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ABSTRACT
Urbanization is now major forces promoting biological invasion worldwide. The present

study, therefore, documents the alien flora in semi-urban areas of Gujranwala district, by
developing the comprehensive catalogue of alien species and their associate traits (e.g.,
taxonomy, life form, origin, invasion status) with comparative study. A field survey
conducted during March 2014 to September 2014 in twelve selected sites of district
Gujranwala, Pakistan. A Quadrates method is used to obtain data and results. The dataset
consist of a total 67of alien flora, belongs to 62 genera and 26 families. Out of the 34 (51%)
naturalized alien species, 30 are identified as exhibiting invasive behavior. Poaceae,
Asteraceae, Euphorbiaceae and Amaranthaceae are the plant families richest in alien plant
species. The majority of them are of American origin, followed by those of European and
Asiatic origin. The alien species are predominately herbs, most of them annuals. Woody
perennials made about only 9% of species. The taxonomy, life form and nativity are analyzed
vs their invasion status. The collected data are analyzed using four different quantitative
indices: importance value index (IVI), Jaccard's coefficient of community similarity (CCi),
Shannon diversity index (H') and Evenness index (E). In present paper, the status information
obtained regarding plants from the study area is compared with the previous literature and
finds similarity by using Jaccard'’s coefficient of community similarity (CCi). The importance
value index (IVI) of alien plants ranged from 0.62 to 7.69. The Shannon-wiener diversity
index (H') and Evenness index is calculated as 2.25 and 0.54 respectively in present study.
The species diversity of alien flora significantly dropped to 1.11; if the invasive species are
removed from the observation. The results demonstrate that invasive alien plants are present
throughout the district, with particularly high species richness. It is hoped that this
assessment and listing will fill a major gap with respect to alien species and help in
monitoring strategies and designing informed management against noxious species in state.
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INTRODUCTION

Pakistan has a very long history of introduction of alien plant and animal species.
The countries rich repository of 6,000 flowering plants is highly threatened by
alien species (Nasim and Shabbir, 2012). According to an estimate 7.8% of these
species are endemic to Pakistan (Shinwari and Qaiser, 2011). It has about 700
alien plant species (Hussain and Zarif, 2003). Introduction of alien invasive
species is one of the major threats to biodiversity that could even lead to the
complete elimination of the native flora of Pakistan (Shinwari et al, 2013).
Pakistan’s scenario is not different from the rest of the world. Plant biodiversity is
also under tremendous ecological pressure due to its unplanned urbanization,
deforestation, population explosion, and over-exploitation of natural resources
(Alam and Ali, 2009; Altaf ez al., 2014).

Less than 3% of the land surface is ruled by cities (Schneider et al., 2010)
and over half percentage of individuals now lives in urban areas (UN, 2011).
Urban areas are often situated in naturally rich biodiversity regions where native
species are endangered by anthropogenic factors, including habitat loss,
deforestation and invasive species introductions that present serious conservation
challenges (Cincotta ef al., 2000; Kuhn et al., 2004; Luck, 2007; Williams et al.,
2009). Our environment is disturbed due to human activities; the main
anthropogenic impacts are agriculture intensification (Matson et al., 1997),
urbanization (McKinney, 2006), industrialization (Song, 2000) and alien invasive
species introduction (Gurevitch and Padilla, 2004). These are sources of
environmental pollution and climate change in our ecosystems. Urbanization is
now become a major issue promoting biological invasion worldwide (Richardson
and Pysek, 2006; Wang et al., 2011). The reason is that habitat loss from
urbanization is both drastic and increasingly widespread (McKinney, 2006).

Invasive species may grow and spread vigorously when introduced by
farmers, gardeners and traders (Raghubanshi et al., 2005) and consequently
threatens biodiversity, food security, health or economic development (Levine et
al., 2003). Previous studies showed that invasive species have ability to release
noxious chemicals against other plants; their adaptability to wide range of habitats
and their higher growth rate permit them to colonize new sites fast and
extensively (Pandey and Dubey, 1988; McFadyen, 1992; Akter and Zuberi, 2009).
Specifically, invasion of plant species and their impacts on properties of an
ecosystem vary with climatic change (Mack, 1997; Vitousek et al., 1997). Mostly,
these exotic species are good competitor for limiting resources (Tilman, 1997,
1999; Callaway and Aschehoug, 2000), which change the natural environment,
and thereby result in the loss of native habitat (Gentle and Duggin, 1997).

Alien invasive plants pose a serious threat to biodiversity and economy
worldwide (Ding et al., 2006). An estimated 5000 introduced plant species have
established in US natural ecosystems and displaced several native plant species
(Morse et al., 1995). The estimated economic losses in US due to alien species
amount to $34 billion annually (Pimentel et al., 2000). Worldwide, Alien species
cause an estimated collective economic loss of over US$314 billion in the forestry
and agriculture sectors of United Kingdom, United States, Australia, India, Brazil
and South Africa (Pimentel et al., 2001). In Pakistan there are about 700

Umair, 2020



166

Journal of Wildlife and Ecology (2020). 4(4):164-192

introduced plant species in crop fields, forests and aquatic habitats that cause
significant economic and environmental loses (Hussain and Zarif, 2003; Khan et
al., 2004).

An analysis of local distribution of alien plant species in given territory
showed that species richness among cities was mainly associated with native
species richness and socioeconomic factors such as human population density.
The current study was aimed at first authentic catalogue of the alien plant species
of district Gujranwala, including the crucial information on taxonomic
composition, life form, nativity and invasion status with comparative study. The
main objective of such baseline information was to fill the gap for one of the
fastest growing major industrial city in Pakistan. This information would help in
monitoring strategies and designing informed management against problematic
plant invasion in state.

MATERIAL AND METHODS
The present survey was carried out in twelve selected sites of Gujranwala district,
Pakistan from March 2014 to September 2014 and documented the diversity and
invasion of alien plants in semi-urban areas of the district. During the survey, we
collected vegetation data from the study area on infestation of alien species and
used in this research. A wide range of field methods were applied during different
stages of the survey.

GEOGRAPHICAL DESCRIPTION OF STUDY AREA

Gujranwala lies between 32° 9’0" N and 74° 11' 0" E which is surrounded by
Lahore on south, Sheikhupura on the west south and Gujrat on the north-west.
The altitude of Gujranwala is 225 m above the sea level, spreading over an area of
3622 km® with a forested area of approximately 1768 ha, which is about 0.49% of
the total of the district. Gujranwala city is located on the main railway line
connecting Peshawar and Lahore. The G.T. Road runs parallel to the railway line
and passes through the center of the city, mostly the old city being on the west
and new constructed areas on the east. The Chenab river forms the northern
boundary of the district. Beyond the river, it is surrounded by Mandi Bahauddin
and Gujrat districts, on the south by Lahore district and on the west by Hafizabad
district (Altaf et al., 2012; Sheikh, 2012; Mahmood et al., 2013).

