical 200 

differences between species: Gt (Great Tit), Bt (Blue Tit) and Ct (Coal Tit). 201 

 202 
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Concerning the two functional groups of materials, Coal Tits added more thermoregulatory 203 

materials than the other species, while the amount of components classified under the 204 

structuring category did not differ between species (Table 1, Table 3, Figure 1). 205 

 206 

Table 3. Results of the linear models analysing the effect of species and breeding year on the dry 207 

mass (g) of the different functional groups, in which nest materials were classified, and the total 208 

nest weight. The categorical variables “species” and “year” were assessed in comparison with the 209 

reference species Great Tit and the year 2016. 210 

 211 

  Estimate SE t P 

Thermoregulatory 
R2 = 0.36 

     

Intercept 1.81 0.37 4.84  
Blue Tit -0.13 0.50 -0.27 0.788 
Coal Tit 1.69 0.44 3.81 <0.001 
Year 2017 -0.36 0.48 -0.76 0.452 
Year 2018 -0.96 0.46 -2.08 0.045 

Structuring 
R2 = 0.12 

     
Intercept 10.14 1.06 9.57  
Blue Tit 1.61 1.41 1.14 0.263 
Coal Tit 2.15 1.24 1.73 0.093 
Year 2017 -1.82 1.34 -1.36 0.182 
Year 2018 1.83 1.30 1.41 0.167 

Total nest weight 
R2 = 0.17 

     

Intercept -11.69 1.03 11.33  

Blue Tit 1.91 1.37 1.40 0.171 

Coal Tit 3.93 1.22 3.22 0.003 

Year 2017 -2.09 1.29 -1.62 0.115 

Year 2018 0.44 1.28 0.34 0.736 
 212 

 213 

 214 

Finally, total nest mass also differed between species (Table 1, Table 3). Nest mass was negatively 215 

related to body size, with Coal Tits, the smallest species, building considerably larger nests than 216 

Great Tits, the largest one, with Blue Tits having an intermediate mass and not differing from any 217 

of the other two species (Figure 2). 218 

 219 

 220 

 221 

 222 

 223 

 224 
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 225 

 226 

Figure 2. Relationship between the total nest mass and the mean body mass of the three species. 227 

Vertical bars show the standard deviation of the nest mass, and the horizontal bars show the 228 

standard deviation of the body mass of each species: Gt (Great Tit), Bt (Blue Tit) and Ct (Coal Tit). 229 

 230 

Discussion  231 

Our results showed the existence of species-specific characteristics in the nest design of the 232 

studied species. Differences were found in total mass, composition, and importance of the 233 

different functional parts of the nest between these three similar species when coexisting under 234 

the same environmental conditions. These differences could not be attributed to differences in 235 

laying dates (a proxy of experienced ambient temperature, and of availability of food and, 236 

perhaps, some nest materials as moss) or clutch size between species in our study area. On the 237 

other hand, competition between tit species for breeding sites is a well-documented 238 

phenomenon,44 which could result on the displacement of competitively inferior species to 239 

poorer quality habitats. However, the large availability of nestboxes (less than 20% occupied any 240 

particular year), makes it unlikely that competition for particular nestboxes, otherwise placed in 241 

a virtually homogeneous habitat, was a relevant issue to consider. Moreover, tits have been 242 

observed to move relatively long distances in search of nest building materials,45 so, in any case, 243 

slight spatial variations affecting the availability of materials should be compensated for by the 244 

high mobility of the birds.   245 

Most studies comparing species of the Paridae family, virtually all of them only involving Great 246 

and Blue tits, have found an inverse relationship between female body size and nest size,27,28,29 247 

although some have failed to detect this trend.24,25 The main hypothesis to explain this variation 248 

is that larger nests, with better insulating properties,46 would compensate the vulnerability of 249 

smaller species to cold temperatures.22 In our study, Coal Tits, the smallest species, built heavier 250 

nests than Great Tits, the largest one. The mass of Blue Tit nests did not differ from those of Coal 251 

and Great tits, showing an intermediate mass. Thus, our results broadly support the hypothesis 252 

that smaller species build larger nests than bigger ones, and the relationship between nest mass 253 

and insulation is one of the possible reasons for this trend. 254 
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Predation risk is another reason proposed to explain this relationship between nest size and body 255 

size. To keep a similar distance between the top of the nest content (i.e. eggs, nestlings, or 256 

female), and the entrance hole, the nest should be shallower when the total volume of the 257 

content (the body size of the species is a proxy) is larger.27,35 For this reason, Lambrechts et al.28 258 

proposed that larger species would need larger safety distances between the top of the nest and 259 

the entrance hole, resulting in shallower nests than those of smaller species when breeding in 260 

nestboxes of a similar size. In the previous study comparing the same three species, Coal Tits built 261 

the tallest nests, but no differences were found between Blue and Great tits, despite the smaller 262 

size of the former.25 As said above, our results show that mean nest mass increased as body size 263 

of the species decreased, which agrees with the predation-avoidance hypothesis. Perhaps, the 264 

strength of the differences in nest size between species which could be attributed to predation 265 

risk would depend on the specific predators, and their actual pressure over tit nests, at each 266 

location. Increasing the “safety distance” could be effective for predators as medium-sized 267 

mammals, such as Stone Martens and Common Genets, which capture nestlings by inserting their 268 

leg through the entrance hole.27 It would be virtually irrelevant, however, for small mammals or 269 

snakes, which enter into the nestbox to prey upon eggs, nestlings or females,47,48 or for 270 

woodpeckers, which enlarge or made new holes in wooden nestboxes to access their content.49  271 

