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Abstract: The common myna bird (Acridotheres tristis Linnaeus, 1766) is widely recognized as one
of the most formidable invasive avian species globally. The bird poses significant challenges due to
its ability to outcompete a variety of native cavity-nesting birds. Additionally, the common myna is
a notable agricultural pest and a substantial threat to indigenous biodiversity. The current study is
focused on understanding the distribution pattern of the common myna (Acridotheres tristis Linnaeus,
1766) in Egypt and the significant favorable conditions to predict the invasion scale of the bird to
the Egyptian fauna. To determine the environmental variables influencing the invasion range of
the common myna in Egypt, a Species Distribution Model (SDM) was employed. The current work
documented 117 invasion sites of the species from February to December 2023. The predicted habitats
are mainly concentrated close to the Nile Delta of Egypt, the Suez Canal region, North and South
Sinai, in addition to scattered areas on the Red Sea coast, along the riverbanks of Upper Egypt, in
addition to a few northwestern areas of the Western Desert. The most significant environmental
factors affecting the establishment were the Minimum Temperature of the Coldest Month, the Mean
Temperature of the Coldest Quarter, and Elevation. The current invaded areas comprise about 0.8%
of Egypt (8240 km? out of roughly one million km?). We found that this is significant and of concern
due to the expectation of increasingly favourable conditions due to global warming; this will turn this
invasive species into a real threat to Egyptian ecosystems due to its aggressive competition with native
cavity-nesting birds, its impact as an agricultural pest, and its potential to disrupt local biodiversity.

Keywords: Common Myna; Invasive Alein Species; Conservation biology; MaxEnt; global warming;
Species Distribution Model

1. Introduction

Climate change and Invasive Alien Species (IAS) are considered two of the biggest
challenges to biodiversity and the provision of essential ecosystem services [1]. IAS is
a group of non-native species that negatively affect the environment or society [2] by
outcompeting important native species or preying on them; they often limit already scarce
resources of food and water. Invasive species can also drastically alter the composition and
structure of communities [3].

Climate change is expected to have a significant impact on IAS dynamics globally, as
it can encourage their establishment and spread through Changing temperature, humidity,
rainfall, and drought [4]. Warmer air and water temperatures may also make it easier for
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species to spread along previously unreachable natural and man-made routes [1]. This can
present new opportunities for them to become invasive, while native species are likely to shift
their geographic ranges into new territories. In addition, natural ecosystems have become less
resilient to biological invasions as a result of climate change [4]. The interaction dynamics of
invasive species and climate change range from global patterns to patterns at local sites and
species populations, and they are not exclusive to any one region or habitat [1].

The common myna (Acridotheres tristis Linnaeus, 1766) is considered one of the worst
invasive bird species in the world due to its capacity to outcompete numerous native
cavity-nesting species, as well as its role as an agricultural nuisance and threat to native
biodiversity [5]. The typical flight distance of common mynas is only three kilometers, and
they are primarily sedentary [6]. In urban or semi-urban settings, it is frequently found
thriving close to people [7].

The Myna, which is native to Southeast Asia and India, is renowned for its capacity
to spread across new lands and endure a variety of environmental challenges. It spreads
rapidly, reaching even arid regions [8]. Its range is currently growing worldwide, and
according to the Global Invasive Species Database, the International Union for Conservation
of Nature (IUCN) named it one of the “100 World’s Worst Invasive Alien Species” [9].

The Myna is recorded in several regions in the Middle East, including Palestine,
Turkey [10], Lebanon [11], Israel [12], Egypt [13], Jordan [14], Gaza [15], and the West
Bank [16]. This invasive bird was originally noted in Egypt in 1998 at Ain Sukhna. From
2008 to 2010, records were found in numerous areas around North Sinai [13].

The Myna has a significant ecological and economic threat in non-native regions.
As an invasive bird species, it engages in aggressive competition with indigenous avian
populations for essential resources such as food sources and nesting sites. This competitive
dynamic can result in the decline of native bird populations, as the myna often succeeds
in displacing them from their established habitats [17]. Also, it is known to engage in
aggressive behaviors that disrupt the reproductive success of native avian populations.
This includes the eviction of indigenous birds from their nests, the destruction of eggs,
and the killing of chicks in order to take over nesting sites [18]. The Myna exhibits a
generalist feeding strategy, taking advantage of a wide variety of food sources. This
opportunistic approach allows the myna to exploit a range of prey, from insects and small
invertebrates to reptiles and the nestlings or fledglings of other bird species. The myna’s
adaptability and lack of specialized feeding requirements enable it to outcompete and
displace native species that may have more specialized dietary needs [19]. The common
myna, due to its adaptability and widespread distribution, can harbor and transmit a variety
of pathogens and parasites. These can include viral, bacterial, and parasitic agents that
may be detrimental to the health of native wildlife species, as well as zoonotic diseases that
can potentially impact human populations. The myna’s ability to thrive in close proximity
to human settlements increases the risk of disease transmission between the invasive bird
and both wildlife and human communities [20]. The common myna’s aggressive and
opportunistic behavior allows it to outcompete and displace native bird species from their
ecological niches. This displacement can lead to a shift in the relative abundances and
diversity of the local avian community, potentially resulting in the decline or extirpation of
certain indigenous species [21].

