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Abstract

Invasive alien plants (IAPs) are rapidly increasing around the world, mainly due to land transformation, climate change,
and urbanisation. Whilst urban areas are highly susceptible to invasion by IAPs, crucial information on the distribution and
abundance of woody invaders in small towns is limited. Here, we determined the distribution and abundance of woody
IAPs across different suburbs and land use types in 12 small towns in the Eastern Cape province of South Africa. We
enumerated 38 427 individual woody IAPs, and their abundance and distribution varied across surveyed towns. Although
species such as Melia azedarach, Pinus elliotti, Jacaranda mimosifolia, Eucalyptus camaldulensis, and Ligustrum lucidum
were the most distributed, species density varied across towns. More than half of the woody IAPs were identified in afflu-
ent (56%) suburbs compared to the townships (23%), Central business district (CBD) (16%), and low-income housing
neighbourhoods (5%). There were significant differences in woody IAPs distribution across different land use types, with
more than half (54%) found in the residential areas compared to road verges (32%) and public urban green spaces (14%).
Some socio-economic and environmental predictors such as town population, mean temperature, unemployment rate, and
Gross domestic product (GDP) showed significant and positive correlations with woody IAPs species richness and density.
Our findings suggest an uneven spatial distribution and diversity of woody IAPs across the different small towns, suburbs,
and land use types in the region. It is recommended that small towns in South Africa need financial and human resources
support to effectively manage IAPs.
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Introduction

Recent reports by the Intergovernmental Science Policy
Platform on Biodiversity and Ecosystem Services (IPBES)
indicated that more than 37 000 alien species have been
introduced to new habitats globally, mainly through
increased human activities such as travel and trade (IPBES
2023). The rate of new introductions remains high, with
close to 200 new alien species being introduced annually
in different regions and biomes of the world (IPBES 2023).
With regards to plant species, approximately 6% of the

> Sheunesu Ruwanza
s.ruwanza(@ru.ac.za

Department of Environmental Science, Rhodes University,
Makhanda 6140, South Africa

Centre of Excellence for Invasion Biology, Rhodes
University, Makhanda, South Africa

introduced alien species tend to become invasive (IPBES
2023), usually resulting in severe negative socio-economic
and environmental effects once their populations expand
over large areas (Rai and Singh 2020; Eschen et al. 2021;
IPBES et al. 2023). Impacts of invasive alien plants (IAPs)
on ecosystems tend to vary depending on the species and
the landscape (Rai and Singh 2020). For example, the intro-
duction of IAPs such as Australian Acacias and Eucalyptus
species to South African riparian systems is associated with
severe negative effects on biodiversity and water resources
with significant economic implications e.g., reduced water
supply (Le Maitre et al. 2016; Maitre et al. 2020). Simi-
larly, although the distribution of A. dealbata, A. melanoxy-
lon, and A. longifolia in southern Europe is influenced by
factors such as soil pH, frost and precipitation, Acacias are
generally associated with negative environmental impacts
in Spain and Portugal (Vieites-Blanco and Gonzalez-Prieto
2020). Negative impacts of IAPs on ecosystems can include
displacement of endemic native species, alteration of fire
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regimes, changes in soil properties, (Richardson et al. 2020)
and loss of rangelands, water resources, and agricultural
productivity (O’Connor and van Wilgen 2020; Eschen et
al. 2021). It is estimated that the global costs of invasive
alien species (IAS) exceed US$423 billion per year, with
the bulk of the costs being associated with negative impacts
on human livelihoods and expenditure to control invasions
(IPBES 2023). Zenni et al. (2021) conducted a 50-year
global economic cost assessment of IAS and reported that
invasion is responsible for approximately US$1.3 trillion in
ecosystem damages (based on 2017 US$ value). In Africa
alone, it is estimated that invasion by IAS costs the agricul-
tural sector approximately US$ 65 billion annually through
weeding labour costs, and loss of crop yields and livestock
income (Eschen et al. 2021). Although some IAS have bene-
fits, such as providing food, firewood, and timber in the for-
estry industry (Shackleton et al. 2020), these benefits rarely
outweigh the above-mentioned negative costs (Zenni et al.
2021; Fantle-Lepczyk et al. 2022) and thus significant effort
is being put to manage IAS. However, the balance between
costs and benefits is dependent on the species and the phase
of invasion (Shackleton et al. 2007). With urban areas being
hotspots for IAS introductions (Gaertner et al. 2017), many
of the above-mentioned invasion effects and monetary costs
will be felt in cities, although information on urban inva-
sions remains scant.

More than half of the global human population currently
lives in urban areas, and projections suggest that it will
grow to 68% by 2050 (Kookana et al. 2020). Gaertner et al.
(2016) suggested that increased urban populations, environ-
mental disturbance, and fragmentation in urban areas make
cities more susceptible to invasion by IAS. For example,
the increased movement of humans across urban areas for
tourism purposes and the movement of goods between and
across urban ports, rail, and roads will create pathways
for IAS introduction (Gaertner et al. 2016; Faulkner et al.
2020). Padayachee et al. (2017) reported that roads and riv-
ers in urban areas act as invasion conduits due to several
factors such as disturbance and increased human movement.
Recently, Borden and Flory (2021) suggested that urban
evolution (population heritable genetic changes in response
to urban development and urban anthropogenic activities)
of TAS can enhance their establishment and spread, this is
likely to increase in future due to global change. Once IAS
have arrived in urban areas, they tend to encounter disturbed
and fragmented habitats where biotic (soil bacteria, species
composition and traits) and abiotic (urban climate) condi-
tions have been altered by human activities, thus promoting
their establishment and spread (Kowarik 2010; Gaertner et
al. 2016). For example, Boscutti et al. (2022) reported that
urban fragmentation and landscape change can facilitate the
dispersal and spread of IAPs in cities. Furthermore, Géron

