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Abstract

Invasive alien species are a problem on a global scale, as they cause damage of either
environmental or economic value, or put human health at risk. The rose-ringed parakeet and the
monk parakeet are two examples of species which have been classified as invasive in established
populations outside of their native ranges, including continental Europe and North America. They
are known to cause agricultural damage and noise pollution in both native areas and areas in which
they are aliens. As they have established populations around the world, they have had to adapt to
novel conditions. The purpose of this study was to investigate the gut microbiota of rose-ringed
parakeets and monk parakeets in multiple European cities by analyzing fecal samples, compare
and evaluate adaptations on a north-south gradient, and to assess zoonotic potential of urban
parrots. This was done using fecal samples with caged monk parakeets from Sweden and soil
samples as control groups.

The results were insufficient to draw conclusions regarding gut microbial adaptations on a north-
south gradient. Multiple bacterial species with zoonotic potential were found in the study,
indicating both species as potential disease vectors in urban environments. Further studies would
need to be conducted to draw more conclusions regarding the parakeets’ roles in disease
transmission.

Keywords: monk parakeet, ring-rosed parakeet, gut microbiota, zoonoses, urbanization, invasive
species



Sammanfattning

Invasiva arter dr problematiska pa en global niva, eftersom de orsakar skada av miljorelaterat eller
ekonomiskt virde. De kan ocksa utgora en risk for den ménskliga hélsan. Halsbandsparakiter och
munkparakiter dr tva arter klassade som invasiva i etablerade populationer utanfor deras naturliga
utbredning. De etablerade populationerna finns bland annat i Europa och Nordamerika. Arterna &r
kinda, bade inom sina naturliga och introducerade utbredningar, for att orsaka skada i jordbruket,
samt for att ge upphov till ljudfororeningar. Nér arterna spridits runt jorden har de behdvt anpassa
sig efter nya forhéllanden och miljoer. Syftet med denna studie var att undersdka anpassningar i
tarmfloran hos parakiter i europeiska stdder pa en nord-sydlig gradient, samt att utvdrdera den
zoonotiska potentialen hos urbana papegojor. Detta gjordes genom avforingsprover med svenska

burhéllna munkparakiter och jordprover som kontrollgrupp.

Baserat pa resultaten fran studien gick det inte att dra négra slutsatser om anpassningar av
tarmfloran pé en nord-sydlig gradient. Flera bakteriella arter med zoonotisk potential upptécktes i
studien, vilket tyder pa att bada arterna har potential att fungera som vektorer for sjukdomar i
urbana miljder. Vidare studier av parakiternas roller som sjukdomsvektorer behover genomforas

for att dra mer slutsatser om parakiternas roll i sjukdomsspridning.

Nyckelord: munkparakit, halsbandsparakit, tarmflora, zoonoser, urbanisering, invasiva arter
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1. Introduction

1.1 Background

As urban environments spread, there is less room for wild plants and animals in
their natural surroundings. When access to natural environments decreases,
animals often resort to more synanthropic lifestyles in or around urban areas
(Strubbe & Matthysen 2009). Some of these species are native to the area, while
others are introduced either by human transportation or relocate due to
environmental changes (Taylor & Irwin 2004; Da Silva et al. 2010; Elith et al.
2010; Robinson et al. 2020).

The rose-ringed parakeet (Psittacula krameri) from central Africa and southern
Asia, and the monk parakeet (Myiopsitta monachus) from South America, have
been imported to Europe as pets (Juniper & Parr 1998; Cameron 2012; Ribeiro et
al. 2021). These parrot species have later escaped or been released across the
European continent and managed to establish vital populations in, mainly, large
cities in western Europe (Strubbe & Matthysen 2009).

When alien species establish in a new area, they need to adapt to the novel
conditions and may disturb the order of local ecosystems. Along with the innate
risk of outcompeting local species, alien species also have the potential to
introduce new pathogens or to be good vectors for pre-existing diseases (Chinchio
et al. 2020; Blanco-Gonzalez et al. 2024). Surveying these adaptations is
interesting to monitor potential routes of disease transmission, and it is also
relevant for developing appropriate management strategies of invasive species.

1.2 Purpose

The purpose of this study was to examine the gut microbiota of urbanized parrots
across six major European cities and caged birds in Sweden, assess differences in
bacterial composition on a north/south gradient, and between wild parakeets and
caged monk parakeets. The goal was to observe any signs of urban adaptations
and assess zoonotic potential.
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2. Literature Review

2.1 Alien species

All around the world, living organisms relocate across borders into areas
previously uninhabited by their species. These relocations may be caused by
human translocation, environmental changes or range expansions (Elith ez al.
2010). Despite national and international legislation and agreements to prevent the
establishment of alien species, anthropogenic introductions to new areas still
happens globally at an increasing rate (Seebens et al. 2017; Mazza & Tricarico
2018; Chinchio et al. 2020). Birds are known to be among the most successful
alien invaders (Blackburn et al. 2009) and according to the DAISIE Inventory of
Alien Invasive Species in Europe, a total of 1 411 alien vertebrate species has
been identified in Europe, out of which approximately one quarter are avian
(326/1 411) (Roy et al. 2019).

Climate-matching and human-activity are two major hypotheses on establishment
success of alien species (Williamson 1996; Taylor & Irwin 2004; Leprieur et al.
2008). The climate-matching hypothesis states that, for a new species to be
successful, the new climate needs to be sufficiently comparable to their native
climate (Williamson 1996). There are many different aspects of climate change
that may facilitate alien species establishment in new areas (Robinson et al.
2020), increase the risk of species extinctions and endanger whole ecosystems
(Calvin et al. 2023). Temperature is an important factor, placing limits on living
organisms’ ability to thrive in an environment. Due to the increasing temperatures
caused by global warming, many species of animals and plants have been able to
expand their native ranges into areas where lower temperatures would previously
have been making it impossible for them to live (Walther et al. 2009).

The human-activity hypothesis is concerned with the impact of different aspects
of human activity on the success and distribution of alien species, such as human
population density and economic factors that fuel the movement and introductions
of exotic and alien species into new areas (Taylor & Irwin 2004). One aspect
strengthening the human-activity hypothesis is the increased likelihood of
introduction supplementation through additional releases associated with higher
population density, known as propagule pressure (Da Silva et al. 2010) which
decreases the risk of an introduction failing due merely to factors of chance
(Blackburn et al. 2009). According to Strubbe & Matthysen (2009), the
establishment success of both rose-ringed parakeets (Psittacula krameri) and
monk parakeets (Myiopsitta monachus) was positively associated with human
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population density, and negatively associated with number of frost days, meaning
both parrot breeds are more likely to succeed in human-dense, warm areas.

Since the end of the 1900’s, rose-ringed parakeets and monk parakeets have
established healthy breeding populations in multiple areas in temperate parts of
Europe, such as Italy, Spain and the Netherlands (Strubbe & Matthysen 2009;
Parau et al. 2016). The rose-ringed parakeets are native to central Africa and
south Asia, while Monk parakeets are native to southeastern South America
(Forshaw 2010; Cameron 2012). Both species were brought to Europe to be kept
as cage birds. Through both accidental escapes and deliberate releases, both
species have been able to establish breeding populations, mainly in parks in larger
cities. (Strubbe & Matthysen 2009; Cameron 2012; Parau ef al. 2016).