The common myna is known to target and consume a wide range of agricultural crops,
including fruits, vegetables, and cereal grains. The myna’s opportunistic feeding behavior
and ability to thrive in close proximity to human settlements allow it to exploit these
valuable food sources, often causing significant damage to the crops. This crop damage can
translate into substantial economic losses for farmers, as the reduced yields and quality of
the affected produce can directly impact their livelihoods and profitability [22].

In addition to the structural damage caused by their nesting behaviors, the common
myna droppings can also have a detrimental impact on the appearance and condition
of buildings and monuments. The accumulation of myna excrement can lead to the
defacement of these structures, necessitating frequent cleaning and restoration efforts to
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maintain their aesthetic and historical value [19]. The presence of the common myna
in popular tourist destinations can have a detrimental impact on the natural beauty and
biodiversity that often attract visitors to these locations. Furthermore, the damage caused by
the myna to historical sites and monuments can negatively affect cultural tourism, leading
to broader economic consequences [23]. The implementation of control and management
strategies to address the invasive myna population requires substantial financial resources.
Local governments and conservation organizations tasked with mitigating the myna’s
impacts often face significant financial burdens associated with the various control methods
employed, including trapping, poisoning, and habitat modification [24].

Therefore, the myna poses a substantial threat to Egypt’s ecosystems and economy. Its
impact on native species, agricultural productivity, infrastructure, and tourism necessitates
the development and implementation of effective management strategies. Ongoing research
and monitoring are crucial to mitigate the negative effects of this invasive species and
protect Egypt’s biodiversity and economic interests.

The novelty of this study is that it is the first study on the dynamics of the early
distribution of common myna in Egypt. We attempt to predict the potential expansion of
Myna in Egypt and the expected new habitat expansion and describe the anthropogenic
drivers of this expansion. The Species Distribution Model systems (SDMs) were employed
for this purpose. SDMs are typically helpful in assisting regulatory decision-making and
providing information for setting priorities for management actions [14,25]. Occurrence
data were used to train the model we provide here. We included factors such as human
landscape modifications and significant Egypt-specific climate variables.

Using the SMDs, the current study aims to shed light on the drawbacks of global
warming and the climatic changes that affect the invasion range scenarios of birds. The
changes in the ecological systems and the species response to the changes under different
climatic variations were estimated. A monitoring study will be designed, and a seasonal
survey for the invasive common myna in different types of habitats in Egypt is proposed to
identify the environmental variables for the study areas.

2. Materials and Methods
2.1. Study Area

The current study covers several localities in Egypt. The chosen monitoring locations
for common myna (Acridotheres tristis Linnaeus, 1766) were Cairo, Giza, Alexandria, Ma-
trouh, Dakahlia, Port Said, Damietta, Ismailia, Suez, Sharqia, Kafr El Sheikh, Red Sea coast,
Asyut, and Aswan, in addition to north and south Sinai (Figure 1). Monthly surveys were
carried out between February 2023 to December 2023. In total, 117 sites of invasion for
common myna in Egypt were surveyed.

®  common myna recorded points

e/ [ | Egypt Boundary >
3

(] 100 200 400 Kilometers.

Figure 1. Map of Egypt showing the monitoring sites of the common myna (Acridotheres tristis Linnaeus, 1766).
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2.2. Mapping and Environmental Data Selection

Potentially expected distributions of common myna in some localities of Egypt were
modeled using the MaxEnt 3.4.4 program (the Center for Biodiversity and Conservation
at the American Museum of Natural History (AMNH) with the default parameters (one
replicate, maximum number background points equal to 10,000, one regularization mul-
tiplier. A 25% random test percentage, replicated run type of cross-validation, and one
replicate) [26]. For the study region, MaxEnt software (version 3.4.4.) employs layers of
environmental factors such as climatic and topographic factors in addition to presence
points [27].