@ Springer

et al. (2021) reported that the urban heat-island effect can
favour the growth of some alien compared to native Astera-
ceae species because of their ability to tolerate heat. Using
Pieris rapae as an example, Borden and Flory (2021) attrib-
uted urban invasion to urban evolutionary adaptation, e.g.,
P, rapae has developed large wings to facilitate its spread in
fragmented urban habitats. The above-mentioned examples
suggest that urban areas are highly susceptible to invasion
by IAS, yet information regarding the abundance and distri-
bution in urban areas remain limited (Gaertner et al. 2016;
Boscutti et al. 2022).

Studies that have examined the distribution and density
of IAPs in urban areas have reported that they are wide-
spread (Chance et al. 2016; McLean et al. 2018; Mabusela
et al. 2021). For example, a study conducted in five small
towns located in the Eastern Cape province of South Africa
reported that woody IAPs are widespread but unevenly dis-
tributed across different land use types, with high-income
suburbs having more IAPs compared to low-income suburbs
(Mabusela et al. 2021). The authors suggested that some of
the IAPs distribution patterns in urban areas can be linked
to introduction pathways, town planning, and colonial lega-
cies (Mabusela et al. 2021). McLean et al. (2018) reported
that most of the identified IAPs in Riebeek Kasteel in the
Western Cape province of South Africa were in residential
gardens compared to industrial areas. Elsewhere, Chance
et al. (2016) used remote sensing to show that both Rubus
armeniacus and Hedera helix invade roadsides, open areas,
and parks in Surrey, Canada, although their abundance
decreases with increasing distance from the roads. In the
USA, Staudhammer et al. (2015) reported that invasive tree
distribution and abundance increased towards the coastal
areas of Miami-Dade Metropolitan Area, whereas in San
Juan Metropolitan Area, invasive tree abundance was more
concentrated inland. Several ecological and socio-economic
factors can explain the distribution and abundance of IAPs
in urban areas. For example, the introduction of IAPs for
agricultural and ornamental purposes could explain why
certain species dominate in urban gardens as compared to
road verges (Staudhammer et al. 2015). Similarly, benefits
provided by some IAPs, such as fruits and shade, could
explain why some species dominate certain urban spaces
(e.g., residential gardens and parks) as compared to other
areas (e.g., road verges). In the South African context, the
legacy of colonial era laws that promoted urban greening in
some areas compared to other areas could explain the cur-
rent distribution of IAPs in urban areas (Venter et al. 2020).
Urban size, shape, and human population density can also
influence the distribution and abundance of IAPs in urban
areas (Liu et al. 2005; Ricotta et al. 2017). In China, Liu
et al. (2005) reported that highly populated areas tend to
have more IAPs, most likely because of increased human
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movement and subsequent seed dispersal. In Europe, PySek
(1998) reported that urban settlement size and population
are predictors of IAPs abundance and richness. Although
several studies have shown positive correlations between
socio-economic (e.g., population size) and environmental
(e.g., rainfall) variables in predicting urban IAPs distribu-
tion and abundance (Appalasamy et al. 2020; Rejmanek
2000; Lubeck et al. 2019), some studies have reported the
opposite (Clements and Moore 2003). Clements and Moore
(2003) found no correlation between town size and alien spe-
cies abundance and richness in eight USA cities, although
this was not the case for town age. From an urbanisation
standpoint, Burton et al. (2005) reported an inverse relation-
ship between alien species diversity and urbanisation. These
mixed results point to the need to conduct more studies to
understand invasion patterns in urban areas, particularly
how environmental and socio-economic factors influence
alien species abundance and diversity. Such information is
needed to inform effective management and control of alien
species in urban areas.

While some IAPs may provide important ecosystem
services to some urban dwellers, they also provide a pleth-
ora of ecosystem disservices to human wellbeing in gen-
eral (Potgieter et al. 2020). Within urban areas, IAPs are
linked with damage to property (Reis et al. 2008), reduction
in native biodiversity (Shochat et al. 2010), human health
issues related to allergens (Gaertner et al. 2016), increased
fire hazards (Potgieter et al. 2019), and security risks (Pot-
gieter et al. 2019). Using face-to-face interviews, Potgieter
et al. (2019) reported that Cape Town (South Africa) urban
residents are concerned with ecosystem disservices caused
by IAPs, particularly displacement of native species, water
losses, health impacts, and increased fire risks. Previous
studies in urban areas have reported that IAPs disrupt impor-
tant ecosystem services such as water infiltration and flood
attenuation (Gaertner et al. 2016; Potgieter et al. 2020). In
some cases, IAPs change the aesthetics of the urban environ-
ments, can clog water canals and streams, and increase soil
erosion (Gaertner et al. 2016; Padayachee et al. 2017; Potgi-
eter et al. 2020). Strategies to manage IAPs in urban areas to
reduce the above-mentioned ecosystem disservices require
information regarding species abundance, distribution and
diversity in urban areas. Besides documenting abundance
and diversity in urban areas, studies that document environ-
mental and socio-ecological predictors that explain urban
IAP occurrence are needed to better understand invasion
patterns in urban areas. Such studies need to include small
towns since they present a unique set of urban conditions,
such as a relatively larger urban-wildland interface and area
ratio that favours plant invasion (McLean et al. 2018). The
South African National Environmental Management: Biodi-
versity Act (NEM: BA Act 10 of 2004) Alien and Invasive

Species Regulations of 2020 (NEM: BA A&IS regulations)
requires all municipalities to develop invasive species con-
trol plans, yet most small towns struggle financially and do
not have the resources to gather data on identity, distribu-
tion, and densities of IAPs (Irlich et al. 2017).

