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Abstract Studies on plant invasions depend on local
and regional checklists of the alien flora. However,
global overview studies have shown that some
regions, including many African countries, remain
understudied in this regard. To contribute to filling this
gap, here we present the first checklist of alien plants
of Sudan and South Sudan (the Sudans). We analysed
the taxonomic and geographical composition of the
species on this list. Our result show that of the 113
alien species in Sudans (99 in Sudan and 59 in South
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Sudan), 92 (81.4%) are naturalized and 21 (18.6%) are
just casual aliens. The number of naturalized species
represent 2.2% of the total flora of the Sudans (4096).
The alien species belong to 44 families and 85 genera,
and many of them are native to Southern America and
Northern America (85.8%). Annual and perennial
herbs are the prevailing life forms in the alien flora of
the Sudans (68.1%), and, among the casual species,
perennial herbs are underrepresented whereas woody
tree species are over-represented. Alien plants of the
Sudans are mostly used for medicinal and environ-
mental purposes globally. The naturalized plants
predominantly occur in man-made disturbed habitats,
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such as agricultural and ruderal habitats. This first
overview of the alien flora of the Sudans should
stimulate further research and recording of the alien
flora to better understand the drivers and consequences
of alien plants in the Sudans.

Keywords Exotic plants - Non-native flora - Native
origins - Naturalization - Sudan - South Sudan - Plant
characteristics

Introduction

The introduction and subsequent establishment of alien
plant species outside their native ranges is among the
main drivers of ecosystem and biodiversity changes
globally (Pysek et al. 2020, 2012; Vila and Hulme
2017). In developing countries, especially in Africa,
alien plants are recognized as one of the major threats to
agricultural production and food security (Pratt et al.
2017; Richardson et al. 2020). Globally, there are now
more than 13,000 alien plant species that have managed
to establish wild populations (i.e. have become natural-
ized, Blackburn et al. 2011; Richardson et al. 2000)
outside their native ranges (van Kleunen et al. 2015).
The numbers are still increasing (Seebens et al. 2017),
and this trend is predicted to continue (Seebens et al.
2021). This alarming situation has stimulated studies
that focus on drivers and consequences, i.e. impacts, of
plant invasions. Such studies heavily rely on investiga-
tions of local, regional and global alien floras (Ansong
et al. 2019; Baard and Kraaij 2014; Inderjit et al. 2018;
Khuroo et al. 2012; Lambdon et al. 2008; van Kleunen
et al. 2015). Therefore, it is vital to make regional
checklists of alien floras that are as comprehensive and
accurate as possible (Pysek et al. 2017a).

A major effort to identify and document alien plant
species all over the globe resulted in the Global
Naturalized Alien Flora (GloNAF) database (van
Kleunen et al. 2019). GloNAF is a global database
of regional inventories of naturalized and invasive
plant species. However, while some regions (e.g.
Europe and America) are intensively researched,
others, particularly in Africa (with the exception of
Southern Africa), are understudied (Pysek et al. 2008;
van Kleunen et al. 2019). This imbalance might bias
analyses of global patterns, and constrain our knowl-
edge of specific invasion mechanisms in the
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understudied regions. Therefore, increasing the com-
pleteness of our knowledge on the occurrences and
distributions of alien plant species is essential to
achieve a more comprehensive picture of biological
invasions, and to study their drivers and consequences.

Some studies on alien plant inventories have been
carried out in African countries, including among
others South Africa (Musil et al. 2007; van Wilgen
et al. 2020), Northwestern Kenya (Stadler et al. 2008),
Ghana (Ansong et al. 2019), Egypt (El-Beheiry et al.
2020) and Algeria (Meddour et al. 2020). Nonetheless,
there is still a lack of reliable data on plant invasions in
most African countries. To contribute to filling this
knowledge gap, we present the first inventory of the
alien flora of Sudan and South Sudan (hereafter ‘the
Sudans’). Specifically, we aimed to (i) identify the
stage that alien plant species reached in the invasion
process (i.e. casual and naturalized), using the defini-
tions proposed by Richardson et al. (2000), (ii) analyse
taxonomic, geographical and ecological patterns in the
alien flora, and (iii) analyse whether the casual and
naturalized alien species differ in their species char-
acteristics in the Sudans.