MaxEnt can be used to analyze the habitat needs of species [28], the effects of future cli-
mate change on the distribution of species [29], the monitoring of species invasions [30,31],
and the importance of protected areas [32]. The selection of environmental factors primarily
considers how to limit the spread of species and how spatial correlations between variables
are affected [33]. The present study chooses suitable climatic and topographic variables for
modeling the distribution of common myna [34,35].

The World Climatic database was used to download 19 standard bioclimatic variables
in addition to altitude with 2.5-min spatial resolutions for the current and future condi-
tions [36] (Table 1). BCC-CSM2-MR: A Medium-resolution version of the Beijing Climate
Center Climate System Model was used for future prediction of the suitable areas for
common myna from 2021 to 2100 under the scenarios of SSP126 and SSP585. The use of a
medium-resolution climate model can provide a suitable balance between spatial resolution
and computational efficiency, making it a viable choice for regional-scale studies, such as
modeling species distributions in Egypt [19].

Table 1. Climatic variables were utilized to build the model.

Temperature variables

1 “Annual Mean Temperature”.

2 “Mean Diurnal Range.

3 “Isothermality “.

4 “Temperature Seasonality”.

5 “Max Temperature of Warmest Month”.

6 “Min Temperature of Coldest Month”.

7 “Temperature Annual Range”.

8 “Mean Temperature of Wettest Quarter”.

9 “Mean Temperature of Driest Quarter”.

10 “Mean Temperature of Warmest Quarter”.

11 “Mean Temperature of Coldest Quarter”.

Precipitation variables

12 “ Annual Precipitation”.
13 “Precipitation of Wettest Month”.
14 “Precipitation of Driest Month”.

15 “Precipitation Seasonality”.

16 “Precipitation of Wettest Quarter”.

17 “Precipitation of Driest Quarter”.

18 “Precipitation of Warmest Quarter”.

19 “Precipitation of Coldest Quarter”.
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BCC-CSM2-MR is powered by Shared Socioeconomic Pathways (SSPs) to generate a
range of new emission scenarios [37]. The Beijing Climate Center (BCC) Climate System
Model is a comprehensive climate modeling framework that has gained recognition for
its robust representation of a wide range of climate processes and their intricate inter-
actions. This level of detail is crucial for accurately projecting future climate scenarios
and understanding their potential impacts on the distribution and habitat suitability of
various species [22]. In contrast to SSP585, which envisions a social economy centered on
fossil fuels and heavy energy usage, SSP126 depicts a society that transitions to sustainable
development [38]. The inclusion of SSP126 and SSP585 Scenarios allows the model to assess
how varying climate scenarios might influence the future distribution of the common myna
in Egypt.

Additionally, the FAO Soils Portal’s database was used to retrieve the soil type data
set for the study area [39]. Furthermore, the Global Human Settlement layers and the
Degree of Urbanization Settlement Model Grid (SMOD) were downloaded from the global
urban region dataset belonging to The NASA Socioeconomic Data and Application Centre
(SEDAC) [40]. The MODIS Land Cover Type Product (MCD12Q1) was used to map the
study area’s land cover [41].

Finally, air quality parameters, including the Aerosol Index (AI), Methane (CHy),
Carbon Monoxide (CO), Formaldehyde (HCHO), Nitrogen Dioxide (NO,), Ozone (O3),
and Sulfur Dioxide (SO;), were downloaded as raster layers for the study area from ESA
Sentinel-5P precursor/ TROPOMI imagery at 10 m resolution (https:/ /apps.sentinel-hub.
com/eo-browser/) (accessed on 8 July 2023)” [42].

The common myna distribution points (csv format) were converted into raster data
using ArcGIS 10.3. Using the Spatial Analyst tool in the ArcGIS toolbox, the attribute
values of the 33 environmental variables for common myna were then retrieved. Then, the
environment variable layer format needed to be transformed to the ASCII format required
by the Maxent software.

Recent method was followed to determine the extent of the contribution of the MaxEnt
model [43]; using the internal jackknife test followed by computation of pairwise correla-
tions and then removing variables with a Pearson’s correlation with r > 0.75 to mitigate
the effects of multi-collinearity and over-fitting. Therefore, only 10 variables (including
Mean Diurnal Range, Temperature Seasonality, Minimum Temperature of Coldest Month,
Mean Temperature of Coldest Quarter, Precipitation Seasonality, Precipitation of Warmest
Quarter, elevation, soil type, landcover, and the Global Human Settlement layers Degree of
Urbanization Settlement Model Grid (SMOD) were eventually utilized on the basis of their
jackknife variable contribution, and multicollinearity.