The soil is fertile and rich in the plants diversity due to plain topography.
Vegetation of the district Gujranwala is covered by grass lands and bush land.
Vegetation pattern has altered meaningfully over by last few decades.
Agricultural and crop farming areas have replaced the forest; grass lands have
been transformed to the shrub lands. Overgrazing and overstocking are the main
sources of this transformation(Mahmood et al., 2013). However, a high diversity
of shrubs and herbs exist in these areas that is playing a major role in biological
invasion. Figure 1 shows the Gujranwala district in relation to the map of
Pakistan.
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Figure 1: Map of Gujranwala showing study area.
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CLIMATE

Climate of this region regarded as dry semiarid with very hot summers and cool
winters, has 4 distinct seasons. The annual rainfall per year varies from 200 to
500mm and the relative humidity from 25-85%. The daytime temperature is up to
46°C in high summer and down to 5°C in the dead of winter. Periodic dust storms
rage through the area during June to July and provide relief in this month (Sheikh,
2012), (http://en.climate-data.org/location/1077/) and
(http://www.myweather2.com /City-Town/Pakistan/Gujranwala/climate

profile.aspx).

SOCIO-DEMOGRAPHIC INFORMATION
Gujranwala is an industrial city in northeast of the Punjab province and also
known as “City of Wrestlers” (http://en.wikipedia.org/wiki/Gujranwala).

Gujranwala is the 7™ largest city in Pakistan with a population of approximately
4,479,000 (Sheikh, 2012).

FIELD SURVEY

A field survey was conducted during the period of March-July 2014. The survey
was carried out in main sectors of 12 selected sites of Gujranwala district i.e.
Gujranwala city, Gakhar, Wazirabad town, Eminabad, Kamoki town, Naushehra
Virkan, Gondlanwala, Kalaske, Alipur Chattha, Qila Didar Singh, Rasulnagar,
Sohadra. The distance between 2 sampling sites ranged from 3-8 km. At each of
the 12 selected sites, a 1 ha area was demarcated. Sampling was done with a 50
cm’ quadrats. During the field research, 10 quadrates were randomly thrown at
each sampling site.

CHARACTERIZATION OF SPECIES

In order to compile the data, we study here only plant species that are alien in
Gujranwala district. On the basis of species character, we completed the checklist
of alien plants occurring in Gujranwala district with information and data source
from published literature, e.g. books, research articles, book chapters and reports
(Hussain et al., 2000; Pallewatta et al., 2003; Shabbir and Bajwa, 2006; Nasim
and Shabbir, 2012; Qureshi et al, 2014a) and online resources
(http://www.tropicos.org/Project/Pakistan). The plant names were checked and
authenticated using the international plant name index (http://www.ipni.org), the
plant list (www.theplantlist.org) and GRIN taxonomy site (http://www.ars-
grin.gov/cgi-bin/npgs/html/queries.pl) while that of families follow A.P.G. system
(Stevens, 2001 onwards). All other information or data, including the
characterization of species, were noted based on different sources, on a case by
case study.

The species entries are complemented with data on taxonomic position
(family), vernacular name (local), common name, life habit characteristic (habit,
life form), native range, invasion status and comparative analysis.

With regard to invasion status, the alien plant species were categorized
into casual, naturalized and invasive group as proposed by Pysek et al. (2002) and
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Richardson et al. (2000). They defined the status of alien plant species as casual,
naturalized or invasive. Those alien species that may grow and even reproduce
but do not form self-replacing populations in an area which rely on repeated
introductions for their persistence are known are causal. Alien species sustain
populations over many life cycles and reproduce consistently in an area but do not
invade in semi-natural, natural or human-made ecosystems are recognized are
naturalized (Nt). Naturalized alien species that produce reproductive offspring in
very large numbers, at substantial distances from parent plants and thus have the
potential to spread over a large area are stated as invasive.

i: North America ;‘ < 4i Mexjco I‘\\
\ N )
[ South America
Greece
ﬁ
[ Nepal Taiwan [ Japan ] [ Korea ] [Pakistan]

Figure 2: Trade chain of alien plants showing its possible origin.
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Based on their native range, all alien species were classified at the
continental scale, i.e., South America, North America, Europe, Africa and Asia,
following (Pysek et al., 2002; Khuroo et al., 2007; Weber et al., 2008). The trade
chain of alien plants was drawn on the basis of its distribution pattern (Figure 2).
We then documented the nativity of these plants using previously published data
(Pysek et al., 2002; Khuroo et al., 2007; Reddy, 2008; Weber et al., 2008;
Arianoutsou et al., 2010; Wang et al., 2011; Khuroo et al., 2012; Jaryan et al.,
2013) with online resources (www.tropicos.org/Project/Pakistan) and eflora
homepage (http://www.efloras.org/). This resulted in the identification of alien
species in flora of Gujranwala district.

The life form distributions among alien flora were then classified into
grass, herbs and shrubs based on their growth habit and form. Life forms are
recognized according to the structure planned by Raunkier (1934, 1937) and
modified by (Brown, 1977).

COLLECTION AND IDENTIFICATION OF PLANTS

During the research, all wild species growing along various roadsides and
wastelands of these sectors were recognized by referring to Flora of West
Pakistan (Stewart, 1972) and Flora of Punjab (Ahmad, 1980). Invasive species
studies were made following the list count method suggested by Raju and Reddy
(1998), who used 50 x50 cm quadrates.

DATA ANALYSIS

The data were examine using four various quantitative indices: importance value
index (IVI), Jaccard’s coefficient of community similarity (CCi), Shannon
diversity index (H') and Evenness index (E). The importance value index (IVI) is
the sum of the relative density (RD) and relative frequency (RF) of species in a
stand. The sampling was conducted randomly in all selected sectors of
Gujranwala. The compiled data was analyzed for quantitative and qualitative
studies using the following equations:

Absolute frequency for species
RF (%) = — X 100
Total absolute frequency for all species

RD (%) = Absolute density for species % 100
*/~ Total absolute density for all species

IVI=RF% + RD%
Jaccard's coefficient of community is used to calculate similarity of
species found in each of samples collected from two different communities and
also used to compare the similarity of plant species for several communities.

€ %100
A+B-C

A = number of species recorded from community 1
B = number of species recorded from community 2
C = number of species common to both community
Shannon’s diversity index and Evenness index is calculated in order to
know the species diversity and equitability in different habitat. Shannon-Weiner
Diversity Index is denoted by H' and given by Shannon and Weaver (1949).
Shannon diversity index (H') = -[ZP; In P)]

Jaccard's coefficient of community similarity (CCi) % =
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Where,

P; = proportion of the species 1 relative to the total number of species
In Py = natural logarithm of this proportion

> = Sum from species 1 to Species N.

The Shannon diversity index (H') is commonly used to characterize
species diversity in a community. This index considers both abundance and
evenness of the species present. Equitability index (E) is calculated by dividing H'
by Hpax (Where Hppax =InS).

Evenness index (E) = H'/Hp.x = H/InS

The alien plant species were examined for taxa statistics, life form,
nativity and invasion status. For life form study, number of alien species in a
particular life form have been divided by total number of species (67) and then
multiplied by 100. The same pattern follows for invasion status and nativity
analyses. In the same pattern, the contribution of plant species to their respective
families has been worked out. Invasion status scale (ISS) were also used for
analysis of life form, nativity and participation of alien species in respective
family. For taxa statistics, invasion status scale (ISS) was used to calculate the
contribution of alien species in particular family on the basis of categories (casual,
invasive and naturalized). In the same way, the importance value index (IVI) and
species diversity (H") were also analyzed to find total number of alien species in a
particular category. All the data has been analyzed and graphical represented by
using MS excel.