Methods
Study area

The Sudans (i.e. Sudan and South Sudan) were until
2011 one country, called Sudan. Then, after decades of
civil war, the southern part became the world’s newest
nation, South Sudan. Most studies on the Sudanese flora
were done before the separation of the Sudans (Dar-
byshire et al. 2015). Therefore, to provide a wider
overview of the alien flora of the Sudans, we consider
both countries here jointly. The former Sudan, which
was an Anglo-Egyptian condominium from 1899 until
1956 (Metz 1991), used to be the largest African
country, covering an area of 2,505,825 kmz, and lies
between 3.6° and 22° N latitude, and 21.8° and 38.6° E
longitude. The Sudanese landscape features flatlands
and some hills (e.g. the Red Sea Hills and Nuba
Mountains). Its environment varies considerably from
the north, with mostly sandy soils and very low rainfall,
to the south, with clay soils and relatively high and
reliable rainfall up to 1300 mm annually. Temperatures
are typically high throughout the year and daytime
temperatures can frequently exceed 40 °C. In botanical
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terms, the Sudans are very rich and diverse regions with
4096 taxa of which 2% are endemic. Following
Darbyshire et al. (2015), we divided the Sudans into
nine geographical regions that capture most of the
phytogeographical variation (Fig. 1 and Table 1).

Compilation of the alien flora data

The list of alien plant species occurring in the Sudans
is based on the most recent and comprehensive book

on their floras (The Plants of Sudan and South Sudan:
an Annotated Checklist. Darbyshire et al. 2015). The
aim of this book was to provide an extensive
documentation of the native and alien seed plant
species (i.e. angiosperms and gymnosperms) that
occur in the Sudans. The list of 4096 taxa was
compiled from literature, web-based data sources and
herbarium records from the Sudans in the Kew
herbarium and Natural History Museum of London
(United Kingdom), the University of Khartoum

| Naturalized
B casual

Fig. 1 Map of the Sudans subdivided into nine regions
following (Darbyshire et al. 2015); the northern six regions
are in Sudan (NS, RS, DAR, KOR, CS and ES) and the southern
three regions are in South Sudan (BAG, UN and EQU). For full
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names of the regions, see Table 1. Pie charts show the invasion-
status composition of alien plant in each region, and their sizes
are proportional to the total number of alien species in the region
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Table 1 The nine geographical regions of the Sudans, with information on the numbers of casual and naturalized alien species, area,

number of native species, and human population density

Region Country Alien species numbers Area No. of Population
(km?) Native density
Casuals Naturalized species (per km?)
Central Sudan (Khartoum, Blue Nile, Sudan 4 48 159,614 714 116.6
White Nile and Sinnar)
Darfur states Sudan 7 50 504,000 1124 18.7
Eastern Sudan Sudan 28 111,973 426 42.2
(Kassala and Al Qadarf)
Kurdofan states Sudan 28 376,145 758 14
Northern Sudan 5 30 470,888 317 52
(Ash Shamaliyah, River Nile and Nahr
an Nil)
Red Sea Sudan 3 24 218,887 775 6.7
Bahr el Ghazal S. Sudan 12 210,780 2451 18.6
(Northern Bahr el Ghazal, Western
Bahr el Ghaza, Warrap and Lakes)
Equatoria S. Sudan 6 42 195,848 902 19.2
(Western Equatoria, Central Equatoria,
and Eastern Equatoria)
Greater Upper Nile S. Sudan 1 23 237,701 704 17.4

(Upper Nile, Unity and Jonglei)

herbarium (Sudan), the University of Cairo herbarium
(Egypt) and the East African Herbarium (Kenya)
(Darbyshire et al. 2015). For the alien species, the
book provides information about the accepted taxo-
nomic names, life forms, native origins, distribution
within the Sudans, status (i.e. cultivated, alien, weed,
naturalized, and invasive), and the year of the first
record in the Sudans.

