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Abstract 
 

Behavioural shifts, or changes in behaviour patterns, are an often-overlooked aspect of 
ecological invasions and range expansions, that can nevertheless be key in determining how and 
why a species may or may not succeed in their expansion process. We looked at aggressive 
behaviour in a small insectivore passerine species, the collared flycatcher, on the island of Öland, 
where it is undergoing a range expansion to the detriment of the native, ecologically similar, pied 
flycatcher. We found collareds to react more aggressively to simulated intrusions by conspecifics 
rather than heterospecifics, consistent with previous research on the matter, as well as an 
increased aggressiveness on later days in the season. We also found a pattern hinting towards an 
effect of habitat quality on territory defence, with increased aggression on higher quality 
patches. There was no simple geographic signal in levels of aggression within this population, 
and we discuss the complex factors interacting to determine aggressive behaviour in this species, 
including the invasion front itself. 
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Introduction 

Range expansion is a key ecological event for animal population dynamics1, and is of particular 
interest nowadays, as invasive species wreak havoc throughout the planet’s ecosystems, 
causing massive environmental and economic cost2. However, not all range expansion is 
invasive, another key factor driving range shifts is climate change3, as ecosystems change, and 
species must quickly adapt or move. As climate change intensifies, more and more species are 
forced in and out of ecosystems, leading to brand new ecological dynamics. 

It is thus of utmost importance to understand the underlying dynamics in range expansion 
processes, and what makes invaders different from those individuals that stay behind. These 
differences have become apparent in several diverse ways, as both the novel invaded territory 
and the invasion process itself provides a whole new set of ecological circumstances for the 
species to deal with and adapt to4. A particularly interesting example of this, is spatial sorting, 
an evolutionary process through which variation in dispersal efficiency is sorted along a 
physical gradient5. The original example of this phenomenon was seen along the invasion front 
(the geographical area where the most recent expansion is occurring) of the exotic cane toad 
(Rhinella marina) in Northern Australia 6, where these cane toads’ traits  involved with better 
dispersal (such as longer legs and greater endurance) accumulate at the invasion front6. 

Ecological invasions, known as processes through which organisms establish a sustainable 
population in a region outside their native range, often occur due7 to human intentional or 
non-intentional movement of animals far from their own native ranges 7, but range 
expansions also occur naturally, as a species’ potential niche gets realised due to non-
anthropogenic colonisation events. Even if natural, these expansions   have plenty of 
consequences, as new species integrate into the ecosystem, new interspecific interactions 
develop, in the shape of new predator-prey interactions and competition with species with 
similar ecological niches, among many others7. This competitive interaction is of particular 
interest to us, as invasions and range expansions can often be seen to lead to two ecologically 
similar species competing over one niche 8. In the case of successful invasions, the    native 
species can get displaced or become extinct, and a key aspect of this displacement can be the 
invader’s ability to adapt to this novel invasive ecological context. 

An often-overlooked aspect that may separate invaders/range expanders from animals in their 
native range in a given invasion/expansion event is their behaviour, and how the differing 
ecological circumstances they face may shape the way in which they interact with their 
ecosystem9. We can find an example of this in the previously described cane toads (Rhinella 
marina), where their movement differs in terms of frequency, angle, and length of stride 
depending on how close they find themselves to the current invasion front6. This is therefore a 
clear example of behavioural changes in the context of an ecological invasion. 

A particularly relevant behaviour for the topic of dispersion and range expansion is aggression. 
Aggression has been associated with range expansion processes and dispersal behaviour in 
many animals, such as the invasive delicate skink (Lampropholis delicata)10, in which the most 
aggressive individuals could be found at the invasion front. A similar example has been seen in 
passerine birds, specifically in western bluebirds (Sialia Mexicana), where interspecific 
aggressive behaviour towards a sister taxon was identified as a key trait of dispersing 
individuals in their range expansion process across the northwestern United States11. These 
correlations between behaviours (in this case, aggressive and expansive activity) conform 
what’s known as behavioural syndromes, and have been associated with invasion fronts 35. 
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The subject species of this study is another passerine bird involved in an expansion process, 
the collared flycatcher (Ficedula albicollis), a migratory bird of the family Muscicapidae that 
nests throughout Europe and spends its winters in southern Africa12. This species is currently a 
popular model species across the fields of evolutionary and behavioural ecology, and at the 
heart of this interest, is its current range expansion process on the Swedish island of Öland12. 

