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Introduced species can have devastating impacts on the environment and economy in non-native ranges.
In the Kingdom of Saudi Arabia, published knowledge of introduced fauna or flora is very limited,
although this knowledge is basic for their management. Thus, this research provides the very first
detailed list of invasive bird species in the Kingdom based on intensive field work, citizen science and
published literature. The introduced bird community in the Kingdom consists of 21 species, many of
which are widely spread across the Kingdom. Distribution of introduced species varies among provinces;
the highest numbers are recorded in Riyadh and Eastern Province with 18 species each, representing 9
and 10 families, respectively. A few of the reported species are linked with devastating ecological and
economic impacts in introductions that took place elsewhere, such as Indian House Crow, Common
Myna, and Red-vented bulbul. Harvest of wild birds for the purpose of pet trade caused the introduction
of three known natives of the highlands in the south-west region into the deserts of the Central and
Eastern region. It is evident that the Kingdom harbors many introduced species that are invasive and
are known of having a wide range of impacts, necessitating further studies to provide management
insights. Management actions directed by these scientific findings is crucially needed to prevent future
introductions and contain previously established ones.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

One of the globally pressing environmental issues is the intro-
duction of fauna and flora into novel habitats (Blackburn et al.,
2019; Pyšek et al., 2020). Realizing that not all introductions are
benign, the science of biological invasion was founded by Charles
Elton’s seminal work in 1958 (Davis et al., 2001). Invasive species
describes any species, flora or fauna, introduced intentionally or
accidently beyond its native range and established to cause
adverse impacts (Clavero et al., 2009; Courchamp et al., 2017). A
multitude of invasive species are known for invading several con-
tinents and wreaking havoc, both ecologically and economically, in
the invaded ecosystems (Lowe et al., 2000). Ecologically, these pro-
lific species, mostly opportunistic generalists, are homogenizing
community structure across the world (Clavero et al., 2009). Their
impact varies from changing the structure and functions of ecosys-
tems to altering community and habitat composition (Martin-
Albarracin et al., 2015; Pejchar and Mooney, 2009; Simberloff
et al., 2013). Therefore, invasive species are considered a major
threat that has caused biodiversity loss and changed ecosystem
functions at unprecedented levels (Didham et al., 2005; Magory
Cohen et al., 2019; Pejchar and Mooney, 2009). Economically, inva-
sive species are impacting infrastructure and economic activities
causing a significant monetary loss (Pimentel et al., 2005). Given
the ecological and economic costs associated with biological inva-
sion, scientific research dedicated towards studying the dynamics
of species invasion is warranted. Such research would help eluci-
date aspects such as source of introduction, drivers of establish-
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ment and impact on recipient communities, with an ultimate goal
of preventing future introductions and containing and eradicating
previous ones (McGeoch et al., 2016).

Birds are one of the first animals to be transferred and intro-
duced beyond their natural ranges (Lever, 2005). Introduction of
birds is driven primarily by sporting, aesthetic, food and conserva-
tion purposes (Blackburn et al., 2015; Lever, 2005). Cultural and
religious practices in certain parts of the world have also facilitated
bird introductions (Blackburn et al., 2015). Among all documented
bird introductions, pet trade is the primary driver globally
(Blackburn et al., 2015). Likewise, the first documented bird intro-
duction in the Arabian Peninsula was the Ring-necked Parakeet, an
escapee on its route to Britain for the purpose of sale (Jennings,
2010). In the 21th century, bird introductions driven by cage esca-
pees increased, underscoring the need for laws regulating pet trade
(Brochet et al., 2019; Carpio et al., 2020). One of the major efforts
was the European Union ban on the trade of wild-caught birds,
which resulted in a significant reduction in the number of new
invasions. Consequently, trade of wild-caught birds has been redi-
rected to other regions, notably the Middle East (Bush et al., 2014;
Reino et al., 2017).

