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Abstract
Urbanization results in rapid land transformations impacting bio-diversity and ecosystem services. With urban expansions 
population transition will predominantly occur in the peri-urban areas of the world’s metropolitan cities like India, China, 
and Nigeria, which are often located in naturally species-rich regions and highly vulnerable to plant invasions. Thus it is 
increasingly important to monitor the changes occurring in the floral composition in such areas. The present study was there-
fore conducted across peri-urban habitats of Greater Kolkata, in order to establish a baseline data on plant species richness, 
invasive species co-occurrence, invader dominance and understand the bio-diversity pattern. Results showed a total of 62 
plant species, mostly annual herbs, belonging to 29 families constituting the species richness in the study area. Both native 
(53%) and alien (47%) species were almost equally distributed and invasive species (32%) represented the majority among 
alien species. The findings also indicate that the species pool was dominated by sparsely distributed species. The number of 
invasive species varied from 2 to 9 per site, with 80% of sites supporting 3 or more species. Alternanthera philoxeroides and 
Mikania micrantha were the most frequently occurring invasive species. Overall, M. micrantha appeared to be the dominant 
species with 62% of sites with a high cover (> 70%) and was found to be evenly distributed in areas. However, they pose 
serious threat to local bio-diversity which shows that species-specific management is needed even in the peri-urban habitats.
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Introduction

Rapid urbanization and the growth of peri-urban areas is 
now a global phenomenon and has emerged to be one of the 
most critical challenges to ecological sustainability in urban 
areas (Dadashpoor & Ahani, 2021). Peri-urban areas are the 
peripheral areas or the transition zone in cities where land-
scape features are subject to rapid modifications induced by 
human activities and as cities develop, much of their growth 
is located in such areas (Narayani & Nagalakshmi, 2023). 
The patterns of peri-urban transformation differ across 
countries due to significant variation in geography, climate, 
socioeconomic characteristics and governance frameworks 
(Chen et al., 2020). While peri-urban growth in developed 

countries is considered an indicator of urban welfare and 
well-being, its pace and scale in developing nations is often 
negatively considered to be a planning challenge (Follmann, 
2022). Unplanned urbanization and sprawl of large cities 
in developing nations result in rapid land transformations 
which encroach on and degrade the vegetation in peri-urban 
zones limiting ecosystem services that are critical to human 
health and well-being (Ellis, 2021; Rozas-Vasquez et al., 
2022; Chen et al., 2023). Thus, in an era of climate change 
and threat of natural hazards, peri-urbanization is an impor-
tant challenge, especially for developing nations, particularly 
in terms of environmental management and achieving global 
targets such as the Sustainable Development Goal (UN-SDG 
11) on Sustainable Cities and Communities (Ferreira et al., 
2021; Mortoja & Yigitcanlar, 2022).

A rapidly growing human population accelerates eco-
nomic development and international trade which are fac-
tors that promote the introduction of alien and invasive plant 
species (Early et al., 2016; Seebens et al., 2018). Plant intro-
ductions and human disturbance, combined with primary 
and secondary urbanization processes, have wide-ranging 

 *	 Seemanti Chatterjee 
	 seemanti.chatterjee@gmail.com

1	 Agricultural and Ecological Research Unit, Indian Statistical 
Institute, 203 B. T. Road, Kolkata 700108, India

2	 Present Address: Department of Zoology, Bethune College,  
181 Bidhan Sarani, Kolkata  700006, India

http://crossmark.crossref.org/dialog/?doi=10.1007/s42974-023-00169-z&domain=pdf


30	 Community Ecology (2024) 25:29–44

1 3

implications for bio-diversity (de Barros Ruas et al., 2022; 
Jaureguiberry et al., 2022). Global assessments show that 
urban expansion has caused about 50% loss of local within-
site species richness and 38% loss of total abundance of 
species in intensively used urbanized areas as compared to 
a naturally un-impacted baseline (Newbold et al., 2015). 
Moreover, global climate change also aggravates the risk 
of plant invasions and expands their range (Weiskopf et al., 
2020) which may present a growing threat to ecosystems, 
potentially compromising their function, structure, and 
service provision (Pyšek et al., 2020a). Alien and invasive 
plants exert stronger direct and indirect effects on native flora 
(Allen et al., 2020) be it their ability to survive in stressful 
urban environments with higher temperatures (urban heat 
island effect), increased drought and widespread pollutants 
(Calfapietra et al., 2015; English & Wright, 2021; Jha et al., 
2020); or their vegetative and reproductive traits such as high 
specific leaf area and smaller seeds which help them to rap-
idly take up available resources, have high intrinsic growth 
rates allowing them to grow and extend their range rapidly 
(Zhang et al., 2019); or their multiple modes of reproduc-
tion (Wang et al., 2019); or production of allelochemicals 
that suppress germination and growth of neighboring plants 
(Thiébaut et al., 2019; Yuan et al., 2021); or through soil 
amendments (Fahey & Flory, 2022); or trophic imbalance 
and decreased species resilience which can greatly reduce 
the biomass, coverage and diversity of native communities 
which have high habitat specialization (Banerjee & Dewanji, 
2017a; Liu et al., 2017; Weiskopf et al., 2020). City centers 
are reported to be hubs for the spread of invasive alien spe-
cies (Kühn et al., 2017; Appalasamy & Ramdhani, 2020) 
making peri-urban areas vulnerable to their spread through 
transportation corridors.