Considering the above, our aim was to determine the dis-
tribution and abundance of woody IAPs in 12 small towns
in the Eastern Cape province of South Africa. The study fur-
ther assessed how IAPs differ within and between towns.
The three research questions were: (i) what is the distribu-
tion and abundance of IAPs within each town? (ii) How
does urban land use type (parks, road verges, residential
areas) and suburb (affluent, township, CBD, Reconstruction
and Development Programme (RDP)) influence the diver-
sity, distribution, and abundance of [APs? (iii)) How does
the abundance, richness, and density of IAPs relate to town
environmental and socio-economic attributes?

Methods
Study area

This study was conducted in 12 small towns in the Eastern
Cape province of South Africa, namely Adelaide, Alexan-
dria, Barkly East, Bedford, Burgersdorp, Cathcart, Kirk-
wood, Middelburg, Paterson, Somerset East, St Francis
Bay, and Willowmore (Fig. 1; Table 1). We defined small
towns as urban areas that contain between 1 000 and 20
000 inhabitants according to Statistics South Africa (2016).
The small towns were randomly selected from a pool of 25
small towns that were identified from the city population
database for 2016 South African Census (City population
database 2016). The Eastern Cape province is the second
largest province in South Africa, covering approximately
13.8% of the country (Statistics South Africa 2016). It has
the third largest population in South Africa (approximately
6.9 million people), and it is divided into six district and
31 local municipalities (Gwedla and Shackleton 2019). The
urban population in the province is very diverse, ranging
from more than one million inhabitants in Nelson Mandela
Bay to just above 1 000 in Hogsback (Statistics South Africa
2016). Most of the people in the province are black Africans
(86%) who speak isiXhosa (Statistics South Africa 2016).
The province has high poverty levels (61%) and unemploy-
ment rates, mostly being triggered by low formal education
levels (Statistics South Aftrica 2016).

Although the province has a great diversity of vegetation
types, with eight of the nine South African biomes occur-
ring in the province, the selected small towns occur in the
Albany thicket biome (Alexandria, Kirkwood, Paterson,
Somerset East), Fynbos biome (St Francis Bay), Succulent
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Fig. 1 Location of the 12 randomly selected small towns and their municipalities (shaded) in the Eastern Cape province, South Africa

karoo biome (Willowmore), Nama-Karoo biome (Burgers-
dorp, Middelburg), and Grassland biome (Adelaide, Barkly
East, Bedford, Cathcart) (Mucina and Rutherford 2006).
The Fynbos biome is in the Western Cape and parts of East-
ern Cape provinces of South Africa and has a Mediterra-
nean climate (Mucina and Rutherford 2006). The biome is
known for high species endemism, mostly dominated by the
evergreen sclerophyllous plants (Mucina and Rutherford
2006). The Succulent karoo is in the coastal strip of North-
ern Cape province and inland into Western Cape province
of South Africa. Due to low winter rainfall and extreme
summer aridity, vegetation in the succulent karoo biome
is predominantly dwarf and succulent shrubs (Mucina and
Rutherford 2006). The Nama-Karoo biome is a semi-arid
biome located in the central plateau of the western parts of
South Africa (Mucina and Rutherford 2006). Most rain in
the Nama-Karoo falls in summer and vegetation is domi-
nated by perennial dwarf shrubs and grasses (Mucina and
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Rutherford 2006). The Grassland biome is in the high cen-
tral plateau of the country, mostly inland of KwaZulu-Natal
and Eastern Cape provinces (Mucina and Rutherford 2006).
Extensive grazing, fire, and frost tends to exclude trees,
making grasses and forbs the dominant plant growth forms
in the biome (Mucina and Rutherford 2006).

The small towns located close to the coast such as Alex-
andria, Paterson and St Francis Bay have mild temperatures
and receive rainfall throughout the year (Table 1), whereas
the towns further inland, such as Willowmore, Burgersdorp
and Middelburg are associated with warm and dry climates,
receiving most of the rain in the austral summer (Mucina
and Rutherford 2006). Population sizes in the 12 towns
ranged from 4 933 in St Francis Bay to 18 824 in Somer-
set East (Table 1). Similarly, town size ranged between 5.7
km? in Alexandria to 72.8 km? in Somerset East. Like most
South African towns, the spatial structure of the sample
towns reflects the former racially based apartheid period,