Saudi Arabia is going through a progressive transformation that
stems from 2030 VISION emphasizing wildlife protection (vi-
sion2030.gov.sa). Several steps have been taken to enhance the
protection and preservation of natural ecosystems and wildlife
and to restore and rehabilitate impacted ones. Most recently, the
release of the newly revised Environment’s Law after and the cre-
ation of autonomous directorates within the Ministry of Environ-
ment would certainly improve environmental protection.
Therefore, this research aims to shed light on the introduced avi-
fauna in the Kingdom, routes of introduction, current spatial distri-
bution, and potential impacts. Such knowledge is essential to
prioritize research and management options targeting the halt of
introductions and containment or eradication of established ones.
2. Methods

2.1. Study area

Saudi Arabia is mostly a hyper-arid desert, part of the sub-
tropical desert, with very little rain. However, the south-western
mountains are covered with trees and lack marked seasonality.
The country is located between the Arabian Gulf to the east, and
the red sea to the west, with an altitude that ranges between sea
level to about 3000 m a.s.l. in the south-western mountains
(Vincent, 2008). Thus, the Kingdom has variable geological founda-
tion, as its covered by metamorphic rocks in the west, and sedi-
mentary rocks to the east. This geomorphological variation is
reflected on the existence of a diverse fauna and flora. The Saudi
avifauna community is no different with more than 500 recorded
species of these over 300 resident species, among which are 10
endemic species (Jennings, 2010).
2.2. Species occurrence

This research benefited from multiple sources of data including
field work, citizen science and published literature. Bird surveys
were conducted across the major cities of the Kingdom (Riyadh,
Dammam, Jubail, Al-Qatif, Al-Hasa, Jeddah, Tabuk, Al Baha, Hafr
Al-Batin, Al-Taif and Al-Qassim). Point counts were conducted in
the first four hours of the day in the abovementioned cities, coor-
dinates are provided in Bibby et al. (1992). Introduced species
observed during the survey were recorded. Secondly, the authors’
extensive field work across the Kingdom for the past 20 years pro-
vided supplementary data on birding hotspots as a potential intro-
2

duction site and introduced species in the Kingdom. Thirdly,
citizen science was a major source of information with detailed
knowledge of exotic species recorded. The main source of citizen
science is Bird Monitoring Group’s (BMG) member observations.
The BMG group has members in almost all provinces, regularly
photographing birds in all seasons. Further information on year
and route of introduction were obtained from information col-
lected through the ABBA project (Jennings, 2010). In addition, citi-
zen science records on Global Biodiversity Information Facility
(GBIF) and similar data bases were reviewed for further assurance
of fully covering any undocumented or uncommunicated observa-
tions. Finally, personal communications with wildlife photogra-
phers across the Kingdom were conducted by use of an online
form.
3. Results

Twenty-one bird species belonging to eleven families were
introduced and established in the Kingdom since the last century
(Table 1). Several more species were previously recorded in the
Kingdom, five in total, however, failed to establish sustaining
populations (Table S1). Most of established species were accidently
introduced at a single point, whereas a few have gradually
expanded their range into the Kingdom from neighboring coun-
tries (Table 1). The highest numbers of introduced species belong
to the

Columbidae family and the Pycnonotidae family, with three
species each. The Fringillidae, Phisandae, Ploceidae, Psittacidae,
and Sturnidae have two introduced species each whereas the
Accipitridae family is represented by the Eastern subspecies of
the Black-winged Kite as the only introduced bird of prey in the
Kingdom.

Several routes of introductions were potentially responsible for
the recorded introductions (Table 1). Pet trade was responsible for
the highest number of introductions in the Kingdom, a total of 13
species (Fig. 2). The sources of traded birds were either native spe-
cies from within the Kingdom or imported via international impor-
ters. Native to the south-western region, the Arabian Serin
(Crithagra rothschildi), Rüppell’s weaver (Ploceus galbula), and the
Arabian Golden Sparrow (Passer euchlorus) were introduced into
central and/or eastern regions. International pet trade introduced
10 species into the Kingdom, among those are Common Myna
and Ring-necked Parakeet (Table 1 and S1, Fig. 1). Birds originating
from within the Kingdom have localized and limited introduced
ranges compared to their international counterparts (Table S2).
The advancement of agricultural fields between 1970 and 1980
facilitated the range expansion of several species, doves and
finches in particular (Table 1).

The distribution of introduced species varied across the King-
dom’s provinces. The highest number of introduced species were
recorded in Riyadh and Eastern provinces with 18 introduced spe-
cies each (Fig. 1 and Table S2). Tabuk and Mecca have 10 and 9
introduced species, respectively (Fig. 1). Numbers of introduced
species in the southern provinces were lower than the central
and northern provinces. The lowest numbers of introduced species
were recorded in Najran and Al Baha (Fig. 1; Table S2).
3.1. Notes on introduced species

3.1.1. Phasianidae
Two species of the Phasianidae family are recorded in the King-

dom, the Grey Francolin and the Common Quail (Figs. S1.1 and
S1.2, respectively). The Common Quail is considered a passage
migrant, with limited birds spending the winter in the Arabian
Peninsula. The first documented breeding in the Kingdom was in



Table 1
List of introduced species and species exhibited range expansion recorded in Saudi Arabia including potential route of introduction and origin of the species.