Although urbanization is known to influence the distribu-
tion of plant diversity (Aronson et al., 2015) and may favor 
alien species over native species (McKinney, 2008; Avolio 
et al., 2020), the patterns of the plant diversity distribution 
vary significantly from study to study. Satellite-based remote 
sensing studies has been widely used to monitor vegetation 
growth over large areas (Guan et al., 2019; Sharma et al., 
2022) but there is limited availability of ground-based obser-
vations on vegetation through field surveys (Zhang et al., 
2022), especially in tropical cities of developing countries, 
where trees are the most reported vegetation type studied 
(Alue et al., 2022; Gopal et al., 2019; Jha et al., 2019). More-
over, many urban bio-diversity studies have been conducted 
in highly managed city parks and green spaces with rela-
tively few studies occurring in unmanaged, remnant loca-
tions such as peri-urban areas (Avolio et al., 2020; Knight 
et al., 2021). Future urban expansion, with increases in the 
size of the world's urban population, is projected to be at an 
alarming rate under different climate change and develop-
ment pathway (Chen et al., 2020; Gao & O’Neill, 2020). 

This population transition will predominantly occur in the 
peri-urban areas of the world’s metropolitan cities of Asia 
and Africa like India, China, and Nigeria (United Nations, 
2018), which are often located in naturally species-rich 
regions highly vulnerable to plant invasions. Current poli-
cies in most of these countries are under-equipped to address 
emerging threats from invasive alien species both in terms 
of the current extent of the problem and control efforts for 
existing species (Early et al., 2016).

India, one of the fastest developing urban systems in the 
world (Sun et al., 2020), is also undergoing rapid transfor-
mation of its existing peri-urban areas which are under tre-
mendous stress due to pressures created by urbanization, 
including biotic invasions (Aijaz, 2019). Although many 
Indian databases regarding alien and invasive plant species 
have come up during the last few years (Inderjit et al., 2018; 
Pant et al., 2021; Sankaran et al., 2021), but there have been 
no efforts directed toward prioritization of invasive species 
for location specific monitoring or management (Mungi 
et al., 2019) or toward comprehensive appraisals of the eco-
nomic costs of invasive alien species in India (Bang et al., 
2022). Furthermore, due to limited availability of studies 
in peri-urban areas (Agrawal & Narayan, 2017; Gupta & 
Narayan, 2006) prone to alien plant invasion, projected to 
increase in the next three decades (Seebens et al., 2021), 
there is a primary need to record the presence of species in 
these transitional areas so that future monitoring or manage-
ment strategies can be established. Using a rapidly urbaniz-
ing city in India as a case study, the present ecological study 
involving an in situ vegetation survey was therefore carried 
out across peri-urban habitats within Greater Kolkata in 
order to establish a baseline data on (i) the herbaceous plant 
species richness and composition in terms of their families, 
life forms and invasion status, (ii) the co-occurrence pattern 
of invasive plants and their dominance in terms of cover 
percentage and (iii) the diversity patterns which could aid 
in understanding future changes in floral compositions in 
disturbed environments that could aid in developing man-
agement actions, wherever necessary.

Materials and methods

Study area and site selection

As mentioned, the city of Kolkata, India, was selected as the 
case study area, in which 21 peri-urban sites in the Greater 
Kolkata region were surveyed (see ESM1). The Greater Kol-
kata region is linearly located along the eastern and western 
banks of the Hooghly river and lies between 88°34′04.91″ 
E and 22º21′04.07″ N, covering an area of 1886.7  km2. 
Previous studies using remote sensing data show that the 
urban expansion has consistently occurred along the length 
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of the Hooghly river in a linear, unidirectional pattern com-
prising of newly built-up patches from the edge of exist-
ing ones (Chakraborty et al., 2021; Sahana et al., 2018). 
This mostly happens along the transport corridors and the 
lands that are located adjacent to the city are more prone 
to this conversion (Sahana et al., 2023). The city has expe-
rienced marked expansion in built-up areas at the cost of 

vegetation, waterbodies and agricultural land (Mazumder 
et al., 2021; Mondal et al., 2017). The study area and sites 
(Fig. 1), depicting peri-urban land comprise suburbs and 
exurbs, are located beyond the urban core or the Kolkata 
Municipal Corporation (KMC). These peri-urban spaces 
are experiencing rapid population growth, while stagnant 
or negative growth rate has been reported from the KMC 

Fig. 1   Map of Greater Kolkata, the study area
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area (Mondal & Banerjee, 2021). The city has a tropical 
climate with monthly mean temperatures ranging from 19 
to 30 °C (Dasgupta et al., 2013). Summers are extremely 
hot and humid with maximum temperatures rising to 40 °C 
while winter lasts for only a few months with seasonal lows 
dipping to 9 °C (Sharma et al., 2015). The region is also 
prone to cyclones and has an annual rainfall of 1640 mm 
(IMD Kolkata 2016).

