
The role of phenotypic plasticity in the 
relationship between Blue tit body mass 

and temperature

Study Rationale

Bergmann’s rule, which states that animals from colder regions tend 
to have larger body sizes than animals from warmer regions 
(Bergmann, 1847), is often mentioned in studies of responses to 
environmental variability. This theory has been investigated through 
long-term studies on birds, including blue-tits. Several studies have 
reported results in support of Bergmann’s rule (Ryding et al., 2021; 
Gardener et al., 2011). However, only recently is the question of the 
role of phenotypic plasticity in such relationships being investigated 
(Husby et. al., 2011). Husby et al.’s study found that for blue tit 
populations in the Netherlands the declines in blue-tit mass were 
consistent with a plastic response. However, bird mass is also affected 
by environmental factors other than temperature, such as food 
availability and predation risk. Therefore, further studies on the role of 
phenotypic plasticity in bird mass responses to temperature and the 
complex relationship between a bird’s environment and its mass 
promise to continue being important lines of research. 
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Aims and Objectives

My main objective during this project was to create a
comprehensive linear mixed effects model to uncover if
there is a plastic response to temperature among
Scottish blue tit birds.

On a personal level this project was an opportunity to
develop my skills as a researcher and learn more
advanced statistical techniques ahead of the final year of
my bachelors degree

Image 1: picture of Blue tit bird, source: 
https://trogtrogblog.blogspot.com/2015/03/
bird-of-week-blue-tit.html 

Organism:

Blue tit, Cyanistes caeruleus

Diet: insectivorous

Average lifespan: 3 years

Average wingspan: 18cm

Average weight: 11g



Methods
Data Analysis

First, I averaged the two temperature measurements for each site. This allowed
me to develop two temperature variables, an absolute time-frame variable and a
relative time-frame variable. The absolute time-frame variable was created by

Blue tit nests are surveyed regularly at 
each of 44 sites
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February and July by 2 sensors at each site

Data Collection

Figure 1: Map showing the locations of 
the 44 sampling sites across Scotland. 

averaging temperatures over April and 
May at each site in each year. The 
relative time-frame variable was created 
by averaging the temperature of the 10 
days preceding each individual bird’s 
mass measurement. I then used these 
two variables to create mixed models to 
test the effect of temperature on adult 
blue tit body mass. I also incorporated 
within-subject centring, according to the 
methods outlined by van de Pol and 
Wright (2009), with separate models for 
centring on sites and on individual birds. 
Centring on sites allowed me to test the 
effect of temperature on blue tit body 
mass across space. 

Centring on individual birds allowed me to investigate the element of phenotypic 
plasticity in the effect of temperature on adult blue tit body mass over time. 
These methods resulted in 4 mixed effect linear regression models: a) Absolute 
temperature site-centred model. b) Absolute temperature bird-centred model. c) 
Relative temperature site-centred model. d) Relative temperature bird-centred 
model.



a) b)

c) d)

Results and Conclusions
There is no relationship between absolute nor 
relative temperature and blue tit body mass.

No absolute mass change nor plasticity in 
response to temperature is observed from my 
results, which is in accordance with wider 
research.

There are no mass changes between sites, 
indicating there is no local adaptation.

It is important to consider environmental 
factors other than temperature when 
investigating bird mass trends.

It is interesting to note that using the two 
different temperature variables produced 
opposite slopes. Though not significant, this 
could be explored in future research.

The data I used is part of a wider project, it 
could be interesting to repeat a similar analysis 
when around 20 more years of data are 
available.

Figure 2: These graphs represent the distribution of data and the slopes of the within-subject 
(blue line) and between-subject (red line) responses for the relationship between temperature 
and blue tit mass. a) Absolute temperature, site centred. b) Absolute temperature, bird 
centred. c) Relative temperature, site centred. d) Relative temperature, bird centred. 
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