Family Common name Scientific Name Route Origin Reference

Introduced
Phasianidae
Grey Francolin Francolinus pondicerianus Natural International Jennings, 2010
Common Quail Coturnix coturnix Farming/Natural International Jennings, 2010
Columbidae
Eurasian Collared Dove Streptopelia decaocto Agriculture International Jennings, 2010
Namaqua Dove Oena capensis Agriculture International Bundy and Warr 1980
Psittacidae
Ring-necked Parakeet Psittacula krameri Pet trade International Bundy and Warr 1980, Felemban 1993
Alexandrine Parakeet Psittacula eupatria Pet trade International Jennings, 2010
Corvidae
House Crow Corvus splendens Shipping International Bundy and Warr 1980
Pycnonotidae
Red-vented Bulbul Pycnonotus cafer Pet trade International Jennings, 2010
White-eared Bulbul Pycnonotus leucotis Pet trade International Jennings, 2010
White spectacled Bulbul Pycnonotus xanthopygos Pet trade National Jennings, 2010
Sturnidae
Bank myna Acridotheres ginginianus Pet trade International Jennings, 2010
Common myna Acridotheres tristis Pet trade International Bundy and Warr 1980, Felemban 1993
Passeridae
Arabian Golden Sparrow Passer euchlorus Pet trade National This study
Ploceidae
Streaked Weaver Ploceus manyar Pet trade International Jennings, 2010
Ruppell’s Weaver Ploceus galbula Pet trade National Alshamlih et al., 2020
Estrildidae
Red Avadavat Amandava amandava Pet trade International Jennings, 2010, This study in Al Hasa
Indian Silverbill Euodice malabarica Pet trade National Jennings, 2010
Fringillidae
Arabian Serin Crithagra rothschildi Pet trade National Alshamlih et al., 2021

Range Expansion
Accipitridae
Black-Winged Kite E. caeruleus vociferous Natural National This study
Columbidae
Laughing Dove Spilopelia senegalensis Agriculture International Jennings, 2010
Fringillidae
Desert Finch Rhodospiza obsolete Agriculture International Jennings, 2010
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1981, expanding afterwards north and east. The establishment of a
breeding population occurred after the establishment of several
quail farms in the Kingdom; therefore, it is possible that farm esca-
pees may have established the wild population. However, the pos-
sibility of migrants breeding and residing in the Kingdom cannot
be ruled out. The Grey Francolin has been observed breeding in
the wild in the Eastern Province, initially introduced into Bahrain
and United Arab Emirates (Jennings, 2010). Two new populations
of the Grey Francolin were discovered during our study, in the
western and northern outskirts of Al-Qatif.

3.1.2. Accipitridae
The Black-winged Kite has an African subspecies, E. c. caeruleus,

that is considered native to the south-west of the Kingdom,
whereas recently the Asian subspecies was introduced into the
Kingdom and experienced a rapid range expansion (Jennings,
2010). The earliest recorded expansion was in Hail and Eastern
Province in 2012 (Fig. S1.3, Tables S1 and S2). Observations of
breeding attempts were documented in the Eastern Province (per-
sonal communication, BMG).

3.1.3. Columbidae
The range expansion of doves is not restricted to Saudi Arabia,

but is a rather global phenomenon (Fujisaki et al., 2010; Smith,
1987). For example, the Eurasian Collared Dove, originally native
to India, has established one of the largest range expansions in
the world, reaching North and Central America (Smith, 1987). In
Saudi Arabia, three doves were introduced and have expanded
widely, the first being the Eurasian Collared Dove present in almost
all of the country (Fig. S1.4). Collared Doves are commensal with
3