Urban Ecosystems (2024) 27:1877-1890 1881
Table 1 Physical characteristics of the 12 randomly selected small towns in the Eastern Cape province of South Africa
Town Local Location Size (km?)  Average temp- Mean annual ~ Population  Popula-
Municipality (coordinates) erature (°C) rainfall (mm) (2011) tion den-
sity (per
km?)
Adelaide Inxuba 33°42'00”S; 40.0 18 450 12191 305
Yethemba 26°18'00”E
Alexandria Ndlambe 33°39'00”’S; 5.7 18 403 10 086 1767
26°25'00”E
Barkly East Senqu 30°58'05"S; 16.8 18 567 9987 595
27°35'36"E
Bedford Inxuba 33°41'00’S; 14.6 17 489 8769 601
Yethemba 26°5'00”E
Burgersdorp Walter Sisulu 30°59'32"S; 30.9 15 482 15991 520
26°1929"E
Cathcart Amahlathi 32°18'00’S; 30.1 15 561 7360 245
27°08'00”E
Kirkwood Sundays River 33°24'01”’S; 7.2 18 451 13 765 1900
25°26'33”E
Middelburg Inxuba 31°29'38”S; 44.8 14 356 18 680 417
Yethemba 25°1"27E
Paterson Sundays River 33°43'4”S; 43 18 462 5582 1291
25°16'5”E
Somerset East Blue Crane 32°43'00’S; 72.8 17 349 18 824 259
25°35'00”E
St Francis Bay Kouga 33°16°2”S; 10.0 17 736 4933 491
30°24°8”E
Willowmore Baviaans 33°17'00”S; 21.7 16 363 7678 353
23°29'00”E

Source: Climate data.org (2016) and City and Population Database (2016)

with affluent suburbs dominated by large plots and dwell-
ings that were previously reserved for white inhabitants,
compared to townships which have small houses and are
mostly occupied by black South Africans. The Reconstruc-
tion and Development Programme (RDP) neighbourhoods,
characterized by rows of government built, uniform small
houses on small plots, were introduced post-apartheid to
address apartheid social injustices, and these houses are
mainly occupied by poor residents (Mabusela et al. 2021).
In comparison to the affluent suburbs, both townships and
RDP suburbs are associated with high poverty levels and
limited basic municipal services (Mabusela et al. 2021).

Data collection

We conducted a street-based road survey of all public roads
in the 12 small towns between October and December
2020. The street-based road surveys were conducted using
a moving vehicle with two field assistants at the back of
the vehicle observing each side of the road, as described by
McLean et al. (2018) and Mabusela et al. (2021). Hender-
son and Wilson (2017) suggested that street-based road sur-
veys are effective at identifying visible plant growth forms
like woody trees and shrubs, which justifies the use of the
method in this study.

Within each small town we used recent Google Earth
images to categorise the land uses alongside each road
as residential, road verges, or public urban green spaces
(PUGS), and four suburbs, namely affluent, township, Cen-
tral business district (CBD), RDP. Public urban green space
included areas such as parks, public open spaces, schools,
churches, cemeteries, and servitudes (as suggested by Cil-
liers et al. 2012). The latest aerial images of each study town
were obtained from Google Earth and digitised before the
classification of the different land uses was done. Suburb
delineation on Google Earth was based on housing size
and density as well as land parcel. The delineation of land
use type within each town was based on land cover data
obtained from the Department of Environmental Affairs
website  (https://egis.environment.gov.za/gis_data_down-
loads). Within each small town, land use, suburb, and all
the publicly accessible streets were identified and surveyed.
By driving along each street slowly, all woody IAPs that
were visible on each side of the road were counted, identi-
fied and recorded. The street-based road survey allowed all
woody IAPs along the road verge and immediate surround-
ing to be detected and identified (Baard and Kraaij 2019).
If the woody IAPs was a continuous hedge it was counted
as one unit, and if there was a break in between the hedges,
these were counted separately. An IAPs photo catalogue
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was used to help with the plant identification, and records
from previous studies by Kuruneri-Chitepo and Shackleton
(2011) and Shackleton and Shackleton (2016) were used to
create the species photo catalogue. We acknowledge that
other species identification methods like iNaturalist could
have been useful, however, the creation of our own species
identification catalogue was preferred since it is based by
plant taxonomic observation that were already published in
above-mentioned studies. Additionally, iNaturalist records
for small rural towns and poor suburbs are generally low.
For each identified IAP observed, the following informa-
tion was captured, plant name, suburb and land use, as well
as National Environmental Management: Biodiversity Act
(NEM: BA Act 10 0f 2004) Alien and Invasive Species Reg-
ulations of 2020 (NEM: BA A&IS regulations) (available
on https://www.dffe.gov.za/legislation/actsregulations).
We acknowledge that street-based road surveys have their
own biases e.g., they fail to differentiate planted from self-
seeded wild species and the possibility of underestimating
the counts in areas with high walls, fences or hedges that
obscure the view. However, the method was chosen because
it is reliable, produces reasonably accurate data and it is fast,
allowing greater road distance to be covered within each
town (Marco et al. 2010; Rejmanek et al. 2016). Similarly,
the differentiation of the identified woody species based on
cultivation status as suggested by Gildenhuys et al. (2024)
could have provided robust data, however this was not done
due to the limitations linked to street-based road surveys.
Despite these methodological limitations, the value of our
study is in providing useful insights on the relative distribu-
tion and abundance of woody IAPs in small towns.

