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                     Abstract 
 Protected areas (PAs) hold pivotal importance as repositories of biodiversity, especially for some fl agship species of high 

conservation priority. The growing threat of biological invasions in PAs defi es the general perception that these areas are 

rather immune to invasions. Given the paucity of information on the status of biological invasions in the Himalayan PAs, here 

we developed a well-annotated inventory of alien fl ora in Dachigam National Park (DNP) through intensive fi eld surveys for 

the period of 2 years (2019–2021) and recorded 56 alien species with majority (50 species) as neophytes and 6 archaeophyte 

species belonging to 48 genera and 26 families. Of these alien plant species, 43% species are naturalized, 29% invasive, 

20% cultivated, 4% casual aliens and 5% either cultivated or casual. Amongst diff erent natural habitat types investigated in 

DNP, the grasslands and riparian habitats were found to be most prone to invasive species. These invasions are attributed to 

myriad of anthropogenic pressure and growing human-footprint in and outside the DNP. The checklist of alien plant species 

containing useful information on invasion status, growth form, nativity, mode and purpose of introduction is an important 

tool with the managers of the PA for keen monitoring and eff ective management of invasive species in the DNP. In view of 

UN Decade for Ecosystem Restoration (2021–30), the PA managers can use this checklist to plan their strategies well for 

restoration of invaded habitats and preventing further invasions in tune with the CBD Programme of Work on Protected 

Areas. So we recommend preparing such checklists for other PAs as well in view of importance this baseline information 

to deal with invasion-driven changes. 
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      Introduction 

 The protected areas (PAs) are meant to safeguard the 

world’s threatened species and are deemed to be relatively 

immune to ecological problems than nearby unprotected 

areas. Biological invasions, the second largest threat to bio-

diversity (Mooney and Hobbs  2000 ) after habitat loss, do 

not spare even the PAs. A recent study by Moodley et al. 

( 2021 ) estimates the economic costs of IAS in PAs to the 

tune of US$ 22.13 billion between 1976 and 2020, with 

US$ 802.47 million as observed costs (incurred) and US$ 

21.18 billion as potential costs (expected). Notwithstand-

ing the critical role of PAs as insurance against biodiversity 

loss, these PAs are not only under intense anthropogenic 

pressure (Jones et al.  2018 ), but also relatively more vulner-

able to and challenged by IAS than other unprotected areas 

in view of harbouring quite larger proportion of native, 

endemic and threatened species which are less adapted to 

human disturbances (Foxcroft et al.  2013 ; Heringer et al. 

 2020 ). Therefore, over the years the growing problem of 

alien plant invasions in PAs has thrown serious challenges 

for park managers. There are reportedly more than 277 

Ramsar sites in 84 countries where invasive alien species 

(IAS) are reported as a threat directly or indirectly, with 

highest number especially in Africa and Asia (Gherardi 

et al.  2011 ). Without proper management of IAS the value 

of PAs is seriously compromised in terms of biodiversity 

they harbour and ecosystem services provided thereof. The 

key impediments and challenges to dealing with IAS in PAs 

is the lack of proper documentation, which in turn ham-

pers the apt understanding of the extent of problem and its 

mitigation. As a result, implementing invasion management 

plans in the protected areas remain less eff ective. 
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 It is apposite to mention that the Sustainable Develop-

ment Goal 15.8 explicitly addresses invasive species, and a 

recently submitted proposal to the Convention on Biological 

Diversity (CBD) for a post-2020 targets for invasive species 

requires countries to cover at least 50% of pathways, control 

50% of the most threatening invasive alien species, and avoid 

impacts by nearly 100% by 2030 (Essl et al.  2020 ). Also 

United Nation’s Intergovernmental Platform for Biodiversity 

and Ecosystem Services (IPBES) estimated that about one 

fi fth of the Earth’s surface, including the global biodiversity 

hotspots, is at risk due to invasive species (IPBES  2019 ), 

thereby specifi cally calling for the IAPS management of 

global protected areas, which cover the 14.9% of the ter-

restrial realm (IPBES  2019 ). In view of priority accorded 

to identifying/prioritizing IAPS for biodiversity conserva-

tion (IPBES  2019 ), India is obligated to achieve these goals 

being a signatory to the CBD. Like many other countries, 

India is also facing a severe threat of climate change and 

invasive alien plant species (Pergl et al.  2018 ) that together 

infl ict signifi cant ecological impacts and economic damage, 

especially in the eco-climatically more sensitive Himalayan 

region (Lamsal et al.  2018 ). Though some inventories of 

alien fl ora have been published (Khuroo et al.  2007 ; Shah 

and Reshi  2014 ), there is no mention of the proportion of 

alien plants having invaded the protected areas, such as 

National Parks, Wildlife Sanctuaries and Ramsar sites. 

