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Abstract

Character displacement can happen where two closely related species live in the same area and
compete over the same resources. The ecological displacement that usually precedes the
character displacement may force the species to change their foraging strategy, which could put
a certain selective pressure on behaviour.

Italian sparrows (Passer italiae) may be experiencing such a selective pressure where it lives
in sympatry with the closely related Spanish sparrow (Passer hispaniolensis).

In this study | have used stable isotopes to compare the diets of two sympatric populations of
Italian sparrows and performed controlled behavioural experiments on sympatric Italian and
Spanish sparrows to look for species differences.

| found evidence for ecological displacement of the sympatric Italian sparrows, and between-
species differences in exploratory behaviour.

Although additional behavioural studies of allopatric populations are necessary for testing the
hypothesis of behavioural character displacement, hopefully this study can be a stepping stone
for such future studies.
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1. Introduction

Character displacement is when closely related species diverge from one another where they
live in the same area (sympatry) relative to where they live in different areas (allopatry).
Sharing the same space makes relatively similar species more different from each another.
That is, when in the same area they tend to “displace” one another ecologically,
physiologically or behaviourally in one or more traits (Brown and Wilson 1956).

As closely related species often overlap in important traits such as habitat and food
preferences, they are predicted to compete over these resources in sympatry (Brown and
Wilson 1956). This competition may lead to an ecological displacement as a result of one or
both species experiencing selection for changing their niche in such a way that the overlap of
the competitors’ niches (and thus competition) is reduced (Reif et al. 2018; Peers, Thornton,
and Murray 2013).

Changes in niche sometimes require new or adjusted adaptations to foraging. Among the
well-known examples of this are the three-spine sticklebacks (Gasterosteus spp.) where
closely related species have developed different morphologies adapted to exploiting different
resources in the same lake (Schluter 1995). Another example is two closely related species of
Plethodon salamanders that have different jaw mechanics adapted to catching different types
of prey in sympatry but not in allopatry (Adams and Rohlf 2002).

However, changes in morphology is not the only way for a species to respond to competition.
For instance, a species may instead respond by adopting new foraging strategies. Certain
behaviours may be more adequate than others and natural selection may thus favour the
behavioural changes best suited for exploiting new resources.

Behavioural traits can have substantial heritability (Dingemanse et al. 2003; Sol et al. 2005)
and consequences for fitness, and are thus likely targets for natural selection (Bell and Sih
2007; Karlsson Green et al. 2015; Laine et al. 2016) and character displacement. For instance,
innovative behaviour can be advantageous when a species is adapting to novel conditions (Sol
et al. 2005) and may therefore be targeted by character displacement when closely related
species come in to secondary contact. A recent study (Seetre et al. 2017) indicates that such
behavioural character displacement may be affecting a population of Italian sparrows (Passer
italiae) living in the nature reserve of Lago Salso in the Gargano peninsula in east-central
Italy. After the population experienced secondary contact with the closely related Spanish
sparrow (P. hispaniolensis) in 2013 it has diverged genetically from that species at genes
known to be involved in learning and cognition.

The Italian sparrow is a homoploid hybrid species that originated from past episodes of
hybridization between the Spanish sparrow and the house sparrow (P. domesticus)
(Hermansen et al. 2011; Elgvin et al. 2017). The three species are seed eating birds and are
relatively similar in morphology and feeding ecology, although the Italian and House sparrow



are more associated with humans than is the Spanish sparrow, which normally occupy more
mesic habitats (Summers-Smith 1988; Anderson 2006). That is, the Italian sparrow and house
sparrow share a human commensal niche whereas the Spanish sparrow is “wilder” However,
in farmland they may still occur together in sympatry. This is the case in certain places in the
Gargano peninsula, where the Spanish sparrow established breeding colonies for just a little
more than 20 years ago (Eroukhmanoff et al. 2014). The Italian sparrow population in Lago
Salso, however, was allopatric until 2013.

When Satre and colleagues started collecting genetic and morphological data from the Italian
sparrow population at Lago Salso in 2012 the birds were seen feeding in large flocks both at a
cereal field near the field station of Lago Salso and in a farm area associated with the station
where a poultry pen was a popular feeding site. Then, after a group of Spanish sparrows
settled in Lago Salso in 2013 a few noteworthy things happened with the Italian sparrow
population (Seatre et al. 2017):

1) Habitat segregation: Italian sparrows were driven away from the cereal filed (likely chased
off by the Spanish sparrows) in which they previously fed, becoming confined to the areas
near the farm, mainly feeding from the poultry pen.

2) Reduced population size and body condition: Both effective and census population size
was reduced (by 40% and 61% respectively) and the birds got a lower body mass-to-tarsus
length ratio.

3) Genetic displacement: The Italian sparrows in Lago Salso diverged from the Spanish
sparrow, particularly at genes involved in learning and cognition, in accordance with the
theory of character displacement (Brown and Wilson 1956).

The genetic divergence that followed the settlement of the Spanish sparrow in Lago Salso was
found to be paralleled in other and slightly older sympatric populations of the Italian sparrow
in the Gargano peninsula. That is, the Italian sparrows that have lived in the same area as the
Spanish sparrow for some 20 years were genetically more different from Spanish sparrows
than were allopatric ones (Satre et al. 2017).

This raises the question of whether there exists any phenotypical displacement that reflects
this displacement of alleles? What consequences does sympatry have for their ecological
niches? Has there been selection for a certain phenotype in the Italian sparrow population
displacing it further from the Spanish phenotype? Which trait(s) have in that case been
selected for and is thus being displaced? So far, no morphological displacements have been
found (Eroukhmanoff et al. 2014; Seatre et al. 2017). As already mentioned, the loci that had
diverged the most from the Spanish sparrow were genes associated with brain development,
photoreception, learning, motricity and cognition in other vertebrate species (some of them
birds) (Enright et al. 2014; Sugino et al. 2005; Xu et al. 2011; Brunkhorst et al. 2005; Seeher
et al. 2014, but see Seetre et al. 2017 for the list of genes in question). Thus, the question is
whether there is a displacement in any behavioural trait related to cognition?