Öland has been home to a flycatcher population monitoring project since 2002, where both 
collared flycatchers and closely related pied flycatchers (Ficedula hypoleuca) breed in nest 
boxes located in various woodlots across the island. Data collected in this project includes 
weight and measurements of different body parts of adult individuals as well as their offspring, 
as all nests are accounted for each year. The distribution of nests across the island at different 
timepoints of the long-term study can be used to observe the expansion process of collared 
flycatchers to the detriment of pied flycatchers. Collared flycatchers have not been present on 
the island for long, with the first sighting of a breeding couple occurring in the 1960s13, they 
therefore provide a live window into the ecological dynamics present in a major range shift, as 
well as the detrimental effect on an ecologically similar, competitor species. This is not the only 
area that both species coinhabit, with overlapping distribution ranges in central and eastern 
Europe 12 . This area however has no current expansion process as both species have shared it 
for thousands of years (around 12000), as it is thought that both species only started 
inhabiting that area after the last glacial maximum11, as part of their broader expansion into 
Europe.  

Collared flycatchers have not yet colonized the entire island and are still slowly increasing in 
numbers across the southern section of Öland (see Figure 1) 12. This southern section is where 
the current invasion front can be broadly found12, and provides a window into the potential 
rapidly developed adaptations these invaders may have acquired. The fact that collared 
flycatchers are known to be more aggressive than pieds12, and that this aggressive behavior is 
related to the outcompetition of pieds by collareds from high quality breeding habitats14, 
makes the collared flycatcher a particularly suitable model species to study differences in 
aggression behaviour between individuals. Aggression has already been studied in collared 
flycatchers on Gotland, where they have been present for much longer and have already 
completely displaced pied flycatchers from high habitat quality areas 12. One relevant result 
from this research is that aggression has been found to be a repeatable behavior in Gotland’s 
flycatchers15, however, not a heritable one, which suggests ecological factors are more 
relevant than genetics in how it is distributed in wild flycatcher populations. This study also 
found that less neophobic invidivuals   were bolder and more aggressive 16, suggesting a link 
between traits (so called behavioural syndrome) that could be beneficial for range expansion. 
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Figure 1: Map of Öland displayed alongside plots of collared flycatcher (CF) density across 5 different study sites on 

Öland  both in 2008 (lower, dark blue dot) and in 2014 (upper, lighter blue dot). Map source: Google Earth 
 

This study seeks to investigate how aggressive behaviours are distributed across the collared 
flycatchers’ distribution range on the island of Öland. To answer this question, we have 
analysed 344 aggression behavioural trials, coming from 5 different field seasons between 
2008 and 2021 and 216 individual birds. These trials have been performed at the beginning of 
the field season during the period at which the birds that have recently arrived at the island 
are competing over nest boxes and females. They were also performed both with collared and 
pied flycatcher dummies (wooden replicas of the birds) and songs, to look at both interspecific 
and intraspecific aggression and how they may differ. 
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We expect aggression to be higher towards simulated intrusions by conspecific than 
heterospecific males (i.e., towards collared flycatcher dummies and recordings). This is due to 
the expectation that collared flycatcher males will be more aggressive towards each other, as 
they have previously been seen to react more strongly to collared song than to pied song on 
Öland18. But if we can still detect a signal of the invasion front in our population, we would 
expect aggression to be higher at the edges of the invasion front, expanding both towards the 
very South and the very North of our nestbox areas. We would also expect this latitudinal 
effect to be affected by the year of trial, given that this invasion front may have been more 
active in earlier years, as collared flycatchers progressively settled on the island. 