While the developed countries are quite alive to the threat 

posed by invasive alien species, an appropriate focus on PAs 

is even missing there. India is yet to respond to the problem 

of biological invasions in an appropriate manner, in general, 

and needs to pay special attention towards the extent of the 

problem in the pristine forests, Ramsar sites and other PAs, 

in particular. 

 Of late the invasive species seem to be emerging as an 

ecological threat to Dachigam National Park (DNP) in Kash-

mir Himalaya, India. The park was established in 1981, pre-

viously proclaimed as wildlife sanctuary in the year of 1951 

(Holloway and Wani  1970 ; Holloway and Schaller  1970 ), 

along the Zanskar mountain range of Northwest Himala-

yan biogeographic region (2A) (Rodgers and Panwar  1988 ; 

Rodgers et al.  2000 ) primarily as a hunting resort of the 

Maharaja of Kashmir. Introduction of alien species in the 

DNP can be traced to its establishment by the Maharaja per 

se who planted a number of tree species preferred by the 

wild denizens, such as  Morus alba  L.,  Prunus armeniaca  
L.,  Prunus persica  (L.) Batsch,  Aesculus indica  (Wall. ex 

Cambess.) Hook.,  Quercus robur  L.,  Robinia pseudoacacia  
L. and supplemented the limited winter fodder available to 

the wild animals. Over the years, some land-use changes in 

the region, existence of freshwater trout fi shery farm in the 

park premises, pastoral activities and growing footfall of 

visitors seem to have contributed to the infl ux of propagules 

of alien plant species in the area. The fi res in the grassland 

that were partly attributed to be triggered by the pastorals 

and animal grazers (Kurt  1978 ), could have also played some 

role in the establishment of alien plants in the DNP. 

 In addition to historical factors, a region's complexity and 

structure, can determine its vulnerability to invasion by alien 

biota (Saunders et al.  1991 ). The DNP has a high edge-to-

area ratio, scattered along its borders with farms, planta-

tions, hamlets and towns, making it increasingly vulnerable 

to edge eff ect. In addition, the main road connecting the 

point of entry and the guesthouse runs through the middle 

of the Lower Dachigam, with several alternate paths running 

through or near the park. The park has a range of pathways 

and access routes for riders and hikers, the majority of which 

are likely to serve as gateways for alien plant entry and dis-

persal (Mount and Pickering  2009 ). Disturbance (Hobbs and 

Huenneke  1992 ) is another key element of invasibility, and 

natural disturbances, especially fi res in grasslands, are com-

mon (Kraaij et al.  2012 ), and heavy grazing pressure associ-

ated with the Gujar, Bakkarwal and several Baniharas who 

had their cattle grazing in the Dagwan pastures of Upper 

Dachigam. 

 Assessing the relative proportion of native and alien spe-

cies helps us a great deal model the conservation plans and 

plant management strategies, besides being helpful in bet-

ter exploring the complex elements of biodiversity (Preston 

et al.  2004 ). Having a baseline in terms of a well-annotated 

inventory of alien species is quite critical to comprehend 

the problem of invasion in the DNP. Hence, the primary 

objective of this study was to prepare a checklist of alien 

plant species in DNP supplemented with information on 

species nativity, growth form, invasion status and reason 

of introduction. 

    Methods 

   Study area 

 The area of study for the present investigation was Dachigam 

National Park (DNP) with geographical coordinates 34° 05″ 
N–34° 1″ N and 74° 54″ E–75° 09″ E (Fig.  1 ). The area lies 

within the civil jurisdictions of Srinagar, Anantnag, Pul-

wama districts. Its area falls in 2.38.12 (Himalayan High-

lands) biogeographical province and 2A Bio-geographic 

zone (Rodgers and Panwar  1988 ; Rodgers et  al.  2000 ). 