However, how do we measure cognitive traits? The problem starts with the definition itself;
there is no clear-cut and generally accepted definition of cognition in the literature. Yet one



widely accepted understanding of cognition is as ways in which animals take in sensory
information, process, retain and act on it (Shettleworth 2001; Morand-Ferron, Cole, and
Quinn 2016). This implies that variation in cognition can be due to everything from variation
in sensory predispositions to variation in motor skills. Such a broadly defined quality is hard
to measure directly. Traditionally, however, researchers have obtained measurements of
cognitive traits through observing how animals behave.

Cognition is assumed to underlie certain kinds of behaviours involved in problem solving
performance (Cole, Cram, and Quinn 2011; Ferron et al. 2016). One problem with obtaining a
measure of cognition from such behaviours is that although an individuals’ problem-solving
performance in one task may be consistent over time (Medina-Garcia, Jawor, and Wright
2017), performances in different types of tasks often appear not to be correlated. This may
indicate that different tasks involve different aspects of cognition and that cognition might be
a target too broad to hit with just one type of task. Some studies do find correlations among
traits linked to cognition (Bouchard, Goodyer, and Lefebvre 2007; Boogert et al. 2011), some
do not (Medina-Garcia, Jawor, and Wright 2017; Anderson et al. 2017), whereas others have
mixed results: Although performances in different cognitive tasks may not show much
correlation, principal component analysis explaining most variation in performances in
different tasks sometimes point to something like a general cognitive ability (Isden et al.
2013). Thus, it is debatable how much it is possible to infer about an animal’s cognition from
its performance in a problem-solving task (Rowe & Healy 2014). Yet, any problem-solving
task will conceivably reveal something about some cognitive process and even if we cannot
get the whole picture, one piece of it may yield more understanding than no piece.

What kind of task is suited to target at least one aspect of cognition? According to
Shettleworth (2001) and Ferron (2016), one that requires an animal to demonstrate one or
more of the faculties cognition is considered to comprise. This would include showing itself
capable to take in information (sensing) and act on it (motricity) in such a way that it seems
likely that the information has been taken into the actions’ account (retaining and processing).
Preferably the task should also be novel, in order to minimize the chance of the action being a
result of “pre-programmed” behaviour, or more of a direct stimulus-response, that excludes
the processing aspect of cognition.

Tasks that typically have been used for such purpose are extractive foraging tasks because, in
addition to incorporating the requirements just mentioned, they are also ecologically relevant.

Some examples from behavioural studies of House sparrows include tasks involving
transparent food containers covered by either a lid or a piece of paper, or with food trapped
above a slot. The birds are then challenged to find a way to flip open the lid, pierce through
the paper or pulling the slot to access the food (Papp et al. 2014; Bokony et al. 2014)

Tasks for bigger birds, like the Carib grackle (Quiscalus lugubris), could consist of flicking
open a hinged food container by probing at the right places near the hinge (Overington et al.
2011).

All these tasks require the animal to interact with a novel device, process the devices’
“response’ to that interaction and adjust its next action to that response. In the latter example,



this means that the bird must notice that the opening of the container increases the closer to
the hinge he probes.

The relationship problem-solving behaviour and personality is not well established.
Personality is defined as consistent individual differences over time and across context and,
although individual differences in performance in tasks like these appear consistent, at least
over time, it is debated whether problem-solving performance should be considered part of
personality or not. Traditionally they are treated as separate phenomena (Morand-Ferron,
Cole, and Quinn 2016).

Studies of the relationship between personality and problem-solving behaviour have yielded
mixed results, which may have to do with its complexity; the relationship may vary with other
factors, such as age (Zidar et al. 2018). There have been found positive (Overington et al.
2011), negative (Lermite, Peneaux, and Griffin 2017) and no (Cole and Quinn 2012)
correlations between exploratory behaviour and problem-solving performance.

One well-studied personality trait is that is both repeatable and heritable is exploratory
behaviour (Dingemanse et al. 2003). Studying exploratory behaviour typically involve placing
the test subject in a new, unfamiliar space, observing how fast it covers the different areas of
this space. This trait is loosely linked to cognition in the sense that it facilitates an animal’s
encounter with new information about its surroundings (Carere and Locurto 2011; Sih and
Del Giudice 2012).

Whether exploratory behaviour should be used to correct for or treated as an additional
measure of cognition remains an open question. In either case, measuring exploratory
behaviour along with problem-solving is a way of broadening the understanding of an
animal’s cognitive processes.

To start the investigation of a possible behavioural character displacement, I’ve looked into
clues about diet through stable isotope analyses and run behavioural experiments, testing both
problem solving and exploration, on Italian and Spanish sparrows from the sympatric
populations of Masseria Mustazzo. We chose Masseria Mustazzo over Lago Salso because the
species have been sympatric for longer in the former population, so potential differences in
behaviour are expected be more emphatic and easier to detect.

Given that few behavioural studies of these two Passer species have been done, it is hard to
know exactly which behaviours to look for in order to get good comparative measurements of
exploration and problem-solving behaviour, but previous studies of House sparrows have
inspired the current study (Liker and Bokony 2009; Bokony et al. 2014))



In this study I

1) Do an analysis of stable nitrogen and carbon isotopes in the feathers of sympatric Italian
and Spanish sparrows, to see what consequences sympatry might have for their diets. Isotope
analysis is a relatively non-invasive method of inferring differences in diet, as the feather
stable isotope ratio reflects the stable isotope ratio in their food sources (Hobson and Clark
1992).

2) Design controlled behavioural experiments for wild-caught Italian and Spanish sparrows in
captivity, to evaluate potential species differences in behaviour related to problem solving and
exploration.

2. Materials and methods

2.1 Study species and study area

Italian and Spanish sparrow are both members of the genus Passer, of relatively similar size,
both measuring around 16 cm and typically weighing in the range of 26-30 grams. Males of
both species have chestnut red crown and nape and a black bib. The males’ species are
distinguished by the Spanish sparrow male’s more extensive bib and black streaking on the
flanks (lacking in the Italian sparrow male).

The females of the two species are uniformly brown, and although the Spanish sparrow
female tend to have darker flanks than the Italian sparrow female, they show no reliable
species differences in plumage (or other morphological traits).