The site selection included all kinds of spaces well out-
side the urban core (including suburbs, fringe, exurbs, and 
other locales) using the pragmatic approach as followed 
by most studies (Follmann, 2022). Although some studies 
have tried to spatially demarcate peri-urban zones based on 
either socioeconomic structures or through land use change 
analysis using remote sensing (Sahana et al., 2023), there is 
no standard methodology for the delineation of these com-
plex transitional areas given their irregular and continuously 
evolving morphology (Mondal & Sen, 2020). Site selection 
involved a combination of Google earth images and ground-
truthing, with the intention of identifying sites which would 
be representative of a mixture of land use types, typically 
found in such transitional areas in cities of developing coun-
tries. Points were randomly chosen on the Google image lat-
erally along either sides of the Hooghly river and the Google 
Earth Pro software was used to create a 100 m (diameter) 
buffer area around each point and generate the study area 
maps. Urban landscape features such as proximity to roads, 
industry, high built-up were marked for each point (see 
ESM2). The 21 sites finally identified for the survey, during 
ground-truthing, had easy accessibility and involved a com-
bination of 10 sites with atleast one urban element, 6 sites 
with two urban elements and 5 sites with none (see ESM1).

Plant documentation, collection, and identification

Within each site, a 1 m × 1 m quadrat was randomly placed 
four times (adjacent to each other) on patches of herbaceous 
vegetation and all species present in the quadrat were noted 
for estimating species richness. Cover percent, a surrogate 
for abundance, was visually recorded for each species per 
quadrat for better representation of the community domi-
nance at each site. The floristic survey was conducted on 
ground surface vegetation including road verges. However, 
plants growing on vertical surfaces such as walls were not 
considered for the study. The sampling location together 
with site co-ordinates was recorded during the field visits 
using a handheld GPS (Garmin eTrex Vista). The names 
of plant species occurring at each sampling site have been 
listed along with the site co-ordinates and characteristics 
in ESM1.

Photographs of live plants were also taken at the time 
of field visits. Unknown plant samples (with evidence of 
flowering or fruiting, when available) were collected from 

quadrats at each site for identification purposes, pressed 
and herbarium vouchers deposited at the Central National 
Herbarium, Botanical Survey of India, Shibpur, Howrah for 
identification and authentication. All scientific names were 
cross-checked and confirmed using The Plant List (Version 
1.1, 2013; accessed January 2018). Family, life forms, and 
habits were also checked from the literature and internet 
resources. Alien species were categorized into casual, natu-
ralized, and invasive species following the criterion pro-
posed by Blackburn et al. (2011) and Richardson and Pysek 
(2012). Species included in the 'invasive' list were only those 
for which there was strong evidence that they are aliens in 
India (Reddy et al., 2008; ENVIS). The complete list of spe-
cies with common names, life forms, habitats and species 
status is presented in Table 1.

Data analysis

The percent frequency of occurrence (f) was summarized as 
the number of quadrats with at least one individual divided 
by the total number of sampled quadrats × 100. When pooled 
over sites, species presence in quadrats was reported as total 
numbers recorded in 84 quadrats (21 sites × 4 quadrats). Spe-
cies were additionally classified into 4 classes in accordance 
with their percent frequency of presence in sites within the 
investigated area. They were considered as sparse species, 
if present in 5% of quadrats, occasional species if present 
between 6 and 15% of quadrats, common species if present 
between 16 and 50% of quadrats, and very common species 
when present in more than 50% of quadrats.

The likelihood ratio test was done between native and 
alien species groups to check for the difference in their mean 
value.

The cover data were further classified into four cover 
classes e.g., negligible species cover (< 10%); low species 
cover (10– < 30%); moderate species cover (30– < 70%) and 
high species cover (> 70%) in an attempt to explore the effect 
of invasive plants on native diversity and to understand the 
community dominants (Banerjee & Dewanji, 2017b; Bassett 
et al., 2012; Chatterjee & Dewanji, 2014).

The Q GIS software (version 3.30.0) was used to draw the 
study area map while graphs were generated using Microsoft 
Excel 2010.

Calculation of indices

Multiple similarity measure

Using plant species richness data, multiple similarity 
measure (Diserud & Ødegaard, 2007) was calculated to 
check for the similar species composition with the study 
area. Here, the identity of species shared across more than 
two sites is taken into consideration instead of calculating 
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Table 1   List of plant species recorded in 21 sites in Greater Kolkata, 
India. Source: 1. CABI (https://​www.​cabi.​org) 2. Flora Fauna Web 
(https://​flora​fauna​web.​nparks.​gov.​sg) 3. Flowers of India (www.​flowe​
rsofi​ndia.​net) 4. India Biodiversity Portal (https://​india​biodi​versi​ty.​

org) 5. Invasive Alien Flora of India (Reddy et  al., 2008) 6. IUCN 
(www.​iucnr​edlist.​org) 7. KEW (https://​www.​kew.​org); 8. USDA 
(https://​plants.​usda.​gov) 9. The Plant List (www.​thepl​antli​st.​org)

SI
No.