human inhabitation, existing in cities, parks, gardens and agricul-
ture. In cities, Collared Doves feed on seeds and grains on the
ground, and outside cities they may feed on invertebrates and
young shoots. The second dove species is the Laughing Dove,
(Fig. S1.5), which has spread across all of Saudi Arabia and
expanded north to neighboring countries (Khoury et al., 2012).
Finally, the Namaqua Dove, native to the Afrotropical region, was
first recorded in the Arabian Peninsula in Yemen 1850. The first
record in Saudi Arabia was in Jeddah in 1934 and remained
restricted to regions south of the city until 1975, after which it
expanded across most of the country (Table S2, Fig. S1.6). The
observed expansion of doves in the Kingdom is correlated with
the development of agricultural fields as well as dairy and poultry
farms (Jennings, 2010).
3.1.4. Psittacidae
The Ring-necked Parakeet is one of the very first traded birds in

the world (Newson et al., 2011). Invading 37 countries worldwide,
it is considered one of the most successful invaders (Ancillotto
et al., 2016). It is most likely that populations across Arabia, specif-
ically Saudi Arabia, originated from independent introductions of
escapees in each city (Fig. S1.8). Wild populations in the Kingdom
are under hunting pressure for trading purposes; reducing the
parakeet numbers and ultimately limiting their expansion (per-
sonal comm. pet traders). The other parakeet that has invaded
the Kingdom is the Alexandrine Parakeet, (Figs. S1.7 and S1.8) that
in its native range inhabits moist and dry forest land, cultivated
areas, mangrove and plantations (Parr et al., 2010). In Saudi Arabia,
suitable habitats of mangrove and cultivated areas exist primarily
on the East andWest coast. Both habitats have been invaded by the



Fig. 1. Saudi Provinces, with number of introduced species recorded in each province.

Fig. 2. Introduced species in Ras Tanura, Eastern Province. The Alexandrian
Parakeet, Ring-necked. Parakeet and Common Myna seen on the same tree. �
Atheer Ali.
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Alexandrine Parakeet, however, in both localities no expansion was
recorded.

3.1.5. Corvidae
The source of House Crow introduction in the Kingdom is

believed to have occurred over several introductions (Jennings,
2010). House crow introduction and establishment were only suc-
cessful in the coastal regions (Fig. S1.9). On the western coast, the
first records of the House Crow were in Jeddah 1978, while the first
records on the Eastern coast were in Dammam 1980 (Jennings,
2010). Given its restricted distribution to cities along the coastline,
this species’ establishment is seemingly dependent on humans.

3.1.6. Pycnonotidae
Historically the Pycnonotidae family, bulbuls, had only one spe-

cies native to the Kingdom; the White-spectacled Bulbul in north-
ern and western regions (Fig. S1.10). Although declining in its
native range, the White-spectacled Bulbul has been introduced to
the Eastern Province. An additional two members of the Pycnonoti-
dae family have been established in the Kingdom; the White-eared
Bulbul and the Red-vented Bulbul (Figs. S1.11 and S1.12). The first
records of the White-eared Bulbul were in Eastern Province in the
early 1900s (Jennings, 2010). Nowadays, it is distributed across the
central and northern regions of the Kingdom. The Red-vented Bul-
bul, listed among the IUCN’s 100 worst alien invasive species, was
introduced in both the Eastern Province and Jeddah.

3.1.7. Sturnidae
The very first introduction of the Bank Myna in Saudi Arabia

was in Dhahran, 1984. The second record was in Riyadh in 1989
but records there ceased after 2000 (Jennings, 2010). Currently,
Bank Myna distribution is recorded only in Dhahran, Al-Qatif and
Ras-Tanura (Fig. S1.13). It is possible that the cause of this limita-
4

tion in Bank Myna numbers and distribution is because of the
unparalleled success of the Common Myna (Fig. S1.14). The latter
was first recorded successfully breeding in the Eastern Province
in late 1970 (Bundy and Warr, 1980). In 1993, six pairs were
recorded breeding at King AbdulAziz University in Jeddah
(Felemban, 1993). Currently, the Common Myna is seen in almost
all cities in the Kingdom after its latest spread in the southwest to
Jizan (Jennings, 2010). Most numbers are seen in developed shore-
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lines, such as the eastern shorelines between Khobar to Jubail and
west in Jeddah, as the myna benefits from human waste.