Both the Italian and the Spanish sparrow are seed-eating, gregarious species, but they have
some obvious behavioural differences; the Spanish sparrow is migratory, whereas the Italian
sparrow is sedentary (like the House sparrow), and the Italian sparrow is more of a human
commensal than the Spanish sparrow.

I’ve studied sparrows from Masseria Mustazzo and from Lago Salso, both located in the
Gargano peninsula (province of Manfredonia, South-east of Italy), about 6 kilometers apart
from each other. Their ecological composition is quite similar; both comprising a cereal field
and a farm area (with chickens and chicken food/ poultry pen).

In Masseria Mustazzo the two species have lived in sympatry for about two decades
(Eroukhmanoff et al. 2014). In Lago Salso, sympatry is (as mentioned in the introduction)
more recent (Satre et al. 2017).

2.2 Isotopes

Sampled from both Italian and Spanish sparrows in Masseria Mustazzo in 2015, from the still
allopatric Italian sparrows in Lago Salso in 2012 and from the same population in sympatry
with the Spanish sparrow years 2015, 2016 and 2017. All feathers were collected in spring
time (May-June).



The feathers were sampled by capturing sparrows in mist nets and pulling the tertiary remige
(a wing feather). This is done as part of a larger sampling procedure including taking blood,
body measurements and ringing.

Isotope data from Mass. Mustazzo and Lagos Salso years 2012 and 2015 had already been
obtained Eroukhmanoff and colleagues. The isotope data from Lago Salso 2016 and 2017, |
obtained myself by cutting small pieces (~1mg) of the collected feathers (with a scalpel,
weighing them on a microbalance, folding them into small tin capsules and placing them (in
randomized order) onto a welled plate before sending them for analysis (at Jahren laboratory,
UiO). For each sampled individual, I got the stable isotope ratios of both carbon and nitrogen.

These ratios represent the relationship between the ratio of the heavier isotope (*3C for carbon,
5N for nitrogen) to the lighter isotope (*C and *N) and a standard ratio for these isotopes
(Rstp). This is how they are calculated:

Nitrogen stable isotope ratio: *N = (**N/*N)/**Rstp— 1) *1000
Carbon stable isotope ratio: §*C = (**C/*2C)/"Rsrp— 1) *1000

2.3 Behaviour

2.3.1 Capture and housing

Study subjects: Male Italian (n = 9) and Spanish (n=12) were collected in mist nets on June
5t and 6™ (outside breeding season), 2018, from the (sympatric) populations in Masseria
Mustazzo. All individuals were ringed, weighed and measured (tarsus length and beak length
and width) upon capture before they were transported to their housing aviaries at the study
site in Lago Salso.

At the study site, the Italian and the Spanish sparrows were kept in two separate, adjacent,
(partially sheltered) outdoor aviaries (= 4 (w) x 6 (1) x 2,5 (h) -m), each equipped with perches
in all top corners, two roosting trees and two birdbaths (shallow plastic plates [@ =~ 50 cm)]).
During acclimation, food (a mix of millet, canary seeds and sunflower seeds) and water were
provided ad libitum (food from treys placed on two wooden pedestals ~ 110 cm above the
ground, water from 3 metal bowls placed on the ground).

2.3.2 Experimental Protocol

The Experiments were carried out between September 15", and October 7%, 2018, in two test
aviaries (adjacent to the housing aviaries) with the same dimensions and an overall similar
setup as the housing aviaries (four corner perches, two wooden pedestals).



Individuals of the two species were tested in separate aviaries at the same time, species
switching test aviaries for each trial (first trial Italian in aviary 1, Spanish in aviary 2, second
trial Italian in aviary 2, Spanish in aviary 1, and so on).

We transferred the birds between housing aviary and test aviary by capturing them with a
hand net and transporting them in small cloth bags.

Two different experiments were conducted in this period; 1) A personality test aiming to
measure exploratory behaviour, and 2) a foraging task aiming to measure problem solving
skills.

Both experiments were recorded with an action camera mounted on the inside of each test
aviary. The personality test was also observed and recorded in real time by an observer hiding
outside the test aviary behind a green mesh. It eventually became apparent that the birds could
notice the observer outside the aviary, so it was decided that the problem-solving experiment
be recorded with cameras only.

The personality test was the first experiment to be carried out. During the 13 days this
experiment lasted, all the birds were provided food from the feeding boards (placed on the
ground in their housing aviaries) that were to be used in the problem-solving task, in order to
familiarize them with this apparatus.

Personality test: Exploratory behaviour

This test consisted of three parts; 1) exploration of a small, unfamiliar cage, 2) escaping from
this cage and 3) exploration of the test aviary following escape from the cage.

In order to level the birds’ motivation, they were deprived of food; approximately two hours
before test start, all food was removed from both housing aviaries. The food was replaced as
soon as the test individuals had been collected from the housing aviaries.

Before test start, both test aviaries were prepared with food in a tray n the right pedestal and
water in two metal bowls on the ground.

We tested one individual (from each species) at a time, introducing it into a small cage (40
(w) x 120 (I) x 40 (h) -cm) placed inside the test aviary, equipped with four perches and two
water dispensers. Eleven minutes after introduction (one minute of “acclimation” + ten
minutes of recordings), a door on the side of the cage was opened by means of a transparent
fishing line (pulled by an observer hiding outside the test aviary), permitting escape from the
cage and into the test aviary for further exploration.

After the door was opened, the bird was given 30 minutes to find the exit. If the bird managed
to escape within this time limit, it was given 60 minutes to explore the aviary. If the bird did
not succeed in escaping, it was guided out by one of the observers and the experiment
discontinued.



After all observations were done, the test birds were recaptured from the test aviaries and
released into their respective housing aviaries.

Initially this test was run twice a day; one at ten in the morning, the other at four in the
afternoon, but the protocol eventually had to be adjusted due to stress inflicted upon the birds
during capture. Ideally, all of the individuals would have done two trials each, but because of
this adjustment, only six individuals repeated the trial.

Data collected from cage and exit

I defined 16 different areas of the cage (4 perches + 2 water dispensers + 5 ground areas + 5
wall areas) and recorded i) number of areas visited, ii) total number of flights/transitions
between areas, iii) number of visits to the ground, iv) exit/ no exit, v) latency to exit the cage.