Mean Diurnal Range, Temperature Seasonality, Minimum Temperature of oldest
Month, Mean Temperature of Coldest Quarter, Precipitation Seasonality, and Precipita-
tion of Warmest Quarter were chosen to capture the climatic conditions influencing the
distribution and habitat suitability of the common myna [17,21].

Elevation is a key factor that influences the local climate and weather patterns. As
elevation increases, there is a general trend of decreasing temperature and increasing
precipitation. This altitudinal gradient creates diverse microclimate conditions, which can
vary significantly over relatively short distances [18]. Also, the characteristics of the soil
and land cover in a given area are important factors that can influence the distribution and
habitat suitability for various species [19]. Furthermore, the process of urbanization and the
associated changes in land use and habitat characteristics can have significant impacts on
the distribution and population dynamics of certain species, such as the common myna [24].

According to [43], the habitat distribution of common myna was classified into four
levels: (0-5%) unsuitable presence, (6-35%) poorly suitable presence, (36-70%) moderately
suitable presence, and (71-100%) highly suitable presence.
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3. Model Validation

In the context of species distribution modeling, two important methods for assessing
model performance and robustness are the Area Under the Receiver Operating Charac-
teristic Curve (AUC) and cross-validation techniques [20]. The Area Under the Receiver
Operating Characteristic Curve (AUC) is a commonly employed metric for assessing the
performance of binary classification models, which are frequently utilized in species dis-
tribution modeling. This metric quantifies the model’s capability to differentiate between
presence and absence data points, with values ranging from 0 to 1. An AUC score of
0.5 signifies that the model’s performance is no better than random guessing, while a
value of 1 indicates perfect discrimination. Notably, AUC is a threshold-independent
measure, meaning it evaluates the model’s performance across all possible thresholds for
classifying a data point as either presence or absence. Higher AUC values are indicative of
superior model performance and enhanced ability to accurately predict the distribution of
the species under investigation [22]. Cross-validation assesses the model’s performance
by partitioning the records into training and testing sets multiple times, ensuring a more
reliable estimate of its ability to generalize to new, unseen instances [44].

4. Result
4.1. Spatial Prediction Model of Common Myna in Egypt under Current Conditions

The ecological niche model (=SDM) for common myna is shown in (Figure 2). The
predicted distribution habitat of the bird is mainly concentrated in some localities close
to the Nile Delta of Egypt, the Suez Canal region, North Sinai, some regions on the Red
Sea coast, some regions overlooking the course of the Nile River in upper Egypt, some
areas in the western desert north region, in addition to some areas in south Sinai. The Area
Under the Curve (AUC) for the training points was 0.976, and for the test, points were 0.958,
with a standard deviation of 0.015. The AUC value indicates excellent discrimination for
common myna. The minimum training presence among training points was 0.002, while
the fractional predicted area was 0.390, and the omission rate for test points was zero.

[ ] EgyptBoundary

C. myna current prediction
<VALUE>

[ o005

[ Joos-035

I 035-07

o

Figure 2. The predicted distribution range of common myna according to the MaxEnt model under
current conditions. (Map source: google Maps and FGSER, GIS unit).
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4.2. The Effect of Environmental Variables on Species Distribution Model of Common Myna in
Egypt under Current Conditions

The environmental variables with the highest contribution value were the Degree
of Urbanization Settlement Model Grid (SMD), Soil Types, Temperature Seasonality, and
Mean Diurnal Range (Figures 3-7). Considering the outputs of permutation importance, the
Minimum Temperature of the Coldest Month, Mean Temperature of the Coldest Quarter,
and Elevation were the environmental variables that affected the predicted habitats of
common myna in Egypt (Table 2).

1.2

0.8

0

o

0

ES

0.

Probability of presence (cloglog output)
N

Water grid  Very low- Low Density Rural cluster Suburban Semi-dense Dense  High Density
cells density rural Rural cluster Cluster Urban Urban Urban
cluster Cluster Cluster Cluster

Degree of Urbanization Settlement Model Grid (SMOD)

Figure 3. Probability of common myna distribution under different degrees of urbanization (brown
color indicates highest level classes).