2.1.1 Invasive alien species

When an alien species is introduced into a new environment and causes damage
of either environmental or economic value, or puts human health at risk, it is
termed an invasive species (Mazza & Tricarico 2018). Key factors in invasion
success include traits of the introduced species, the site, and the propagule
pressure. When alien species lack natural competition and predators, which is
often the case, likelihood of invasion success increases (Rivera-Estay ef al. 2024).

Alien species finding their niche in an ecosystem will cause disruptions to the
carefully balanced interactions making the ecosystem stable and functional in the
first place. The common myna (Acridotheres tristis) is, much like the rose-ringed
parakeet, a cavity nesting bird native to southeast Asia which through both
deliberate and accidental releases has been introduced to multiple areas, including
Australia, New Zealand, South Africa and the United States, as well as multiple
smaller islands and island groups (Stuart et al. 2024). In the year 2000, the
common myna was selected by the ICUN as one of three avian species to be
included in their list of the “100 Worst Invasive Alien Species” due to their
negative impact on populations and environments (Simberloff & Rejmanek 2019).
The species exhibits aggressive behavior and are very competitive regarding
nesting sites, which may be a scarce resource for cavity nesters (Rogers et al.
2020). This may in turn negatively impact native populations as failure to find a
suitable nesting site will result in a breeding pair not being able to reproduce
(Charter et al. 2016).

The economic effects of invasiveness may be in the form of agricultural damage.
Both monk- and rose-ringed parakeets are agricultural pests in their native ranges
and cause damage to crops while feeding and have been observed damaging crops
in their new environments as well (Clergeau & Vergnes 2011; Cameron 2012;
Senar et al. 2016). Another example of economic damage caused by alien species
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is the Canada goose (Branta canadensis) which originates from North America
but has been released in Europe for hunting purposes since the 1600s. The species
has since expanded and become abundant across the continent and is known to
exhibit many invasive traits. For example, Canada geese cause significant damage
to crops such as wheat and corn, and damage to golf course greens, which can
have considerable economic consequences (Fouque & Schricke 2011).

Human health can be put at risk both directly and indirectly through pathogen
transmission to and from invasive alien species. Human health will be affected
directly by new pathogens being introduced in the area by alien species which
have not previously been present. Indirectly, alien species can act as reservoirs for
pathogens, perhaps unable to transmit a disease directly to humans but still able to
act as vectors of the disease and amplifying pathogen transmission in other
populations that are then able to infect humans or affect us indirectly in other
ways (Chinchio ef al. 2020).

2.1.2 One Health

The One Health concept recognizes the health of humans, animals, and the
environment as interlinked and interdependent. If one aspect of the system is
disturbed, it weakens the rest and increases the risk of new diseases emerging or
spreading. Human activity has a large negative impact on many aspects of the
One Health concept. Therefore, it is important to mind all aspects of an ecosystem
to, for example, reduce risk of sickness in humans. By integrating the different
fields, One Health aims to optimize the health of all three (WHO 2023).

In relation to invasive species, the One Health concept is highly relevant as new
species affect many aspects of the system they are introduced to. Since a new
species carries traits and, potentially, pathogens into the new environment that
may be unique and foreign, they also carry great potential to upset the system
(Chinchio et al. 2020).

2.2 Feral parrots

In their native ranges, both rose-ringed parakeets and monk parakeets are
considered agricultural pests and cause noise pollution (Clergeau & Vergnes
2011; Cameron 2012; Fraticelli 2014). In spite of the negative opinion of the birds
in their native ranges, the public generally has a positive attitude toward them in
the areas where they are alien (mainly urban areas), largely due to their vivid
colors and their apparent harmlessness (Ribeiro et al. 2021).
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Rose-ringed parakeets and monk parakeets are considered invasive in many areas
in Europe as well as many other places around the world. In urban Seville, rose-
ringed parakeets are displacing the greater noctule (Nyctalus lasiopterus), a
species of bat with similar nesting preferences to the parakeet, by occupying
suitable nests and exhibiting aggressive behavior towards them (Hernandez-Brito
et al. 2018). Monk parakeets have caused a considerable reduction in corn, plum
and pear harvests in the Baix Llobregat agricultural area to the west of Barcelona,
Spain (Senar et al. 2016). Both species are highly social and gather in large, loud
flocks, especially outside of their breeding seasons, becoming a nuisance to
people in the area (Juniper & Parr 1998; Forshaw 2010).

In July 2007, the European Union passed a regulation banning further imports of
parakeets in hopes that this would stunt the populations’ growth by reducing
propagule pressure (Commission Regulation (EC) No 318/2007). The ban is
believed to have had a part in increasing propagule pressure and allowed parakeet
invasions to be successful. The populations had nevertheless already been
sufficiently established in many areas to be able to manage the reduced number of
new introductions, and the populations are still vital.

2.2.1 Rose-ringed parakeets, Psittacula krameri

With native ranges in central Africa and southern Asia, the rose-ringed parakeet is
a relatively new addition to the European fauna, with its first reports in the late
1960’s (Ribeiro et al. 2021). Most feral populations in Europe are of the
subspecies P. k. manillensis, which originates from peninsular India and Sri
Lanka. Other subspecies include P. k. krameri and P. k. parviostris , with natural
ranges in western and eastern parts of Sub-Saharan Africa, respectively, as well as
P. k. borealis from northern India, Pakistan, Nepal, Bangladesh, and Myanmar
(Juniper & Parr 1998). In the wild, the species is a social and relatively sedentary
bird. They tend to prefer to breed, feed and roost in large social gatherings
(Juniper & Parr 1998; Forshaw 2010).

Psittacula krameri are weak excavators, commonly living in pre-existing tree
holes that they can enlarge if necessary (Orchan ef al. 2013). They breed and feed
at higher elevation than many other species, which is a suggested explanation for
reduced competition, as well as for fewer interspecies interactions compared to
others (Fraticelli 2014; Borray-Escalante ef al. 2020). Their diet consists of
cereals, weed- and tree seeds, fruits, flowers, nectar, nuts, and leaves and is often
supplemented through bird feeders in urban environments (Juniper & Parr 1998;
Borray-Escalante et al. 2020).
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2.2.2 Monk parakeets, Myiopsitta monachus

Monk parakeets are native to South America (Juniper & Parr 1998; Forshaw
2010) but have also been able to establish populations in Europe, the United
States, the Caribbean and Japan (Da Silva et al. 2010). The feral subspecies most
common in North America is M. m. monachus, native to Uruguay and Argentina.
This supports the theory of the exotic pet trade as the source of feral parakeets, at
least as it pertains to the North American population since this is the most
common subspecies to be sold as cage birds in the region (Juniper & Parr 1998;
Cameron 2012). Other subspecies of M. monachus include M. m. cotorra and

M. m. calita, with calita being a slightly smaller race with ranges in Argentina,
Brazil, Bolivia, and Paraguay, as well as M. m. luchsi living in Andean valleys in
Bolivia (Juniper & Parr 1998).