It is 21 km north-east to Srinagar, the summer capital of 

Jammu and Kashmir situated in Zabarwan mountain range 

of Greater Himalayas. DNP spans a total area of 141 square 

kilometres and is divided in two administrative units, Lower 

and Upper Dachigam, which are governed by Central and 

South Wildlife Division, respectively. It is currently man-

aged in IUCN category II (National Park). Dachigam 

National Park is famous around the world for having the best 
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population of Asiatic black bears, as well as last genetically 

viable population of Kashmir red deer or Hangul (Ahmad 

et al.  2016 ), a subspecies of European red deer indigenous 

to Kashmir that was recently described by Tarim Red deer 

(Cervus hanglu) as a distinct sub-species of  Cervus hanglu 
hanglu .         

 A complex mixture of vegetation types with broad-leaf 

mesophyll forest of  Acer negundo  L.,  M. alba  L.,  Rhus suc-
cedanea  L ., Ulmus villosa  Brandis ex Gamble,  Ulmus wal-
lichiana  Planch.,  Juglans regia  L. and  Parrotiopsis jacque-
montiana  (Decne.) Rehder and a variety of conifers such as 

 Cedrus deodara  (Roxb.) G.Don,  Picea smithiana  (Wall.) 

Boiss.,  Pinus wallichiana  A. B. Jacks. and  Abies pindrow  
(Royle ex D.Don) Royle growing in an altitudinal sequence 

(Ahmad et al.  2009 ,  2016 ; Holloway  1970 ; Ahmad  2006 ) is 

found in Lower Dachigam. Upper Dachigam has a subalpine 

forest vegetation gradient, accompanied by scrub vegetation 

of birch  Betula utilis  D.Don and  Rhododendron campanula-
tum  D.Don interspersed with herb-rich grasslands meadows 

(Rashid and Sharma  2016 ). Alien plant invasions are thought 

to be more common in grasslands than in forests (Macdonald 

and Richardson  1986 ; Henderson  2007 ). The study area's 

climate can be classifi ed as sub-Mediterranean to generally 

temperate, with greater levels of fl uctuations in precipitation 

and dryness, typical of a bixeric system (Singh and Kachroo 

 1978 ; Mani  1981 ). The minimum and maximum annual pre-

cipitation for Dachigam has been estimated to be between 

32 and 546 mm (Bhat  1985 ). The study area's soil depth is 

less than 25 cm on the slope from lower to middle reaches, 

putting it in the group of very shallow soils (Bhat  1985 ). 

    Checklist 

 A couple of inventories of alien fl ora developed in Kashmir 

Himalaya (Khuroo et al.  2007 ; Shah and Reshi  2014 ) did not 

exclusively present the status of IAS in PAs this region. Our 

checklist comprises the data obtained from extensive fi eld 

surveys in the DNP over past couple of years supported with 

plant specimen collections (2019–2020). Prior to fi eld sur-

veys thorough literature review for plant databases or fl ora 

descriptions (Khuroo et al.  2007 ; Gurcharan and Kachroo 

 1983 ; Singh and Misri  1974 ) and forestry planting data 

(Poynton  1977 ) relevant to the study site was done. Within 

the Pteridophyta, Gymnosperms, and Angiopsperms fami-

lies, we classifi ed alien plants in alphabetical order and also 

grouped these into Monocotyledons and Dicotyledons. We 

used ‘The Plant List' for nomenclature (  http:// www. thepl 

antli st. org/    ). We classifi ed the species according to the stage 

of invasion along the introduction–naturalization–invasion 

continuum (INIC), an indicator of how species overcome the 

geographical, environmental and biotic barriers (Richardson 

et al.  2000 ; Pyšek et al.  2004 ) to be successful invaders. 

Based on this framework the terms used in this study to 

indicate the invasion status are briefl y described below:

   1.      Casual aliens are those species that do not develop self-

sustaining populations in the invaded region; they may 

thrive and reproduce on occasion, but their survival is 

dependent on the introduction of propagules on a regular 

basis.   

  2.      Naturalised aliens are those species that form self-sus-

taining populations for numerous life cycles (for at least 

10 years), without or despite human involvement; they 

frequently recruit off springs freely, usually adjacent to 

the adult plants, and their persistence is not reliant on 

propagule input.   

  3.      Invasive aliens are a subset of naturalised species that 

form self-replacing populations through several life 

cycles, generate fertile off spring in high numbers at 

great distances from the parent expanding (> 100 m 

in 50 years via seed or > 6 m in 3 years via vegetative 

means) and/or introduction site, and have the ability to 

spread over vast distances.     