Alien plant taxa are defined as those taxa in a given
area whose presence there is due to intentional or
accidental introduction by humans (synonyms: exotic
plants, non-native plants, nonindigenous plants;
Richardson et al. (2000). For the list of alien plant
species in the Sudans, we followed a conservative
approach, and included only the taxa for which there is
a strong agreement among botanical experts that they
are alien to the countries. The initial list included 197
species (163 in Sudan and 105 in South Sudan). This
list was validated by botanical experts of the Faculty of
Science and the Faculty of Forest of the University of
Khartoum (Sudan), including some people that had
been part of the project “The Plants of Sudan and
South Sudan” (Darbyshire et al. 2015). After this
validation, the list was reduced to 179 alien species.
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Classification of invasion status

As stated above, the book on the flora of the Sudans
provides information about the invasion status of most
of the alien taxa in the Sudans. However, as this
information is not provided consistently, we reclassi-
fied the invasion status of the introduced taxa using the
invasion-stages scheme of (Richardson et al. 2000):
(i) cultivated taxa that have been introduced to the
Sudans but have not been recorded in the wild yet, (ii)
casual aliens, i.e. alien plants that may flourish and
even reproduce occasionally in an area, but do not
form self-replacing populations, and rely on repeated
introductions for their persistence, and (iii) natural-
ized plants, i.e. alien plants that reproduce consistently
in the wild and sustain populations over many life
cycles without direct intervention by humans. As
probably several thousands of alien species are being
cultivated in the Sudans, like in the neighboring Egypt
(Ammar 2020), our list of cultivated alien taxa is very
incomplete. The cultivated alien species listed in
Darbyshire et al. (2015), however, are likely to
represent some of the most common cultivated plants
in the Sudans. As knowledge on such non-naturalized
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species can be important for comparative studies (van
Kleunen et al. 2010a), we included the cultivated alien
plants (66 species) in our alien inventory (Supple-
mental Information 4). However, as they are not yet
found in the wild, we excluded them from our
analyses. We did not classify the naturalized species
as being invasive or not, because we do not have data
on their spread rates and impacts. However, the tree
species Prosopis glandulosa and Prosopis juliflora are
considered to be highly invasive in the Sudans
especially in Eastern and Northern Sudan. For our
analyses, we kept 113 species for which the invasion
category (i.e. casual and naturalized) is known (Sup-
plemental Information 2) and excluded the species for
which the naturalization status in unknown (19
species, Supplemental Information 3) and the species
that are only found in cultivation (66 species, Supple-
mental Information 4).

Origins, introduction histories, economic uses,
naturalization extent and life forms of alien species

To harmonize species names between the checklist of
alien plants of the Sudans and the species lists of other
datasets (see below), we standardized the taxonomic
names according to The Plant List (version 1.1; http://
www.theplantlist.org); with the R package Taxon-
stand (Cayuela et al. 2019).

Darbyshire et al. (2015) provides information about
the regions of origin of each species. However, as this
information may not be complete, and to assure
consistency between this checklist and other global
databases used in this study, we collected additional
native origin data from the Germplasm Resources
Information Network (GRIN 2019, https://npgsweb.
ars-grin.gov/), the World Checklist of Selected Plant
Families (WCSP; http://wcsp.science.kew.org/) and
the Plant of the World Online database (POWO; http://
www.plantsoftheworldonline.org/). We assigned each
species to its continent(s) of origin, using the conti-
nental scheme of the Taxonomic Databases Working
Group (i.e. the nine TDWG-1 regions). We also used
the same data sources to extract the number of TDWG
level-2 regions (total number is 52) each alien species
is native to as an estimate of its native range size (see
also, Maurel et al. 2016; Razanajatovo et al. 2016).
Furthermore, we extracted data on each species’ glo-
bal naturalization extent, measured as the number of
regions, excluding the Sudans (a total of 1028

regions), where a species is naturalized according to
the Global Naturalized Alien Flora (GloNAF) data-
base (van Kleunen et al. 2019).

Exact data on the year of introduction (from which
the residence time is derived; e.g. PySek and Jarosik
2005) and the reason for introduction of each species is
hard to obtain (Rejmanek 2000). Here, we used the
year of the first collection provided by (Darbyshire
et al. 2015) to calculate minimum residence time as
2020 minus the year of first collection (see also,
Ansong et al. 2019; Hamilton et al. 2005; Pysek et al.
2002; Rejmanek 2000). To get an indication of the
potential reason for introduction, we extracted the
known economic uses of each alien species from the
World Economic Plants (WEP) database (National
Plant Germplasm System GRIN-GLOBAL; https://
npgsweb.ars-grin.gov/gringlobal/taxon/
taxonomysearcheco.aspx, accessed 7 Jan 2016). We
also collected data on the habitats in which the alien
species managed to naturalize in the Sudans according
to Darbyshire et al. (2015).