Additionally, we hypothesize that there will be a significant influence from the day in which the 
trials were conducted, with birds becoming more aggressive as time goes on, given the 
diminishing amount of non-paired females at later dates in the season and the increasing 
probability of not finding a mate in time to breed. Finally, habitat quality should correlate with 
aggression, as areas with higher food areas availability should be more desirable for 
flycatchers, and worth more of a risk to them, as it has previously been seen that this is a key 
ecological feature shaping collared flycatchers’ breeding behaviour19. 

Materials and methods 
 

Data collection: 

Monitoring on the island occurs through May and June, months over which the flycatchers find 
mates, reproduce, and feed their offspring until they fledge and migrate back to sub-Saharan 
Africa20, providing a window into diverse behaviours to be monitored throughout these 
different developmental stages. Aggression was measured through behavioural trials at the 
beginning of the season, over the first half of May, a time during which males compete to 
secure natural cavities and nest boxes, from which they sing and alarm to attract females13, 
until they eventually settle with a mate and build a nest. This time of the season has been used 
over several field seasons (2008, 2009, 2012, 2014 and 2021) over the last 12 years to perform 
behavioural trials. 

These trials were begun when a male collared flycatcher was seen consistently alarming or 
singing in the proximity of a nest box, for as long as necessary to associate him with it. A 
painted wooden flycatcher dummy (alternating between collared and pied) was propped up on 
top of the nest box, and a speaker playing the corresponding bird song was set up underneath. 
The bird’s behaviour over the ensuing 15 minutes was recorded either with a video camera (in 
the case of the 2014 dataset) or live, from a far enough distance so as not to disturb the 
animal. These trials were interrupted in the case of anything disruptive occurring, such as the 
arrival of a predator, be it a pine marten or a Eurasian sparrowhawk, as they would influence 
the subject individual’s behaviour. These events would be recorded in the comment section of 
the dataset for these datapoints to be later removed. All relevant behaviours were recorded. 
These behaviours differ slightly between some of the different datasets (see Appendix 1 
and                  details below). 
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The 2008 & 2009 dataset (comprised of 117 datapoints recorded over the very end of May and 
through June those years) is made of live behavioural trials performed by one observer that 
recorded both male and female arrival times in close proximity of the nestbox, as well as every 
single time the male sang, alarmed, perched on the box, on the dummy, in the box’s hole or 
inside the box. Attacks were recorded in the form of attacks during flight, attacks while 
perching and picking on the dummy. 

The 2012 dataset (comprised of 17 datapoints recorded over May that year), is composed by 
live behavioral trials performed by a different person as the previous dataset, that recorded 
male and female arrival times, alarming, singing, perches on box, on the dummy, in the box’s 
hole and inside the box. Attacks were recorded in the form of attacks during flight and attacks 
while perching. This dataset also has extra information for a subset of individuals caught 
posterior to the trials, such as ring number, patch size and number of offspring. 

The 2014 dataset (comprised of 199 datapoints recorded over May that year) consists of video 
recorded repeated behavioural trials that recorded number of trial and round, as most 
individual birds were trialed twice in the first day, then another two times in two days’ time. In 
terms of behaviour, they include flight by, hovering of the box, dummy, and speaker, attacking 
of dummy and speaker, perches on the box, speaker, and dummy. As well as being in the box 
or in the box’s hole, singing and alarming were recorded. Male arrival times in the field of the 
video recording were extracted posteriorly from the comments when the videos were scored. 
Since individual birds were trialed more than once under this system, only 63 separate 
individual males were trialed. 26 datapoints were removed from the dataset before analyses, 
due to videos being too short, the presence of predators, misidentification of trial male (hybrid 
or pied), or video quality being too low to distinguish the bird’s behaviour. These videos were 
scored in 2021 by me and four other students from that year’s field team. 