Monk parakeets are nest builders and tend to favor building stick nests on human
infrastructure like electrical posts, which provide solid platforms as well as heat.
This is sometimes problematic as these nests are known to have caused fires and
power outages (Cameron 2012). Monk parakeets are known to share both feeding
and nesting sites with feral pigeons, potentially increasing risk of disease
transmission (Mori et al. 2019). The diet of the monk parakeet in its natural
ranges is quite varied, consisting of both wild and cultivated seeds, fruits and
vegetables, as well as sometimes even insects and insect larvae (Juniper & Parr
1998). A study carried out in a park in Barcelona (Borray-Escalante et al. 2020)
suggests that the diet of the feral monk parakeet consists of leaves, seeds,
herbaceous plants as well as rice and bread. Rice and bread are directly
anthropogenic food sources, showing that the monk parakeet has adopted a
synanthropic lifestyle after becoming feralized.

2.3 Physiological role of gut microbiota

The microbiota of the gut aids in digestion, is essential for immune function and
can even affect behavior. In blow flies, the bacteria Proteus mirabilis has an
enormous impact on the flies behavior as it attracts flies to its odor while also
being utilized to aid in swarming behavior (Ma et al. 2012). Gut microbiota
composition is affected by a host of different aspects including, but not limited to,
habitat, diet, and season (Dietz et al. 2022; Yan et al. 2024).

Different parts of the digestive tract contain bacteria with different traits to enable
different metabolic processes to occur. Most bird species’ intestinal microbes
consist mainly of saccharolytic bacteria, meaning bacteria only capable of
digesting simple carbohydrates (Kohl 2012). While the birds would be able to
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digest these substrates without the help of gut bacteria, there is evidence that the
total energy absorbed by the bird is greater with the help from microbial
fermentation than without it (Kohl 2012).

In contrast to mammals, who develop B lymphocytes in their bone marrow,
members of the avian class produce them in a diverticulum of the cloaca called
the bursa of Fabricius (Kohl 2012; Konig 2016). The bursa of Fabricius is a
lymphoid organ which atrophies within 6 months after birth, prior to which it
produces immunocompetent B lymphocytes by interacting with antigens from
microbes in the gut (Glick et al. 1956; Glick 1983). A 2022 study found that the
bacterial composition of the gut microbiota of mice was significantly correlated
with their diet selection behavior (Trevelline & Kohl 2022). The microbial
composition also plays a part in social communication through chemical signaling
(Archie & Tung 2015).

2.4 Zoonotic bacterial diseases

A zoonotic disease is defined as a disease, microbial or parasitic in nature, that is
transmitted between animals and humans (Vourc’h et al. 2022). When a species is
introduced to a new area, it may carry new pathogens with it. If these pathogens
are new to the population, it may spill over to domestic animals and even humans
depending on the traits of the pathogen.

As alien species may also be susceptible to local diseases while being
immunologically naive to them, their impact on endemic disease transmission is
often greater than that of native wildlife (Henriksen ef al. 2018; Chinchio ef al.
2020; Roy et al. 2023). For many reasons, wild birds, especially in the urban
landscape, are important to the propagation, maintenance and transmission of
zoonotic diseases (Hamer ef al. 2012). Both wild and domesticated birds can be
carriers of well-known pathogenic bacteria like Sa/monella spp. and
Campylobacter spp. Parrots specifically have been known to be vectors of a
number of zoonotic bacterial diseases, including enteropathogenic E. coli (EPEC)
and psittacosis (Cameron 2012; Lopez et al. 2023). The spread of all diseases
mentioned is possible via the fecal-oral route, as well as via contact with infected
individuals (Cameron 2012; Samanta & Bandyopadhyay 2017; Bhandari et al.
2025; Livsmedelsverket 2025b).

2.4.1 Salmonella spp.

Salmonella spp. is transmitted fecal-orally and infect enterocytes in the intestine
(Samanta & Bandyopadhyay 2017). The resulting disease, Salmonellosis, may be

18



both acute and chronic. Symptoms in birds range from mortality without prior
cardinal signs to gastrointestinal symptoms. Birds with acute infections show
depression, anorexia, dyspnea, and diarrhea, before death occurs. Chronic form
causes gastrointestinal (anorexia, diarrhea, crop stasis), respiratory (dyspnea) and
ophthalmic (conjunctivitis, panophthalmitis) symptoms as well as general, non-
specific symptoms like lethargy, ruffled feathers and drop in egg production
(Samanta & Bandyopadhyay 2017). Symptoms in humans include diarrhea,
abdominal cramps, fever, and vomiting. In some cases, people may develop
arthritis as a complication of a salmonella infection (Livsmedelsverket 2025b).

2.4.2 Campylobacter spp.

Campylobacter spp. is a family of zoonotic bacteria that do not cause any
symptoms in psittacines (Samanta & Bandyopadhyay 2017). Parrots do however
have the potential to act as an asymptomatic reservoir and are then able to spread
the disease to other hosts, including humans, dogs and cats (Samanta &
Bandyopadhyay 2017; VetBact 2025). Human symptoms include bloody diarrhea,
vomiting, fever, nausea, headaches, and intense abdominal pains. Infections may
also cause arthritis, nervous symptoms and chronic gastrointestinal issues
(Livsmedelsverket 2025a).

2.4.3 Escherichia spp.

Escherichia spp. 1s a bacterial family which includes both pathogenic and non-
pathogenic species, the most common being E. coli. It is the most common
bacterial species in the human digestive tract, and most strains are non-
pathogenic. However, some strains are pathogenic and are known to cause a
number of different clinical presentations, including food poisoning and urinary
tract infections (VetBact 2023a). The pathogenic species of E. coli are zoonotic,
and some strains of Shiga toxin-producing E. coli may cause Hemolytic Uremic
Syndrome (HUS), a serious disease with painful diarrhea and abdominal
cramping, as well as vomiting, renal failure and, in severe cases, death (Michael et
al. 2022; Bhandari et al. 2025). In a 2023 study by Lopez et al., it was shown that
both feral rose-ringed parakeets and monk parakeets were carriers of
enteropathogenic E. coli (EPEC), which is zoonotic and mainly causes food
poisoning symptoms in young children in low-income countries (Lopez et al.
2023; VetBact 2023a).

2.4.4 Psittacosis

Psittacosis is a disease in humans caused by the bacterium Chlamydophila
psittaci, which also causes avian chlamydiosis in birds. The disease causes
nonspecific clinical signs in birds, including anorexia, decreased egg production,
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nasal and ocular discharge, fever, and diarrhea (Van Wettere 2025). Subclinical
infections occur and are common in parrots (Van Wettere 2025).

Humans experience flu-like symptoms, including, but not limited to, fever,
headaches and weakness and normally become infected through inhalation of
bacteria present in droppings or other secretions coming from infected birds. The
disease is treatable with antibiotics but has been known to cause fatalities
(Cameron 2012). The bacterium is also known to cause ovine chlamydiosis, as

well as enzootic abortion in ewes, and has hence been renamed Chlamydia
abortus (VetBact 2023b).
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3. Materials and methods

3.1 Literature search

Literature search was conducted using multiple different search engines, including
Google Scholar, Web of Science, and Primo and included search phrases such as
“"climate change*" AND "invasive species"”, “feralization AND (impact* OR
effect®*) AND (ecolog* or biolog*)”, and “("myiopsitta monachus" OR "monk
parakeet" OR "psittacula krameri") AND feral* AND europe*”. Many articles
referenced in this essay were found in reference lists in articles found using these
search engines and phrases.