To correct for arbitrary movements, | also calculated vi) number of areas visited more than
5% and vii) 10% of the total number of times the bird transitioned. The variable exit/ no exit
was weighed with 1 for exit and 0 for no exit. Exit latency was recorded in number seconds
passed from the door opening to the bird escaping (for the ones who did not escape, exit
latency was weighed with 1800 seconds)
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Figure 1: Exploratory behaviour experimental set-up.

Data collected from test aviary exploration

From the aviary exploration test, | recorded i) whether or not the bird visited the ground, ii)
latency to visit the ground for the first time, iii) number of visits to the ground, iv) whether or
not the bird drank water, v) latency to the first drink, vi) number of drinks, vii) total number
of flights and viii) number of areas visited (out of 9 different areas defined; 4 perches, 4
corners and a metal bar in the back of the aviary, ground not included)



Considering that the birds did in fact notice the observer outside the aviary, | also created a
variable including all the visits to the front of the aviary (that is the part of the aviary closest
to the observer), with intention of using this as a proxy for boldness.

The variables for ground visit — “yes or no”, and drink — “yes or no”, were weighed with 1 for
“yes” and 0 for “no”. A visit to an area was defined by landing in that area. For the
individuals that never went to the ground or drank water the latencies were weighed with
3600 seconds.

Foraging task: Problem solving behaviour

In this experiment, the birds were to feed from a wooden board (~ 45 (w) x 45 (1) x 5 (h) -cm)
with 16 wells drilled into it (in 4 x 4 rows), each well ~ 4 cm deep and ~4 cm in diameter (see
picture below). A small transparent plexiglass lid was attached to each well with a screw, in
such way that it could easily slide to the side. All the wells were filled with the same food as
the birds had been fed over the summer. The task consisted in (after being accustomed to feed
from this board with uncovered wells) finding a way to open the plastic lids in order to reach
the food inside the wells.

Figure 2: Feeding board used in the problem-solving experiment

Birds were captured from their housing aviaries the day before the test and placed in the test
aviaries for ~22h of acclimation. During acclimation, the birds were provided food from the
feeding board (attached to the left pedestal, elevated ~110 cm above the ground) during the
day. For motivational purposes, the feeding board was removed ~1h before sunset, depriving
the birds of food overnight. The food was replaced with closed lids ~1h after sunrise (that is,
when the test starts)

Most, but not all, of the birds seemed to accept the feeding board quite quickly.

Three birds from the same species were tested together (except from the last trial where only
two birds were tested together) in the same test aviary. Two of the test individuals were



marked with water-based colors (one green and one orange) before being released in the test
aviary. This would allow an observer (in this case myself) to recognize the individuals on
video.

Before test start, | mounted the cameras in each test aviary before introducing the feeding
boards with closed lids. The test started as soon as | had left the aviary.

The tests then ran for 60 minutes, during which I recorded (from the videos), each
individual’s 1) latency to visit the board for the first time, i1) latency to the first attempt, iii)
number of attempts, iv) number of pecks, v) total number of visits to the board, vi) total time
spent on the board, vii) number of unique wells attempted at, and viii) success in opening a
lid.

| defined an attempt as one or more pecks (beak touching plexiglass) on one lid, meaning that
several consecutive pecks on one lid were counted as one attempt. | defined a peck as a brief
strike with the beak on the lid. (one bird sometimes kept its beak fixed at one point on the lid
while revolving the well. Such activity was weighed with 10 pecks). A visit was defined by
landing onto the board (not counting the small flights some birds occasionally used to relocate
themselves on the board). Total time spent on the board, | obtained by adding the durations of
all the visits the individual paid the board. The number of unique wells attempted at was how
many of the 16 different wells on the board the individual had attempted at the end of the test.

Based on these recordings, I also calculated each individual’s ix) attempt intensity (pecks per
attempt), x) diligence (attempts per minute spent on board) and xi) average length of visit
(total time spent on board/ number of visits). | also noted, for each visit, whether or not the
bird was the first one to arrive at the board, termed xii) pioneering.

If an individual never visited the board (and thus never gave any attempts to open a lid) both
latencies were weighed with 3600 seconds. If an individual visited, but never attempted,
attempt latency was weighed with 3600 seconds.

The test was repeated once for most groups (except for two groups who did the test three
times, and the last group of two sparrows who only was given one trial), the second test being
carried out on the consecutive day, in the same test aviary.

When the tests had been carried through and recorded on video, all the test birds were
recaptured from the tests aviaries and replaced in their respective housing aviaries.

2.4 Data handling and analyses

To register and process the data | used Excel and a standard Windows text editor. For
statistical analyses | used R version 3.3.1 where | set the alpha level of significance to p <
0.05 for all tests. The data included both parametric and non-parametric variables (normality
tested with both Q-Q plots and Shapiro Wilks-test). Comparing differences in means between
groups, | ran t-tests for the parametric variables and Wilcoxon rank sum tests (Mann-Whitney



U test) for the non-parametric ones. Comparing differences in variance, | used the Fligner-
Killeen test (robust against non-parametric data and outliers). On all binary data, | used
Fisher’s exact tests to compare groups and probit regression when treated as response
variables. When correcting for multiple testing, | used Holm’s adjustment of p-value.

2.4.1 Isotopes

| used isotope data from male sparrows only (as females’ species in sympatric populations is
uncertain). | looked at population means, variances and densities of stable carbon and nitrogen
isotope ratios (annotated §*3C and 8°N, respectively)

I did a species comparison in Mass. Mustazzo, and the Italian sparrows’ time series from
Lago Salso with the distribution in Masseria Mustazzo. Sample counts ar presented in the

table below.
Lago Salso Mass. Mustazzo
Year P. italiae (N) P. hispaniolensis (N) P.italiae (N)
2012 7 - -
2015 15 16 15
2016 16 - -
2017 15 - -

Table 1: Isotope sample count

2.4.2 Behaviour
Exploratory behaviour experiment
Data from cage and exit:

A total of 23 trials were run, 6 of which were replicates. To get an indication of repeatability,
| tested for differences between the first and the second trial of these 6 individuals.

| considered using the average values of the 6 individuals that did the test twice. However, |
made the decision of only including the values from their first, trial, keeping all the
individuals’ test condition as similar as possible.