COMPARATIVE ANALYSIS AND DOCUMENTATION OF RESEARCH
DATA

The information/data collected during survey of the area was analyzed and
documented according to the set procedures. The status information obtained
regarding plants from the study area was checked and compared with previous
literatures. With regard to the comparative study, these information were arranged
in the form of similarity (@), dissimilarity (%*) or not reported (®). These
information’s of comparative study are presented in tabulated form.

RESULTS

Total 67 species were identified in the 12 studied sites of Gujranwala district. All
plant species were angiosperms (22.4% monocotyledonous and 77.6%
dicotyledonous), belonging to 62 genera and 26 families (Table 1). Only 15
species (Poaceae) out of the total were monocotyledonous while the remaining
was dicotyledonous. There were no ferns allies, ferns or gymnosperms reported in
present study. In terms of species number, Poaceae (15 species), followed by
family Asteraceae (10), Euphorbiaceae (6) and Amaranthaceae (5) dominate the
alien flora. Families with three species each were Chenopodiaceae, Solanaceae
and Brassicaceae and families with two species each were Convolvulaceae,
Malvaceae and Papillionaceae. Sixty species were represented by only single
species such as Acanthaceae, Apocyanaceae, Asclepiadaceae, Caesalpiniaceae,
Caryophyllaceae, Cyperaceae etc. (Figure 3).
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Figure 3: Families are ranked descending according to the number of alien plant species they
include.
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Figure 4: Life form distribution of alien plant species of Gujranwala district and species are
classified as naturalized (Nt), invasive (In) and casual (Ca).

BIOGEOGRAPHIC ORIGIN

The alien plant species in Gujranwala region originated from all continents and
exhibited a diverse biogeographic origin. Present study showed that South
American flora contributes maximum percentages of species (29.9%) followed by
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Europe, Asia Africa and North America which contributes 19.4, 9, 6, 4.5% to
total plant species, respectively. The other countries/continents account for
remaining 31.2% of alien species in this area. For the invasive species, South
American species were even more predominant with 55% (Figure 5). Similar to
the naturalized flora, South American species also accounted for nearly half of the
invasive species of its origin. Interestingly, none of the casual plant species in
present study had native origin from South America, North American, Africa,
Europe and Asia.
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Origin
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Figure 5: Geographical origin of alien plant species of Gujranwala district and showed the
contribution of different continents to the alien species of this region (AF, Africa; AM, America;
AS, Asia; EU, Europe, NAM, North America, SAM, South America). Alien species are
classified as naturalized (Nt), invasive (In) and casual (Ca).
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INVASION STATUS

Invasion status categorization reveals that, of the 67 alien species, only 3 (4%)
plant species are casual. The remaining 64 (96%) plant species belong to
categories, such as naturalized, represented by 34 (51%) and invasive which
include 30 (45%) species (Figure 6). With respect to invasive status percent of the
total plant species in that particular family, Amaranthaceae (75%), followed by
Asteraceae (70%), Euphorbiaceae (67%) and Malvaceae (50%) are dominant one.
There are 8 of total families with only one species viz. Asclepiadaceae,
Caesalpiniaceae, Caryophyllaceae, Cyperaceae, Scrophulariaceae, Urticaceae and
Verbenaceae and showing 100% invasiveness in the respective family.
Acanthaceae (100%) and Solanceae (33%) harbored the major proportion of

casual species with respect to total plant species in the respective family (Figure
7).
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With respect to the importance value index, the total IVI of plant species ranged
from 0.62 for Alternanthera sessilis to 7.69 for Cynodon dactylon. The top ten
species occupied 32.26% (64.51) of species importance value index. The highest
IVI was recorded for important species indicating the high relative importance of
these species in the area. The most important plant species based on IVI (total
score 200) score were, Cynodon dactylon (7.69), Dichanthium annulatum (7.46),
Imperata cylindrica (6.88), Calotropis procera (6.8) and Dactyloctenium
aegyptium (6.73) whereas rest of species (62) just occupied 67.74% (135.49) of
IVI score (Table 1). The importance value of invasive plant species (99.3) was
higher than naturalized (97.3) and Casual species (3.6) (Figure 6). A total of 26
families were encountered from study area. The most important families based on
the family importance value (FIV) (total score 200) were Poaceae (55.67),
Asteraceae (29.01), Amaranthaceae (12.54) and Euphorbiaceae (12.25) while rest
of species (22) just occupied 90.53 of FIV score (Figure 8).
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Figure 8: Percent family importance value (FIV%) of alien species in their respective families.
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A diversity index can indicate the composition of plant species and structure of
biological community in an ecosystem. It can provide more facts on floral
community composition than species abundance. Moreover, it can also give
information about the homogeneity and heterogeneity of species in a community.
Therefore, diversity index can act as important method to understand the structure
of biology community.

We calculated Shannon index (H’) as 2.25 and Evenness index (E) as 0.54.
Top ten species (Cynodon dactylon, Calotropis procera, Parthenium
hysterophorus, Chenopodium album, Dactyloctenium aegyptium, Dichanthium
annulatum, Imperata cylindrica, Tribulus terrestris, Eleusine indica and
Boerhavia diffusa) constituted 30% of the plant community in study area, whereas
the remaining 57 species formed 70% of the total. The Shannon diversity of
invasive plant species was (1.14) higher than naturalized (1.07) and Casual
species (0.04) (Figure 6). The most diverse families based on Shannon diversity
(H") were Poaceae (0.6) and Asteraceae (0.36) while rest of families just occupied
1.29 of total score (Figure 9). These indices clearly showed that the urban green
spaces of Gujranwala city hold moderate species diversity and evenness.
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Figure 9: Percentage of species diversity of alien plants present in their respective families.

DISCUSSION
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SPECIES NUMBER AND AVAILABLE DATA
The study of alien flora, especially naturalized and invasive species, is a relatively
new field in Pakistan (Imran ef al., 2013) and this study is the first comprehensive
catalogue of the alien flora of Gujranwala district. We reported 67 alien species
which represent a ~10% to the total alien species (700) of the country. The total
number of alien species reported for Gujranwala (67) is relatively high compared
to those reported of other regions of Pakistan namely Indus delta (31), KPK (31)
and Islamabad (51) (Shabbir and Bajwa, 2006; Khan et al., 2011; Imran et al.,
2013). Compiling alien species for a country at district level is a powerful tool to
understanding plant invasion pattern and is the first step towards developing a
management policy for alien species.

Some earlier studies conducted by Hussain and Zarif (2003) and Stewart
(1972) estimate that aliens constitute nearly 12 and 13% of the Pakistan flora,
respectively. Recently, few more studies have compiled the alien invasive species
of different regions of Pakistan (Shabbir and Bajwa, 2006; Khan et al., 2011,
Imran et al., 2013; Shinwari ef al., 2013) and other South Asian countries namely
Bangladesh, India, Nepal and Srilanka (Khuroo ef al., 2007; Reddy, 2008; Akter
and Zuberi, 2009; Wijesundara, 2010; Khuroo et al., 2012; Jaryan et al., 2013,
Singh and Sharma, 2014). However, the main objective of such studies has been
to provide just a list of the alien plant species growing in their respective areas of
their study and to fill the gaps in tropical invasion research.