3.2 Fecal sample collection

Sample collection of feral parrots was conducted between March and August of
2025 in six locations across Europe, as well as by collecting samples from caged
birds living in Sweden. The cities included in the study are, in order of date first
visited, Barcelona, Spain (24/3-25 and 6/6-25); Padua, Italy (1/5-25); Madrid,
Spain (6/5-25); Valencia, Spain (15-16/6-25); Amsterdam, Netherlands (13-15/6-
2025); Seville, Spain (25-27/8-2025). The caged birds were kept privately in
Malmo, southern Sweden (Table 1; Figure 1).

Local ranges were obtained through international birdwatching databases such as
eBird (ebird.org) and observation.org and filtering for recent reports of parakeet
sightings in parks, as well as through anecdotal information and personal
observations. By going to parks in cities with a known population of rose-ringed
parakeets and/or monk parakeets and locating nests or congregation points in the
area, sample collection was conducted on the ground underneath these points by
three different persons. When the sampler saw a bird defecating, the fresh
droppings were collected. If no bird was seen defecating, feces appearing fresh
and of similar size and shape as known parakeet samples were collected beneath
gatherings of birds from the correct species. Two soil samples collected in
association to bird droppings were included in the study as environmental control
samples from Padua (Italy) and Barcelona (Spain), respectively.

3.2.1 Sample storage

The samples were stored in 50 ml test tubes containing Silica Gel pouches in
room temperature until refrigeration or freezing was possible. In some cases,
samples were stored in room temperature for up to three days before freezing was
possible and some samples were stored in the freezer at -20 °C for up to six
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months. The three samples from the Swedish caged birds were stored in a
refrigerator for 10 days before each sample was divided in two and either being
frozen and dried with a silica gel pouch or being freshly frozen.

Table 1: Sample locations and dates in order of first sample date

Location Coordinates Number of Dates (number  Comments
samples ~ of samples)
Barcelona, Spain 41°23'57.9"N 14 24/3-2025 (3) 13 monk
2°12244"E & & parakeets
41°23'17.1"N 6/6-2025 (11)
2°11'10.2"E Includes 1 soil

Padua, Italy

Madrid, Spain

Valencia, Spain

Amsterdam,
Netherlands

Seville, Spain

Malmé, Sweden

45°24"28.69"N
11°53'9.1"E

40°23'0"N,
3°43'0"W

39°28'49.8"N
0°22'04.4"W

52°21'36.3"N
4°55'14.3"E &
52°23'09.8"N
4°52'40.4"E

37°22'27.5"N
5°59'15.8"W

55°35'0"N,
13°0'0"E

10

15

10

13

1/5-2025

6/5-2025

15-16/5-2025

13-15/6-2025

25-27/8-2025

5/8-2025

sample from
Parque de la
Ciutadella 24/3

9 samples of
unsure origin,
likely rose-
ringed
parakeets

Includes 1 soil
sample

4 monk
parakeets

15 monk
parakeets

10 rose-ringed
parakeets

13 rose-ringed
parakeets

3 caged monk
parakeets, 1
dry sample and
1 fresh sample
from each
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Figure 1: Map of sample locations, numbered in order of first sample date. 1: Barcelona,
Spain. 2: Padua, Italy. 3: Madrid, Spain. 4: Valencia, Spain. 5: Amsterdam, Netherlands.
6: Seville, Spain. 7: Malmo, Sweden. Map created with mapcustomizer.com.

3.3 DNA purification

DNA purification from both fecal and soil samples was done using a Zymo
Research Quick-DNA™ Fecal/Soil Microbe MiniPrep Kit at SLU, Uppsala.

Frozen and dried samples up to approximately 30 mg were placed into a
BashingBead™ Lysis Tube and 750 ul BashingBead™ Buftfer was added. The
samples were homogenized at 5000 RPM for 40 seconds, followed by a 45 second
pause, repeated for four cycles. The lysate was then centrifuged at 11000 rcf for 1
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minute. 400 pl supernatant was transferred onto a Zymo-Spin™ III-F Filter,
placed in a DNA LowBind tube, and centrifuged at 8000 rcf for 1 minute.

1200 pl Genomic Lysis Buffer was added to the filtrate in the LowBind tube and
800 pl of the mixture was loaded onto a Zymo-Spin™ IICR Column and spun at
11000 rcf for 1 minute. Flow-through was discarded and the process was repeated
with the remaining mixture. 200 ul DNA Pre-Wash Buffer was added into each
Zymo-Spin™ IICR Column and spun at 11000 rcf for 1 minute, followed by
adding 500 pl g-DNA Wash Buffer into each column and spinning at 11000 rcf
for 1 minute. The DNA was eluded by transferring the columns onto clean DNA
LowBind tubes and adding 45 ul DNA Elution Buffer directly onto the matrix,
then centrifuging at 12 000 rcf for 30 sec. A Zymo-Spin™ III-HRC Filter was
prepared by adding 600 pul Prep Solution and spinning at 8000 rcf for 3 minutes.
The filter was placed in a clean DNA LowBind tube, and the eluded DNA was
added to the filter and centrifuged at 15 000 rcf for 3 minutes.

3.4 PCR

3.4.1 Primer preparation

Primers were synthetized by Eurofins and purified using HPLC. The primers were
diluted with TE buffer to a stock solution of 100 uM. The stock solutions were
diluted 1:10 with water to create working solutions (e.g., 1 pl stock and 9 pl
water). Primers for metabarcoding were added in an array for every individual
sample to receive a unique barcode combination to be used as identification after
sequencing. This was achieved by combining 16 different i5 primers with 9 17
primers in a cross-pattern design (Appendix 1).

3.4.2 Determining number of PCR cycles

Three PCR were performed to determine optimal number of cycles for the first
metabarcoding PCR. Four samples (B3, D2, F6 and E4) were included to
investigate sample variation to see how many cycles to run for 515F and 806R
primers: 0.2 ul dNTPs, 2 ul Buffer HF, 0.3 pl BSA, 0.125 pl Primer 515F, 0.125
ul Primer 806R, 0.1 pl Phusion Taq, 6.15 ul ddH>O and 1 pl DNA in each well; 1
cycle of 30 seconds at 98 °C / 21, 24 and 28 cycles of 10 seconds at 98 °C, 20
seconds at 56 °C, 15 seconds at 72°C / 1 cycle of 8 minutes at 72 °C, w0 4 °C.
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3.4.3 Bacterial 16S metabarcoding PCRs

Duplicate PCR reactions were performed to reduce the risk of individual DNA
sequences taking over and becoming disproportionally replicated.

First PCR (amplification of 16S): 0.4 ul dNTPs, 4 ul Buffer HF, 0.6 ul BSA, 0.25
ul Primer 515F, 0.25 pl Primer 806R, 0.2 ul Phusion Taq 12.3 ul ddH>O and 2 pl
DNA in each well; 1 cycle of 30 seconds at 98 °C / 28 cycles of 10 seconds at

98 °C, 20 seconds at 56 °C, 15 seconds at 72 °C/ 1 cycle of 8 minutes at 72 °C,
w4 °C.