On this data, I first tested for difference in proportion of individuals who managed to exit the
cage within 30 minutes.

Then I ran a Principal Component Analysis (PCA), excluding the exit data, before comparing
the species’ mean and variance of all variables (including PC1 and PC2).

Finally, I looked for predictors for exit success, using a probit regression model for binomial
data, with all the variables included in the PCA as independent variables.



Aviary data

Here I first looked for species’ differences in proportion of ground-visitors and proportion of
drinkers (Fisher’s exact test for both). Then I ran two PCAs; first including all numeric
variables, then one excluding the latencies to visit the ground and to drink. Finally, I
compared the species’ means and variance of all variables (including PC1 and PC2 of the
latter PCA)

Problem solving experiment

A total of 18 individuals (11 Spanish and 7 Italian) were tested in this experiment, and all of
them (except for one Spanish sparrow, tested on the last day) went through at least two trials.
Some of them never visited the board (in any of the trials), so I first tested the species’
difference in proportion of visitors (Fisher’s exact test). Then I removed the non-visitors from
the dataset, which left me with 15 individuals, before proceeding with the analyses. As there
were no significant differences between the first and second trial, | averaged the values (of all
variables) from the first two trials of all visitors and included the individual who was only
tested once (meaning that it was not the average values, but values from this individual’s first
trial that were used).

| chose to exclude the calculated/derived variables (intensity, diligence, average length of
visit, and attempt per visit), as they were closely correlated to the raw variables, before

running a PCA. I then tested for species’ differences in mean and variance of all variables,
including PC1 and PC2.

Once | had run all the (quantitative) tests on the whole sample of 15 visitors, | tried to correct
for the disparity between the Italian (n=5) and the Spanish (n=10) sample sizes by randomly
sampling 5 Spanish individuals 20 times, running the same tests for each sample.

Finally, | tested for difference in success rate (binary) between the species.
Correlations

In addition to comparing the species’ behaviour in these experiments, I looked for correlations
(Spearman’s rank) between exploration and problem solving in variables, PC1 and PC2.

2.5 Confounding factors

Before running relevant tests, | checked whether factors such as time of day (afternoon or
morning for the exploration experiment), test aviary (1 or 2) or observer (out of three different
ones in the exploration experiment) had a significant effect.

Problem solving experiment:



The individual measurements in the problem-solving experiment are partially
pseudoreplicates, considering that social effects are not corrected for.

In the cases a lid was opened, the access to food affected the sparrow’s behaviour on the
board. Thus, I considered measurements such as times spent on board and number of attempts
as invalid for comparison in the time interval from the lid was opened until the end of the test.
So, to make the data from comparable for the whole duration of the test, | extrapolated their
behaviour for the remaining time of test duration, from the behaviour measured before a lid
was opened, by averaging the value (y) of each variable per minute before lid opening, and
multiplying it by 60, so that the new value (x) would be: x = (y/42) *60.

In one group of Italian Sparrows, the video from the first 20 minutes of their second trial was
lost. I had recordings for 60 minutes from this group, but this was “skewed” 20 minutes
relative to the other trials,

The last test (of Spanish sparrows) was done with only two birds, and group size might have
an effect to the sparrow’s behaviour (indeed; group size is known to have an effect on
problem-solving performance (Liker and Bokony 2009).

2.6 Ethical note

Capture, housing and experimental procedures were all authorized by the Italian Institute for
Environmental Protection and Research (ISPRA), the Regional Council of Puglia and
Gargano National Park.

One of the Spanish sparrows died in the housing aviary on the day of capture, and one Italian
sparrow died in the housing aviary during the period of observation. The cause of death is
unknown, but possibly a combination of old age and stress. This is considered a relatively low
mortality rate for a captive sparrow experiment (Papp et al. 2014).

None of the birds showed any signs of physical pain during capture, handling or testing, and
were always treated as carefully as possible.

After observations, all birds were given a visual health check by a veterinarian, before they
were transported back to and released at the site of capture.



3 Results

3.1 Isotopes
Masseria Mustazzo

Only stable nitrogen isotope ratios (5°N) showed significant differences in mean (p = 7.868e-
06) and variance (p = 0.0012) -
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Figure 3: Densities of stable nitrogen isotope ratio in Masseria Mustazzo. The two species show a
displacement in nitrogen isotope ratio.

Lago Salso, Italian population time series

There were no significant differences between any of the years in either 3'°N or § *3C. The
change in mean and variance over the years did however show some interesting trends:

A steady decrease in the mean value §*°N, from 2012 to 2017. The variance increases from
2012 to 2015, remains relatively steady until 2016, but decreases drastically between 2016
and 2017.

& 13C also decreases in mean and variance from 2012 to 2017, but there is no clear pattern in
change in variance over the same time period.
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Figure 4: 3'°N densities in Lago Salso (2012 and 2015-2017). Over time, the ratio moves towards a
lower mean, and the variance is heavily reduced between 2016 and 2017, trending towards the density
in the Italian sparrow population in Masseria Mustazzo.
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Figure 5: 0 1*C densities in Lago Salso (2012 and 2015-2017).



Mean SD Mean SD
2012 11.72 1.25 -19.47 2.26
2015 11.70 2.96 -20.96 1.87
2016 10.35 2.66 -20.25 2.37
2017 9.71 1.73 -21.53 1.60

Table 2: Lago Salso isotope ratios, means and standard deviations

3.2 Behaviour

3.2.1 Exploratory behaviour

Cage exploration and exit

When comparing the first and second trial of the 6 individuals who repeated the test, | found
no significant differences in any of the recorded variables. Although this is an indication that
the sparrows’ behaviour in the cage is repeatable, since the test was repeated for such a small
proportion of the individuals, | chose to only include data from their first trial in the analysis.
(meaning that all the results presented here are from the first trial).

Exit/no exit:

P. hispaniolensis  P. italiae
Exit 6 5
No exit 4 3

Table 3: Number of birds who exited (and not) from the cage.

No significant differences (P = 1) in proportion of escapers.

The video of one of the Spanish escapers was lost, so this individual is not included in further
analyses of behavior in the cage (but is included in the analyses of behavior in the aviary, as |
have live recordings from that experiment).