Data analysis

Invasive alien plant species counts were used to calculate
species diversity indices per town, namely species richness,
Shannon-Wiener, Simpson’s diversity index, and species
evenness. Species density was calculated using the number
of enumerated woody IAPs divided by the area of a town,
suburb, or land use type. The counts and proportional dis-
tribution of woody IAPs per suburb and land use type were
tested within each town using a Chi-squared test. Princi-
pal Component Analysis (PCA) was used to determine the
variation of woody IAPs across suburbs (affluent, township,
CBD, and RDP) and land use types (residential, road verge,
and PUGS). Multiple regression analysis was conducted
to test for relationships between environmental and socio-
demographics indicators on the abundance, species rich-
ness, and density of woody IAPs. The environmental and
socio-economic indicators used were town size, area, popu-
lation, mean annual rainfall, unemployment rate, education,
GDP-R (GDP by region) and altitude (Table S1). Data for
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these indicators was obtained for each town from the city
population database from Statistics South Africa (2016). We
acknowledge that the 2022 South African statistical data is
now available, however we used the 2016 data since it was
the one available when the study commenced in 2020. These
indicators were used because previous studies have shown
that the distribution, abundance, and diversity of IAPs may
be influenced these environmental and socio-demographic
factors (Appalasamy et al. 2020; Fuentes et al. 2015; McK-
inney 2004). All statistical analyses were conducted using
the STATISTICA version 13 (TIBCO Software Inc 2020).

Results

Woody IAP species composition and diversity across
towns

In total 38 427 individual woody IAPs were enumerated
from 56 different species across the sampled towns (Table 2
and S2). Middleburg had the highest number of woody [APs
with 5 573 individuals, which was five times more than Pat-
erson which had the least (947 individuals) (Table 2). Melia
azedarach was the most common IAP species with an aver-
age of 365+ 105 individuals per town (Table S2). Other
species in the top five were Pinus elliotti (338 + 58), Jaca-
randa mimosifolia (303 +122), E. camaldulensis (290 +77)
and L. lucidum (179 £38) (Table S2). Five species P. pat-
ula, Spathodea campanulate, Ardisia crenata, Parkinso-
nia aculeata and Leucaena leucocephala had less than ten
individuals across the 12 towns (Table S2). The density of
woody IAPs in Kirkwood (445 plants per km?) was more
than seven times greater than in Somerset East and Cathcart
with 56 IAPs per km? (Table 2).

Species richness of woody IAPs varied across all the
towns, ranging from 43 in Somerset East to 21 in St. Fran-
cis Bay (Table 2). Middleburg which recorded the highest
number of woody IAP individuals had a species richness of
40, whereas Paterson which had the lowest abundance had a
species richness of 24 (Table 2). Both Shannon-Wiener and
Simpson’s index of diversity were high in Burgersdorp (3.04
and 0.94, respectively) and low in St Francis Bay (1.91 and
0.83, respectively) (Table 2). In contrast, St Francis Bay had
the highest species evenness of 0.27, compared to Bedford
and Somerset East which recorded the lowest species even-
ness of 0.23 (Table 2).

Woody IAP species abundance per suburb and land
use type

Overall, more than half (56%) of the IAPs were identified
in the affluent suburbs with 23% in the townships, 16% in
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Table 2 Measured woody invasive alien plant species diversity indices across the 12 randomly selected small towns in the Eastern Cape province of South Africa

Town name
Adelaide
2747

Willowmore

3632

St Francis Bay

4382

Somerset East

4105

Paterson
947

Kirkwood  Middelburg

3201

Burgersdorp  Cathcart
4211

Bedford
3499

Barkly East
2224

Alexandria

2212

5573

1699

Species

abundance
Species

32

21

43

24

40

30

34

38

37

31

0

39

richness

1.91 2.48

2.36 2.86 2.62 2.76

2.76

2.92 2.76 2.58 2.54 3.04

Shannon-Wiener

diversity

0.83 0.87

0.89 0.86 0.94 0.9 0.86 0.91 0.91 0.88

0.91

0.91

Simpsons
index

0.28 0.23 0.27 0.25

0.24

0.25

0.25

0.25

0.24 0.25 0.23

0.24

Species

evenness
Species

124.4 220.2 56.4 438.2 167.4

444.6

56.4

136.3

387.2 1324 239.7

68.7

density per km?

the CBD and 5% in the RDP areas (Tables 3 and 4). These
findings were more visible in St Francis Bay and Cathcart,
were the number of woody [APs was more than five times
greater in the affluent suburb compared to other areas. In
Barkley East, Middleburg, St Francis Bay, and Willowmore,
the number of woody IAPs was 20 times higher in the afflu-
ent suburbs than the RDP areas. Across all towns, there was
a significant (x> = 1134.4; p < 0.05) difference in the propor-
tion of woody IAPs per town area. However, the propor-
tional size of the different suburbs is not equal (Table 4).
Taking size into account, results shows that the affluent and
CBD areas have a disproportionately high occurrence of
woody [APs, whilst the RDP and township have lower than
expected from a random distribution.

More than half (54%) of the woody IAPs were counted in
residential areas, followed by road verges (32%) and PUGS
(14%) (Tables 3 and 4). These results were more visible in
St Francis Bay and Adelaide where the number of woody
IAPs was double in the residential areas compared to road
verges. For Kirkwood, Paterson and Adelaide the number
of woody IAPs was six times higher in the residential areas
than in PUGS. There were significant (x*=850.0; p <0.05)
differences on woody IAPs distribution across the differ-
ent land use types. However, although the residential areas
had the highest proportion (68%) of woody IAPs relative to
land area contribution, the ratio was higher in road verges
(ratio=1.52) and PUGS (ratio=1.27) than residential areas
(ratio=0.79) (Table 4).