TAXONOMY

In present study, the richest families of the alien flora of Gujranwala are Poaceae,
Asteraceae, Euphorbiaceae, Amaranthaceae, Solanaceae and Brassicaceae which
are also dominant in other alien floras of Pakistan (Imran ef al., 2013; Shinwari et
al., 2013) or of other continents, e.g. Africa, Asia and Europe (Pysek et al., 2002;
Khuroo et al., 2007; Foxcroft et al., 2010). The increased abundance of alien
plants in family Poaceae strongly suggested the better use of effective dispersal
mechanisms and mostly have seed bank and/or vegetative reproduction (Williams
and West, 2000; Milton, 2004; Foxcroft et al., 2013). The major genera
contributing to alien flora of Gujranwala are also among the largest in the world,
e.g. Chenopodium and Euphorbia. Chenopodium, the genus with the highest
number of representatives in the plant list, is also prominent in other parts of the
world, regardless of their variances in climate, size and history (Medvecka et al.,
2012).

LIFE HABITS

The life form distribution of the alien flora is characterized by a high proportion
of annuals and a remarkably low number of woody perennials. Whereas the high
fraction of herbaceous species in our dataset corresponds to other published
findings, e.g. Czech Republic, Taiwan, China and Greece (Pysek et al., 2002; Wu
et al., 2004; Weber et al., 2008; Arianoutsou et al., 2010; Wang et al., 2011).
Annual life span is by far the most predominant life strategy of alien species of
Gujranwala. Few alien plants have long generation cycles (i.e., perennials), as is
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expected for highly disturbed natural and semi-natural environments (Lososova et
al., 2006; Pysek and Richardson, 2007; Kowarik, 2008).

GEOGRAPHIC ORIGINS

As in alien floras, species originated in all continents. However, South American
species are predominated among alien flora of Pakistan followed by European and
Asian species. Highest number (20) and percentage (30%) of alien species of the
region have come from South America. This is same reported for alien flora of
other Asiatic countries (Negi and Hajra, 2007; Weber et al., 2008; Khuroo et al.,
2012; Jaryan et al., 2013). The large number of South American species invading
habitats of Gujranwala district reflects the large area with a subtropical climate in
this country. The profile of origin strongly resembles that of Indian flora specially
of Himachal Pradesh (Jaryan et al., 2013). This may be due to similar climatic
condition.

IMPORTANCE VALUE INDEX

With respect to the importance value, the highest IVI value was recorded for
Cynodon dactylon (7.69), followed by Dichanthium annulatum (7.46), Imperata
cylindrica (6.88) indicating the relative importance of these two species in this
area. The much higher vegetal cover and importance of Cynodon dactylon may be
related to characteristic growth pattern showing profuse sporting and flowering
even at highly disturbed site (Tripathi and Shukla, 2007).

SPECIES DIVERSITY

The Shannon Wiener diversity index (H' = 2.25) in the present study is low when
compared to the alien flora Himalayan region of Pakistan (Khan ef al., 2012). The
species diversity of alien flora significantly dropped to 1.11; if the invasive
species are removed from the observation. The results demonstrates that the low
species diversity value of non-invasive species in present study reflects the poor
regeneration potential of the species which is attributed to the high anthropogenic
disturbance of this area from the ever increasing urban population of Gujranwala
city as a result of urban-rural migration. As McKinney (2002) point out that
species diversity of alien plants declines along the gradient, with the lowest
species richness to be found in the urban spaces. Another reason could be
introduction of some highly noxious species in last few decades such as
Parthenium hysterphorus and Lantana camara. These results agreed with
conclusion of many other studies which revealed that invasive species have strong
effects on species diversity (Kohli et al., 2004; Hejda et al., 2009; Umair et al.,
2013).

COMPARATIVE ANALYSIS

The present study was also compared to explore the species diversity and status of
alien flora within Pakistan and neighboring countries across the regions. A total
25 published research articles were taken into consideration for the purpose. The
current study reveals that most of alien species become noxious in Pakistan such
as Parthenium hysterophorus, Lantana camara and Ageratum conyzoides etc. and
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is the same reported for alien flora of other countries. This analysis exhibit novel
information based on the status of alien species and then arranged in the form of
similarity (4), dissimilarity (+*) or not reported (®) (Table 2).

Sekar (2012) reported 190 invasive exotic species from Himalayan region,
India. He has cited 16 alien plant species with 8.42% similarity and 6.84%
dissimilarity having similarity index 13% of alien plants reported in present study.
He has also described invasive species with same status viz. Digera arvensis,
Amaranthus spinosus, Calotropis procera, Ageratum conyzoides, Parthenium
hysterophorus, Sonchus asper, Xanthium strumarium, Cassia occidentalis,
Chenopodium album, Convolvulus arvensis, Croton sparsiflorus, Euphorbia
pilulifera, Imperata cylindrica, Solanum nigrum, Cannabis sativa and Lantana
camara. Wang et al. (2011) studied 112 naturalized plant species including 48
invasive species from Beijing Municipality, China. They have discussed 16 alien
species with 13.39% similarity and 0.89% dissimilarity having similarity index
18% of alien plants reported in present study. Invasive species of Beijing are
reported in present study viz. Amaranthus viridis, Amaranthus spinosus,
Ageratum conyzoides, Conyza ambigua, Coronopus didymus, Cyperus rotundus,
Euphorbia helioscopia, Euphorbia pilulifera, Ricinus communis, Sorghum
helepense, Veronica persica and Cannabis sativa.

In floristic survey, Khuroo et al. (2007) studied 571 alien plants from
Kashmir Himalaya, India. They have quoted 34 alien species with 4.73%
similarity and 1.23% dissimilarity reported in present study. The Jaccard's
similarity index of alien species calculated as 5% of alien plants in present study.
They have studied alien plants with similar pattern of invasion viz. Amaranthus
spinosus, Ageratum conyzoides, Cirsium arvensis, Xanthium strumarium,
Stellaria media, Chenopodium album, Convolvulus arvensis, Cyperus rotundus,
Euphorbia helioscopia, Poa annua, Sorghum helepense, Veronica persica and
Cannabis sativa. Jaryan et al. (2013) conducted a floristic survey on 497 alien
plants from Himachal Pradesh, India and described 39 alien plants with 6.64%
similarity and 1.41% dissimilarity reported in present study. The Jaccard's index
of alien plants showed 6% similarity with alien species reported in present study.
They have described alien plants from HP as invasive in our study i.e.
Digera arvensis, Amaranthus spinosus, Calotropis procera, Ageratum
conyzoides, Cirsium arvensis, Parthenium hysterophorus, Sonchus asper,
Xanthium strumarium, Stellaria media, Chenopodium album, Convolvulus
arvensis, Cyperus rotundus, Croton sparsiflorus, Euphorbia pilulifera, Ricinus
communis, Poa annua, Sorghum helepense, Veronica persica, Solanum nigrum,
Cannabis sativa and Lantana camara.

Singh and Sharma (2014) worked on biological invasion of alien plants
and collected 55 invasive plant species from Rupandehi district, Nepal. They have
studied 26 invasive plant species with 30.9% similarity and 16.36% dissimilarity,
having similarity index 3% CCi of alien plants reported in present study. They
have reported some invasive plant species from Rupandehi district with similar
status viz. Digera arvensis, Amaranthus spinosus, Calotropis procera, Ageratum
conyzoides,  Parthenium  hysterophorus, Xanthium  strumarium, Cassia
occidentalis, Chenopodium album, Cyperus rotundus, Croton sparsiflorus,
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Euphorbia pilulifera, Cynodon dactylon, Imperata cylindrica, Sorghum
helepense, Solanum nigrum, Cannabis sativa and Lantana camara. Akter and
Zuberi (2009) conducted a weed survey and reported 21 invasive weed species in
five districts of Bangladesh. They have quoted 6 invasive plant species and
showed similarity index 35% of alien species with 19.05% similarity and 9.52%
dissimilarity reported in present study. Invasive weed species with similar status
include Ageratum conyzoides, Parthenium hysterophorus, Croton sparsiflorus
and Lantana camara.