 We also added the ‘casual or naturalised’ invasion status 

category for such species for which the information available 

  Fig. 1       Map of study area  
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was insuffi  cient to categorise them as casual, naturalised or 

invasive, and there is insuffi  cient evidence to declare them 

naturalised but have the potential to do so in the near future. 

In addition to this, we included those alien plants as well 

that have been cultivated in the park but have not yet escaped 

into the wild. Such plant species, categorised as “cultivated” 

(Khuroo et al.  2007 ), however, were not allocated any of the 

aforementioned status. 

 All alien plant species that have no previous record of 

introduction and have arrived in the region by accident have 

been classifi ed as species with an 'unintentional' mode of 

introduction. Information about the other plant species that 

have been intentionally introduced for various humanis-

tic goals such as food, ornamentals, fodder, landscaping, 

plantation, horticultural, and medicinal plants was gathered 

through literature (Khuroo et al.  2007 ). We reported various 

other historical and ecological characteristics for each spe-

cies in the checklist (described in Table  1 ). We also looked 

at the number of errors or ambiguities in our list, which are 

often, associated with alien species listings (McGeoch et al. 

 2012 ).  

     Results 

 We found 56 alien plant species belonging to 26 families 

(Table  1 ) in the DNP. The Rosaceae was found to be the 

most dominant family with alien species followed by the 

Asteracea (Table  2 ). The Asteracea not only has the sec-

ond highest number of alien species, but it also has a rela-

tively high number of invasive species, with seven out of 

every eight species becoming invasive. In terms of time of 

introduction, most of the species have been introduced after 

1875, thus considered as neophytes (89%) while as only 

few species are archaeophytes (11%) (Fig.  2 a). Maximum 

number of neophytes (22 species) have become naturalised 

(Fig.  2 b). In view of invasion status, 43% of the alien species 

in DNP account for naturalised aliens, 29% are invasive, 20% 

cultivated, 4% are casual aliens, and 5% are either casual or 

naturalized (Fig.  3 a). Most common growth forms exhibited 

by alien species are herbs (59%), trees (29%), shrubs (5%), 

graminoid (5%) and creeper (2%) (Fig.  3 b). In decreasing 

order of priority, Europe and Asia are the continents where 

from the greatest number of species have originated, fol-

lowed by South America and North America (Fig.  3 c).                  

 Forest habitat has the highest number of alien species 

with in the National Park, preceded by disturbed habitats 

(Fig.   3 d). Just two alien plant species were found in the 

Riparian habitat, and both are either invasive or naturalised 

(Fig.  3 d). Most of the alien species have been introduced 

unintentionally (Fig.   3 e). Plantation, horticultural, food, 

medicinal, and landscaping are the most common causes 

for (intentional) introduction (Fig.   3 e). The majority of 

alien species found in all ecosystems were herbs, while trees 

were predominant in forest habitats (Fig.  4 a). Shrub plants 

were mainly found in forests and other transformed habitats 

(Fig.  4 a). When studying habitat types individually, acci-

dentally introduced species made up a signifi cant portion of 

the aliens found in disturbed, transformed habitat and forest 

(Fig.  4 b). Horticultural plants were widespread in all forms 

of forest ecosystems, with transformed habitats providing 

the widest range of reasons for introduction (Fig.  4 b).         

    Discussion 

 Presence of more than 50 alien species in the DNP is quite 

striking in terms of the potential threat that these species 

could pose to this PA in due course of time. To our knowl-

edge, this is the fi rst complete list of alien plants in the DNP 

(see Table   1 ), with species classifi ed according to their 

invasion status (casual, naturalized, cultivated or invasive). 

When evaluating inter-regional diff erences in naturalization 

rates, information on plant invasion status is especially use-

ful (Richardson and Pyšek  2012 ). Notwithstanding exist-

ence of certain local or regional inventories of alien plants 

(Khuroo et al.  2007 ), there is no focussed attempt to inven-

torize and characterize the alien species in the protected 

areas of Kashmir Himalaya. The PA managers would benefi t 

quite a great deal from such PA specifi c inventories for man-

agement of invasions. Although such inventories are piv-

otal to scientifi c understanding and systematic management 

of biological invasions at local, regional, and global levels 

(Hulme  2009 ), they become even more important when pro-

duced at a local level not only to verify various scientifi c 

hypotheses in invasion biology (Cadotte et al.  2006 ), but 

also for their direct management implications. 