To assess whether casual and naturalized alien
species differ in biological traits, we selected traits that
have been reported as ecologically relevant and
important for naturalization success in earlier studies
(Divisek et al. 2018; Maurel et al. 2016; Pinto-
Ledezma et al. 2020; Pysek and Richardson 2007; van
Kleunen et al. 2010b). We extracted data on the life
forms from Darbyshire et al. (2015), and verified it
using several publications and online databases
(Engemann et al. 2016; Kattge et al. 2020; Rice
etal. 2019; Taseski et al. 2019; WCSP 2015). As these
sources use different life-form schemes, we harmo-
nized them to consider six standard life-form cate-
gories: short-lived (annual and biennial) herbs, long-
lived herbs, climbers, aquatics, shrubs and trees. We
found such data for all species. In addition, we
extracted data on plant height and seed mass from the
TRY database (Kattge et al. 2020) and complemented
with data from other sources (see Supplemental
Information 1). We found data on plant height for
107 species (94.6%) and seed mass for 69 species
(61%). Since missing data would reduce the sample
size and might lead to a biased output (Nakagawa
2015), we imputed the missing values for these traits
using the R package “missForest”, which is a non-
parametric method based on a random forest algorithm
(Stekhoven, Biihlmann 2011). We produced 999
imputed data sets.
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Statistical analysis

All analyses and figures were done in R, version 3.6.1
(R Core Team 2019), with the exception of the map of
Fig. 1, which was created using ArcGIS 10.3.1.

To test whether casual and naturalized alien species
differed with regards to the dominant species’ growth
forms and geographical origins, we analysed the
proportions of the different growth forms and of the
different origins using row X column contingency
tables of species counts. To assess in which group of
species (i.e. casual and naturalized) the counts of
species with different growth forms or geographical
origins were lower or higher than expected by chance,
we used adjusted standardized residuals of G-tests,
which were compared to critical values of the normal
distribution (e.g. Pysek et al. 2017b; Vinogradova
et al. 2018).

We compared biological traits (i.e. plant height and
seed mass), native range size, global naturalization
extent and the number of known economic uses of the
casual and naturalized species using randomization
tests. We used simple randomizations to test whether
there are differences in the medians of these variable
between the two invasion-status groups (p < 0.05,
two-tailed test; see Divisek et al. (2018)). In each
random draw (n = 9,999), we randomly shuffled the
values of the variable between the invasion-status
groups. This was done for all the 999 imputed data
sets. The observed median was compared to the
expected median value of the random draws.

Results
Alien species in the Sudans

Our analyses below are based on 113 species with
known invasion status. Of the 113 alien species in the
Sudans, 21 (18.6%) are casuals, and 92 (81.4%) are
naturalized (see Supplemental Information 2 for the
complete list of species and their distribution in the
nine Sudanese regions). In general, more alien species
have been recorded in Sudan (99 species: 18 casual
and 81 naturalized) than in South Sudan (59 species:
10 casual and 49 naturalized) with 45 (39.8%) species
that occur in both countries. The nine regions of the
Sudans showed variation in the total number of alien
species with respect to the different invasion
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Fig. 2 Alien flora of the Sudans. a Cumulative numbers of allp»
alien species (i.e. casual and naturalized) and the subsets of the
naturalized alien species separately in relation to the date of first
record in the Sudans. b The numbers of species per major class
of economic use see (WEP and van Kleunen et al. 2020).
¢ Percentages of naturalized species in the main habitats of the
Sudans

categories (Fig. 1 and Table 1), but we found no
significant association between these numbers and
geographical, climatic, and socio-economic charac-
teristics of the regions.