The 2021 dataset (comprised of 19 datapoints me, and another field team member recorded 
over the first half of May that year) consists of live behavioural trials, which record the exact 
same information as the 2014 dataset. One datapoint was removed due to the presence of a 
pine marten during the trial, one due to the realization that the subject bird was not                actually 
defending the nestbox where the trial was being performed but another one farther away. 

 

Year Sample size Format Region Difference in variables 
2008/2009 117 Live North+South No flight by 
2012 17 Live South No flight by 
2014 199 Video North+South Speaker attack and hover, repeated 

trials on the same individual 
2021 19 Live South Speaker attack and hover 

Table 1: Description of the different datasets used, with differing characteristics explained 
 

The raw data produced by the behavioural trials was only modified to produce an aggression 
score, a weighted score, where different behaviours were multiplied by different factors based 
on the level of aggression they represent, similar logic for producing aggression variables has 
been used in other studies on bird aggression36. This weighted score follows this formula:  
 
Aggression score= 2 (flight by) +3 (bird in box' s hole or box) + 4 (bird on top of box, dummy or 
speaker) + 7 (attack on dummy or speaker) + 7 (pecking of dummy or flying attack 
 
The “latency to arrive” variable comes from tallying up in seconds the arrival time recorded in 
the comments for the behavioural trials (i.e., seconds from the start of the trials until the bird 
is seen around the nestbox), although this is missing for some datapoints. 
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The final dataset was obtained by merging all the different datasets into one, by using the 
full_join function from the dplyr package28, successively selecting all the behavioral trial 
components and important variables for our analyses such as trial day, area, or region. 

This data was also complemented by portions of data from the larger long-time project dataset 
(to which I also contributed during my time on Öland), such as the coordinates for each 
nestbox, where latitude was rescaled in order to be incorporated into generalized mixed linear 
models. A habitat quality measurement based on estimated caterpillar availability around each 
nestbox14 (see Rybinski et al. 2016 for details on how this was calculated) and both pied and 
collared flycatcher breeding density were extracted from the dataset as well. Lastly, number of 
pied and collared nests in the area at the time of the trial and number of nest boxes in the area 
were rescaled (into values from -2 to +2) and added to the dataset. 

Statistical analyses: 

As a first approach to the dataset, we tested the repeatability of aggressive behaviour, using 
repeated trials on the same individual performed in 2014. For this, we used the package 
RptR29, using 63 individuals each measured from 2 to 4 times. 

Correlation tests were performed on some of our fixed effect variables in order to investigate 
how Öland’s spatial heterogeneity might produce patterns that could influence our models’ 
results. These tests were run on latitude and number of boxes for a specific study area (forest 
plot), latitude and habitat quality (at the level of the individual nestbox), latitude and number 
of collared flycatcher nests and number of pied flycatcher nests (per study area), and number 
of boxes in area. 

To investigate which of the previously described variables significantly influence the level of 
aggression of collared flycatchers breeding on Öland, we used a generalized linear mixed 
model (poisson family) composed of the weighed aggression score as our numerical response 
variable, dummy species, latitude (rescaled), habitat quality in the area and day the trial was 
performed as fixed effects, as well as the interaction between latitude and year, to detect any 
geographical change that may have happened over the years (Aggression score ~ species of 
simulated aggressor + year * latitude + day + habitat quality + (1 | scorer) + (1 | individual bird 
identifier). The identity of the person scoring the trials and a unique identifier for each bird, 
produced via the package tidyr30 to account for repeated measurements in 2014, were 
included as random effects. We used the package Lme431 for the model and extracted p values 
from Anovas (Type 2) using the package car 32. 