12
Classification of soil types in Egypt g 1

‘:| <all other values> g 08

DOMSO! [ | Xh(Haplicxerosols) s

[_]os ifti d) || Xk(Calci o

|1 (Lithosols) | Y (Yermosols)

| Je (Calcaric fluvi | Yh(Hapli o

| RK (Rock debris) || Yk (Calcicyermosols) 02

| e Clacregod) 2 (Gicsolochak)

|| Re (Euicregosols) | | Zo (Orthic solonchaks) o

W) A (e Mok momomewm e w v mwonow o

Figure 4. Probability of common myna distribution under different soil types in Egypt (brown color
indicates highest level classes).
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Figure 7. Probability of common myna distribution under different land cover types (green color
indicates the highest level classes).

Table 2. Estimates for the average contribution of the climatic factors used in common myna

MaxEnt modeling.
_ Variable  PercentContribution  Permutation Importance
GHSL-urban-smod 57.6 1.7
Soil type 16.8 3.7
Bio04 12.1 1.2
Bio02 5.8 0.3
Landcover 22 0.2
Elevation 1.8 10.2
Bioll 14 30.7
Biol5 0.9 0.7
Bio06 0.9 50.8
Biol8 0.5 0.3

The suitable habitats of common myna in Egypt were concentrated in two urbanization
categories (Figure 3): high-density urban cluster (has at least 50,000 inhabitants in the
cluster) followed by low-density rural cluster (with a density of at least 50 inhabitants per
square km).

The most suitable soil types for common myna (Figure 4) were Rock debris (RK),
Calcaric regosols (Rc), Water regosols (WR), Calcaric fluvisols (Jc), and Calcic aerosols (Xk).

The response curves of the environmental variables that have affected the predicted
habitats of common myna are shown in (Figures 5 and 6). The suitable elevation range of
common myna was —124 to 2109 ma.s.l; while estimating the probabilities of temperature
variables, Bio2 varied from 8.5 to 18.2 °C, whereas Bio4 varied from 419.2 to 718.1. Ad-
ditionally, Bio6 for common myna was —0.3 t015.9 °C, whereas Bio1l1 varied from 5.9 to
21°C.
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The common myna prefers to live in areas of croplands/natural vegetation, urban and
build-up lands, and open shrubland (Figure 7).

Areas of the potential current distribution for common myna are shown in (Table 3).
Out of 997,387.7 km? of the total area of Egypt, common myna’s potential unsuitable areas
equate to 902,673.1 km? (90.5% of the total area). With a focus on moderately suitable
habitat (0.36-0.70) (Figure 8), habitat suitability for common myna is 16,971.8 km? (1.7% of
the total area). While, in the Highly suitable habitat level (0.71-1.0) (Figure 9), highly habitat
suitability for common myna is 8240.5 km? (0.8% of the total area, which is a significant
space for the invasion of common myna).

Under the current environmental conditions, the common myna distribution center in
Egypt is in the west of the Fayoum governorate (Figure 14). This is due to the observed
distribution pattern of Myna, as the distribution center is in the radius of the total spread
circle in Egypt.

Table 3. The current predicted distribution range of common myna in Egypt (km?).

(0-5%) Unsuitable habitat 902,673.0528 90.5%
(6-35%) Poorly suitable habitat 69,502.45116 6.9%
(36-70%) Moderately suitable habitat 16,971.76654 1.7%
(71-100%) Highly suitable habitat 8240.508331 0.8%
Total area 997,387.7788 100%

[ ] Eaypt Boundary

C. myna current prediction
<VALUE>

[
B
[ Joss-or

Figure 8. The predicted moderately suitable habitat of common myna in Egypt under current conditions.
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Figure 9. The predicted highly suitable habitat of common myna in Egypt under current conditions.

4.3. The Predicted Invasion Range of Common Myna under Future Global Warming Scenarios in Egypt

When compared to the potential current distribution, the predicted climate map under
the BCC-CSM2-MR model for 2040, 2060, 2080, and 2100 resulted in an increase in suitable
habitats for common myna (Figures 10-13 and Table 4). Climate warming has increased
the availability of habitats that are highly suitable for common myna in both the minimum
(SSP 126) and maximum (SSP 585) emissions scenarios. By 2100, habitat suitability will
increase at the highly suitable habitat class (>0.71) by 5.7% and 12.9%, according to SSP
126 and SSP 585 emissions scenarios, respectively. Focusing on moderately suitable habitat
(0.36-0.70), there was an increasing gain in areas suitable for common myna by 13.6% and
9.1% according to SSP 126 and SSP 585 emissions scenarios, respectively. In contrast, the
potential unsuitable areas for common myna (<0.05) within all of Egypt would decrease by
0.2% and 1.5% according to SSP 126 and SSP 585 emissions scenarios, respectively.