3.1.8. Passerridae
The Arabian Golden Sparrow, native to south and central moun-

tains from Jeddah to Yemen, exhibited a natural range expansion
up to Medina and Yanbu. Pet trade interest in the Arabian sparrow
led to its introduction in two other cities; Riyadh 2013 and Qassim
2015. As of 2020 the Arabian Golden Sparrow was recorded, with-
out confirmation of breeding, in Tarout Island and Al Hasa in the
Eastern Province (Fig. 1.15)

3.1.9. Ploceidae
The weaver family has two species introduced in the Kingdom;

Ruppell’s Weaver and the Streaked Weaver (Figs. S1.16 and S1.17).
Ruppell’s Weaver is native to the southwest region, however, it has
been introduced in the Eastern Province and Riyadh. The earliest
record of this introduction was in Al-Qatif farms in 2011. Since
then, Ruppell’s Weavers have expanded their range reaching Al-
Hasa and Ras Tanura in 2019 and have established a new popula-
tion in Riyadh in the same year (Alshamlih et al., 2020). The earliest
records of the Streaked Weaver were from 1989 in the Eastern Pro-
vince and Riyadh. Successful establishment in southern Riyadh was
confirmed by Jennings (2010). Currently, no records of breeding or
establishment exist elsewhere. The breeding population of the
Steaked Weaver in Riyadh was estimated at more than 150 pairs,
all within Al-Hair in Autumn, 2020.

3.1.10. Estrildidae
Two members of the Estrildidae family are recorded as intro-

duced in the Kingdom. The Red Avadavat is the earliest member
of the family to be introduced, recorded in Riyadh in 1975 (Fig. S
1.18). The population in Riyadh is thought to have originated by
escapees from an aviculture in the city and has been steadily grow-
ing in densely vegetated regions, helped by the lack of competing
seed-eaters. The earliest expansion outside of Riyadh was in Dhah-
ran 2003 and was recorded in Al-Qatif and Dammam in 2010. The
Indian Silverbill (Fig. S1.19), native to the Eastern Province, has
been introduced to the west coast; Jeddah, Tabuk and Hail. A pop-
ulation of Indian Silverbills exists in the city of Aqaba, Jordan, and
is believed to have originated from the Saudi population (Khoury
et al., 2012).

3.1.11. Fringillidae
Two members of the family were introduced in the Kingdom,

the Desert Finch and Arabian Serin (Figs. S1.20 and 1.21 respec-
tively). Endemic to the Arabian Peninsula and residing in the west-
ern region from the Yemeni border to Yanbu, the first record of the
Arabian Serin beyond its native range was in Riyadh, 2012, mostly
as cage escapees as it was documented in pet markets by Shobrak
and Al Fagih (2012). In addition, the Arabian Serin has been regu-
larly recorded in the Eastern Province with confirmed breeding
attempts in 2019 and 2020 (Alshamlih et al., 2021). The introduc-
tion of Desert Finch is mostly driven as natural expansions from
north to south. The source of Desert Finch in the Kingdom can be
attributed to either Jordan or Iraq or both. Similar to its expansion
in Jordan, introduction in the Kingdom is correlated with agricul-
tural fields (Jennings, 2010). In Saudi Arabia, Desert Finch expan-
sion has reached Al-Kharj in the center, and Medina in the west.

4. Discussion

Despite the extreme aridity, the Kingdom of Saudi Arabia has 26
introduced species, 21 of which established a sustaining popula-
tion in the wild. Many of the introduced species are cage birds,
5

potentially introduced as cage escapees. Among the recorded spe-
cies are the Indian House Crow and Common Myna, Red-vented
Bulbul which are globally known invasive species of their drastic
impacts. The CommonMyna and Red-vented Bulbul are considered
one of the 100 worst alien invasive species in the world (Lowe
et al., 2000). Three of the introduced species, the Arabian Serin,
Arabian Golden Sparrow and Ruppell’s Weaver, comprise the first
recorded introductions globally. Like most other introductions,
these species were introduced by pet trade, however, their origin
was from within the Kingdom.

The introduction of novel species in new habitats may cause
drastic ecological, economic and social impacts. Ecologically, inva-
sive species compete with native species for habitat and resources,
leading to potential declines in native populations. Introduced spe-
cies have been reported to impact agricultural fields and infras-
tructure and transmit disease (Pyšek and Richardson, 2010; Vilà
and Hulme, 2017). Despite the long history of introductions in
the Kingdom, very limited scientific research or management
actions have been directed at introduced species. Therefore, the
following sections aim at reviewing published and observed
impacts of reported species in this study. Such information is of
high importance for future scientific research as well as manage-
ment actions.