Species name Common name1–6,8 Family1,3–6,9 Life form1−5,7–8

Habit1–5,7,8
Species status1,3–7*

1 Acmella paniculata (Wall. ex DC.) R.K.Jansen Panicled spot flower Compositae Herb annual Native
2 Ageratum conyzoides (L.) L Goat weed Compositae Herb annual Invasive
3 Alternanthera paronychioides A.St.-Hil Smooth joyweed Amaranthaceae Herb perennial Invasive
4 Alternanthera philoxeroides (Mart.) Griseb Alligator weed Amaranthaceae Herb perennial Invasive
5 Blumea axillaris (Lam.) DC – Compositae Herb annual Native
6 Cardamine hirsuta L Hairy bittercress Brassicaceae Herb annual Invasive
7 Cascabela thevetia (L.) Lippold Yellow oleander Apocynaceae Tree evergreen Naturalized
8 Centella asiatica (L.) Urb Asiatic pennywort Apiaceae Herb annual Native
9 Centotheca lappacea (L.) Desv – Poaceae Grass perennial Casual
10 Chromolaena odorata (L.) R.M.King & H.Rob Siam weed Compositae Herb perennial Invasive
11 Coccinia grandis (L.) Voigt Ivy gourd Cucurbitaceae Climber perennial Native
12 Colocasia esculenta (L.) Schott Taro Araceae Herb perennial Native
13 Commelina benghalensis L. Day flower Commelinaceae Herb annual Native
14 Cucurbita moschata Duchesne Pumpkin Cucurbitaceae Climber annual Casual
15 Cuscuta campestris Yunck Field dodder Convolvulaceae Herb perennial Naturalized
16 Cynodon dactylon (L.) Pers Bermuda grass Poaceae Grass perennial Native
17 Cyanthillium cinereum (L.) H. Rob Little ironweed Compositae Herb annual Naturalized
18 Digitaria sanguinalis (L.) Scop – Poaceae Grass annual Casual
19 Digitaria setigera Roth East Indian crabgrass Poaceae Grass annual Native
20 Diplazium esculentum (Retz.) Sw Vegetable fern Athyriaceae Herb perennial Native
21 Ecbolium ligustrinum (Vahl) Vollesen Green shrimp plant Acanthaceae Shrub perennial Native
22 Echinochloa colona (L.) Link Jungle rice Poaceae Grass annual Invasive
23 Eclipta prostrata (L.) L False daisy Compositae Herb annual Invasive
24 Eleusine indica L. Gaertn Goose grass Poaceae Grass annual Native
25 Eragrostis tenella (L.) P.Beauv. ex Roem. & Schult Japanese lovegrass Poaceae Grass annual Native
26 Euphorbia hirta L. Garden spurge Euphorbiaceae Herb annual Invasive
27 Ficus racemosa L. Cluster tree Moraceae Tree evergreen Native
28 Hemigraphis hirta (Vahl) T.Anderson Hairy Hemigraphis Acanthaceae Herb perennial Native
29 Hemigraphis latebrosa (Roth) Nees Shade loving Hemigraphis Acanthaceae Herb annual Native
30 Imperata cylindrica (L.) Raeusch Cogon grass Poaceae Grass perennial Invasive
31 Ipomoea carnea Jacq Morning glory Convolvulaceae Shrub perennial Invasive
32 Ipomoea alba L. Moon Vine Convolvulaceae Climber perennial Naturalized
33 Ipomoea aquatica Forssk Swamp morning-glory Convolvulaceae Herb perennial Native
34 Ipomoea marginata (Desr.) Verdc Purple heart glory Convolvulaceae Climber perennial Native
35 Kyllinga nemoralis (J.R.Forst. & G.Forst.) Dandy 

ex Hutch. & Dalziel
White water sedge Cyperaceae Grass perennial Native

36 Lantana camara L. Lantana Verbenaceae Shrub perennial Invasive
37 Lathyrus sativas L. Grass pea Leguminosae: 

Papilio-
noideae

Climber annual Native

38 Limnophila repens (Benth.) Benth Creeping marshweed Plantaginaceae Herb perennial Native
39 Ludwigia adscendens (L.) H. Hara Water primrose Onagraceae Herb perennial Invasive
40 Luffa cylindrica (L.) M. Roem Sponge gourd Cucurbitaceae Climber annual Native
41 Marsilea quadrifolia L European water clover Marsileaceae Herb annual Native
42 Mikania micrantha Kunth Mile-a-minute Compositae Climber perennial Invasive
43 Nicotiana plumbaginifolia Viv Tex-Mex Tobacco Solanaceae Herb annual Naturalized
44 Oxalis corniculata L. Creeping woodsorrel Oxalidaceae Herb perennial Invasive

https://www.cabi.org
https://florafaunaweb.nparks.gov.sg
http://www.flowersofindia.net
http://www.flowersofindia.net
https://indiabiodiversity.org
https://indiabiodiversity.org
http://www.iucnredlist.org
https://www.kew.org
https://plants.usda.gov
http://www.theplantlist.org
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the average over a set of dependent pairwise similarities. 
The multiple site similarity measure is in the range of 
0 – 1, with 1 indicating complete similarity.

Where
ai is the number of species in Ai.
T = Total number of sites.
ST = Sum of total number of species in site T.

Diversity and evenness study

Using abundance data, Shannon diversity index (H') 
(Shannon–weaver index 1949) and Pielou’s evenness 
measure (Pielou’s evenness 1969) was used to check the 
species bio-diversity of the studied area.

where
s is the number of species.
pi is the proportion of individuals or the abundance of the ith 

species and ln = log base n

CT
S

=
T

T − 1

�

1 −
ST

∑

i ai

�

H�
= −

s
∑

i=1

pi ln pi

Values of diversity index usually lie between 1.5 and 
3.5, the higher the value more diverse the site (Kent, 2011; 
Magurran, 2004).

Evenness measure ( E ) (Pielou’s evenness 1969) is given 
by.