Second PCR (Addition of Illumina sequencing primers and barcodes to the PCR
products from the first PCR): 0.4 pul dNTPs, 4 pl buffer GC, 12.8 ul Phusion Tagq,
12.8 pl ddH20, 0.80 pl primer 15, 0.80 pl primer 17, and 1 pl PCR product from
the first PCR was used as the template; 1 cycle of 30 seconds at 98 °C / 14 cycles
of 10 seconds at 98 °C, 20 seconds at 56°C, 15 seconds at 72 °C/ 1 cycle of 8
minutes at 72°C, o« 4 °C.

3.4.4 Purification, dilution, and pooling

After PCR was performed, samples were pooled by transferring 10 ul PCR
product from eight samples on the PCR plate into DNA LowBind tubes, providing
a volume of 80 pl. To avoid large volumetric differences, one pool from the 16S
metabarcoding PCR contained product from nine samples, for a total volume of
90 pl.

The final pooled samples were purified using AMPure XP beads. 80 pl of freshly
vortexed, room temperature AMPure XP bead solution was added into Eppendorf
tubes containing 80 ul pooled PCR product, providing a volume ratio to the PCR
product of 1:1. In the pool containing PCR products from nine different samples,
90 ul AMPure XP bead solution was added to achieve a ratio of 1:1. The tubes
were then vortexed for 10 seconds and incubated at room temperature for five
minutes. When five minutes had passed, they were placed into the tube rack for
5-10 minutes, or until the supernatant was clear to the naked eye. The supernatant
was aspirated and discarded without disturbing the beads and 400 pl of a freshly
mixed 70% ethanol solution was dispensed into each Eppendorf tube, not directly
onto the beads. The tube was left to incubate for one minute before aspirating the
ethanol and repeating the wash one time. After the second wash step, as much
ethanol as possible was aspirated without disturbing the beads and the tube was
left open to dry for at least 15 minutes. When dry, 42 ul of Tris 10mM elution
buffer was added to the beads and the mixture was vortexed at a low speed until
the magnetic particles were fully resuspended. The solution was left to incubate at
room temperature for five minutes and was then placed back into the magnetic
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rack. When the solution was clear (after approximately 3 minutes), 40 ul was
transferred to a fresh Eppendorf tube.

The sample concentrations from each tube were measured using a Qubit® 2.0. By
pipetting specific volumes from each sample pool, equal amounts of DNA were
transferred into a new tube, and the final concentration and average length of PCR
products was measured on a TapeStation.

3.5 lllumina sequencing

DNA sequencing of metabarcoded PCR products was performed by the National
Genomics Infrastructure (NGI), hosted by Science for Life Laboratory
(SciLifeLab), Solna, Sweden, using an Illumina NextSeq 2000 with a P1 2x300pb
flowcell.

3.6 Bioinformatics

The sequences delivered by SciLifeLab were demultiplexed, with each sample
sequence and read direction in separate folders. To analyze what bacterial species
each sample contained, the bioinformatic pipeline dada2 version 1.20 (Callahan et
al. 2016a) which was ran in R v4.5.2 (R Core Team 2025). The function
dada2::removePrimers was used initially to remove primer sequences used in the
PCR process to produce the sequencing pool (Callahan et al. 2016b). Secondly,
the number of sequence variations for each sample was calculated and both
forward and reverse sequences were merged. To reduce faulty species
identifications, the frequency of error was calculated after sequencing and
subsequently each sequence was analyzed to ensure no PCR product hybrids were
present. Finally, species identification was performed using the function
assignTaxonomy in dada2 (Callahan et al. 2016b). A reference database of
bacterial DNA sequences, SILVA Release 138.2, was downloaded from arb-
silva.de (Quast ef al. 2013; Yilmaz et al. 2014).

3.7 Statistical analysis

Statistical calculations carried out in R 4.5.2 (R Core Team 2025). The relative
occurrence of each bacterial species from each sample was calculated using
Phyloseq v1.50.0 (McMurdie & Holmes 2013). To test for diversity in the
bacterial species community for each bird, Shannon diversity index was also
calculated using package Phyloseq. Shannon diversity index considers both
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number of species and their relative abundance. A higher value indicates greater
diversity and stability in the bacterial community. A Generalized Linear Model
was used to investigate differences between Shannon diversity index for each
sampled population with the index values as respondent variable and location as
the fixed effect variable. Data visualization was done using the package ggplot2
v4.0.1 (Wickham et al. 2025). These data were used in determining differences in
gut-bacterial composition on a north-south gradient, in comparing gut microbial
composition during different times of the year in the samples where this was
possible as well as in making intraspecies comparisons of gut microbial
composition.
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4. Results

4.1 Samples

A total of 72 separate samples were analysed in this study. Six of theses samples
originated from three caged monk parakeets where each individual contributed
one fresh frozen and one dried sample. 32 samples are from wild rose-ringed
parakeets, and 32 samples are from wild monk parakeets. No sample location
included samples from both parakeet species. Two samples were soil samples
(Appendix 1).

4.2 Monk parakeets

For wild monk parakeets (n=33), the bacterial phyla Pseudomonadota and/or
Bacillota ranged between 69.8%-89.9% of the total relative abundance in samples
across all locations, except from the two samples from Parque de la Ciutadella,
Barcelona, where they represented 44.5%. The Parque de la Ciutadella samples
did on the other hand include 14 different phyla with a relative abundance >1%,
whereas the other locations with monk parakeets included only 2-6 phyla with a
relative abundance >1%. Phyla with less than 5% of the total relative abundance
made up 8% in Valencia, 3.2% in Madrid, 19.9% in Parque de la Ciutadella,
Barcelona, 5.2% in Plaga del Prim, Barcelona, 4.4% in dried samples from Malmo
and 1.5% in fresh samples from Malmo (Figure 2). No significant differences in
diversity were demonstrated within the wild monk parakeet samples (Figure 3).

The relative abundance of phyla in caged Swedish monk parakeets (n=3) was
similar between the fresh and dried samples, consisting predominantly of
Bacillota (87.3% for the dried sample and 76.1% for the fresh sample). The fresh
samples had more than twice the mean relative abundance of Pseudomonadota
compared to the dry samples (22.3% and 8.3%, respectively). For both sample
groups, Actinomycetota was the third most abundant, at 2.1% for the dried
samples but <1% for the fresh samples. Other phyla represented <1% in both
groups, giving the samples from caged monk parakeets a lower Shannon score
than the wild monk parakeet samples (Figure 2; Figure 3).

4.3 Rose-ringed parakeets

All rose-ringed parakeet samples (n=33) consisted of >52.2% bacteria from the
phylum Pseudomonadota (52.2-57.1%), regardless of sample location.
Actinomycetota accounted for 10.3-16.7% of relative abundance, and Bacillota
accounted for 8.1-20.8%. In the Paduan samples, 11.1% of relative abundance
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included Bacteroidota, whereas the phylum only stood for 2.6% and 3.7% in
Amsterdam and Seville, respectively. The Sevillian samples had a relative
abundance of Cyanobacteriota of 8.2%, represented by 3.9% in Amsterdam and
4.4% in Padua. Phyla with less than 5% of total relative abundance made up
10.2% in Seville, 14.9% in Padua, and 10.5% in Amsterdam (Figure 2). No
significant differences in diversity were demonstrated within the species (Figure
3).