As another means to investigate flycatchers’ response to aggressive stimuli, a linear mixed 
model containing all the same other variables was ran, only with latency of arrival, measured 
as the amount of time it took a male flycatcher to arrive at the nestbox after the start of the 
trial, as the response variable. Subsequent models were run on the 2014 and 2008/2009 
datasets individually. The 2014 mixed model was composed of latency to arrive as response 
variable, species of simulated intruder, day of trial, habitat quality and latitude as fixed effects 
and the unique identifier for each bird as a random effect. The 2009 linear model had no 
unique identifier for each bird (as there had been no repeated trials on the same birds), and 
therefore no random effect, but had the same fixed effects as the 2014 model. 

All analyses were performed in R (R version 4.1.1) and plots were done using the package 
ggplot2 33. 
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Results 
 

Repeatability test: 

We found significant repeatability of aggressive behaviors in individuals for which more than 
one trial had been performed (only in the 2014 dataset, R=0.373, P-value: 2.88e-0.5, CI: [0.168, 
0.544]). The comparison between scores from the first and second trial day provided quite 
similar results (see Plot 1). 

 

 
Plot 1: Aggression scores compared between first and second trial days for the 2014 dataset, red dot represents the 

mean, black line represents the median. 63 males were measured between two and four times on two different 
days. 

 
Correlation tests: 

Correlation tests were run between key variables of interest in order to make sure to avoid 
autocorrelations within our model. While we were first interested in documenting how the 
number of nestboxes and densities of breeding collared and pied flycatchers in an area 
influences aggression, the strong correlations between these and latitude led to these 
variables getting excluded from the model. 

 

Variables P-value Degrees of freedom Correlation 
Latitude-Box number < 2.2e-16* 293 0.4644097 
Latitude-CF nests < 2.2e-16* 279 0.5156958 
Latitude-PF nests 0.0008427* 293 -0.1933512 
Latitude-Habitat quality 0.3309 246 -0.06199189 
Number of boxes-CF nests < 2.2e-16* 287 0.9451417 
Score-Habitat quality 0.02347* 243 0.1447283 

Table 2: Results of correlation tests ran on variables initially present in our models 
 

Aggression score models: 

We thus investigated what factors affect aggression in collared flycatchers throughout Öland 
and found a significant effect of simulated intruder species (χ2

2 = 80.2532 p < 2.2e-16, see 
Table 2 and Plot 2) and the day the trial was performed (χ1

2 = 0.2920, p = 8.388e-09 ***, see 
Table 2 and Plot 2) on our aggression score. Collared flycatchers were more aggressive towards 
simulated collared flycatcher intrusions, and later in the season. Latitude at which the trial was 
performed, habitat quality index, year and the interaction between year and latitude did not 
significantly affect aggression score. 
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1 

2 

A subsequent model without the interaction between latitude and year was run, in which 
significance remained identical as in the previous model, with day (χ 2 =79.7954, p= 6.40e-09 
***) and species of simulated intruder (χ 2 =33.7079, p= 1.85e-13 ***) remaining significant. 

 

Variable Estimate Standard error Z value Pr(>|z|) 
Species of simulated intruder (PF) -1.50605 0.20385 -7.388 1.49e-13 *** 
Day 0.09786 0.0169 5.760 8.39e-09 *** 
Latitude -0.39042 0.57687 -0.677 0.4985 
Habitat quality 0.95000 0.72993 1.302 0.1931 
Year (2009)*Latitude 0.19619 0.74610 0.263 0.7368 
Year (2014)*Latitude 0.24157 0.69319 0.348 0.8689 
Year (2021)*Latitude -5.55729 2.89154 -1.922 0.0440 * 
Year: 2009 0.21863 0.65048 0.336 0.7926 
Year: 2014 0.11176 0.67721 0.165 0.7275 
Year: 2021 -

11.81875 
5.8686 -2.014 0.0546 . 

     

Random effects Variance Standard deviation   

Scorer 0.07488 0.2736   

Bird unique identifier 5.38124 2.3198   
Table 3: Results of generalized linear model on aggression score as response variable, simulated species, day of trial, 

latitude of trial, habitat quality in area of trial, year the trial was performed and interaction between year and 
latitude as fixed effects, as well as scorer and a unique bird identifier as random effects. 