The first alien plant species in the Sudans was
recorded before the year 1800 (Mangifera indica).
From the year 1920, soon after the Anglo-Egyptian
condominium of the Sudans in 1899—1956, until the
late 1980s, there was a rapid and steady increase in the
number of alien species, and this was followed by a
period of rather slow and lingering increase until
present (Fig. 2a). Only three new species have been
recorded after 1990. The same pattern was observed
for the subset of naturalized species (Fig. 2a). Con-
cerning economic uses, which are possible reasons for
introduction, medicinal uses are prevailing, while
fodder and gene sources (e.g. species whose beneficial
genes have been used for crop improvement) are the
least common uses. This pattern is similar across the
different invasion stages (Fig. 2b). Naturalized spe-
cies inhabit a variety of habitats, but man-made
habitats (ruderal habitats and agricultural habitats)
hold more of the naturalized species (60.9%) than
natural habitats (Fig. 2c).

Taxonomic composition of alien flora

The 113 alien species belong to 44 families (Supple-
mental Information 2), and the Leguminosae (28
species, 24.7%), Compositae (10 species, 8.8%) and
Solanaceae (9 species, 7.9%) are the families with the
largest numbers of alien species in the Sudans
(Table 2). These families also have the largest
numbers of naturalized species (Table 2). Moreover,
the alien species belong to 85 genera of which most are
represented by only one or two species. The genera
with most alien species are Eucalyptus (6 species) and
Euphorbia (6). Two of the alien species occur in all
nine regions of the Sudans—Azadirachta indica
(naturalized), Corchorus olitorius (naturalized), nine
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Table 2 The plant families
represented by more than
one species in the alien flora
of the Sudans, in
descending order according
to the total number of alien
species

For each family, we provide
the total number of alien
species, separately for
Sudan and South Sudan,
and the numbers of species
in each of the invasion
stages (i.e. casual and
naturalized)

Family

All alien species number

Total

Sudan

South Sudan

Status

Casual

Naturalized

Leguminosae
Compositae
Solanaceae
Amaranthaceae
Convolvulaceae
Cucurbitaceae
Euphorbiaceae
Anacardiaceae
Apiaceae
Araceae
Malvaceae
Moraceae
Myrtaceae
Polygonaceae

Rhamnaceae

28

—_
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species are found in six to eight regions (Table 3),
whereas 34 of the alien species occur in only one
region of the Sudans (Supplemental Information 2).

Life forms and geographical origin of the alien

flora

The most common life form among the alien species of
the Sudans are annual herbs (44 species; 38.9%; 7
casuals, 37 naturalized aliens). The least common life
form among the alien species of the Sudans are
aquatics with only two species, but both have managed

Table 3 The eleven most widespread alien plant species in the Sudans, in descending order according to the number of Sudanese

states in which they occur

Species No. states Life form Status Family
Azadirachta indica 9 Tree Naturalized Meliaceae
Corchorus olitorius 9 Annual herb Naturalized Malvaceae
Mangifera indica 8 Tree Casual Anacardiaceae
Bougainvillea spectabilis 8 Woody perennial vine Naturalized Nyctaginaceae
Phyllanthus maderaspatensis 7 Perennial herb Naturalized Phyllanthaceae
Mimosa pigra 7 Shrub Naturalized Leguminosae
Jatropha curcas 7 Shrub Naturalized Euphorbiaceae
Datura stramonium 7 Annual herb Naturalized Solanaceae
Chrysanthellum indicum subsp. afroamericanum 7 Annual herb Naturalized Compositae
Amaranthus spinosus 6 Annual herb Naturalized Amaranthaceae
Sonchus asper 6 Annual or biennial herb Naturalized Compositae

For each species, we provide the number of regions in which they occur, the life forms, the invasion stage (i.e. casual or naturalized),

and the family it belongs to
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to naturalize. We found significant differences in the
representation of life forms between the two invasion
stages (x> = 11.97.08, df = 5; p < 0.035). Among the
casual alien species, perennial herbs and trees are
significantly under- and over-represented, ((P = 0.040
and 0.019, respectively; Fig. 3). Among naturalized
species, there was no significant differences in the
representation of the different growth forms (Fig. 3).

The most common TDWG continent of origin of
alien plants in the Sudans is Southern America (59
species; 52.2%), followed by Northern America (38
species; 33.6%; Fig. 4). After Antarctica, which has
not donated any species to the Sudans, the Pacific
Islands are the least common donor of alien species (4
species; 3.5%; Fig. 4). The pattern is similar for the
subset of naturalized species (Fig. 4), and the conti-
nents of origin did not differ in their representation
between the two invasion stages (X2 =1197,df = 11;
P = 0.365).