4.4 Soil samples

The soil samples were comprised of mainly Actinomycetota and Pseudomona-
dota. The Paduan sample consisted of 40.6% Actinomycetota and 15.9%
Pseudomonadota, and the sample from Parque de la Ciutadella, Barcelona, was
made up of 27.2% Pseudomonadota and 26.3% Actinomycetota. Both samples
included five phyla with more than 5% relative abundance. 22.9% of the
Barcelonan and 21.2% the Paduan samples consisted of phyla with less than 5%
of total relative abundance (Figure 2).

4.5 Zoonotic bacteria

A total of 12 samples (17.4%), 11 from urban parrots and one from a caged
parakeet, contained evidence of bacterial genomic mass belonging to species with
zoonotic potential, such as Clostridium perfringens, a common cause of food
poisoning in humans, that was detected in a total of seven samples from two
different locations. Campylobacter upsaliensis was found in five samples, one of
which was a caged monk parakeet. One Valencian monk parakeet sample
included DNA from Escherichia albertii, a close relative of Escherichia coli
known to cause similar symptoms to enteropathogenic or enterohemorrhagic
Escherichia coli. In one Barcelonian sample, Chlamydia abortus was detected, the
causative agent in psittacosis and avian chlamydiosis. No subspecies of
Salmonella spp. was detected in any sample (Table 2).

4.6 Shannon diversity

The Shannon diversity index for the bacterial species found in the samples in this
study showed no significant differences in species diversity between cities, apart
from the parakeet samples from Padua and Valencia, where the Paduan samples
were more diverse (p=0.00755) (Figure 3).
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Table 2: Zoonotic bacteria detected.

Code explanation: PK/MM/US/DIRT = suspected P. krameri, M. monachus, sample of
unsure origin or dirt sample, followed by location, sample year and sample number.
Example: First suspected P. krameri from Madrid, 2025 would become PKMad251

Species Samples (n) Locations
Clostridium PKAms252, PKAms253, Amsterdam, NL; Plaga
perfringens PKAms256, PKAms259, del Prim, Barcelona, SP

MMBar257, MMBar2510,
MMBar2511 (7)

Campylobacter MMVal2513, PKAms252, Valencia, SP;
upsaliensis PKAms253, USPad2510, Amsterdam, NL; Padua,
MMSwe255 (5) IT; Malmo, SE
Escherichia albertii  MMVal2512 (1) Valencia, SP
Chlamydia abortus MMBar2512 (1) Parque de la Ciutadella,
SP
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Figure 2: Mean relative abundance of bacterial phyla in fecal samples of monk parakeets, rose-ringed parakeets, and soil samples.
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Figure 3: Box plot showing the Shannon diversity index for the two parakeet species and the soil
samples. For the monk parakeets, the domestic samples from Malmé. Sweden showed the lowest
diversity and the Parque de la Ciutadella the highest. The Rose-ringed parakeet in Padua had the
highest median diversity of all investigated locations.
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5. Discussion

5.1 Species differences

One of the most abundant phyla for both species was Pseudomonadota. The rose-
ringed parakeet samples consisted of relative Pseudomonadota abundances of
more than 50% across all locations. While the phylum made up a significant
proportion of the total in monk parakeet samples, only the monk parakeet samples
from Valencia had a relative abundance of more than half (50.5%). In wild monk
parakeets, relative Pseudomonadota abundances were lowest in Placa del Prim,
Barcelona, with 33.5% of the total abundance. This may be due to a host of
different factors but seeing as the phyla within either species share similar relative
abundances regardless of geographical location, it is likely that the reason is
related to differences in the species’ preferences and behavior. This could be
factors like specific dietary preferences, or likelihood of interactions with other
species in the urban environment, including humans.

For monk parakeets, the relative abundance of Bacillota varied greatly among
locations, from 53% in Madrid to 1.1% in Parque de la Ciutadella. Since phylum
abundances included in the results of this study were relative, differences in
abundance may in this case simply be attributed to differences in concentrations
of bacterial species, where two samples that have the same number of total
bacteria within one phylum may vary greatly in relative abundances due to
differences in number of bacteria in other phyla. This means that a more diverse
gut microbiota may affect the relative abundance of bacterial phyla, but as phyla
generally include many bacterial species with different traits, a diverse microbiota
may also present with larger relative abundances of singular phyla. It is unclear
whether the large differences in relative abundance for the phylum Bacillota in
monk parakeets have arisen because of seasonal differences in gut microbiota,
environmental effects or something else unaccounted for in this study. Further
investigations with larger sample groups from all locations and sampling
occurring in closer succession are needed to dissolve these apparent differences.

The phylum Pseudomonadota is diverse and includes bacterial species with a wide
variety of characteristics and natural ranges. A few examples of genera belonging
to Pseudomonadota found in this study include Sphingomonas spp. and
Escherichia spp. Sphingomonas spp. are generally not human pathogens but may
be an opportunistic pathogen in immuno-compromised individuals (Chandra &
Kronenberg 2015) and Escherichia spp. make up the most common bacteria in the
human gut microbiota and includes mostly non-pathogenic species. However, the
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genus does include species such as E. coli and E. albertii, the latter found in this
study, which are both known to include strains with potential to be zoonotic and
cause severe illness in humans and animals alike. Thus, the observations in this
study indicate a value in monitoring these bacteria in urban birds to increase
prepared-ness for zoonotic disease outbreaks, which may originate from wild
birds in urban environments.

The interspecies disparity in phylum dominance may be attributed to differences
in both lifestyle and diet. While both species’ diets are similar categorically, the
locations where they forage for food differs, as the rose-ringed parakeet tends to
prefer feeding sites at higher elevations than the monk parakeet (Cameron 2012;
Fraticelli 2014; Mori ef al. 2019). This leads to a discrepancy in microbial
contacts as it is likely that the elevation difference leads to interactions with
members of different animal species, as well as a likely difference in what food
sources are most abundant at different elevations. The monk parakeet for
example, with a preferred elevation closer to the ground than the rose-ringed
parakeet, may be more likely to eat fruits and seeds which grow close to the
ground or fall to the ground. In an urban environment, they likely eat human
foods that have been dropped on the ground or that are placed at human heights
more frequently than the rose-ringed parakeet which spends more time at higher
elevations. Interspecies interactions between parakeets and other non-avian
species are also likely to happen more often in the case of the urban monk
parakeet compared to the rose-ringed parakeet as a wider variety of urbanized
species live close to the ground (Mori et al. 2019; Sweet et al. 2022).

While there was a statistically significant difference between Paduan and
Valencian diversity, this comparison is not relevant to the aim of this study as the
locations included samples from different species.

5.2 North-south adaptations

No significant differences in bacterial species diversity were found in this study,
with the exception that Padua had a higher Shannon diversity index than Valencia
(p=0.00755) (Figure 3). This may reflect a lack of north/south gradient but may
also be an effect of small sample sizes of most sample groups. The sample
locations also include different parakeet species, with Paduan rose-ringed
parakeets and Valencian monk parakeets. It is not clear based on these results
whether this is indicative of north/south adaptations or merely species differences.
Thus, it is not possible to draw conclusions regarding gut microbial adaptations on
a north-south gradient based on the results of this study. Because of differences in
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local climate, flora, and fauna, differences in microbial composition of the gut in a
north/south gradient would be likely. To be able to draw substantial conclusions
about this, studies with larger sample groups would need to be conducted,
sampling large groups in multiple locations in close temporal succession.