Henderson (2003) launched project to collate information on the
distribution, abundance and habitat types of 500 naturalized plant species in
southern Africa. He has reported 26 plant species having similarity index 5% with
3% similarity and 2.4% dissimilarity reported in present study. They mentioned
some invasive species report in present research include Calotropis procera,
Ageratum conyzoides, Cirsium arvensis, Parthenium hysterophorus, Xanthium
strumarium, Convolvulus arvensis, Ricinus communis, Sorghum helepense and
Lantana camara. Arianoutsou et al. (2010) reported 343 alien plant species in
Greece and described 16 plant species with 2.33% similarity and 2.33%
dissimilarity reported in present study. They showed 7% similarity of alien
species with our study. Some invasive plant species mentioned by them are also
included in our study viz. Amaranthus viridis, Coronopus didymus, Ricinus
communis and Veronica persica.

Weber et al. (2008) described 270 invasive alien plants in China. They
have quoted 17 invasive plant species with 4.07% similarity and 2.22%
dissimilarity reported in present study. They showed 9% similarity to the alien
flora of district Gujranwala. Some invasive species reported by them and also
mentioned in our study viz. Amaranthus viridis, Amaranthus spinosus, Ageratum
conyzoides, Conyza ambigua, Parthenium hysterophorus, Coronopus didymus,
Cyperus rotundus, Euphorbia pilulifera, Ricinus communis, Cannabis sativa and
Lantana camara. Qureshi et al. (2014a) reported 73 invasive alien plants in
Pakistan. They have quoted 17 invasive plant species with 19.18% similarity and
2.74% dissimilarity having similarity index 23% reported in present study. They
mentioned invasive plant species reported in present study viz. Amaranthus
viridis, Carthamus oxycanthamus, Conyza ambigua, Parthenium hysterophorus,
Xanthium strumarium, Cassia occidentalis, Ricinus communis, Malva parviflora,
Cynodon dactylon, Imperata cylindrica, Sorghum helepense, Veronica persica,
Cannabis sativa and Lantana camara.

Khuroo et al. (2012) informed 436 invasive alien flora in Jammu and
Kashmir state, India. They have quoted 18 invasive plant species with 2.75%
similarity and 1.38% dissimilarity reported in present study. There was 6%
similarity of alien species reported in our study. Some alien species mentioned by
them are also reported as invasive in our study viz. Amaranthus spinosus,
Ageratum conyzoides, Stellaria media, Chenopodium album, Convolvulus
arvensis, Cyperus rotundus, Euphorbia helioscopia, Imperata cylindrica, Poa
annua, Sorghum helepense, Veronica persica and Lantana camara. Wu et al.
(2004) reported 341 naturalized plant species in Taiwan. They have quoted 21
plant species with 3.81% similarity and 2.05% dissimilarity reported in present
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study. They showed 7% similarity of alien species reported in present
research.They reported 8 of alien species with invasive status viz. Amaranthus
viridis, Amaranthus spinosus, Ageratum conyzoides, Conyza ambigua,
Parthenium hysterophorus, Xanthium strumarium, Ricinus communis and
Lantana camara.

Zenni and Ziller (2011) stated 117 invasive plant species in Brazil. They
have quoted 4 plant species with 3.42% similarity and 0.85% dissimilarity
reported in present study and showed 16% similarity with our study. They
reported only 3 plants with invasive status viz. Calotropis procera, Cyperus
rotundus, Ricinus communis and Cynodon dactylon. Kim (2005) studied 117
invasive plant species in Peninsula and Cheju Island, South Korea. He reported
only 4 plants with similar study viz. Sonchus asper, Xanthium strumarium,
Chenopodium album and Veronica persica and no plant included in their
study with dissimilar findings and showed 9% similarity with our study. Foxcroft
et al. (2010) reported 44 naturalized vascular plant species in African savannas.
They have quoted 7 plant species with 9.09% similarity and 6.82% dissimilarity
reported in present study. The similarity index value reported by them i.e. 28% of
alien species in present study. There were only two invasive species reported in
our study viz. Ricinus communis and Lantana camara.

Mullin et al. (2000) noted 95 invasive weed species in the United States.
They have quoted 7 species with 5.26% similarity and 2.11% dissimilarity having
similarity index 19% of alien species reported in present study. Some species
mentioned by them are invasive in our study viz. Cirsium arvensis, Chenopodium
album, Convolvulus arvensis, Imperata cylindrica and Sorghum helepense.
Batianoff and Butler (2002) described 200 invasive naturalized plants from
southeast Queensland, Australia eight plant species with 5.26% similarity and
2.11% dissimilarity reported in present study. They showed similarity index 11%
of alien flora reported in our study. Some invasive plant species reported by them
are also included in our study viz. Conyza ambigua, Parthenium hysterophorus,
Ricinus communis, Cynodon dactylon and Lantana camara.

Reddy (2008) reported 173 invasive alien plant species in India. They
have quoted 21 plant species with 6.36% similarity and 5.78% dissimilarity
reported in present study and showed 13% similarity index. They have also
reported 11 invasive plant species with the same results as in our study. There
were Digera arvensis, Calotropis procera, Ageratum conyzoides, Parthenium
hysterophorus, Sonchus asper, Xanthium strumarium, Cassia occidentalis, Croton
sparsiflorus, Euphorbia pilulifera, Imperata cylindrica and Lantana camara.

Wijesundara (2010) described 21 invasive alien plants in Sri Lanka. They
reported only 2 plants with similar findings viz. Parthenium hysterophorus and
Lantana camara and no plant included in their study with dissimilar findings.
There was 31% similarity index of plant species reported in present study. PySek
et al. (2002) documented 1454 alien plant species in Czech Republic and
described 30 plant species with 0.55% similarity and 1.51% dissimilarity with
similarity index 2% reported in present study. They reported only one species
with invasive status as in present study viz. Solanum nigrum.
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Chong et al. (2009) explained 4192 vascular plant species in Singapore.
They have quoted 24 plant species with 0.19% similarity and 0.38% dissimilarity
reported in present study and showed similarity index 1%. There was 0% of
invasive species reported in present study. Bowen et al. (2002) studied 116
invasive plants of Tennessee, United States. They have quoted 07 of species with
3.45% similarity and 2.59% dissimilarity reported in present study. There was
16% (CCi) of invasive plant species reported in present study and only one
invasive species tally with our results viz. Imperata cylindrica. Josekutty et al.
(2002) reported 74 alien angiosperm species in Kosrae, Federated States of
Micronesia only 9 plant species with 5.41% similarity and 6.76% dissimilarity
having similarity index 22% of alien plants reported in present study. Out of these
3 species viz. Cassia occidentalis, Cyperus rotundus and Cynodon dactylon have
same status as in present study. Blanfort ez al. (2008) described 70 invasive plants
from New Caledonia, France. They reported 16 plant species with 14.29%
similarity and 8.57% dissimilarity reported in present study. There was showed
17% similarity of invasive plant species reported in present study. Some invasive
species mentioned by them are also included in our study viz. Ageratum
conyzoides, Parthenium  hysterophorus, Xanthium  strumarium, Cassia
occidentalis, Cyperus rotundus, FEuphorbia pilulifera, Ricinus communis,
Imperata cylindrica, Solanum nigrum and Lantana camara.