4.1. Potential impact

Competition of invasive species with their native counterparts
for resources is widely documented. It has been documented that
invasive species exhibiting a flexibility in their feeding have higher
impacts and chances of successful invasion (Webb et al., 2014).
Among the reported introduced species in the Kingdom is the com-
mon myna, which is listed as one of the 100 worst alien invasive
species globally (Lowe et al., 2000). Mynas are known for their
feeding flexibility, thereby increasing their access to food resources
and ultimately their impact on native fauna (Federspiel et al.,
2017). Food competition between invasive mynas and bulbuls is
threatening the survival of the endemic Olivaceous Bulbul Hyp-
sipetes borbonicus olivaceus in Mauritius. The omnivorous House
Crow has been reported to feed on live animals, fruits and human
waste; showing a high association with human settlements
(Wilson et al., 2015; Yosef et al., 2019). Furthermore, the House
Crow has been observed carrying out kleptoparasitic attacks on
other native species (Yosef et al., 2012). In Europe, the Ring-
necked Parakeet exploits anthropogenic food sources, such as bird
feeders (Clergeau and Vergnes, 2011). Furthermore, the feeding
behavior of the Ring-necked Parakeet is coupled with aggressive
behavior towards native species (Le Louarn et al., 2016; Shiels
et al., 2018). This superior feeding flexibility and the associated
increase in accessibility to food makes Ringnecked Parakeets the
most abundant species at feeding sites, displacing smaller native
birds (Le Louarn et al., 2016). In west Mexico, the introduction of
the Eurasian Collared Dove led to a decline in food as well as breed-
ing resources of native dove and pigeon species (Camacho-
Cervantes and Schondube, 2018).

Invasive species are the perpetrator of the decline of not only
bird species but other taxa (Martin-Albarracin et al., 2015). Impact
of invasive species increases with social gregarious birds. For
instance, the gregarious behavior of mynas while feeding, roosting,
and breeding has intensified their ecological impacts (Grarock
et al., 2012). On Mauritius, mynas have been observed predating
on the endangered endemic skink (Bissessur and Florens, 2018).
On Bermuda, the introduced Kiskadee Flycatcher, Pitangus sulphu-
ratus, is thought to be responsible for the eradication of the ende-
mic cicada, Tibicen bermudiana (Sterrer et al., 2004).

Impact of introduced species on their native counterparts may
include aggression when competing for resources other than food.
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Failed breeding and consequent reduced numbers of native species
has been linked to aggressive behavior exhibited by invasive spe-
cies during the breeding season (Hernández-Brito et al., 2014).
For instance, the impact of Common Mynas increases during the
breeding season, particularly against passerines (Lever, 2005). Par-
ticularly, cavity nesters are the most impacted species by the Com-
monMyna because of the shared nesting preference (Grarock et al.,
2012). Red-vented Bulbuls exhibit aggressive behavior towards
native species, leading to nest failure and death of fledged young
(Blanvillain et al., 2003). In addition, other cavity nesters, such as
Ring-necked Parakeets replace native cavity breeders (Strubbe
and Matthysen, 2009). In Saudi Arabia, it is reported that the arri-
val of a colony of parakeets in Wadi Hanifa successfully replaced
Rock Doves from their nesting cavities (Jennings, 2010). In addi-
tion, invasive species preying on chicks and eggs as well as adults
have caused the decline of native species. Jennings associated the
decline of Black Kite (Milvus migrans) breeding population in Jed-
dah and Aden to House Crow nest predation (Jennings, 2010).
Therefore, the possible impact of the reported introduced species
in the Kingdom is potentially high.