 

 
Plot 2: Aggression scores for simulated intrusion of either species, CF being collared flycatcher and PF pied 

flycatcher, red dot represents the mean value for the scores and thick horizontal black lines represent the median. 
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Plot 3: Aggression scores and date of behavioural trial throughout the month of May. Red dot represents average for 
aggression scores on that day of the month 

 

It should however be noted that even though habitat quality was not significant in the model, 
a significant positive correlation was found between it and our aggression score (see Table 3, 
Plot 4). 

 

 
Plot 4: Aggression scores plotted against habitat quality scores (based on caterpillar mass available around each 

nestbox), error bars included from birds with multiple measurements. 
 

Latency of arrival models: 

Latency of arrival was tested in a similar model, albeit a linear mixed model, due to the 
distribution of the data. We found a significant effect of year (χ2

2 =9.4949 p = 0.008674 **) on 
latency to arrive to the site of the trial. Latency of arrival proved to be significantly higher in 
2014 trials (see Table 4). All other variables proved not to be significant, but there were trends 
to significance in simulated species (χ2

2 =5.811, p = 0.054711 ) and day of trial (χ1
2 2.8852, p = 

0.089399). 
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2 

Variable Estimate Standard error T value 
Simulated species 356.895 167.359 2.133 
Day 6.973 4.105 1.699 
Latitude 1.293 62.387 0.021 
Habitat quality -34.101 1 -0.449 
Year: 2009 173.365 72.668 2.386 
Year: 2014 579.057 198.461 2.918 
Latitude*Year: 2009 -91.157 80.012 -1.139 
Latitude*Year: 2014 37.427 73.943 0.506 

    

Random effects Variance Standard 
deviation 

 

Scorer 38607 196.5  

Bird unique identifier 27564 166.0  
Table 4: Results of linear model on time of arrival as response variable, simulated species, day of trial, latitude, 

habitat quality, year of trial and interaction between latitude and year of trial as fixed effects, scorer and a unique 
identifier for the subject bird as random effects. 

 

Because of methodological differences between 2014 (video recordings) and other years (live 
trials), we ran two extra separate models with 1) only 2014 data and 2) 2008 and 2009 data (as 
these were ran by the same observer). No models were done individually on either the 2021 or 
2012 datasets due to their low sample sizes. 

None of the variables tested affected latency to arrive to the nestbox in 2008 and 2009. In 
terms of the 2014 model (see Table 5), the species of simulated aggressor significantly 
affected latency to arrive to the nestbox (χ 2 = 4.8890, p =0.02703 *), with a shorter latency for 
simulated intrusions by collared flycatchers. 

 

Variable Estimate Standard error T value 
Simulated species 362.252 163.833 2.211 
Day 7.627 4.105 1.153 
Latitude 40.868 39.061 1.046 
Habitat quality -71.543 119.828 -0.597 

    

Random effects Variance Standard deviation  

Bird unique identifier 24111 155.3  
Table 5: Results of linear model on latency of arrival as response variable, simulated species, day of trial, latitude 

and habitat quality as fixed effects, and the unique bird identifier a random effect, done with only 2014 data. 
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Discussion 
 

Our results broadly line up with our expectations, finding that key determining factors for both 
intraspecific and interspecific competition in collared flycatchers have a clear and significant 
effect on their aggressive behaviour in the island of Öland. 

We found aggression to be significantly and highly repeatable between trials for the same 
individual, and to positively correlate with day of trial, getting more aggressive as it got later in 
the season. We also found birds to be significantly more aggressive towards collared flycatcher 
simulated intrusions than they were to pied flycatchers. Similarly, in 2014 birds showed a 
longer latency to arrive at the site of the trial when presented with pied flycatcher song. We 
also found longer latency to arrive for one of the years we got data from, 2014. 