NOVELTY AND FUTURE IMPACT OF THE STUDY

It is the first study of its kind in this area and the region as a whole to the best of
our knowledge. The current study provides information on biological invasion of
alien plants. This floristic information is in relevance upto some extent with some
other floristic studies within the region and worldwide, but instead this study
documented a total of 67 alien plants which were abundant in this region. The
comparison study of data collected from study area revealed that mode of
introduction of alien plants and its similarity with the flora of other region, thus
providing fresh knowledge about biological invasion.

CONCLUSION

Documentation of alien plant species is now seen as an important aspect of
conservation strategy. The present study, therefore, documents the alien flora in
semi-urban areas of Gujranwala district, by developing the comprehensive
catalogue of alien species and their associate traits with comparative study. This
work, being the first collation and listing of all available data on alien plants in
this area, provided a first assessment of these species, their traits, nativity and
status. It is hoped that this assessment and listing will fill a gap with respect to
alien plant species information, and help in monitoring strategies and designing
informed management for invasive alien species.
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Table 1: Alien plants species in the flora of district Gujranwala.

Sr. | Scientific name Common Local Family *Life | Invasion **QOrigin | IVI H' ***Comparison with
name Name Form Status previous records
1 Achyranthes aspera L. Prickly Puth Amaranthaceae H/P Naturalized | NAM 433 | 0.05 | 1020304054657 30
ISNI-GUJ-04 chaff kanda Jejpelle[2@]3@]4@]5
flower ojc0]70]80]1902002]
9220234924
2 Ageratum conyzoides L. Goat Nilum Asteraceae H/A Invasive SAM 422 | 005 | 192030405666763
ISNI-GUJ-09 weed buti 0910+11012¢13014
015%16017013¢19020
©2]22023%244¢
3 Alhagi maurorum Medik. Prickly Jawansa Papillionaceae S/P Causal EU/AS 1.11 | 0.01 1020304050607309
ISNI-GUJ-41 clover ej(ellel20]130]4015
016017013019020421
0220230240
4 Alternanthera sessilis R.Br. Sessile Sessile Amaranthaceae H/P Naturalized | SAM 0.62 | 0.01 [420304454607030
ISNI-GUJ-02 joyweed joyweed Jel(e]l]le®@[2@0]30]4@]5
01601701301902002]
220230240
5 Amaranthus spinosus L. Spiny Ganhar Amaranthaceae H/A Invasive SAM 1.01 | 0.02 | 1920304056 60703
ISNI-GUJ-06 pigweed “oel00]1012¢13014
015416017018019020
214220230240
6 Amaranthus viridis L. Pig weed Gnar Amaranthaceae H/A Invasive SAM 401 | 0.05 | 10243040506070349
ISNI-GUJ-05 ¢l00110120130]140]
5016017018019020%2
10220230240
7 Argemone Mexicana L. Prickly Sialkanta Papaveraceae H/A Naturalized | NAM 2,66 | 0.03 | 10203@45546780
ISNI-GUJ-40 poppy 9el0e]le[24[3@]40]
5916017018190202
1022023024
8 Boerhavia diffusa L. Red Itsit Nyctaginaceae H/P Naturalized | SAM 486 | 0.05 | 102030405%6070309
ISNI-GUIJ-39 Spiderling ej(ellei20]130]4015
016017013019020021
220230240
9 Brachiaria ramosa (L.) Signal Bajra gha | Poaceae G/A Naturalized | AS/AF 2.86 | 0.03 1020304050,070309
Stapf grass ojfjel]@]20]30]40@]5
ISNI-GUJ-43 016017013019020021
0220230240
10 | Brachiaria reptans (L.) Running Chhota Poaceae G/A Naturalized | AS/AF 1.52 | 0.02 | 10203040506070509
Gard. & Hubb. grass madhana oj0e]]e]2@[3@]4@]5
ISNI-GUJ-44 0160170183019020021
0220230240
11 Calotropis procera Br. Caltrope Akh Asclepiadaceae S/P Invasive AF 6.830 | 0.07 | 9203040506074 30
ISNI-GUJ-08 Jelpelle[20]3®140]
50160170134 1902002
10220230240
12 | Cannabis sativa L. Marijuana | Bhang Urticaceae S/P Invasive AS 3.63 | 0.04 | 1920304056 60703
ISNI-GUJ-65 +90100110120]13014
0[5+160170180]19020
210220230240
13 Carthamus oxycanthamus Wild Kandiari Asteraceae H/A Invasive AS 125 [ 0.02 | 10203040506070509
M. Bieb ISNI-GUJ-10 safflower el0®llel20]130]14@]5
016017013019020021
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0220230240
14 Cassia occidentalis L. Coffee Kasundi Caesalpiniaceae H/P Invasive SAM 1.30 | 0.02 | 19203040546070309
ISNI-GUJ-22 weed ol0®l1®12130]14015
01601701341902002]
©220234024¢
15 Cenchrus ciliaris Buftel Dhaman Poaceae G/A Naturalized | AF 196 | 0.02 | 10203040506070349
ISNI-GUJ-45 grass oj00]]@]20]3]14@]15
0160]17%1301902002]
0220230240
16 | Chenopodium album L. Common | Bathu Chenopodicacae | H/A Invasive EU 6.07 | 0.07 | 1 920304050607+%3
ISNI-GUJ-24 goosefoot eJej(e][ 412013014
¢15016417013019020
210220230240
17 Chenopodium ambrosioides | Alkali Lani Chenopodicacae | H/P Naturalized | SAM 322 | 0.03 | 1203040506074 8
L. ISNI-GUJ-25 weed Bathu 910011012+ 1301401
5016017018019020%2
10220230240
18 Chenopodium murale L. Nettle- Karund Chenopodicacae H/P Naturalized | EU/AM 1.51 | 0.02 | 14203404050607030
ISNI-GUJ-26 Leaved 9el0e]10]20]130]4@]5
Goosefoot 016017013019020421
0220230240
19 Chrozophora tinctoria Dyer's Neeli buti | Euphorbiaceae H/A Naturalized | AS 1.62 | 0.02 | 10203040506070509
(L.)AJuss. ISNI-GUJ-30 croton ej(ollel20]130]4015
ojc0]70]80]1902002]
0220230240
20 Cichorium intybus L. Chicory Kasni Asteraceae H/P Naturalized | EU 273 | 0.03 | 102034450607309
ISNI-GUJ-11 ej0e][@]2¢]130]4@]5
016017013019020421
0224230240
21 Cirsium arvensis (L.) Scop. | Creeping | Kandyari | Asteraceae H/A Invasive AS 373 | 0.05 | 1020304050607630
ISNI-GUJ-12 thistle 9e]0e]10]20130]140]5
016417013019020021
0224230240
22 Convolvulus arvensis L. Common Lehli Convolvulaceae H/P Invasive EU 3.14 | 0.03 1020304050,070309
ISNI-GUJ-27 bindweed ej(ellel20]130]4015
ojc0]70]80]1902002]
0220230240
23 Conyza ambigua DC. Hairy Gider buti | Asteraceae H/A Invasive SAM 330 | 0.04 | 10243%4050607309
ISNI-GUJ-13 fleabane ¢l10¢110120130]40]
5016017413019020%2
1022230240
24 Coronopus didymus (L.) Swine Jangli Brassicaceae H/A Invasive SAM 3.03 | 0.03 | 1024344050607 3¢
Sm. ISNI-GUJ-19 cress haloon 9&l10e]l10]12<130]40@]
5016017013019020021
0220230240
25 | Croton sparsiflorus Morong | Ban tulsi Kala Euphorbiaceae H/P Invasive SAM 3.00 | 0.03 | 19203040506467030
ISNI-GUJ-31 bhangra 9ej0e]10]20130]4@]5
01601701341902002]
220230240
26 Cuscuta reflexa L. Giant Akash Convolvulaceae H/A Naturalized | EU/NA 1.03 | 0.02 | 14203040506070309
ISNI-GUJ-28 Dodder Bail M/AS oj(®]l]1<12013014@15
016017018+1902002]
0220230240
27 Cynodon dactylon Pers. Bermuda Khanbal Poaceae G/P Invasive AS/AF 7.69 | 0.08 | 1020304050607 309
ISNI-GUJ-46 grass gha ol0®ll0120]13414015
016017413019020+21
“220234240
28 | Cyperus rotundus L. Nut sedge | Deela Cyperaceae H/P Invasive EU 534 | 0.05 | 1020304056607030
ISNI-GUJ-29 Iel00]14120134140
15016017013019020
2142202349244
29 | Dactyloctenium aegyptium Crowfoot | Madhana Poaceae G/A Naturalized | AS/AF 6.73 | 0.07 | 1024630405:60703¢
Beauv. ISNI-GUJ-47 grass gha Jel(e]l]le®@[2@0]30]4@]5
0160]17018019020%21
422023240
30 | Datura innoxia L. Datura Siah Solanaceae S/P Casual AM 1.55 | 0.02 | 1420304050607:3¢