Where
s is the number of species.
pi is the proportion of individuals or the abundance of the 

ith species expressed as a proportion of total cover.
ln = log base n.
The value of the index usually lies between 0 and 1. The 

higher the values of E, the more even the species and their 
distribution within the quadrat (Kent, 2011).

Results and discussion

Composition of plant species in study sites

The distribution of species in peri-urban regions of Greater 
Kolkata revealed a total of 62 species belonging to 55 genera 
and 29 different families. The enlisted species along with 

E =
H�

H�

max

=

∑s

i=1
pi ln pi

ln s

* Aliens are categorized as Casual, Naturalized and Invasive (Richardson et al., 2000)

Table 1   (continued)

SI
No.

Species name Common name1–6,8 Family1,3–6,9 Life form1−5,7–8

Habit1–5,7,8
Species status1,3–7*

45 Oplismenus burmannii (Retz.) P.Beauv Burmann's basketgrass Poaceae Herb annual Native
46 Panicum distichum Lam Knot grass Poaceae Grass perennial Native
47 Parthenium hysterophorus L. Carrot grass Compositae Herb annual Invasive
48 Passiflora foetida L Love in a mist Passifloraceae Climber perennial Invasive
49 Peperomia pellucida (L.) Kunth Shiny bush Piperaceae Herb annual Invasive
50 Phyla nodiflora (L.) Greene Frog fruit Verbenaceae Herb perennial Native
51 Phyllanthus niruri L Gale of the wind Phyllanthaceae Herb annual Native
52 Phyllanthus reticulatus Poir Black-honey shrub Phyllanthaceae Shrub perennial Native
53 Pouzolzia zeylanica (L.) Benn Graceful pouzolzsbush Urticaceae Herb perennial Native
54 Psidium guajava L. Guava Myrtaceae Shrub perennial Casual
55 Rumex dentatus L. Toothed dock Polygonaceae Herb annual Native
56 Rungia pectinata (L.) Nees Comb Rungia Acanthaceae Herb annual Native
57 Solanum nigrum L. Black nightshade Solanaceae Herb annual Native
58 Sphagneticola calendulacea (L.) Pruski Chinese Wedelia Compositae Herb perennial Native
59 Sporobolus fertilis (Steud.) Clayton – Poaceae Grass perennial Native
60 Synedrella nodiflora (L.) Gaertn Cinderella weed Compositae Herb annual Invasive
61 Tridax procumbens (L.) L Coat buttons Compositae Herb annual Invasive
62 Urena lobata L. Caesar weed Malvaceae Shrub perennial Invasive
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their botanical and common names, family, life forms, and 
invasion status are reported in Table 1. Tree species included 
in the list were those of a few saplings which occasionally 
appeared in some quadrats. The compositional distribu-
tion (including family, life forms, and stages of invasion) 
of all the species have also been represented in pie charts 
(Fig. 2). Poaceae and Compositae were the two families that 
dominated the species pool (Fig. 2a). While native species 
were mostly represented by Poaceae (Fig. 2b), Compositae, 
which is the largest dicotyledon family, harbored the highest 
number of aliens (Fig. 2c). Compositae has been reported to 
contribute to high numbers of alien species (naturalized and 

invasive), not only in India (Adhikari et al., 2015; Inderjit 
et al., 2018; Muzafar et al., 2019) but also worldwide (Pyšek 
et al., 2017, 2020b).

The purpose of denoting the specific life-forms (herb, 
shrub, climber, grass, etc.) and habits (annual, perennial, 
and evergreen) is important as it reflects a plant’s adapta-
tion to its environment, its response toward disturbances 
(Arnold, 1955) and represents major life-history strate-
gies within plant lineages (Miller et al., 2011). Most of the 
species (> 50%) growing in peri-urban areas were herbs 
(Fig. 2d), which are more likely to establish and spread 
rapidly because of shorter generation times (Inderjit et al., 
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Fig. 2   a composition of plant species by family; b family including native species; c families including alien species; d contribution percentage 
of life-forms and growth habit; and e invasion status recorded in all 21 sites of Greater Kolkata
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2018). Among 1747 alien vascular plant species of India, the 
herbaceous growth form has been reported to be the predom-
inant form (Pant et al., 2021). All plant species were broadly 
classified into natives and aliens (Fig. 2e). Both native (53%) 
and invasive (47%) species are almost equally distributed, 
among aliens the majority were invasive species (32%) as is 
evident from the figure (Fig. 2e).

Overall and species‑specific distribution

The species were further categorized based on their overall 
frequency % (species numbers in each quadrat) and their dis-
tribution is plotted in Fig. 3. On the regional scale, the spe-
cies pool was dominated by species belonging to the sparse 
category (~ 43.5%, n = 27/62) which probably indicates 
variable levels of anthropogenic stress in peri-urban areas. 
Eight species belonged to the common category while there 
were only two very common species (e.g., Alternanthera 
philoxeroides and Mikania micrantha) with > 50% occur-
rence. Most species assemblages are dominated by relatively 
sparse species (McGill, 2003) and their numbers vary from 
place to place because of natural variation in species abun-
dance distribution, or variation in levels of anthropogenic 
stress (Midolo et al., 2019; Sheil, 2016).