PCA (exit data excluded):
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Figure 6: PCA of cage exploration, exit data excluded

The differences in between the species was significant in the mean of PC1 (p = 0.046), but not
of PC2 (p = 0.055). Although the variance was higher for the Italian sparrows in both PC1
and PC2, it was not significantly different from the Spanish sparrows’ variance.

The Italian sparrows visited more areas (p = 0.003) and went to the ground more often (p =
0.0024) than the Spanish sparrow, with hardly any overlap (see boxplots), number of areas
ranging from 11 to 16 in the Italians and from 6 to 14 in the Spanish, number of visits to the
ground ranging from 5 to 182 in the Italians and from 0 to 26 in the Spanish (by comparison,
only one Italian sparrow visited the ground fewer than 26 times).

The Italian sparrows also had a higher mean number of flights/ transitions; however, this did
not correlate with number of areas visited. Running a GLM showed that number of flights/
transitions had an, although significant, very small effect on number of areas visited.

(interestingly, the Italian sparrow that did the fewest transitions (190) was one out of two
sparrows who visited all 16 areas of the cage)

No predictor for exit success:

The probit regression showed that neither variable, or PC1 or PC2 explained exit success.



Variable
Areas visited

(N)

Areas visited
(N) > 5% of
transitions
Areas visited
(N) > 10% of
transitions
Transitions (N)

Visits to the
ground (N)
Exit/ No exit

Exit latency (s)

P. hispaniolensis

Mean SD
10.00 2.65
4.33 1.22
2.56 0.73
276.56 67.17
5.00 5.81
0.56 0.53
1143.11 790.54

P. italiae
Mean SD
13.88 1.89

6.50 1.60
4,25 0.89
382.88 155.72
84.38 65.74
0.63 0.52
823.13 850.98

Wilcoxon
(T-test)
P
0.006
(0.003)

0.012
(0.008)

0.002

0.163
0.0024
0.822

0.455

Holm’s
correction
P

(0.015)

(0.032)

0.014

0.489
0.014
0.91

0.91

Table 4: Cage exploration means, standard deviations and p-values for differences in means.
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Figure 7: Cage exploration box plots of number of areas and number of ground-visits.
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Figure 8: Density plot of number of areas visited (Spanish yellow, Italian green), dashed lines
representing the group means.
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Figure 9: Density plot of number of visits to the ground (Spanish yellow, Italian green), dashed lines
representing the group means.

Aviary exploration

The number of individuals who managed to escape from the cage determined the sample size
for this experiment, which was 11 in total; 6 Spanish and 5 Italian. All of the 5 Italian



sparrows (who managed to escape the small cage) visited the ground at least once, and all of
them drank water from the metal bowls on the ground.

3 of the 6 Spanish sparrows (who escaped the cage) visited the ground at least once, and 2 of
these drank water.

Only one individual — an Italian sparrow, ate food from the pedestal in this experiment.

P. hispaniolensis  P. italiae

Visited ground 3 5
Did not visit 3 0
ground

Table 5: Representing number of aviary ground-visitors

The difference between the species was not significant (p = 0.18).

P. hispaniolensis  P. italiae

Drank water 4 5
Did not drink 2 0
water

Table 6: Representing number of drinkers in the aviary test

Neither this difference was significant (p = 0.06)

There were no significant differences (not in means nor in variances) between the species in
either variable, nor in PC1 or PC2.



P. hispaniolensis P. italiae Wilcoxon Holm’s
(T-test)  correction

Variable Mean SD Mean SD P P
Ground visit 0.50 0.55 1.00 0.00 0.099 0.594
(yes or no)
Latency to visit ~ 3100.00 690.04 1406.00 961.09 0.021
the ground (s) (0.013) (0.104)
Visits to the 0.83 1.17 2.60 1.82 0.073
ground (N) (0.105) (0.594)
Latency to 3280.00 648.07 2310.20 696.85 0.031 0.217
drink (s)
Drinks (N) 1.50 2.81 3.00 3.39 0.156 0.594
Flights (N) 411.33 383.50 782.80 315.94 0.082

(0.112) (0.594)
Areas visited 5.50 1.05 6.20 1.30 0.449
(N) (0.363) (0.726)
Visits to the 33.83 47.54 28.00 31.27 0.784 0.780
front (N)

Table 7. Aviary exploration: Means, standard deviations and p-value for differences in means between
the species

3.2.2 Problem solving behaviour

3 of the 18 birds tested, never visited the board in any of their trials.

P. hispaniolensis P. italiae
Visitors (N): 10 5
Non-visitors (N): 1 2

Table 8: Number of individuals who did and did not visit the feeding board during the experiment.
The difference in proportion of visitors between the species was not significant (p = 0.53)

(However, | did find a significant difference between test aviaries. All the non-visitors were
tested in test aviary 2).



Success

Only two individuals - both of them Spanish sparrows, ever managed to open a lid during the

problem-solving experiment. The species’ difference in success rate was not significant (p =
0.52)

Behaviour on the board

The PCA of the numeric variables showed significant between species differences in means of
both PC1 (p = 0.034) and PC2 (p = 0.049). Although not significant, Spanish sparrows also
had greater variance than the Italians in both PC1 and PC2.

The Spanish sparrows did (on average) spend significantly more time on the board (p = 0.01),
attempted at a larger number of wells (p = 0.02) and gave more pecks (p = 0.05) than the
Italian sparrows. The Spanish sparrows also showed a greater variance for most of the
variables, but the difference in variance was only significant in number of attempts (p =
0.018).

When correcting for the discrepancy of sample size, by running the same test with 5 randomly
sampled Spanish sparrows 20 times, | only got significant differences 12 times for total time
spent on board, 6 times for number of wells and 5 times for number of pecks.

The figures and table below are from the original sample of 10 Spanish and 5 Italian
sparrows.
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Figure 10: From PCA of the numeric variables recorded in the problem-solving experiment
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Figure 11: Density plot of number of attempts, with dashed lines representing group means.