Table 4. Predicted invasion range changes (kmz) for common myna in 2040, 2060, 2080, and 2100
under two global warming scenarios, SSP 126 and SSP 585, compared to the potential current
distribution. In brackets (+) gain (green color) and (—) loss (orange color) invasion range (in km?).

Future Scenarios

Predicted Class Current SSP 126 SSP 585
2040 2060 2080 2100 2040 2060 2080 2100
(0-5%) o 897,070.3 895,782.1 893,798.7 900,137.5 898,440.3 895,516.3 892,571.8 888,748.1
Unsuitable habitat 2Uz,675.1 —5602.7 —6890.9 88744 —2535.5 —42327 —7156.8 —10,101.3 —13,925.1
(6-35%) o e 72,303.8 73,796.5 75,514.1 69,257.1 71,036.1 73,6943 76,9659  80,810.1
Poorly suitable habitat 07,0U2.59 +2801.4 +4294.1 +6011.7 —2454 +1533.6 +4191.8 +7463.5 +11,307.7
(36-70%) 190779 189143 19,1597 192824 192619 19,0575 18,9348 1852538
Moderately suitable 16,771.74 +2106.1 +1942.6 +2187.9 +2310.6 +2290.2 +2085.7 +1962.9 +1554.1

(71-100%)
Highly suitable habitat

8935.7 8894.8 8915.3 8710.8 8649.5 9119.8 8915.3 9303.8

8240508 16952 16543  +674.8  +470.3  +4089  +879.3  +6748  +10633
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Figure 10. The predicted invasion range of the common myna is based on predicted climate change
in 2040 under two global warming scenarios, SSP 126 and SSP 585. Habitat suitability classes include
(0-5%) unsuitable habitat, (6-35%) poorly suitable habitat, (36-70%) moderately suitable habitat, and
(71-100%) highly suitable habitat.
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Figure 11. The predicted invasion range of the common myna is based on predicted climate change
in 2060 under two global warming scenarios, SSP 126 and SSP 585. Habitat suitability classes include
(0-5%) unsuitable habitat, (6-35%) poorly suitable habitat, (36-70%) moderately suitable habitat, and
(71-100%) highly suitable habitat.
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Figure 12. The predicted invasion range of the common myna is based on predicted climate change
in 2080 under two global warming scenarios, SSP 126 and SSP 585. Habitat suitability classes include
(0-5%) unsuitable habitat, (6-35%) poorly suitable habitat, (36-70%) moderately suitable habitat, and
(71-100%) highly suitable habitat.
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Figure 13. The predicted invasion range of the common myna is based on predicted climate change
in 2100 under two global warming scenarios, SSP 126 and SSP 585. Habitat suitability classes include
(0-5%) unsuitable habitat, (6-35%) poorly suitable habitat, (36-70%) moderately suitable habitat, and
(71-100%) highly suitable habitat.

4.4. Analysis of the Suitable Distribution Center for Common Myna under Future
Climate Scenario

The transfer of the distribution center of common myna represented the change of
distribution habitats; the distribution center of common myna by 2100 under each scenario
was shown in (Figure 14). In the SSP 126 emissions scenario, the distribution center moved
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about 102 km from the current center to the southeast. In the SSP 585 emissions scenario, the
distribution center moved about 28 km from the current center to the northwest. Therefore,
under future high emissions scenarios, the distribution center showed some northward
migration when compared to the current conditions.

& @ Common myna distribution center under currant conditions
@ common myna distribution center by 2100 SSP 126
/@ common myna distribution center by 2100 SSP 585,
I:' Egypt Boundry ¥
i

« 200 100 0 * _ 200 Kilometers

Figure 14. The distribution pattern of common myna in Egypt under current and future environmen-
tal conditions for 2100. (Correction to the label inside the map: common myna distribution centers
are under prevalent conditions with future expectations).

5. Discussion

Given their negative effects on the environment, figuring out the distribution and
possible ranges of invasive species has become crucial [16]. Several factors, such as the
biotic habitat, the ability of the species to disperse, lack of natural enemies, reproduction
intensity, short generation time, resource availability, adaptability to human proximity, and
environmental conditions, influence the spread of invasive species [45-48]. Nonetheless,
these variables are typically hard to measure, and trustworthy information is frequently
hard to obtain, particularly for understudied species. For this reason, it has been proposed
that these factors might reduce the accuracy of the correlation models used to evaluate
species distribution. As a result, environmental factors are the primary consideration for
defining or predicting a species’ range [49]. Climate or a species’ adaptability to a particular
habitat in an urban environment are two variables that are commonly used to explain
invasion patterns [50].