The results from PCA show that Salix babylonica, P.
canariensis, L. lucidum and Celtis australis were more
abundant in the affluent suburbs (Fig. 2A). In contrast, M.
azedarach, A. mearnsii, Caesalpinia decapetala and Schi-
nus molle were more abundant in the townships, whereas
species such as Syzygium paniculatum, Prunus serotina,
A. saligna, A. melanoxylon and Hakea sericea commonly
occurred in the CBD (Fig. 2A). The RDP areas were associ-
ated with species such as Callistemon viminalis, S. mauri-
tianum, A. crenata, and Prosopis velutina. Generally, most
of the species were found in both affluent and township sub-
urbs (Fig. 2A). With regards to land use type, PUGS were
associated mostly with species such as 4. crenata, Solanum
mauritianum, Bauhinia purpurea, and Triplaris americana,
whereas road verges were characterised by P patula, P.
canariensis, and Spartium junceum (Fig. 2B). Generally,
the residential areas were associated with more IAPs than
road verges and PUGS, but species such as S. babylonica,
Grevillea robusta, and Morus alba were found across the
residential and road verge land use types (Fig. 2B).
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Table 3 Distribution of woody invasive alien plant species across suburbs and land use patterns in 12 randomly selected small towns in Eastern
Cape province of South Africa. The table indicates the sum of the counted invasive alien plant species

Town Suburb Land use

Affluent Township CBD RDP Residential Road verge PUGS
Adelaide 1270 920 360 197 1760 706 281
Alexandria 1198 508 397 109 1139 697 376
Barkley East 1246 369 571 38 1046 850 328
Bedford 1529 928 790 252 1779 1131 589
Burgersdorp 2410 599 876 326 1965 1584 662
Cathcart 1233 214 252 0 732 686 281
Kirkwood 1702 941 402 156 1977 1103 121
Middleburg 3007 1622 806 138 3201 1617 755
Paterson 437 188 209 113 569 315 63
Somerset East 2096 1073 607 329 1927 1704 474
St Francis Bay 3331 401 523 122 2585 855 937
Willowmore 1871 1031 647 83 1955 1044 633
Total 21,330 8794 6440 1863 20,635 12,292 5500
Mean =+ SE (%) 56+15.2 23+6.6 16+4.5 513 54+12.6 32+83 14+£2.7

Table 4 Proportional distribution of woody invasive alien plant spe-
cies across suburbs and land use patterns
Proportional distribution

% IAP % Area Ratio

Suburb

Affluent 56 34 1.65
Township 23 38 0.61
CBD 16 10 1.70
RDP 5 17 0.29
Land use

Residential 54 68 0.79
Road verge 32 21 1.52
PUGS 14 11 1.27

Relationship between species and socio-economic
and environmental attributes

Multiple regression analysis between woody IAP spe-
cies abundance and socio-demographic and environmen-
tal variables showed no significant (F=9.93, p>0.05,
R%2=0.890) relationships (Table 5). In contrast, a signifi-
cantly (F=12,991, p<0.01, R*=0.999) positive relation-
ship was shown between woody IAPs richness and the
predictor variables collectively (Table 5). For the species
richness, eight of the ten indicator variables namely, mean
annual rainfall, town size, population density, altitude, pop-
ulation, unemployment rate, tertiary education, and second-
ary education all showed a significant (p < 0.05) relationship
(Table 5). However, of the above-mentioned predictor vari-
ables, mean annual rainfall, altitude, and secondary educa-
tion showed a negative regression coefficient, meaning IAP
species richness increases as the value of these predictor
variables decreases. The remainder of the above-mentioned
predictor variables showed a positive regression coefficient
(Table 5). Only mean temperature and GDP-R showed no
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significant (p > 0.05) relationship with the IAP species rich-
ness. Collectively, there was a significant (F=23,009,797,
p<0.001, R2=0.999) relationship between species density
and the socio-demographic as well as environmental vari-
ables (Table 5). Except for town size, population density,
and tertiary education, all other predictor variables showed
significantly (p < 0.05) positive relationships, meaning, spe-
cies density increased as these predictor variables increased
(Table 5).

Discussion

Results of this street-based road survey show that the abun-
dance and distribution of woody IAPs was not uniform
across the surveyed small towns, with some towns such as
Middelburg, St. Francis Bay, Burgersdorp, and Somerset
East having a high species abundance and diversity com-
pared to other towns such, as Cathcart and Paterson. Simi-
larly, species density varied across the towns, an indication
that town size might not have an influence on woody [APs
abundance. Our results contradict previous results that have
reported a strong positive correlation between human popu-
lation density and IAP abundance and diversity (Liu et al.
2005; Aronson et al. 2014; Ariori et al. 2017; McLean et
al. 2017). For example, McLean et al. (2017) reported that
bigger towns, particularly those with large affluent areas
tend to have a higher number of [APs, an observation that
was only noted in St Francis Bay. However, it is important
to note that the above-mentioned study surveyed all IAPs
compared to our study that surveyed woody IAPs only. In
contrast, our results concur with studies that have reported
uneven distribution of IAPs across and within small towns
(Mabusela et al. 2021). Although not assessed in this study,
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Fig. 2 Principal Component Analysis (PCA) of the distribution of woody invasive alien plant species across (A) suburbs and (B) land uses. Plant
names are the first letter of the genus and first three letters of the specific epithet. Full names of the plant names are provided in Table S1