Species-specific insights with respect to the frequency 
of native and invasive species present in sites, as reflected 
on a local scale, are provided in Fig. 4. A preponderance of 
sparse and occasional species is evident for both groups. 
Most natural and semi-natural communities have a common 
structure with few very abundant species, and many are only 
fairly frequent (Magurran, 2004). It is very evident from 
Fig. 4 that most of the native species (20 out of 33 species) 
occurred sparsely in sites (< 15%) which possibly indicates 
the constant shift in native species distribution in areas under 

the influence of increasing disturbance due to urbanization. 
Colocasia esculenta was the only species under the very 
common status (i.e., > 50% frequency), which is probably 
because of its wide spread cultivation outside the urban city 
core areas not only for its edibility (both leaves and corms 
are popularly consumed) but also for its traditional medicinal 
value (Kapoor et al., 2022; Pawar et al., 2018; Zubair et al., 
2023). Among a large number of invasive plants (n = 20) 
found during the investigation, (Fig. 4), Mikania micrantha 
(90%) and Alternanthera philoxeroides (71%) were the two 
very common species, both of which are known to invade 
disturbed areas (Huang et al., 2015; Pathak et al., 2021).

Site‑specific species distribution

Since species exist as communities in the spatial world, 
accounting for species richness or the number of interact-
ing species in a community is of significance due to its 
role in maintaining ecosystem functioning (Wagg et al., 
2019; Xiong et al., 2021). Site-specific species distribu-
tion revealed a substantial variation in total species richness 
from 4 to 25 (Table 2). The median values, which are more 
robust to outliers than the mean, were 11, 5, and 5 for total 
species richness, native species, and alien species numbers 
respectively. When the sites were judged for richness pat-
terns based on the median values, 50% of sites showed total 
species richness ≥ 11 indicating a good number of species in 
the studied area. Suburban neighborhoods can have high het-
erogeneity between locations fostering different plant assem-
blages at small scales, consequently supporting many spe-
cies at a site (de Barros Ruas et al., 2022; McKinney, 2008). 
Although most of the sites showed a good representation 
of families, but in the nine sites with species richness < 10, 
the phylogenetic diversity, in terms of number of families 

Fig. 3   Species frequency in the 
sampled area. Points indicate 
the number of species under a 
given frequency category based 
on percent occurrence of each 
species
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per site, varied from 3 to 7 while sites with higher number 
of species were represented by higher number of families 
(8–16) (Table 2). The presence of closely related species 
that are functionally similar and adapted to disturbances are 
generally associated with urbanization (Ricotta et al., 2009).

Both the native and alien species were more or less 
equally distributed in most sites and more than 50% of sites 

supported a greater number of species than the observed 
median value of 5. Among the aliens, the number of inva-
sive species varied from 2 to 9 per site, with 80% of sites 
supporting three or more species, indicating the increas-
ing presence of multiple plant invaders even in peri-urban 
sites (Table 2). Disturbance in terrestrial ecosystems, espe-
cially anthropogenic activities, enhance the diversity and 

Fig. 4   Distribution of native 
and invasive species found in 
the sampled area. Bar indicates 
the frequency of individual spe-
cies under given category in 21 
studied sites
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distribution of alien plants; however, the strength of this 
enhancement relies on the disturbance type (Jauni et al., 
2015). The Likelihood ratio test revealed no significant dif-
ference between mean numbers of native and alien species 
richness (s = 0.214; p = 0.643). Site 6, with highest number 
of species, both for natives (15) and aliens (10), appeared 
to be a developing area with moderate disturbance intensity 
(mix of agriculture, residential developments at different 
stages and remnant natural areas) which often show peaks 
in regional plant richness (Aronson et al., 2017; del Tredici, 
2010; McKinney, 2008). At the local scale, environmental 
and resource heterogeneity may explain part of the variabil-
ity in species richness (de Barros Ruas et al., 2022; Pausas 
& Austin, 2001) as observed in this study. Disturbance in 
urban cities may create opportunities for alien plant spe-
cies colonization by removing native plants thereby affect-
ing assembly processes which can play a significant role in 
the structure of plant communities. Escobedo et al. (2017) 
indicated how different responses to disturbance in terms 
of species richness in native and alien species led to a null 

response of total species richness along a disturbance gra-
dient. Furthermore, it is interesting to note that 62% of the 
sites, in the investigated area, exhibited greater native spe-
cies numbers even in presence of multiple invasive species 
at sites, thereby indicating the contribution of native species 
toward total species richness. This probably indicates that 
the independent rate of extinction of native species was not 
affected by the intensity or type of disturbance or the num-
bers of invasive species present in many of these peri-urban 
sites located at a distance from the urban core, and that these 
sites were still able to support native species possibly as part 
of remnant natural vegetation.

Co‑occurrence of invasive species in the study area

The identity of the twenty invasive species found in the 
study area, their co-occurrence pattern and cover percent, 
as a measure of abundance, in sites are shown in Table 3. 
Species cover data could additionally provide insights into 
the less visible aspects of a community, such as competition 

Table 2   Sitewise distribution of plant species (richness) surveyed in Greater Kolkata