In recent decades, the fields of ecology and invasion biology have witnessed a rise in
the utilization of species distribution models, often known as environmental niche models
(SDM) [51,52]. Invasive species distributions can be predicted from older records by using
MaxEnt to construct species distribution models (SDM) using climatic, anthropogenic, and
environmental factors [16]. Several studies have shown that, when compared to other
species distribution models, the MaxEnt model is an acceptable simulation [53] Out of the
16 models, MaxEnt achieved the best prediction accuracy [53].

While the SDM provides valuable insights into the potential distribution of the com-
mon myna in Egypt under current and future climate conditions, several limitations and
uncertainties should be considered. The accuracy and spatial resolution of the environ-
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mental data layers, such as climatic, topographic, and soil data, employed in species
distribution modeling (SDM) can have a significant impact on the precision and reliability
of the model’s predictions. Higher-resolution data can provide more detailed insights into
the microhabitat preferences and environmental requirements of the target species, in this
case, the common myna (Acridotheres tristis) [21]. The reliability and completeness of the
presence data used in species distribution modeling (SDM) can have a significant impact
on the accuracy and reliability of the model outputs. Limitations or biases in the sam-
pling of species occurrences can lead to the under- or overestimation of habitat suitability,
particularly in areas with sparse data [54]. The Beijing Climate Center Climate System
Model (BCC-CSM2-MR) provides medium-resolution projections of future climate condi-
tions under various shared socioeconomic pathways (SSPs), such as SSP126 and SSP585.
While these projections offer valuable insights into potential future climate scenarios, it is
essential to acknowledge the inherent uncertainties associated with climate modeling and
their implications for assessing the potential range shifts of species, exemplified here by the
common myna (Acridotheres tristis) [55]. Addressing these limitations through improved
data collection, model refinement, and sensitivity analyses can enhance the robustness of
predictions and support more effective conservation and management strategies.

The present study showed that, under the current climatic situations, the highly
suitable habitat of common myna mainly exists within the Suez Canal region, North Sinai,
and some regions on the Red Sea coast. This result is consistent with the documented
distribution seen in the literature [13]. This implies that its current distribution in locations
close to Coastal areas constitutes its climate optimum. This has supported the opinion
of [56] who reported that one of the biggest risks to endangered island species is the
presence of invasive predators, which are present on most marine islands and coastal
zones. Furthermore, this can be explained by the ability of many invasive birds to actively
disperse long distances to colonize marine islands and coastal zones without anthropogenic
assistance [57].

The models” output also identified a few topographically and climatically appropriate
locations in Egypt, such as the Nile Delta in locations close to significant agricultural
activity, some regions overlooking the course of the Nile River in the south, and some
areas in the western desert north region. This is in addition to some areas in South Sinai
where there is no historical or literary evidence to support the existence of common myna
previously. However, more surveys in these locations are recommended to look for new
populations of common myna or to find out what factors contributed to the species’ failure
to spread to all acceptable areas.

The present work showed that the current distribution and expansion of the common
myna are mostly caused by climate variables. This was contrary to the opinion of [58]
who showed that rather than climate variables, anthropogenic influences are primarily
responsible for the current distribution and expansion of the common myna.

Under current conditions, the MaxEnt outputs indicated that the common myna
invasion range in Egypt was more influenced by the minimum temperature of the coldest
month, the mean temperature of the coldest quarter, and elevation. This is consistent
with variables affecting the common myna globally presence reported by [16]. They
showed that the variance seen in the model was better explained by elements pertaining
to temperature stability or range, such as maximum or lowest temperatures. Since these
predictors can distinguish between regions with identical mean temperatures but greater
minimum-maximum ranges, this accurately illustrates the Mynas’ tolerance to temperature
variations. Additionally, according to the present results, common mynas occurrence is
highest in moderately temperature environments. This is consistent with the findings
of [16], who showed that the common myna presence is highest in environments with
moderate temperature stability.

The ecological balance is altered by urbanization, which encourages the spread of alien
species and limits the areas that are accessible to native species [59]. Urbanization leads
to habitat fragmentation and species invasion near urban centers, which has significant
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negative effects on the environment (predation, hybridization, and competition), as well as
the economy (agricultural, livestock, forestry, and human health) in the regions where they
are introduced [60].