 In the DNP, we estimated this rate to be 43% (24 natural-

ized out of a total of 56 species). The DNP fl ora seems to 

harbour not only a signifi cant proportion of alien plants, but 

also 29% rather more harmful alien species that are inva-

sive. Regarding PAs there is a perception that they are rather 

immune to invasions and nature takes care of these areas. 

However, recently some attention has gone into the issues 

of biological invasions in the protected areas. Non-native 

plants are often introduced into PAs through tourism, as per 

research; they may be grown intentionally for ornamental 

or garden plants, or they may be planted inadvertently in 

gardens and greening/amenity planting on recreation roads 

and skiing runs (Hulme  2011 ). Unintentionally, plant parts 

are transported by vehicles (Lonsdale and Lane  1994 ; Lippe 

and Kowarik  2007 ; Zwaenepoel et al.  2006 ; Ansong and 

Pickering  2013 ), on clothing, shoes, or appliances (Mount 

and Pickering  2009 ; Cliff ord  1956 ; Whinam et al.  2005 ) 

and that in the wool and dung of herd animals (Ansong and 

Pickering  2013 ; Fischer et al.  1996 ; Campbell and Gibson 
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  Table 1       Checklist of alien plant species recorded in the Dachigam National Park  

  Family    Species    Type*    Invasion status*    Origin*    Growth form    Reason for 

introduc-

tion*  

  Habitat*  

  Monocotyledons                

   Asparagaceae     Asparagus offi  cinalis  L.    Neophyte    Naturalised    AS; EU    Herb    Md    Dis  

   Asphodelaceae     Hemerocallis fulva  L.    Neophyte    Naturalised    EU    Herb    O    Rip  

   Poaceae     Arthraxon prionodes  
(Steud.) Dandy  

  Neophyte    Casual or Naturalised    AMS    Graminoid    Ui    For  

   Poaceae     Dactylis glomerata  L.    Neophyte    Invasive    AS; EU    Graminoid    Fr    Grl  

   Poaceae     Poa annua  L.    Neophyte    Invasive    EU; AS    Graminoid    Ui    Grl  

  Dicotyledons                

   Amaranthaceae     Amaranthus spinosus  L.    Neophyte    Naturalised    AMS    Herb    Ui    Tra  

   Apiaceae     Bupleurum falcatum  L.    Neophyte    Casual or Naturalised    EU; AS    Herb    Ui    Grl  

   Apiaceae     Conium maculatum  L.    Neophyte    Naturalised    EU,AS;AF    Herb    Md    Dis  

   Apiaceae     Daucus carota  L.    Neophyte    Invasive    AF; EU; AS    Herb    Ui    DIs  

   Apiaceae     Sium latifolium  L.    Neophyte    Naturalised    EU; AS    Herb    Ui    Tra  

   Asteraceae     Achillea millefolium  L.    Neophyte    Invasive    EU, AMN    Herb    Md    Tra  

   Asteraceae     Anthemis cotula  L.    Neophyte    Invasive    EU    Herb    Ui    Dis  

   Asteraceae     Arctium lappa  L.    Neophyte    Invasive    EU    Herb    Md    Rip  

   Asteraceae     Aster pilosus  Willd    Neophyte    Casual    AMS    Herb    Ui    Dis  

   Astreceae     Conyza canadensis  (L.) 

Cronquist  

  Neophyte    Invasive    AMN    Herb    Ui    Dis  

   Astreceae     Conyza sumatrensis  (Retz.) 

E. Walker  

  Neophyte    Invasive    AMS    Herb    Ui    Dis  

   Astraceae     Crepis sancta  (L.) Bornm    Neophyte    Invasive    AS    Herb    Ui    Tra  

   Asteraceae     Taraxacum offi  cinale  
aggr. Anon  

  Neophyte    Invasive    EU    Herb    Ui    Dis  

   Brassicaceae     Capsella bursa-pastoris  (L.) 