Table 5 Relationship between environmental, socio-economic indicators and woody invasive alien plant species abundance, richness, and density
determined using multiple regression. Values in bold show significant differences at *p <0.05, **p <0.01, and ***p <0.001. (ns) means no sig-

nificant difference (p >0.05)

Species abundance Species richness Species density

Beta (B) SE t-value Beta (B) SE t-value Beta (B) SE t-value
Mean Temp (°C) 0.2 0.23 0.88 0.02 0.01 2.56ns 0.94 0.0004 2215%%*
Mean annual rainfall (mm)  0.19 0.2 0.94 -0.37 0.01 -63.49* 0.06 0.0004 167.68**
Size (km?) -4.05 0.84 -4.83 0.78 0.02 32.4* -4.83 0.0015 -3155.55%**
Population density (km=2)  -2.3 0.42 -5.41 0.79 0.01 61.49* -1.89 0.0008 -2430.71%**
Altitude (m) -0.48 0.23 -2.07 -0.3 0.01 -57.15% 0.05 0.0004 115.53%**
Population (No. of people)  3.23 0.56 5.73 0.26 0.02 13.15* 2.69 0.001 2614.06%**
GDP-R (ZAR) 0.31 0.23 1.32 0 0.01 0.46ns 0.77 0.0004 1835.81%**
Unemployment rate (%) 0.84 0.36 2.31 0.56 0.01 39.89* 1.4 0.0007 2110.43%**
Tertiary education (%) -1.28 0.4 -3.23 0.81 0.01 113.53%* -1.55 0.0007 -2132.06%**
Secondary education (%) 2.18 0.64 3.4 -0.69 0.02 -38.23* 3.27 0.0012 2797.69%**
R? 0.990 0.999 0.999
R? adjusted 0.890 0.999 0.999
F value 9.93 12991.1 3009797.9
P-value 0.24 0.01 <0.001
SEE 431.0 0.06 0.12

a potential explanation for the observed uneven distribution
could be environmental (climatic adaptation) and human-
driven (human movement) factors (Gaertner et al. 2017).
For example, different urban climatic conditions could
favour proliferation of some IAPs compared to others. For
example, Mabusela et al. (2021) noted that higher densi-
ties of [APs were observed in coastal towns as compared to
inland towns of Eastern Cape province, South Africa, how-
ever, this was not the case in our study.

Although most woody IAPs were noted in the affluent
suburbs, the proportional distribution relative to suburb size
revealed that the CBD was similar to the affluent areas, both
of which were markedly higher than the poorer townships
and RDP areas. Indeed, previous studies have shown that
IAPs tend to be distributed differently across different resi-
dential suburbs, although such distributions could be spe-
cies specific (Mabusela et al. 2021). The above-mentioned
study noted that some species e.g., C. laevigatum and M.
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azedarach were most common in townships, whereas some
like Acacia and Eucalyptus species were more concentrated
in affluent suburbs. In our study we noted similar patterns of
different species assemblages in different suburbs, such as
S. babylonica, P. canariensis, and L. lucidum concentrated
more in the affluent suburbs as compared to A. saligna, A.
melanoxylon and H. sericea which dominated the CBD,
whilst C. viminalis, S. mauritianum, A. crenata, and P. velu-
tina commonly appeared in RDP suburbs. However, it is
important to note that these patterns are not universal across
all sampled small towns. In the South African context, such
patterns could be linked to colonial history and apartheid
policies that influenced the abundance, distribution, species
and quality of urban green infrastructure generally (Gwedla
and Shackleton 2017; Venter et al. 2020; Shackleton and
Gwedla 2021). Indeed, recent reports have acknowledged
that South Africa’s colonial history could explain some of
the current invasion distribution patterns, particularly for
plant species that were introduced in urban areas for orna-
mental purposes or for specific cultural and personal benefits
(Richardson et al. 2020). For example, preferred ecosys-
tem benefits such as shade, wind breaks, and hedges could
explain why some species are preferred in some suburbs
and land use types as compared to others. Apart from that,
suburb age could explain some of our results, particularly
the high proportional distribution of woody IAPs in affluent
and the CBD compared to townships and RDP areas. For
example, in most South African towns the CBD tends to
be older than RDP areas, since the CBD is the nerve cen-
tre of urban development and growth (Dauskardt 1993; Das
2022), which could subsequently be associated with IAPs
introduction by European settlers (Richardson et al. 2020).
Additionally, the CBD is the urban node of transportation,
human activities, and housing development, which are
likely to increase IAPs introductions in the CBD compared
to the outskirts where townships and RDP areas are located.
There is a need for more studies in urban areas to understand
IAP distribution patterns in different suburbs based on eco-
system services provided, cultural and personal preferences.

Although the proportion of woody IAPs was greatest
in the residential areas, when proportional area of the dif-
ferent land uses was considered, it was revealed that road
verges have the highest per unit area. Indeed, road verges
are regarded as corridors of IAPs due to increased distur-
bance caused by mainly by construction and traffic move-
ment (Son et al. 2024). Stajerova et al. (2017) reported that
verges such as road margins, railway lines, and public areas
tend to have high richness of invasive species, however this
decreased with increasing distance from the city centre.
Our results show that IAPs in small towns are not distrib-
uted uniformly. This could be explained by various factors
such as human mediated introduction, disturbance, and
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municipal management strategies. For example, Potgieter et
al. (2020) noted that increased human movement in urban
public spaces, coupled with high disturbance, particularly
in small towns where management of public green spaces
is limited, could explain the occurrence and dominance of
IAPs in public areas. Mabusela et al. (2021) noted that the
inability of South African small towns to manage PUGS
could explain the high abundance of IAPs in these areas.
Small municipalities in South Africa do struggle with finan-
cial and human resources, and in such contexts the control
and management of IAPs in public spaces is not a priority
(McConnachie et al. 2008; Ruwanza and Shackleton 2016).
There is a need to equip small town municipalities with the
necessary information and resources to manage IAPs in
their jurisdiction, or for higher tiers of government to take
over the responsibility (Ruwanza and Shackleton 2016;
McLean et al. 2017).