5.3 Seasonal differences

As confirmed by Dietz et al. (2022), gut microbiome composition may be affected
by seasonal factors such as diet, temperature and day length. Given that sample
collection was carried out over nearly six months, seasonal changes may have
affected the results as different bacteria may have been more prominent in the gut
of the parakeets during different times of the year (Figure 2; Table 1).

The samples from monk parakeets from Parque de la Ciutadella, Barcelona, were
collected in late March 2025. These samples had a mean relative abundance much
more similar to the corresponding soil sample than the rose-ringed parakeet
samples from Padua did compared to the Paduan soil sample. An explanation for
the similarity of the Barcelona samples might be that the fecal samples were
contaminated with soil.

The results of this study do appear to support the theory on gut microbial
composition differences in different parts of the year, although the study includes
too small of a sample size to make statistically significant assumptions. While this
difference may be explained by seasonal changes in gut microbiota, it could also
be caused by environmental contamination, or a decreased likelihood of bacterial
survival outside of the host because of factors such as temperature or humidity.
Further studies would need to be performed, analyzing gut microbiota in the same
area over time, in order to draw any relevant conclusions.

5.4 Wild versus caged birds

For the frozen samples from caged monk parakeets, Bacillota and
Pseudomonadota made up 95.6% of total relative abundance, as compared to wild
monk parakeets, where their combined relative abundance ranged from 44.5-
89.9%. This may be indicative of a less diverse gut microbiota in caged monk
parakeets, as also indicated in Figure 2 & Figure 3. Interestingly, many previous
studies comparing wild and captive birds have found an opposing relationship,
with an unaffected or more diverse gut microbiota in captive birds than in their
wild counterparts (Xenoulis et al. 2010; Oliveira et al. 2020). The samples from
captive monk parakeets in this test were stored in a refrigerator for 10 days before
they were frozen. The days in the refrigerator might have provided a beneficial
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environment for one or a few bacterial species, allowing them to grow
disproportionately and affect the overall relative abundance in the samples. The
main reasons to suspect a decreased microbial diversity in captive birds include
more uniform diet, fewer interactions with other individuals, and stress (Bajinka
et al. 2020; Oliveira et al. 2020). The increase in human-animal interactions may,
however, force the caged birds into interactions with the human bacterial flora,
which they are much less likely to be in contact with in the wild. To further
examine this relationship, studies focused on comparing wild and captive
parakeets need to be performed, looking at factors such as diet, inter- and
intraspecies interactions, and stress.

5.5 Zoonotic potential

Out of a total of 72 samples (69 individual samples), 12 contained bacteria with
zoonotic potential. Seven samples contained C. perfringens, which is pathogenic
and known to cause food poisoning in humans if sufficient doses are ingested, as
well as gas gangrene. C. upsaliensis was discovered in five samples. The most
common presentation for an infection with C. upsaliensis is enteritis, but it may
also cause abortions, bacteremia and hemolytic uremic syndrome (Rowe &
Madden 2014). One sample contained E. albertii, which is known to cause similar
symptoms to enteropathogenic or enterohemorrhagic E. coli, and one sample
contained C. abortus, the causative agent in psittacosis and avian chlamydiosis.
Thus, it appears urban parrots do have potential to act as sources of contagion as
they carry bacterial strains known to cause disease in both humans and animals.
Some of these strains, such as C. perfringens, require large infectious doses to
cause disease, which may not be achieved merely through contact with parrots
and parrot feces. However, this study investigates the presence of bacterial species
and does not include any quantitative analyses. This means that there may be
samples included in the study which have high concentrations of pathogenic
bacteria with potential to cause disease, while others may include small amounts
and be highly unlikely to cause disease. To investigate this further, quantitative
studies need to be made analyzing the bacterial load of zoonotic bacteria in parrot
feces.

In a One Health context, the presence of bacteria with zoonotic potential means
that urban parakeets may pose a health challenge, putting strain on the health of
humans, animals, plants and ecosystems. The application of the One Health
approach in the case of urban parakeets may be most relevant at the subnational or
national levels, as the parakeets mainly can spread disease through direct or
indirect contact. However, as humans travel, sickness caused by parakeets may
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spread further than parakeet ranges expand and the One Health approach may be
applicable on a global level.

5.6 Soil samples
5.6.1 Padua

The comparison of the Paduan soil sample to the parakeet samples from the same
location reveal differences in mean relative abundance of bacterial phyla. The
Paduan rose-ringed parakeets’ microbiota primarily consisted of bacteria from the
phylum Pseudomonadota, whereas the largest phylum in the soil sample was
Actinomycetota. Pseudomonadota is a phylum containing both environmental and
animal-related bacteria. This may explain why the Pseudomonadota abundance is
higher in parakeet samples but still present and relatively abundant in the soil
sample.

Bacillota, the fourth largest group in rose-ringed parakeets at 8.1%, represented
<1% of bacterial phyla in the soil sample. The reason for this is likely that the
phylum contains many bacterial species common in the gastrointestinal tract of
animals, and less environmental bacteria than other phyla. Many Bacillota can
produce endospores which are resistant to the environment, making environ-
mental Bacillota plausible. However, endospores do not reproduce, and other
bacteria would be more likely to dominate the soil sample.

5.6.2 Parque de la Ciutadella, Barcelona

The soil samples from Parque de la Ciutadella included a diverse spread of
bacterial phyla, with 22.9% of total mean relative abundance represented by phyla
with <5% abundance and a total of 17 detected phyla with less than 5%
abundance.

Verrucomicrobiota is a small phylum containing mainly environmental bacteria,
but also includes species found in human feces. The genera identified in this study
were all environmental, and their presence in parrot samples was likely caused by
sample contamination. In the soil sample from Parque de la Ciutadella, Barcelona,
the phylum represented 6.9% while the mean relative abundance of
Verrucomicrobiota in rose-ringed parakeets from the same location was 4.1%.
This is more than twice the abundance in the Paduan soil sample, which included
1.9% Verrucomicrobiota, and more than 16 times more than the average
abundance for parakeets across all other locations. It is likely that the fecal
samples from Parque de la Ciutadella were old and contaminated with
environmental bacteria, which is further strengthened since all sample pools of
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wild birds contained some levels of Verrucomicrobiota (0.03-1.2%), while the
caged birds had no detectable levels of the phylum.

5.7 Conclusions

Genomic analysis of fecal samples from the parrots included in this study shows
presence of bacteria with potential to cause zoonotic disease. From the data
presented in this study, no significant conclusions could be made about north-
south adaptations of the gut microbiota of the monk- and rose-ringed parakeet in
European city environments and caged Swedish monk parakeets. I do however
show that there is considerable zoonotic potential among urban parrots in
continental Europe, since 12 out of 69 individual samples included in the study
contained zoonotic bacterial strains.