Medik  

  Archaeophyte    Invasive    EU    Herb    Ui    Dis  

   Brassicaceae     Hesperis matronalis  L.    Neophyte    Casual or NaSturalised    EU    Herb    Fd    Dis  

   Cannabaceae     Cannabis sativa  L.    Neophyte    Invasive    AS    Tree    Ui    Dis  

   Cannabaceae     Celtis australis  L.    Neophyte    Cultivated    EU    Herb    Pl    For  

   Caryophyllaceae     Lychnis coronaria  (L.) Desr    Archaeophyte    Invasive    EU    Herb    Ui    Tra  

   Caryophyllaceae     Portulaca oleracea  L.    Archaeophyte    Naturalised    AF; AMS    Herb    Fd    For  

   Fabaceae     Robinia pseudoacacia  L.    Neophyte    Invasive    AMN    Tree    Pl    For  

   Fabaceae     Trifolium repens  L.    Neophyte    Naturalised    EU    Herb    Fr    Tra  

   Fagaceae     Quercus robur  L.    Neophyte    Cultivated    AS; AF; EU    Tree    Pl    For  

   Lamiaceae     Clinopodium vulgare  L.    Neophyte    Naturalised    AS; EU    Herb    Ui    Grl  

   Malvaceae     Malva neglecta  Wallr    Neophyte    Naturalised    AS; AF    Herb    Fd    Dis  

   Moraceae     Morus alba  L.    Neophyte    Naturalized    AS    Tree    Ht    For  

   Onagraceae     Oenothera rosea  L'Her.ex 

Aiton  

  Neophyte    Naturalised    AMS    Herb    Ui    Dis  

   Oxalidaceae     Oxalis corniculata  L.    Archaeophyte    Naturalised    AS; EU    Herb    Ui    Tra  

   Oxalidaceae     Oxalis stricta  L.    Neophyte    Naturalised    AS    Herb    Ui    Tra  

   Plantaginaceae     Veronica persica  Poir    Neophyte    Invasive    AS    Herb    Ui    For  

   Platanaceae     Platanus orientalis  L.    Neophyte    Cultivated    EU; AS    Tree    Pl    For  

   Ranunculaceae     Delphenium ajacis  L.    Archaeophyte    Casual    EU; AS    Herb    O    Dis  

   Rosaceae     Fragaria virginiana  Mill    Neophyte    Naturalised    AMN    Herb    Fd    For  

   Rosaceae     Crataegus laevigata  (Poir.) 

DC  

  Neophyte    Cultivated    EU    Tree    Ld    For  

   Rosaceae     Crataegus oxyacantha  auct    Neophyte    Cultivated    EU,AS,AMN    Tree    Md    For  

   Rosaceae     Crataegus songarica  K. 

Koch  

  Neophyte    Cultivated    AF; EU    Tree    Ld    For  
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 2001 ). We recommend that the precise contribution of each 

of these pathways and reasons of introduction need to be 

quantifi ed in DNP so that policies and plans for plugging 

them are accordingly put in place. 

 The DNP's alien plant infestation has been aggravated by 

a long tradition of forestry and widespread planting, with 

cultivated plants including mostly trees. There are few lawns 

maintained in the lower part of the DNP where exotic orna-

mentals are grown, some of which can escape into the wild 

and become invasive. Reasonably quite high footfall in the 

DNP can be attributed to park tourism, presence of a major 

fi sheries farm, defence and security related personnel and 

infrastructure, and visit of VIPs along with their cavalcade 

of vehicles in the guesthouse at Draphama. Earlier these 

disturbances were attributed to the presence of sheep rais-

ing farm and movement of pastorals and shepherds through 

the trails of the park, especially in the upper Dachigam 

part. The landscape's vulnerability to alien plant invasion is 

worsened by a range of other anthropogenic and ecological 

disturbances. 

 During the initial stages of development, alien plant 

population growth is always slow, but once propagule pres-

sure is high enough, exponential growth occurs (Rouget and 

Richardson  2003 ). Our fi ndings indicate that certain species 

in the study area have become increasingly problematic. We 

found that six species are quite evidently visible in the study 

site with quite aggravating threats to native biodiversity 

(designated as ‘Invasive’ in Table  1 ). A strong vigil on such 

species has to be part of the monitoring and management 

strategy of IAS in the park. An eradication eff ort for IAS is 

needed in the DNP and risk assessments needs to be part of 

the management strategy. 