Sites Total species 
richness

Total no. of 
families /site

Single occurrences 
of families /site

Native species 
richness

Alien species 
richness

No. of aliens

Casual Naturalized Invasive

S1 4 4 4 2 2 0 0 2
S2 11 7 11 7 4 0 1 3
S3 11 9 7 6 5 1 1 3
S4 15 9 7 8 7 1 1 5
S5 11 8 5 5 6 0 0 6
S6 25 16 12 15 10 0 1 9
S7 14 10 8 8 6 1 2 3
S8 11 11 11 5 6 2 1 3
S9 7 3 - 3 4 1 0 3
S10 7 6 5 3 4 1 0 3
S11 8 7 6 4 4 0 1 3
S12 9 4 - 6 3 1 0 2
S13 15 10 8 7 8 1 0 7
S14 9 7 5 7 2 0 0 2
S15 11 8 6 6 5 1 1 3
S16 13 8 6 5 8 1 1 6
S17 10 9 8 7 3 0 0 3
S18 8 7 6 5 3 0 0 3
S19 8 5 4 2 6 0 1 5
S20 6 5 4 4 2 0 0 2
S21 11 8 5 5 6 0 1 5
Min 4 3 4 2 2 0 0 2
Max 25 16 12 15 10 2 2 9
Mean 11 8 7 6 5 1 1 4
SD 4 3 2 3 2 1 1 2
Median 11 8 6 5 5 0 1 3
CV% 41 37 36 49 44 115 105 49
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and predation which could help to identify the processes 
responsible for community structure and dynamics (Bas-
sett et al., 2012). Co-occurrence of M. micrantha and A. 
philoxeroides, the two most commonly occurring species, 
was observed in 67% (n = 14) of sites which shows their 
ability to maintain self-sustaining populations in peri-urban 
areas. While A. philoxeroides was present in 71% (n = 15) 
of sites, M. micrantha was the only invasive species to be 
present in 90% (n = 19) of sites (with nil or negligible pres-
ence in 3 sites). Among the two co-occurring invasive spe-
cies, the contribution of M. micrantha to total invasive cover 
was maximum in 76% of sites while A. philoxeroides con-
tributed minimally (< 10% of cover) in 90% of sites. The 
other invasive species did not contribute much to the total 
invasive cover in sites since they were generally present in 
amounts < 15%. The only exceptions were Site 1, where 
P. foetida contributed 42% to a total cover of 66% and Site 
4 where A. conyzoides contributed 64% and O. cornicu-
lata 17% to the total invasive cover of 81%. M. micrantha, 
appeared to be the dominant invader, among all invasive 
species, since it could establish > 50% cover in one-third of 
the peri-urban sites which shows its potential to proliferate 
into adjoining areas with an increase in intensity and type of 
disturbance likely to be created by the continuing urbaniza-
tion process.

Invasive species like C. odorata, I. cylindrica, L. camara 
and M. micrantha, reported in this study, have been listed 
among the 100 top worst weeds around the world (Lowe 
et  al., 2000) while A. philoxeroides, A.  conyzoides, 

C. odorata, L. camara, M. micrantha and P. hysterophorus 
are some of the plants that have already established them-
selves on the Indian subcontinent and are well known for 
their negative impacts (Shah et al., 2020; Shrestha et al., 
2022; Thiney et al., 2019). Higher levels of disturbance at 
sites could probably impact their growth and proliferation, 
especially in sites with presence of M. micrantha at low or 
negligible covers. Urban landscapes are highly altered by 
development and human activities (Kranz et al., 2020; Naylo 
et al., 2019; Somerville et al., 2020) which is one of the 
prime reason for the increasing prevalence of alien plant 
species that are being reported from cities (Stajerova et al., 
2017).

Impact of species cover on diversity

The pooled cover values, color coded to differentiate 
between the four (4) cover classes (negligible, low, mod-
erate and high), for total native and alien (invasive and 
other) species at each site are reported in Table 4. Since 
invasive species have notable negative impacts on commu-
nity structure, of special interest are the total cover values 
of native and invasive species for sites with moderate and 
high cover along with the name of the species contribut-
ing to maximum cover at a particular site. A large num-
ber of sites (81%) had negligible to low cover of native 
species while moderate to high cover of invasive species 
were evident in 85% of sites. Moreover, it was the com-
bined cover of invasive species that largely contributed 

Table 4   Sitewise distribution of species abundance (total cover %) with the name of species contributing the most to total covers along with site 
diversity indices (Cover class and its distribution is shown on the right panel of the table)

Sites

Native species Alien species Indices

Invasives Others

Total cover* 
Invasive species with maximum 

contribution

Shannon 

Diversity 

(H’)

Evenness 

(E)

S1 2 Negligible 2 66 (Passiflora foetida - 42%)

0

1

2

2

1

1

3

3

1

1

1

1

1

0

2

2

0

0

1

0

1

0.98 0.71

S2 7 26 3 59 (Mikania micrantha - 52%) 1.26 0.52

S3 6
71 (Acmella paniculata - 30%)

(Commelina benghalensis – 29%)
3 Negligible 1.53 0.64

S4 8 13 5 81 (Ageratum conyzoides - 64%) 1.09 0.40
S5 5 Negligible 6 71 (Mikania micrantha - 60%) 1.01 0.42
S6 15 61 (Limnophila repens - 24%) 9 20 2.35 0.72

S7 8 23 3 19 1.87 0.71

S8 5 11 3 76 (Mikania micrantha - 69%) 1.02 0.42
S9 3 Negligible 3 58 (Mikania micrantha - 43%) 1.13 0.58

S10 3 22 3 47 (Mikania micrantha - 40%) 1.28 0.66

S11 4 Negligible 3 72 (Mikania micrantha - 67%) 0.52 0.25
S12 6 35 2 35 1.34 0.61