Invasive species are known for having devastating impacts on
most economic sectors. Globally, major focus has been directed
at studying biological invasions impacts, however, in the Kingdom,
only a single study was conducted to assess the impact of White-
eared Bulbul on date farms in the Eastern Province (El-Shafie,
2018). White-eared Bulbul feeding on date palm caused a 20% loss
of palm productivity. Other studies further report on mitigation
measures carried out by farmers, such as fruit bagging, to prevent
fruit loss and injury because of invasive species (Harhash et al.,
2020). However, these loss-control measures are an added cost,
reducing farms’ profitability. Globally, invasive species are linked
to decreased agricultural profitability, many of which are associ-
ated with bulbuls and weavers. Weavers, in their native range,
are considered one of the major farm pests, causing 50% production
decline (Bruggers, 1980; Maurice et al., 2017). Likewise, it is
expected that the Streaked Weaver and Ruppell’s Weavers, both
known of being gregarious in their native range, will have drastic
impacts on agricultural fields in the Kingdom. It has already been
documented in Al-Qatif that Rüppell’s weavers exhibit flexible
feeding behavior, feeding on available seasonal crops such as dates,
figs, blackberries and grains (Alshamlih et al., 2020). Other intro-
duced species, e.g. Red-vented and Redwhiskered Bulbuls, are
reported to destroy fruits, flowers, beans, tomatoes, peas and ripe
fruit (El-Shafie, 2018; Thibault et al., 2018). Similarly, Common
Mynas and House Crows are known of their high impact on agri-
cultural activities because of their omnivorous feeding on crops
and invertebrates (Fraser et al., 2015; Wilson et al., 2015). How-
ever, the effect of crows is not limited to agriculture; free range
poultry sustains a high cost because of House Crow predation of
free birds (Bestman and Bikker-Ouwejan, 2020). Thus, assessing
the impacts of the reported species is of high importance to miti-
gate their effect and prioritize wildlife management actions.

The social impact of introduced birds in Saudi is expected to be
high, despite the lack of evidence. Myna droppings are a public
health issue, as they carry infectious bacteria and parasites
(Pyšek and Richardson, 2010; Vilà and Hulme, 2017). In Australia,
mynas are implicated in the spread of malaria as they have been
found carrying two strains of plasmodium (Clark et al., 2015).
Other social impacts of invasive species extend to causing wounds
and bites affecting human well-being. In public places, parks, and
sometimes residences, mynas and crows are known to fearlessly
steal human food (Pyšek and Richardson, 2010; Vilà and Hulme,
2017). Moreover, crows and mynas are public nuisances as they
are vocal throughout the year; such impact is intensified in public
and touristic areas. In Al-Qatif, during breeding season, House
Crows are reported aggressively attacking humans in defense of
6

their nests. Based on our observations, in agricultural cities,
human-crow interactions increase as crows were seen in farms
and landscaping trees, thus exerting more aggressive behavior dur-
ing breeding season.
4.2. Impact of pet trade harvest on native birds

Hunting wild populations for the purpose of supplying pet mar-
kets is a major threat to species’ survival globally. For example,
many Brazilian birds are threatened mainly because of hunting
for trading in pet markets around the world (Alves et al., 2013).
The latest three introductions in the Kingdom are native birds that
reside in the mountainous southwest region. Three species, the
Arabian Serin, Arabian Golden Sparrow and Ruppell’s Weaver,
were introduced into Riyadh in the center and the Eastern Pro-
vince. The origin of these introductions can only be attributed to
pet trade. Native birds have been previously observed in pet mar-
kets in different cities of the Kingdom, among which are wild-
caught and endangered species (Shobrak and Al Fagih, 2012;
Aloufi and Eid, 2014). In fact, the Arabian Serin was reported in
Dammam city, with colour-rings fitted on their legs (Alshamlih
et al., 2021). These introductions highlight the alarming impact
that hunting for trading purposes has on wild birds, especially
endemics in the Kingdom. Therefore, although pet trade is corre-
lated with bird introductions across the Kingdom, its impact is
potentially threatening native species in their native habitat. Thus,
to protect wild and endemic birds, pet markets need to be closely
monitored to prevent sale of native birds and ultimately the cap-
ture of wild birds.
5. Conclusion

Here, we present a list of introduced species along with most
probable source of introduction and a narrative on their expansion
processes. Data presented, i.e: routes of introduction and causes of
establishment and spread are the basis for management and erad-
ication of invasive species (Early et al., 2016). Clearly, the main
source of introductions in the Kingdom is pet trade, which is a glo-
bal issue impacting native communities. Therefore, countries
around the world are introducing regulations banning trade of
wild-caught birds, e.g. Europe (Reino et al., 2017). Many of the
reported introduced species in the Kingdom have triggered envi-
ronmental issues in other countries. Although their impacts in
the Kingdom have not been studied yet, active monitoring of the
Kingdom’s introduced species provides scientific knowledge
important to wildlife management. With such knowledge at the
disposal of wildlife authorities, prioritization of wildlife manage-
ment actions would be facilitated.
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