Variable
Visit latency

Attempt
latency

Attempts (N)
Pecks (N)
Visits (N)

Total time
spent on board
(s)

Wells (N)

Intensity
(pecks/
attempt)

Diligence
(attempts/ min
spent on
board)

Avg. length of
visit ()
Pioneering

Attempts per
visit (N)

P. hispaniolensis

Mean
737.50

1080.40

30.45

80.70

12.83

205.58

8.3

2.32

7.91

17.50

0.63

2.15

SD

1092.01

1103.01

23.78

88.57

9.29

119.56

5.02

1.45

6.45

11.01

0.29

1.44

P. italiae
Mean SD
917.80 1508.04
1535.50 1326.45
5.00 5.52
10.30 12.55
5.90 3.54
69.10 56.61
2.80 2.93
1.43 1.03
3.02 3.16
9.17 6.73
0.62 0.36
0.62 0.63

Wilcoxon
(T-test)
P
1

0.540

0.086
0.050
0.125

(0.060)
0.037

(0.010)
0.050

(0.020)

0.178
(0.195)

0.111

0.141
0.902

0.066
(0.013)

Holm’s
correction
P
1

0.450

0.516

0.450

(0.450)

(0.120)

(0.200)

(0.585)

0.555

0.564

(0.143)

Table 9: Problem solving behaviour means and variances (of the original sample). P-values are from
the tests comparing differences in mean.



3.2.3 Correlations

| found no correlations between problem solving behaviour and exploratory behavior (not
between any of the variables, nor between PC1 and PC2 of problem solving with PC1 and
PC2 of exploration), not across species, nor within species.

4 Discussion

With this study I have found indications of dietary displacement of Italian and Spanish
sparrows living in sympatry. | have also found species differences in the behaviour of
sympatric Italian and Spanish sparrows, particularly expressed in exploratory behaviour.

| did not find any correlation between exploratory behaviour and problem-solving
performance.

Below, I discuss these results in more detail.

4.1 Isotopes

| found a difference in stable nitrogen isotope ratio (§*°N) in the feathers of the two sparrow
species living in sympatry in Masseria Mustazzo; the Italian sparrows had a lower mean value
and less variance than the Spanish sparrows. Although this reflects the 3'°N in their diets
(Hobson and Clark 1992), it is hard to infer anything specific about diet based on solely on
isotope composition. The heavy nitrogen isotope °N tends to accumulate in the food chain,
raising the values of *°N (Cabana G. and Rasmussen J. B. 1994; Hobson 2007), so one
possibility is that the Spanish sparrows are fed insects of a higher trophic as nestlings, or that
they tend to incorporate more insects in their diet. On the other hand, considering that all
sampled individuals were adults, that isotope composition in their sampled feathers reflects
isotope composition in their diet of only half a year before sampling (Runemark et al. 2018),
and that both species are mainly granivores for most of their lives, it is also likely that the
difference is a result of eating seeds from plants grown in different soils (Evans 2001). Either
way, this result is a solid indication that these sympatric populations of Italian and Spanish
sparrows exploit different food sources.

In the recently sympatric Italian sparrows in Lago Salso, the population mean and the
variance of 8*°N is approaching that of the Italian population in Masseria Mustazzo, which
has been sympatric with the Spanish sparrow for about two decades more. It appears that the
diet of the Italian sparrow in Lago Salso is in some aspect becoming more similar to that of
the Italian sparrow population in Masseria Mustazzo.

These results indicate that the niche of the Italian sparrow is displaced in sympatry with the
Spanish sparrow. This is also is also in accordance with Setre and colleagues’ report of strong
habitat segregation occurring after the settlement of the Spanish sparrows in Lago Salso.

The fact that the Italian sparrow has a lower variance 5°N in sympatry, and that it is lower
than that of the Spanish sparrow, also indicate that it occupies a narrower niche. This is in line
with previous ecological studies showing that when two closely related species (with similar



preferences in habitat use) occur together, their niche preferences change nd that one of the
species tend to be more ecologically displaced than the other (Peers, Thornton, and Murray
2013; Reif et al. 2018).

Thus, there is reason to believe that the Italian and the Spanish sparrows, in sympatry, face
different challenges in foraging, which in turn might have implications for their behaviour.

4.2 Behaviour

4.2.1 Exploratory behaviour

Here | found that the Italian sparrows were more exploratory than the Spanish sparrows, in
the sense that they explored more areas than the Spanish sparrows in the cage test. The Italian
sparrows were also slightly more active, but this was not significant. As there were no
correlations between number of areas visited and number of transitions, exploration of the
cage was not an artefact of activity. Although it was only significant in number of visits to the
ground, the Italian sparrows also had an overall higher variance in all variables, meaning that
they had greater inter-individual differences in exploratory behaviour than the Spanish
sparrows.

It is plausible that the two species’ general differences in ecology have shaped their behaviour
differently. The Italian sparrow is, as mentioned in the introduction, more associated with
humans than the Spanish sparrow, and there is some evidence that more urban species tend to
be more exploratory (Thompson et al. 2018; Frynta et al. 2018) and less responsive to
predation risk (Tsurim, Abramsky, and Kotler 2008) than their non-urban relatives, meaning
that a human commensal have a more “bold” phenotype.

The fact that the Italian sparrows showed more variance in exploratory behaviour, could also
be consistent with their commensal nature; urbanization tends to increase inter-individual
variation in birds (Mgller 2010; Thompson et al. 2018)

Another possible reason for the relatively higher variation in personality among individuals in
the Italian sparrow is that it as a hybrid has more standing genetic variation than its parent
species (Seehausen 2013; Seetre et al. 2017), and more genetic variation in a population
usually means more variation in phenotype.

One possibly influential factor on the sparrows’ behavior is stress. During the experiments all
the sparrows were exposed to relatively stressful situations, from being handled by a human,
to being in an unfamiliar, relatively constrained environment. Such events are likely to induce
endocrinal stress responses (Weaver, Gao, and McGraw 2018), which in turn could affect
their behaviour (Baugh et al. 2013; Moyers et al. 2018; Arnold et al. 2016).