ISNI-GUJ-62 datura 910011 121301401
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5016017018%1902042
1022023024+
31 Dichanthium annulatum Ringed Murgha Poaceae G/P Naturalized | AS/AF 746 | 0.07 | 102030405060708%9
Stapf. ISNI-GUJ-48 dichanthiu | gha eol0o]]l@0[2@130]40]15
m ojc0]70]80]19@2002]
4220230240
32 Digera arvensis Forsk. False Tandla Amaranthaceae H/A Invasive NAM 2.57 | 0.03 1920304056607030
ISNI-GUJ-03 amaranth 9el0e]10]20]130]140]5
016017013419020021
0220230240
33 | Digitaria timorensis (Kunth) | Trailing Lapti gha | Poaceae G/A Naturalized | AS/AF 431 | 0.04 | 10203040506070509
Balansa ISNI-GUJ-49 crabgrass olf)el]@]20]130]40@]15
olc0]70]80]1902002]
w220230240
34 | Echinochloa colonum Millet rice | Kala Poaceae G/A Naturalized | EU 247 | 003 | 142030445060703¢
ISNI-GUJ-50 swank 9ej0e]10]20]130]40]5
0160170819020+ 21
22023240
35 | Eclipta alba Hassk False Sofed Asteraceae H/P Naturalized | SAM 2.13 | 0.03 | 1203045060708 %9
ISNI-GUJ-14 Daisy Banghara olfel]@]20]130]4@]15
¢160170]18%1902002]1
$220230240
36 | Eleusine indica Gaertn. Goose Madhani Poaceae G/A Naturalized | AF/AS 387 | 0.05 | 102%304054607089
ISNI-GUJ-51 grass “wl0el1e]12@0]13014@15
016017%1301902002]
922023240
37 Eragrostis poaeoides Beauv. | Little love | Stink Poaceae G/A Naturalized | AF/AS 2.84 | 0.03 10203040506070309
ISNI-GUIJ-52 grass grass oj(o]|@]20]30]40]5
016017013019020021
0220230240
38 | Euphorbia helioscopia L. Sun Chandni Euphorbiaceae H/A Invasive EU/AS 0.90 | 0.01 1024304+50607030
ISNI-GUJ-32 Spurge buti 9el0ell®l20[30]140]
5016017018019020%2
10220230240
39 | Euphorbia pilulifera L. Asthma Dudhi Euphorbiaceae H/A Invasive AM 338 | 0.04 | 1920304050607030
ISNI-GUJ-33 weed buti Iel0e]]e@]20][3@]40]
50160170134 1902002
1220230244
40 | Euphorbia prostrata L. Creeping | Lal dodak | Euphorbiaceae H/A Naturalized | SAM 335 | 0.03 | |02030405060703¢
ISNI-GUJ-34 Spurge 9el(ell@]|20]13@]4@]5
016017013019020021
0220230240
41 Imperata cylindrica L. Cogon Dabh gha | Poaceae G/P Invasive EU 6.88 | 0.07 | 19203%4%:540607030
ISNI-GUJ-53 grass 9el0®llei2e(3e]4@]
501641701834 1902002
14224230244
42 | Lactuca dissecta D. Don Split-leaf | Jangli Asteraceae H/A Naturalized | EU 0.90 | 0.01 1020340440506070309
ISNI-GUJ-15 lettuce salad oj(e]]@[20]3@]40]5
0160170183019020021
0220230240
43 | Lantana camara L. Lantana Panj Verbenaceae S/P Invasive SAM 146 | 0.02 | 1902030405664763
ISNI-GUJ-66 phulli “e10011012¢13014
015416017613461992
0021220230244
44 | Lathyrus aphaca L. Crowpea | Jangli Papillionaceae H/A Naturalized | EU/AF 1.66 | 0.02 | 102034¢4454607030
ISNI-GUJ-42 matter 9e0]0e]10]20130]40]5
016017013019020421
0220230240
45 | Malcolmia Africana L. African Chambar Brassicaceae H/A Naturalized | AF 2.11 | 0.02 | 1@203040506070309
ISNI-GUJ-20 mustard ej(®]l]l<12013014@15
016017013019@20%21
0220230240
46 Malva parviflora L. Little Sonchal Malvaceae H/A Invasive EU 4.50 | 0.05 1020304050607+309
ISNI-GUJ-37 Mallow el0®llel20]130]14@]5
0160]17018019020%21
0220230240
47 | Malvastrum tricuspidatum False Dhamhni Malvaceae H/A Naturalized | SAM 325 | 0.03 | 1420304506074 309
A. Gray Mallow buti 10011 12<¢13014015
ISNI-GUJ-38 016017018+19020021
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022023024
48 | Nerium oleander L. Oleander Kunair Apocyanaceae S/P Naturalized | EU/AS 129 | 0.02 | 1020304950607 309
ISNI-GUJ-07 w10%110]120]13014015
ojc0]70]80]1902002]
220230240
49 | Oxalis corniculata L. Wood Khatti Geraniaceae H/P Naturalized | EU 450 | 0.05 | 14203@4%54607630
ISNI-GUIJ-36 sorrel boti Jeloe]]l+120]13@]14@]
5016017018+190202
1422023024
50 | Parthenium hysterophorus Carrot Gandi boti | Asteraceae H/A Invasive SAM 6.05 | 0.07 | 192034405060768
L. ISNI-GUJ-16 grass e%0i0®ll02413014
01501601741341962
002]10220230244
51 Peristrophe bicalyculata Panicled Kali Acanthaceae H/A Casual AS/AF 0.90 | 0.01 14203040506070309
Nees ISNI-GUJ-01 peristroph | anghedi oj0e]]e2@[3@]4@]5
e 016017018+ 1902002]
0220230240
52 | Physalis minima L. Ground Kundiari Solanaceae H/A Naturalized | SAM 146 | 0.02 | 1203044506070309
ISNI-GUJ-64 Cherry ej(ellel20]130]4015
06017018019020021
w220230240
53 Poa annua L. Annual Barik gha | Poaceae G/A Invasive EU 154 | 0.02 | 102034¢44506070309
ISNI-GUJ-54 blue grass ej0e]l[®l20]30]4@]5
olc0]70]80]1902002]
0220230240
54 | Portulaca oleracea L. Purslane Kulfa Portulaceae H/A Naturalized | SAM 2,66 | 0.03 | [+203040506074309
ISNI-GUIJ-59 oj(e]]@[20]30]40]15
016017018+ 1902002]
922023024
55 | Ranunculus sceleratus L. Cursed Gul-e- Ranunculaceae H/A Naturalized | EU/AS 328 | 0.03 | 1020340440506070309
ISNI-GUJ-60 Buttercup | ashrafi 010011 12013014015
olc0]70]80]1902002]
0220230240
56 Ricinus communis Castor Arind Euphorbiaceae S/A Invasive AF 0.89 | 0.01 1024340506073
ISNI-GUJ-35 Bean €901001101261361
40154160174 1301902
0214220230244
57 | Rumex dentatus L. Toothed Jangli Polygonaceae H/A Naturalized | EU/AF 341 | 0.03 | 102034040506070309
ISNI-GUIJ-58 Dock palak ej(ellel20]130]4015
016017013019@20%21
0220230240
58 Setaria glauca Beauv. Yellow Kangni Poaceae G/A Naturalized | EU/AS 128 [ 0.02 | 10203440506070309
ISNI-GUJ-55 Foxtail “loelle2@ 13014015
016%17013019020421
“224230240
59 | Setaria verticillata Beauv. Bristly Lahdra Poaceae G/A Naturalized | EU/AS 147 | 0.02 | 10203040506070509
ISNI-GUIJ-56 Foxtail oj(e]]@[20]30]40]5
01617013019020421
0224234240
60 Sisymbrium irio L. London Khoob Brassicaceae H/A Naturalized | EU 127 | 002 | 10203040506070309
ISNI-GUJ-21 rocket buti ej0o]l0[2@130]40]15
0160]170180]19020%21
0220230240
61 Solanum nigrum L. Black Mako Solanaceae H/A Invasive SAM 287 | 0.04 | 19020304054060730
ISNI-GUJ-63 Nightshad 9el0e]10]20]130]14@]5
e 016017013019020421
0220230244
62 | Sonchus asper Hill. Spiny Asgandh Asteraceae H/A Invasive AS 2.13 | 0.03 | 1 92030440506070309
ISNI-GUIJ-17 sowthistle el00][012413014415
016017013419020%21
0220230240
63 | Sorghum halepense Pers. Johnson Barru Poaceae G/P Invasive EU 279 | 0.03 | 102036405660768
ISNI-GUJ-57 Grass 09%0]00]1®[2¢]13014
015016417013019020
0210220230240
64 | Stellaria media (L.) Vill. Chick Gandhar Caryophyllaceae | H/A Invasive EU 1.36 | 0.02 | 10203404465060730
ISNI-GUJ-23 weed 9el0e]l®120][3@]40]
5016017013019020021
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0220230240
65 Tribulus terrestris L. Puncture Gukhroo Zygophyllaceae H/A Naturalized | SAM 6.63 | 0.07 | 1420344%45%607430
ISNI-GUJ-67 vine Jel(e]l]le@[20]30]4@]5
016017018+ 19020%21
0224230240
66 | Veronica persica Poir Persian Veroni Scrophulariaceae | H/A Invasive AS 1.88 | 0.02 | 102430405060703¢
ISNI-GUIJ-61 Speedwell 9010011012013 14¢
15016017018301902002
10220230240
67 | Xanthium strumarium L. Common | Gokharu Asteraceae S/A Invasive SAM 257 | 0.03 | 1920304050607630
ISNI-GUJ-18 cocklebur Je10®l1012¢13014¢
150160170 13619020
210220230244
Total = 200 2.25