Species characteristics of the three invasion-status
groups

Naturalized species in the flora of the Sudans have
significantly larger native range sizes than casual
aliens (P =0.016, Fig. 5d), and also tend to be
naturalized in more regions worldwide (i.e. have a
wider global naturalization extent) than casual aliens
(marginally significant: P = 0.096, Fig. 5e). However,
we did not find any differences in seed mass, plant
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- O Naturalized
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Shrub Climber Aquatic

w w S
o [} o
| | |
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Number of species

a AN
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Annual Perenial Tree
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Fig. 3 Growth forms of the alien species in the Sudans
according to invasion status (casual and naturalized alien
species). Significant differences and their directions are
indicated above the bars (—: lower than expected, + : higher
than expected, *: p < 0.05)

50 M W Casual
O Naturalized

Number of species

El ﬂﬂ da

Southern Northern Asia  Africa Asia Australasia Europe  Pacific
America  America Tropical Temperate Islands

Fig. 4 Continents of origin of the alien species in the Sudans
according to invasion status (casual and naturalized alien
species). Continents of origin did not differ significantly in
their representation among the three invasion stages. Note that
the cumulative number of species in the figure exceeds the total
of 113 alien species in our checklist, because some species are
native to multiple continents

height, introduction history and the number of known
economic uses between the two invasion-status groups

(Fig. 5a—f).

Discussion

This first inventory and analysis of the alien flora of the
Sudans shows that it consists of at least 113 alien
species (99 in Sudan and 59 in South Sudan). The alien
species represent a large number of families (44),
include many annual herbs (38.9%), and are predom-
inantly from the Americas (85.8%). We found that
most alien species were first recorded in the mid-
1900s, and that now 92 of the alien species are fully
naturalized. While the naturalized species distin-
guished themselves from the casual ones in having
larger native range sizes and tend to have a wider
naturalization extent, we did not find any other
differences between these two invasion stages in
species characteristics. The naturalized species are
still mainly found in anthropogenic habitats, but
almost 40% of the species are found in natural habitats
such as wetlands, and forest and bushlands. These
numbers might still change with more intensive
research on alien plants in the Sudans, but our data
provide an important first baseline.

The 92 naturalized plants in the Sudans represent
2.2% of its total flora of (4096 taxa; Darbyshire et al.
2015). This percentage is lower than those reported for
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Fig. 5 Characteristics of the species in the different invasion-
status groups (casual and naturalized): plant height (a), seed
mass (b), minimum residence time (c¢), native range size
(number of TDWG-2 regions) (d), global naturalization extent
(number of GloNAF regions) (e), and number of known
economic uses (f). The data for each individual species are

neighboring countries with comparable climates, such
as Egypt (8.7%), Eritrea (8.5%), Lybia (7.5%) and
Ethiopia (6%) (Pysek et al. 2017¢). Most neighboring
countries do not have data on casual species, but we
recorded a lower number of casual species (21 species)
for the Sudans than for Egypt (114 species; El-Beheiry
et al. 2020) and Algeria (76 species; Meddour et al.
2020), although these regions are smaller than the
Sudans. This might indicate that the number of casuals
in our inventory is still an underestimate of the true
number of casuals in the Sudans. Possibly, this is
because casuals are less likely to be recorded as they
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shown in grey dots. The thick horizontal line in each box
indicates the median of the species characteristic, the box
indicates the interquartile range, and the whiskers extend
outside the box to 1.5 times the interquartile range. Asterisks
indicate significant differences between the compared medians
(f: p < 0.1, *: p < 0.05)

are not widespread and have no major ecological or
economic impacts. Overall, the recorded numbers of
alien species in most African countries is very low in
comparison to countries with more intensive botanical
recording and biological invasion research, such as
Belgium (1969 species), the United Kingdom (1779
species) and the Czech Republic (1378 species)
(Lambdon et al. 2008). This suggests that alien floras
in the Sudans and its neighboring countries are still
under-explored.