Considering each individual component, moss was, not surprisingly, the most abundant material, 272 

amounting to 68-79% in the different species, and not differing significantly among them. Though 273 

this might seem obvious, knowing the general behaviour of these species, even this trait might 274 

show a great plasticity. For example, Álvarez et al.15 recorded that moss only amounted to 16% of 275 

the total mass of Great Tit nests in a population breeding in orange plantations in Eastern Spain. 276 

Concerning other materials, our results for Blue and Great tits broadly agree with previous 277 

studies24,34: Blue Tits generally make greater use of bark and feathers, while Great Tits use 278 

relatively less feathers and more hair. We are not aware of any detailed study on the use of nest 279 

materials by Coal Tits, so the present contribution is the first offering a thorough description. As 280 

a general observation, Perrins34 reported that Coal Tits, like Great Tits, rarely use feathers in the 281 

construction of their nests, a pattern also found in our studied population. As an outstanding 282 

characteristic of Coal Tit nests, when compared with the other two tit species, at least in this 283 

study area, is the disproportionate use of fluff, woolly materials from animal and artificial sources 284 

such as fur or thread, which amounts to an average of 21% of the total dry mass of the nest, and 285 

could reach up to 37% in individual nests. 286 

When grouping the nest materials attending to their main assumed function, we found that all 287 

the three species use similar amounts of structural materials. Britt and Deeming24 found that Blue 288 

Tits include more structuring materials in their nests than Great Tits, and suggested that this 289 

difference could be due the use of the structuring materials by the smaller species to fill the 290 

bottom of the nestbox before it can make and line a nest cup. This obviously does not explain our 291 

results, where even Coal Tits, smaller than Blue Tits, use a similar amount of structural materials 292 

than Great Tits. Perhaps the relationship proposed by Britt and Deeming24 applies up to a certain 293 

nest mass but, once the need of covering the bottom of the nest has been adequately fulfilled, 294 

further increases of structural materials would depend on other factors not so strongly 295 

dependent on body size. For example, moss highly contributes to the regulation of the humidity 296 

of the nest,12 and local climatological conditions might similarly affect to all the breeding species. 297 

Our results show that Coal Tits, the smaller species, made greater use of thermoregulatory 298 

materials than the other two species. However, no significant differences in the quantity of 299 

thermoregulatory materials was found between Great and Blue tits. This seems to contradict the 300 
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hypothesis relating the body size with the insulating properties of the nest, as the size of Blue Tits 301 

is much smaller than that of Great Tits and closer to Coal Tits. However, as previously stated, this 302 

classification in “structural” and “thermoregulatory” materials is not exclusive. Deeming et al.39 303 

have recently shown that the insulating properties of dry grass do not differ from that of animal 304 

hair and moss, with known thermoregulatory function.5,12 In addition, bark is known for, among 305 

other functions, provide thermal protection.50 We suggest that the sum of these materials of 306 

plant origin may be contributing to the thermal insulation of Blue Tits nests, which would result 307 

in better insulated nests than those of Great Tits, supporting the hypothesis relating body size 308 

and nest insulation. 309 

Since environmental conditions were the same for all the species, differences in the use of 310 

different materials found in the present study should be attributed to species-specific 311 

preferences, either derived from physical (e.g. body size) or behavioural traits (e.g. risk 312 

perception). Some of the differences seem quite straightforward, as the greater use of fluff by 313 

Coal Tits, the smallest, and probably more sensible to cold, species, which is probably linked to 314 

its thermoregulatory properties.39 However, it is also noteworthy that the different species might 315 

use different strategies to face the same problem. Thus, while Coal Tits make frequent use of 316 

fluff, feathers seem to provide an alternative source of insulating material for Blue Tits.10,38,39 317 

Similarly, Blue and Coal tits seem to prefer bark to compact the nest, while Great Tits used long 318 

and rigid wild boar hairs to satisfy this need. 319 

Some nest materials might be present at the nest for several reasons other than 320 

thermoregulation and structuring.31 The use of aromatic plants with sanitary purposes has been 321 

described in several species including Blue and Great Tits.19,35,51 Feathers, apart from their 322 

insulating properties, seem to play an important role as a male quality signal in Blue Tit nests.13,35 323 

This phenomenon has not been described to date in the other two tit species, so the greater use 324 

of feathers in the Blue Tits nests observed in our study could be partly a consequence of its 325 

function as quality signals in this species. As feathers potentially brought to decorate the nests 326 

would be later incorporated into the upper layer of the nest, probably mixing with the truly 327 

thermoregulatory material, it is not possible to assign how much of the feather mass was 328 

originally performing each function when deconstructing nests after fledging. 329 

In conclusion, our results support that smaller species, probably more vulnerable to cold, build 330 

more insulating nests through making them bigger and/or by using more materials with 331 

thermoregulatory properties. Perceived predation risk might also contribute to the negative 332 

relationship between nest mass and mean body mass of the species. The existence of a 333 

differential selection of the available materials between species results in species-specific 334 

characteristics in the composition of nests. Thus, actually measuring the insulation properties of 335 

the nests,52 ideally before hatching, would be needed to properly test the thermoregulation 336 

hypothesis. 337 
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