Our repeatability result lines up with previous research on behaviour in collared flycatchers, as 
earlier research in the Swedish island of Gotland’s resident flycatcher population found the 
same result21, providing strong evidence for individual collared flycatchers´ aggressive 
behaviour to be consistent and a personality trait, providing a strong foundation for the rest of 
our results. 

Our results confirmed our prediction that collareds would show more aggression towards 
conspecifics, rather than heterospecifics. This is in line with some previous results on this 
system, as it had been seen that collared flycatchers react more towards songs of their own 
species being played to them than to pied flycatcher songs18. It also makes sense for collareds 
to be less aggressive towards pieds, as they potentially do not need to be. Given the fact that 
pieds are known to be less aggressive13, individuals may have adapted to use the minimal 
amount of energy and aggression needed to fight off a less persistent competitor than their 
own kind. However, when comparing with previous research on this topic, the opposite 
example has often been found, where invaders are more aggressive than non-expanding 
individuals . One possibility is that our results follow another ecological mechanism through 
which less aggressive individuals are pushed out of the main populations and form the 
expanding groups22 , this has been seen in cichlids 23 , where it is precisely high levels of 
intraspecific aggression that drive outwards movement, then led by less aggressive individuals. 
Another possibility is that this study comes too late, and a signal of the invasion front can no 
longer be found on Öland, as collared flycatchers have increased their number to a point 
where they no longer can be considered active expanders. Our finding that year and latitude 
do not have a joint effect on aggression also points towards this idea, as even the earlier years 
(2008 and 2009) during which we considered an invasion front to be active, did not differ from 
later years in terms of the latitudinal effect on aggression. 

Another of our findings, the increase of aggression day by day (see Plot 2) speaks to the 
rationality of the use of aggression in a competitive context for these birds. It is well 
established among migratory birds that late arrivals on breeding grounds are associated with 
lower reproductive success24, it therefore seems logical that late arriving birds and unpaired 
males would behave in a riskier manner as time goes by, given that they would find 
themselves in a worse situation every passing day. 
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Our prediction of increased aggression in higher quality habitats was not met in our model, 
however, the significant correlation between habitat quality and aggression score hints 
towards the relevance of this ecological feature for aggression. This lines up with previous 
research in males of another species of passerine birds25, and shows how birds can discern 
between poor patches of land and those that will give them the highest availability of food, 
this also fits well with the known avoidance by collareds of low-quality pine forests in the 
north of the island14 .This correlation does not however omit the fact that it was not significant 
in our full model, pointing towards the other previously discussed factors being more relevant 
for how collared flycatchers behave in the island. 

On the topic of latitude, which proved not to be significant on any of our models, it should be 
noted that there are some limitations to how accurately it can describe an invasion front. 
Öland is not homogenous in its ecosystems, with certain lower quality (lower in caterpillar 
quantity) patches of land appearing throughout the island26. Pied flycatchers are currently 
being driven out of high-quality patches of land into these lower quality forests (such as pine 
forests)26, where collared flycatcher nestlings have very low survival, but pied flycatchers do 
better in19. This heterogeneity in ecosystems across the island could lead to a non-perfectly 
defined invasion front, with the presence of low quality, pied prevalent, patches of land 
influencing the latitudinal gradient and collared flycatcher dispersal through the island. 
Nevertheless, none of these very low-quality patches of land are present in our study, as 
behavioural trials were only performed in areas with significant collared flycatcher populations. 
Moreover, the strong significance for increased aggression against collared simulated intrusions 
can lead to the expectation that collareds would be more aggressive in areas where they 
dominate, and most of their competition is intraspecific rather than interspecific, leading to 
relatively relaxed competition on the invasion front. But another possibility, as previously 
mentioned is that the invasion front is not captured in our sample, and that data from earlier 
years or from further South in the island (where no nestboxes are present) would be necessary 
to find a significant influence of latitude in aggressive behaviour. 