We found that annual and perennial herbs were the
prevailing life forms in the alien flora of the Sudans
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(38.9% and 29.2%, respectively). This pattern is
similar to the whole native flora of the Sudans, where
herbaceous species account for more than 60%, and
woody species for around 31% (Darbyshire et al.
2015). While perennial herbs were under-represented
among the casual species, they tend to be over-
represented among the naturalized species (Fig. 3).
The opposite was true for the trees (Fig. 3). This could
partly reflect a biased recording of casual trees, as they
are more conspicuous than herbaceous species due to
their size and longevity. The overall pattern of
herbaceous species being more represented in the
alien flora than woody species is also consistent with
the findings of other alien-flora studies in Africa (El-
Beheiry et al. 2020; Meddour et al. 2020) and
countries outside of Africa, such as India (Inderjit
et al. 2018) and Russia (Vinogradova et al. 2018). The
predominance of herbaceous alien species could partly
be explained by the fact that 70% of the crops in Africa
are introduced (Wood 1988). Moreover, herbaceous
species might be more successful as naturalized
species than the woody ones, because they can more
easily establish in disturbed habitats through fast and
profuse seed production (Baker 1965; Schippers et al.
2001).

Soon after the start of the Anglo-Egyptian condo-
minium of the Sudans in 1899 (Metz 1991), the first
records of alien species started to increase. This may
not only reflect that the British explored the Sudanese
flora, but also indicates that they played an important
role in introducing alien species to the Sudans. Most
alien species in the Sudans, however, are not native to
Europe, but to Southern America followed by North-
ern America and Tropical Asia. This might reflect that
the climate in Sudan is not suitable for most European
plants, and that the British exchanged plants between
distant regions of their colonial empire (Baber 2016).
The largest donor continents of alien species overall
were also the largest donors of naturalized species.
This suggests that a biased introduction of species
from certain regions might underlie patterns in the
proportion of species from these regions in the
naturalized flora (van Kleunen et al. 2020). In the
global naturalized flora, Temperate Asia and Europe
are the major donors (PySek et al. 2017b; van Kleunen
et al. 2015), and this is also the case for regional
temperate alien floras (e.g. (Vinogradova et al. 2018).
However, other warmer regions have, just like the
Sudans, many alien species from the Americas and

Tropical Asia (Ansong et al. 2019; El-Beheiry et al.
2020; Inderjit et al. 2018). This emphasizes that
climate matching plays a major role in the flows of
alien species around the globe.

Naturalization success in the Sudans was positively
associated with native range size and global natural-
ization extent (although the latter was only marginally
significant). This indicates that species that are native
or able to adapt (i.e. naturalize) to multiple continents
have a higher chance to be introduced and naturalize.
This provides further evidence that native range size is
positively associated with naturalization success
(Goodwin et al. 1999; Maurel et al. 2016; Prinzing
et al. 2002; Razanajatovo et al. 2016). However, we
found no significant association of any of the other
species characteristics with the two invasion-status
categories (Fig. 5). Possibly, there will be some
differences between invasive and non-invasive natu-
ralized alien plants, but unfortunately data on inva-
siveness are still very limited for the Sudans.
Furthermore, although there is variation in the total
number of alien species and the number of naturalized
species among the nine regions of the Sudans (Fig. 1:
Map of the Sudans subdivided into nine regions
following (Darbyshire et al. 2015); the northern six
regions are in Sudan (NS, RS, DAR, KOR, CS and ES)
and the southern three regions are in South Sudan
(BAG, UN and EQU). For full names of the regions,
see Table 1. Pie charts show the invasion-status
composition of alien plant in each region, and their
sizes are proportional to the total number of alien
species in the region. and Table 1), we also found no
significant association of these numbers with geo-
graphical, climatic, and socio-economic characteris-
tics of the regions.

In conclusion, this study presents the first inventory
and analysis of the alien flora of the Sudans. Since
research on biological invasions in the Sudans has
been very much neglected, we hope that this study will
foster more research and recording of alien species,
not just plants, in the Sudans. This will contribute to a
better understanding of the characteristics, patterns,
and consequences of biological invasions, and ulti-
mately will allow for a better management and control.
Similar studies in other regions with hitherto few data
on biological invasions will contribute to improve our
understanding of global invasion patterns.
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