The most abundant woody IAPs were M. azedarach, P.
elliotti, J. mimosifolia, E. camaldulensis and L. lucidum,
which were dominant in almost all towns except in St Fran-
cis Bay where counts were below 150 individuals except
for L. lucidum. Although we did not interrogate reasons
why these particular woody [APs dominate, their occur-
rence could possibly be linked to two factors, namely the
ecosystem services that they provide to urban communities
and species-specific traits that facilitate their proliferation.
For example, M. azedarach is a fast-growing tree that domi-
nates, and it is preferred for its aesthetic value and medici-
nal properties (Khan et al. 2011), yet its ability to produce
numerous, bird dispersed seeds and reproduce vegetatively
explain its proliferation in urban areas (Bhatt et al. 2021).
On the other hand, Hirsch et al. (2020) reported that E.
camaldulensis is widely used for shade and windbreaks;
however, it is regarded as a conflict species (species with
both costs and benefits) which makes management in urban
areas difficult as some urban residents favour it and oppose
management actions to remove it. The high occurrence of J.
mimosifolia in South African towns is linked to deliberate
introductions by Europeans as street trees for the shade and
beautiful flowers (Newete et al. 2022). Past introductions of
J. mimosifolia were viewed as a symbol of modernity and
beautification of urban areas (Newete et al. 2022). Ligus-
trum lucidum is a common hedge plant and is also dispersed
by birds (Mabusela et al. 2021). However, it is important to
note that some hedge species (e.g. Ligustrum species) could
have been under sampled due to limitations associated with
the street-based road survey, therefore, their abundance and
distribution in urban areas could be higher than reflected by
our results.

The multiple regression analysis showed different rela-
tionships with socio-economic and environmental variables,
depending on which measure of woody IAPs was assessed.
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Spatial variability in the relationship between IAPs and
socio-economic as well as environmental predictors has
been reported in the past (Reynolds et al. 2020). However,
a closer examination of the data shows that only three indi-
cators, namely town population, temperature, and unem-
ployment were significantly and positively correlated with
woody IAP species richness and density. Indeed, there is evi-
dence that densely populated urban areas tend to have more
IAPs, possibly linked to increased seed dispersal caused by
increased human movement (Liu et al. 2005). Similarly,
temperature variabilities have been shown to influence
IAPs. For example, Mabusela et al. (2021) observed more
IAPs in temperate coastal towns, compared to ones in drier
and climatically harsher regions. Besides temperature influ-
encing plant establishment and growth, it can also influence
soil nutrient availability and uptake by IAPs (Skalova et al.
2015). Although a positive relationship was found between
GDP and all measured AP variables, it was only significant
for species density. Previous studies have reported positive
relationships between GDP and invasions (Sharma et al.
2010). However, this is more evident at global and national
scales than at town scales, given evidence that developed
nations with high GDP and increased movement of goods
tend to receive more IAPs than less developed countries
(Levine and D’ Antonio 2003; Sharma et al. 2010). Perhaps
at a town scale, a positive relationship between GDP and
IAPs density speaks to the financial ability of a municipal
authority to manage IAPs. If this proposition is correct, then
poorer municipalities with low financial resources (e.g., Pat-
erson) should be assisted by national government when it
comes to management of [APs.

In conclusion, despite the limitations associated with
street-based road survey, our results provide insight on
the abundance and distribution of woody [APs that were
detected in Eastern Cape small towns. Our results shown
an uneven spatial distribution and diversity of woody IAPs
across different towns, suburbs, and land use types in 12
Eastern Cape small towns. We have provided evidence that
some towns have a high abundance, diversity, and densities
of IAPs whilst others do not. Nevertheless, there were at
least 21 different woody IAPs species in every town and as
many as 43. We found evidence that some socio-economic
and environmental predictors such as town population,
temperature, unemployment, and GDP show significant
and positive correlation with IAP species richness and den-
sity, but not abundance. Based on these results we recom-
mend the following, firstly, municipalities should prioritise
the problem of IAPs in urban areas. Our results reaffirm
the importance of monitoring woody IAPs in urban areas
and such monitoring information can be used to develop
effective methods to manage invasives in urban areas. Sec-
ondly, human and financial resources should be allocated

to manage [APs in suburbs (affluent) and land use (residen-
tial) areas that have the most species. Thirdly, municipali-
ties should develop control plans that aim to manage [APs
in their jurisdiction. Although this is a national legislative
requirement in South Africa, there is evidence that small
town municipalities are struggling to develop control plans,
thus the need for national government support (Zengeya and
Wilson 2020). Lastly, is the development and distribution of
appropriate and local language information and awareness
materials on IAPs to be available in public green spaces and
facilities (like municipal offices, schools, libraries, clinics).
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