*Life form: S=Shrub, H=Herb, A=Annual, P=Perennial

**0Origin: SAM=South America, NAM=North America, AM=Central America, EU=Europe, AS=Asia, AF=Africa

*#*Comparison with previous records: 9=Similar findings, “=Dissimilar finding, ®=Not reported

Table 2: Comparison of alien flora of present study with other regions of the world

Sr | Reference Area No. of Similar alien Yage of alien %age of alien icci
species plants species with species with (%)
reported reported in similar status dissimilar status

present study

1 Sekar (2012) Himalya,India 190 29 8.42 6.84 13%

2 Wang et al. (2011) Beijing, China 112 16 13.39 0.89 18%

3 Khuroo et al. (2007) Srinagar, Jammu and Kashmir 571 34 4.73 1.23 05%

4 Jaryan et al. (2013) Himachal Pradesh, India 497 40 6.64 1.41 06%

5 Singh and Sharma (2014) Rupandehi, Nepal 55 26 30.9 16.36 30%

6 Akter and Zuberi (2009) North western Bangladesh 21 06 19.05 9.52 35%

7 Henderson (2003) Pretoria , South Africa 500 27 3.00 2.40 05%

8 Arianoutsou et al. (2010) Athens, Greece 343 16 233 233 07%

9 Weber et al. (2008) China 270 17 4.07 222 09%

10 | Qureshi et al. (2014b) Pakistan 73 16 19.18 2.74 23%

11 Khuroo et al. (2012) Srinagar, Jammu and Kashmir 436 18 2.75 1.38 06%

12 | Wuetal (2004) Taiwan 341 20 3.81 2.05 07%

13 | Zenni and Ziller (2011) Brazil 117 05 3.42 0.85 16%

14 Kim (2005) Peninsula and Cheju Island, Korea 267 04 1.50 0.00 09%

15 Foxcroft et al. (2010) African savannas, Africa 44 07 9.09 6.82 28%

16 | Mullin et al. (2000) United States 95 07 5.26 2.11 19%

17 Batianoff and Butler (2002) Queensland, Australia 200 08 2.50 1.50 11%

18 | Reddy (2008) India 173 21 6.36 5.78 13%

19 Wijesundara (2010) Sri Lanka 28 02 7.14 0.00 31%

20 Pysek et al. (2002) Czech Republic 1454 31 0.55 1.58 02%

21 Chong et al. (2009) Singapore 4192 24 0.17 0.41 01%

22 Bowen et al. (2002) Tennessee, United State 116 07 345 2.59 16%

23 Josekutty et al. (2002) Kosrae, Micronesia 74 09 541 6.76 22%

24 Blanfort et al. (2008) New Caledonia, France 119 16 8.40 5.04 17%

*CCi =Jaccard coefficient of community index
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