In terms of our results on latency of arrival, the later arrival times detected in our 2014 dataset 
compared to all other years could be due to the difference in methodology between these 
datasets. Given that the 2014 datapoints come from videos of trials, rather than live scoring, a 
scorer watching a video would not be able see or hear as much as someone physically standing 
by the trial, and might thus only detect the bird at a later point. We consider that to be the 
most likely explanation for this result. When looking at the year-specific models instead, 
comparing only the same types of trials with each other (live or video), we found a result that 
lines up with our aggression score results, slower arrival times when presented with pied 
flycatcher intrusions, albeit only on our 2014 dataset. Latency to attack has been used in 
previous research as a measure of aggression in collared flycatchers27, where this measure of 
aggression was found to be a useful predictor of other risk-taking behaviours. Our latency 
variable is not to attack, but to show up, so these results are not directly comparable, but they 
do hint at another way in which individuals may regulate their aggressive behaviour. 

As another note on our results, number of nestboxes per area, number of collared flycatcher 
nests per area and number of pied flycatcher nests per area were all originally included in our 
analyses, however, the strong correlations between these variables and latitude, as well as 
among each other led to them being excluded from the final model. 
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These variables could have provided useful insight into how the presence of conspecifics and 
heterospecifics shift behaviour for collareds, as many of our predictions are deeply connected 
to this, but their geographical patterns make them incompatible with a look at the influence of 
latitude and an ecological range expansion. Perhaps these topics could be better looked at in 
an area where both species have cohabited for a longer amount of time, such as that of central 
Europe, although even there, both species show differing habitat preferences and direct 
coexistence is limited34. 

One of the aspects that could certainly be improved in our study is the fact that all collared 
flycatchers on Öland are a product of a recent dispersal process. The comparison between the 
collareds at the considered current invasion front with those at the old invasion front may not 
be as thorough as the comparison between birds at the invasion front and birds in the native 
range that have not been through any recent dispersal events, such as those in the 
neighbouring island of Gotland. Including birds from Gotland into the experiment could 
provide a better overview of how resilient over time these “invasion adaptations” may be, and 
the potential lingering effect these invasive dynamics might have caused on these populations, 
even years after the invasion front has moved on. Aggression in collared flycatchers on 
Gotland has already proved to be a subject of interest and has been linked with the way in 
which birds select nesting sites15, another example of how differences in aggression levels can 
have key consequences for birds’ breeding success and survival. 

Overall, we have found that aggressive behaviour in collared flycatchers is repeatable and 
consistent, as well as highly flexible and adaptable, following several different patterns that 
lead to the optimal amount of aggression in each scenario. Their increased intraspecific 
aggression could be related with their invasion front on Öland, and hints towards their 
aggression being influenced by this invasive context, determined by the presence of the pied 
flycatcher. Our results highlight how invasion and range expansion processes can provide a live 
window into short term adaptation and evolution; with the increased complexity these 
processes bring along in the context of (new) interspecific interactions. We hope future 
research on this topic continues to unravel the complex dynamics of expansion and 
displacement of these closely related flycatchers on Öland, thanks to the unique opportunity 
this live ecological event brings with it. 
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  Appendix 1: 
   

Year 2008/2009 2012 2014 2021 
Attack on dummy No No Yes Yes 
Attack on speaker No No Yes Yes 
Bird on box Yes Yes Yes Yes 
Bird on dummy Yes Yes Yes Yes 
Bird on speaker No No Yes Yes 
Bird inside box Yes Yes Yes Yes 
Bird on hole Yes Yes Yes Yes 
Hover box No No Yes Yes 
Hover dummy No No Yes Yes 
Hover speaker No No Yes Yes 
Alarming Yes Yes Yes Yes 
Singing Yes Yes Yes Yes 
Arrival time Yes Yes Yes Yes 
Flying attack Yes Yes No No 
Pecking on dummy Yes Yes No No 
Repeated trials No No Yes No 

Table 6: Behaviours compiled on each dataset for the production of the aggression score
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