The hormonal response to stressful situations may differ between the species. Linking this up
to what is known about the Italian and Spanish sparrows’ differences in ecology (namely that
the Italians are more commensal); some have found no correlation between stress response
and urbanization (Weaver, Gao, and McGraw 2018) others have found that urban birds a have
a lower stress response to human handling (Atwell et al. 2012). If this is the case for the
Italian and the Spanish sparrows, the Italian sparrows might have been less stressed during the
experiment, which in turn could have been the reason for their higher exploration rate in that



situation (Atwell et al. 2012). Then it is also possible that some of the inter-individual
variation in the Spanish sparrows’ behaviour can have been masked by a response to stress.

As | have no any measurement of stress response from this experiment, | cannot say for
certain which role stress played in the sparrows’ behaviour in this experiment. However,
considering the possible relationship between human commensalism and stress response, and
between stress response and exploratory behaviour, could be interesting for future studies.
Whatever the proximate mechanisms underlying the exploratory behaviour of the Italian and
Spanish sparrows in these experiments, their differences are worth further investigations.

No predictor for exit

The proportion of birds who managed to escape from the cage, was roughly the same for both
species (62% of the Italian and 60% of the Spanish sparrows)

A little surprising, neither activity level (number of transitions) or exploration (number of
areas) inside the cage predicted the birds’ exit success in either group. This makes exit
success a questionable measure of exploratory behaviour. Is escape just a chance event?
Adjustments to the experimental design may improve the exit success’ value as a measure of
exploration. Firstly, the door of the cage could be bigger (the door used in this experiment
was about 15 x 15 cm). Secondly, the timing of opening the door could have been better.

Some anecdotal evidence suggests that 10 minutes is too long to explore a small cage. This
seemed true at least for some birds who started out behaving really exploratory, covering most
areas in just a few minutes, but eventually their movements became more monotonous, as if
“giving up”. Shortening the time of the cage exploration should thus be considered in future
experiments of this kind.

However, the possibility that the escapers in this experiment had some undetected behavioural
quality in common should not be excluded.

Aviary exploration

Although no significant differences between the Italian and the Spanish sparrows were found
in this test, the species differences in behaviour the aviary did to some degree reflect those in
the cage in the sense that the Italian sparrows visited the ground more readily than the Spanish
sparrows.

We must keep in mind, that this sample is already biased by only including individuals who
managed to escape from the cage. Even though it was not correlated with the behaviour in the
cage, escape might have selected individuals on some undetected quality. If so, this could
have made these samples more similar to each other than the groups they were selected from.

4.2.2 Problem solving behaviour

First, the problem with groups of birds not visiting the board should be addressed. There were
no significant species differences in proportion of non-visitors. The test aviary did however
have a large effect (all non-visit groups were tested in test aviary number 2.) and is a source of



error that should be considered for future experiments in these aviaries. It is possible that the
birds have found food elsewhere in this aviary, that we did not see. If future experiments are
to be carried out in these aviaries, they should be thoroughly raked and examined between
each test round.

Further I discuss the problem-solving behaviour of the birds who visited the board (5 Italian
and 10 Spanish)

The Spanish sparrows were generally more active on the feeding board, they spent
significantly more time on the board and made more attempts than the Italian sparrows. These
differences were not as expressed when correcting for the discrepancy in sample size, and the
only result that could be considered significant is the difference in time spent on the board. It
was interesting however, that in contrast to exploratory behaviour, Spanish sparrows shoed
more interindividual variation in problem-solving behaviour than the Italian sparrows.

Unlike exploratory behaviour, problem-solving behaviour does not seem to correlate with
urbanization (Kark et al. 2007; Papp et al. 2014), and the results from this experiment is thus
not inconsistent with what we know of the species’ general ecology, the Italian being the most
“urban” of the two.

One factor that can affect the birds” problem-solving performance is their physiological state;
more hungry animals will often be more eager to solve the task (Rowe and Healy 2014), so if
the two species have different basal metabolic rates, this could also lead to differences in
motivation.

Only two birds managed to open a lid, and there were no predictors for success (nor was there
anything noteworthy in the successful problem-solvers’ behaviour), so these appear to have
been “lucky” events. Thus, it is hard to say anything about the sparrows’ problem-solving
skill or performance based on their success in this experiment.

| did, however, make some interesting off the record observations of the sparrows’ behaviour
during the problem-solving task. Some sparrows seemed to be more “creative” in their
attempts to open the lids. Where most birds just pecked away at the lids, two birds (one
Spanish and one Italian) nibbled on the screw by which the lid was attached (when pecking
seemed futile). Another alternative strategy applied by one Spanish sparrow was fixing its
beak at one point in the middle of the lid and circling around it. This individual at one point
also tried using its leg.

These types of performances are indicative of, and thus be important for measuring, problem-
solving skill, but they are hard to objectively quantify. They could, however, give ideas for
how to better adjust this experiment to the sparrows’ capabilities.

4.2.3 Behavioural correlations

The fact that no correlations were found between exploratory behaviour and problem-solving
is consistent with the literature. It also indicates that exploratory behaviour may not be
necessary to correct for when testing problem-solving skills in sparrows.



4.2.4 Closing remarks on behaviour

Ideally, the sample sizes would have been larger, and more trials would have been run over a
longer period of time in both experiments. More and better adjusted problem-solving tasks
would also have contributed to get a better understanding of how the sparrows approach a
problem.

5 Conclusion and future prospects

To my knowledge, this is the first study comparing the behaviour of the Italian and the
Spanish sparrow in a controlled experiment. | found that the Italian sparrow in this setting
expresses a more exploratory phenotype than the Spanish sparrow, but the proximate
mechanisms for this phenotypical difference remains unknown.

Although the problem-solving experiment yielded inconclusive results, I think that a more
solid sample size and some adjustments to the experimental design could give a decent
measure of problem-solving performance.

It is hard to draw any conclusions on either species’ cognitive faculties, or how these vary
across the species. However, the sparrows’ willingness and different approaches to solve a
problem are promising for future studies aiming to measure the problem-solving behaviour of
these sparrow species.

The most important next step in the investigation of behavioural character displacement of the
Italian sparrow is to compare between-species differences in sympatric populations with those
of allopatric populations, and also to look for differences between sympatric and allopatric
populations of Italian sparrows. Bigger between-species differences in sympatric populations,
and general differences between sympatric and allopatric Italian sparrows would support the
hypothesis of behavioural character displacement.

With this preliminary study, | hope to encourage the continuation of this inquiry.
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