S13 7 12 7 54 (Mikania micrantha - 35%) 1.61 0.60

S14 7 Negligible 2 40 (Mikania micrantha - 38%) 0.70 0.32
S15 6 48 (Commelina benghalensis - 21%) 3 40 (Mikania micrantha - 30%) 1.91 0.80

S16 5 12 6 48 (Mikania micrantha - 35%) 1.69 0.64

S17 7 10 3 76 (Mikania micrantha - 69%) 0.79 0.34
S18 5 Negligible 3 93 (Mikania micrantha - 80%) 0.70 0.34
S19 2 Negligible 5 76 (Mikania micrantha - 71%) 0.62 0.30
S20 4 21 2 62 (Mikania micrantha - 50%) 1.31 0.73

S21 5 13 5 68 (Mikania micrantha - 38%) 1.68 0.70

Class Natives Invasives

Negligible 43% 5%

Low 38% 10%

Moderate 14% 52%

High 5% 33%

Negligible cover 

(< 10% of total species cover)

Low cover 

(10 – 30% of total species cover)

Moderate cover 

(>30 - 70% of total species cover)

High cover 

(>70% of total species cover)

*Cover class

Cover class distribution

No. of  species No. of  species No. of  species

Name of species contributing to maximum cover additionally shown in brackets, for sites with moderate & high cover. In the last 2 columns, 
the highest values of Shannon diversity (H' > 1.5) and the lowest values of evenness (E < 0.5) are in bold. Abundance of other aliens (pooled) 
was negligible excepting for Site 3 and Site 7 where they contributed to low cover of 11% and 30% respectively. The multiple similarity index, a 
comprehensive single index for multiple sites, is 0.76
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to the abundance of the species pool in most sites. There 
was only one site, Site 3, with negligible total invasive 
cover and a high cover (71%) of total native species (with 
Acmella paniculata contributing 30%, Commelina bengha-
lensis 29% and four other natives contributing the 
rest). Among the invasive species, the contribution of 
M. micrantha to total invasive cover was maximum in sites 
with moderate and high cover of invasive species. The only 
exceptions were Sites 1 and 4 where other invasive spe-
cies such as, Passiflora foetida and Ageratum conyzoides 
were among the dominant species. Although M. micran-
tha and A. philoxeroides were found to commonly occur 
in many sites (the corresponding site numbers shown in 
bold, Table 3), A. philoxeroides did not contribute much 
to the total invasive cover, unlike M. micrantha, in any 
site probably suggesting some competition between the 
two. The extremely fast growth and ability of both sexual 
and asexual reproduction helps M. micrantha to rapidly 
colonize disturbed habitats (Banerjee et al., 2017a, 2018) 
while competing with native vegetation and retarding their 
growth (Banerjee & Dewanji, 2017a). Studies also indi-
cate a high climatic suitability for M. micrantha growth in 
some urban environments in India which adds to the risk 
of further spread of this plant into new areas (Banerjee 
et al. 2017b).

Patterns of species richness (number of species) along 
with indices of diversity and evenness (species distribution 
using number and abundance) of sites, can reflect the plant 
community composition which can provide important infor-
mation on bio-diversity maintenance (Holl et al., 2022; Rolls 
et al., 2023). The multiple similarity index, a comprehensive 
single index for multiple sites, of 0.76 denotes overall simi-
larity of the biotic community of the study area which points 
to some abundant species at sites reflecting the increasing 
cover of M. micrantha, the dominant invader, in different 
sites (Table 4). The Shannon diversity index values (in bold 
figures, Table 4) show 33% sites (7 out of 21) to be still 
diverse as per the bio-diversity range of values from 1.5 to 
3.5 (Kent, 2011). The evenness index value revealed only 
29% of the sites having ≥ 0.70 index value (Table 4) which 
clearly indicates the maximum peri-urban plots are still 
heterogeneous in the investigated areas of Greater Kolkata 
under the influence of urbanization. It is also interesting to 
note that all sites with a high total cover of invasive species 
(mostly > 60%) had low evenness values (E < 0.5, in bold fig-
ures, Table 4) which indicate that only a few invasive species 
dominate these sites, with maximum contribution of cover 
by M. micrantha. Evenness (E) values vary between 0 and 
1.0, with 1.0 representing a situation in which all species are 
equally abundant (Magurran, 2004). Site 6, which supported 
the highest number of species (n = 25, Table 2) had a fairly 
high evenness value (E = 0.72) and was the most diverse as 
per the Shannon diversity index (H’ = 2.35) as well.

Conclusions

The high presence of M. micrantha and A. philoxeroides 
in peri-urban areas is clearly indicative of their increas-
ing adaptability to cope with frequently disturbed habitats 
which directs attention to the need for regular monitoring 
so that site-specific management strategies could be initi-
ated in areas where containment to restrict rapid growth 
may be necessary. Among the two, M. micratha was the 
dominant invader with a great potential to spread in view 
of its ability to maintain high cover in presence of other 
invasive species. Since cities harbor multiple invaders, 
as has also been observed in this study, the presence of 
more than one species with known negative impacts at a 
particular site could possibly create additional concerns, 
if not managed properly. This field study provides useful 
insights with potential implications for bio-diversity man-
agement by identifying a notorious invasive plant, Mika-
nia micratha, for its potential to be one of the most likely 
successful invader in the near future, thereby prioritizing 
it accordingly for different management strategies in new 
and heterogeneous environments.
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