Our results showed that the common myna prefers to reside in open shrubland,
urban and built-up regions, and croplands with natural vegetation. This is consistent
with the view of [16,61] who showed that the primary determinant of the suitability of the
habitat for common myna is urbanization. The current results also showed that the highly
suitable habitats of common myna in Egypt are concentrated in high-density urban clusters.
This is consistent with the findings of [62] who reported that the prevalence of invasive
species in urban settings, including the Myna, and the pattern of land use indicated a
greater preference for urban constructions over native vegetation. Proximity to urbanized
regions and high environmental tolerance have enabled range expansion [16]. This can be
explained as a result of the reduced risk of predation in conjunction with greater quantities
and consistency of food supplies, which provide for high avian population densities in
urban areas [63]. Additionally, microclimates and the chance to avoid the effects of cold or
hot and dry weather conditions are enhanced in urban environments [64].

A species’ climatic envelope, which includes temperature ranges, precipitation pat-
terns, and other climate-related factors, is impacted by human-caused global warming [65].
Invasive species are anticipated to have more possibilities due to their flexibility to distur-
bance, a wider range of biogeographic conditions, and environmental controls. This is a
result of climate change impacts such as warmer temperatures and increases in CO, concen-
trations [1]. MaxEnt predictions for the years 2040, 2060, 2080, and 2100 revealed that the
predicted invasion range of common myna would increase under future conditions in both
the minimum and maximum emissions scenarios. Warmer air temperatures may also make
it easier for species to travel over previously unreachable natural and man-made routes of
distribution [1]. Furthermore, as the climate warms, the geographically acceptable habitat
of species’ climatic envelopes will shift substantially, possibly to regions not occupied by
species under current conditions [66]. Therefore, this species will migrate to cooler, wetter
areas, mainly uphill or toward the poles, to follow their envelopes of climate suitability [67].
This clarifies why, under the future maximum emissions scenarios, the distribution center
of common myna has shifted to the northwest of Egypt. The Mediterranean Sea’s cooling
influence, which helps reduce air temperatures, especially in the summer, is beneficial to
Egypt’s northern and northwest areas. In contrast to the hotter, drier desert winds that
affect the southern regions, these places also benefit from cooler Mediterranean winds. Due
to reduced urbanization and the cooling impact of the water, rural and coastal areas in the
north and northwest generally remain cooler, even though big urban centers like Cairo may
experience somewhat higher temperatures due to the urban heat island effect [68,69].

To address the threat posed by the invasive common myna (Acridotheres tristis) in Egypt,
a comprehensive set of policy recommendations can be implemented; Strengthen border
controls and foster international cooperation to prevent the unintentional introduction of
common mynas through trade and travel [70], Identify high-risk areas based on species
distribution modeling (SDM), develop targeted trapping and removal programs, and
regularly monitor the effectiveness of these efforts [71], Educate the public, stakeholders,
and relevant industries about the negative impacts of common mynas on native biodiversity,
and encourage responsible pet ownership practices [72], Enact and enforce regulations on
the import, sale, and ownership of common mynas and other potentially invasive species,
including the implementation of a permitting system [71], Establish ongoing surveillance
and monitoring programs to track the distribution, abundance, and impacts of common
mynas and other invasive species, and use the findings to inform adaptive management
strategies [72], and Promote multi-agency coordination and international cooperation to
develop and implement integrated invasive species management plans [73].
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6. Conclusions

Decision-makers who aim to stop, remove, or control introduced species must have a
thorough understanding of the invasion process and the variables impacting the invasion
range expansion. According to the presented results, the main causes of the common
myna’s present distribution and expansion are those related to climate change and human
activity. As a baseline for tracking and prioritizing activities to minimize spread and
impacts, this study offers a national baseline regarding the distribution of the invasive
common myna and its future potential spread.

Conservation efforts should prioritize areas identified as potential hotspots for com-
mon myna invasion based on Species Distribution Model (SDM) predictions. This allows
for efficient allocation of resources to areas most at risk. Implement adaptive management
strategies that can be adjusted based on ongoing monitoring and new data to effectively
respond to the dynamic nature of species invasions and climate change impacts. Also,
continuous monitoring of common myna populations and their habitats is essential to
detect early signs of invasion and expansion, allowing for timely intervention. It is obvi-
ous that the influx of dispersing birds from surrounding countries is contributing to the
rapid distribution of common myna in Egypt. As such, additional focus, rapid action, and
collaboration are all important issues that should be considered.

Future Research Directions include the refinement of Species Distribution Models
(SDMs) by Utilizing higher resolution environmental data to improve the accuracy of
SDMs, and better predict fine-scale habitat suitability for the common myna, Conducting
long-term studies to assess the ecological impacts of common myna invasions on native
species and ecosystems, and Analyzing the genetic diversity of common myna populations
to identify potential sources of invasion and understand the genetic factors contributing to
their invasive success.
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