The study is only concerned with the qualitative analysis of bacterial genomic
mass and does not take factors such as traits of disease spread or inter- and
intraspecies relationships into consideration. Further studies need to be carried out
to investigate the role of parakeets as disease vectors and their impact on the
environments they inhabit.
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Popular science summary

Invasive species are present all around the world, causing economic or ecological
damage, or putting human health at risk. In Europe, the rose-ringed and monk
parakeets have established populations mainly in urban areas, due to both
deliberate releases and accidental escapes from the exotic pet trade. Both species
are agricultural pests in their natural environments and cause noise pollution as
they gather in large numbers and vocalize.

Animals have bacteria and other microorganisms in their intestinal system, called
gut microbiota. These microorganisms don’t just aid in digesting food but are also
necessary for the immune system and are able to affect behavior. The composition
of an individual’s gut microbiota is affected by many factors, including their diet.
The gut microbiome does not only consist of helpful bacteria however but may
also include microbes causing disease. The movement of living organisms may
therefore increase the risk of spreading diseases. Alien species have the potential
to introduce bacteria or other disease-causing agents that have not previously
existed in the new environment, or to be better at spreading diseases that already
exist in the new environment.

When animals are introduced to a new location, they need to adapt to the
conditions in the new environment to be able to survive. One such adaptation is
the adaptation of the gut microbiota. The parakeets have been introduced in many
places around the world and have been able to grow thriving populations in areas
with quite varied conditions, such as differences in temperature, seasonal length,
and access to different animal and plant species. Parakeets, which have a naturally
varied diet consisting of fruits, seeds, nuts, and sometimes insects or leaves need a
diverse gut microbiome with different traits to optimize digestion of the foods
they eat.

The aim of this study was to examine if the species also have the potential to be
vectors of bacteria that cause sickness in humans or other animals, so-called
zoonotic bacterial diseases, as well as to examine differences in gut bacteria
composition depending on geographical location.

The study was carried out by collecting fecal samples in six European cities
distributed along a north-south geographic gradient, as well as sampling three
caged parakeets in southern Sweden. The samples from European cities were
collected from the ground beneath congregation points of the different parakeet
species, which was mostly in urban parks.
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Multiple bacterial species with zoonotic potential were discovered in the study,
which indicate both species as potential vectors of zoonotic disease in urban
environments. Further studies need to be carried out to draw more conclusions on
parakeets’ role in disease transmission. No significant conclusions about
adaptations on a north-south gradient were possible based on the results of this
study.
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Appendix 1

Table 3: Sample codes and micro-barcoding sequences. Code explanation:
PK/MM/US/DIRT = suspected P. krameri, M. monachus, unsure origin or dirt sample,
followed by location, sample year and sample number. Example: First suspected P.

krameri from Madrid,

Sample Code Micro Barcoding  Sample index

Al PKSev251 17 706 15 1 CATGCCTA-GCGATCTA
A2 PKSev252 1770615 2 CATGCCTA-ATAGAGAG
A3 PKSev253 17706 15 3 CATGCCTA-AGAGGATA
A4 PKSev254 17 706 15 4 CATGCCTA-TCTACTCT
AS PKSev255 17 706 15 5 CATGCCTA-CTCCTTAC
A6 PKSev256 17706 15 6 CATGCCTA-TATGCAGT
A7 PKSev257 17 706 15 7 CATGCCTA-TACTCCTT
A8 PKSev258 17706 15 8 CATGCCTA-AGGCTTAG
A9 PKSev259 1770715 9 GTAGAGAG-AAAGCAAG
B1 PKSev2510 17 707 15 10 GTAGAGAG-TTGAAGCC
B2 PKSev2511 17707 15 11 GTAGAGAG-TGCCGATT
B3 PKSev2512 1770715 12 GTAGAGAG-TTTGAACC
B4 PKSev2513 17707 15 13 GTAGAGAG-GTCGAAGT
BS MMVal251 17707 15 14 GTAGAGAG-GCAAGTCA
B6 MMVal252 17 707 15 15 GTAGAGAG-AGGTCCTA
B7 MMVal253 1770715 16 GTAGAGAG-AAGTCTCC
B8 MMVal254 17 708 15 1 CCTCTCTG-GCGATCTA
B9 MMVal255 17 708 15 2 CCTCTCTG-ATAGAGAG
C1 MMVal256 17708 I5 3 CCTCTCTG-AGAGGATA
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C2

C3

C4

Cs

Ceo

C7

C8

c9

D1

D2

D3

D4

D5

D6

D7

D8

D9

E1l

E2

E3

E4

ES

E6

MMVal257

MMVal258

MMVal259

MMVal2510

MMVal2511

MMVal2512

MMVal2513

MMVal2514

MMVal2515

USPad251

USPad252

USPad253

USPad254

USPad255

USPad256

USPad257

DIRTPad258

USPad259

USPad2510

PKAms251

PKAms252

PKAmMs253

PKAms254

17 708 IS 4

17708 15 5

17708 15 6

17 708 15 7

I7 708 15 8

1770915 9

1770915 10

1770915 11

1770915 12

1770915 13

17709 15 14

1770915 15

17709 15 16

1771015 1

17710152

1771015 3

1771015 4

1771015 5

17710156

17710157

1771015 8

17711159

177111510
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CCTCTCTG-TCTACTCT

CCTCTCTG-CTCCTTAC

CCTCTCTG-TATGCAGT

CCTCTCTG-TACTCCTT

CCTCTCTG-AGGCTTAG

AGCGTAGC-AAAGCAAG

AGCGTAGC-TTGAAGCC

AGCGTAGC-TGCCGATT

AGCGTAGC-TTTGAACC

AGCGTAGC-GTCGAAGT

AGCGTAGC-GCAAGTCA

AGCGTAGC-AGGTCCTA

AGCGTAGC-AAGTCTCC

CAGCCTCG-GCGATCTA

CAGCCTCG-ATAGAGAG

CAGCCTCG-AGAGGATA

CAGCCTCG-TCTACTCT

CAGCCTCG-CTCCTTAC

CAGCCTCG-TATGCAGT

CAGCCTCG-TACTCCTT

CAGCCTCG-AGGCTTAG

TGCCTCTT-AAAGCAAG

TGCCTCTT-TTGAAGCC




PKAmMs256 177111512 TGCCTCTT-TTTGAACC

F1 PKAmMs258 1771115 14 TGCCTCTT-GCAAGTCA

F3 PKAmMs2510 177111516 TGCCTCTT-AAGTCTCC

F5 MMBar252 17712152 TCCTCTAC-ATAGAGAG

F7 MMBar254 17712154 TCCTCTAC-TCTACTCT

F9 MMBar256 17712156 TCCTCTAC-TATGCAGT

G2 MMBar258 17712158 TCCTCTAC-AGGCTTAG

G4 MMBar2510 17 736 15 10 TGCTATGG-TTGAAGCC

Go6 MMMad251 17736 15 12 TGCTATGG-TTTGAACC

GS8 MMMad253 17 736 15 14 TGCTATGG-GCAAGTCA

H1 MMBar2512 17736 15 16 TGCTATGG-AAGTCTCC




H3 DIRTBar2514 17 73815 2 GCTATACC-ATAGAGAG

HS5 MMSwe252 17738154 GCTATACC-TCTACTCT

H7 MMSwe254 17 73815 6 GCTATACC-TATGCAGT

H9 MMSwe256 17 738 15 8 GCTATACC-AGGCTTAG
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