 A review of studies recently looked at 59 widespread 

invasive species from a representative group of 135 PAs 

around the world and found that trees were the most com-

mon (32%) preceded by perennial herbs (17%) and shrubs 

 *Type: Neophytes, species introduced by humans after 1500 AD (50 species) Archaeophytes, species introduced by humans before 1500 AD (6 

species) 

 *Invasion status: Categorised as naturalised, invasive, cultivated, casual alien, and either casual or naturalised (whose status is not confi rmed) 

(Khuroo et al.  2007 ) 

 *Origin: The geographical area that a plant is native to; demarcated on continental boundaries (after   http:// en. wikip edia. org/ wiki/ Conti nental_ 

bound ary     except where indicated otherwise), i.e. North America ‘AMN’ (excluding Central America), South America ‘AMS’ (including Central 

America), Europe ‘EU’, Africa ‘AF’ and Asia ‘As’ (excluding Indian Subcontinent) 

 *(Likely) reason for introduction: ‘Fd’, with or for Food; ‘Ht’, for Horticulture; ‘Md’, plants known to have Medicinal use; ‘Pl’, for Plantation; 

‘Ld’ for Landscaping, ‘Fr,’ for fodder; ‘O’, for ornamental and ‘Ui’, which has been introduced unintentionally 

 *Habitat of occurrence: In natural states, distinguishing between Forest ‘For’, Grassland ‘Grl’, and Riparian ‘Rip’; Transformed ‘Tra’ is habitat 

that has lost its original natural form and composition, mostly due to earthworks (e.g. transformed roadsides, pastures, gardens, etc.). Disturbed 

‘Dis’ is disturbed grassland, forest, or riparian habitat that shows some similarity of natural form and composition but has been altered 

Table 1    (continued)

  Family    Species    Type*    Invasion status*    Origin*    Growth form    Reason for 

introduc-

tion*  

  Habitat*  

   Rosaceae     Geum urbanum  L. Syn 

Geum roylei  

  Neophyte    Naturalised    EU,AS;AF    Herb    Ui    Dis  

   Rosaceae     Potentilla reptans  L.    Neophyte    Naturalised    AS; EU    Herb    Ui    Tra  

   Rosaceae     Prunus armeniaca  L.    Neophyte    Cultivated    AS    Tree    Ht    For  

   Rosaceae     Prunus cerasifera  Ehrh    Neophyte    Naturalised    AS    Tree    Ht    For  

   Rosaceae     Prunus tomentosa  Thunb    Neophyte    Naturalized    AS    Shrub    Ht    For  

   Rosaceae     Pyrus communis  L.    Neophyte    Cultivated    AS; EU    Tree    Ht    For  

   Rosaceae     Rubus fruticosus  auct    Neophyte    Naturalized    EU    Shrub    Fd    For  

   Rubiaceae     Galium aparine  L.    Neophyte    Naturalised    EU    Herb    Ui    For  

   Rubiaceae     Galium verum  Agg    Neophyte    Naturalised    EU    Herb    Ui    For  

   Salicaceae     Populus alba  L.    Neophyte    Naturalised    EU    Tree    Pl    For  

   Salicaceae     Salix alba  L.    Neophyte    Naturalised    AS; AF; EU    Tree    Pl    For  

   Salicaceae     Salix babylonica  L.    Neophyte    Naturalised    AS    Tree    Pl    For  

   Sapindaceae     Acer negundo   L.    Neophyte    Cultivated    AMN    Tree    Ld    For  

   Scrophulariaceae     Buddleja davidii  Franch    Neophyte    Cultivated    AS    Shrub    Ld    Tra  

   Simaroubaceae     Ailanthus altissima  (Mill.) 

Swingle  

  Neophyte    Invasive    AS    Tree    Pl    Tra  

   Vitaceae     Vitis vinifera  L.    Archaeophyte    Cultivated    AS; EU    Creeper    Ht    Tra  
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(15%). The most invaded ecosystems in the DNP are forest 

habitats, which are usually invaded by trees. Trees, shrubs, 

and creepers are examples of plant growth that can eas-

ily invade forests, especially forest borders and large gaps 

(Geldenhuys et al.  1986 ).  Robinia pseudoacacia  L. has 

invaded the oak patch of DNP drastically which is feeding 

and breeding ground of  Cervus hanglu hanglu . In the DNP's 

grasslands and riparian forest, IAPs pose a signifi cant threat 

to biodiversity. Since grassland is a fi re-driven system, alien 

fi re-adapted herbs are highly likely to be successful invad-

ers (Macdonald and Richardson  1986 ). Also grazers play a 

pivotal role in dispersal of the propagules of invasive plants 

in grasslands, wherein epizoochory (Chuong et al.  2016 ) is 

a predominant dispersal mechanism.  Arctium lappa  L. has 

  Table 2       Number of alien plant 

species per family and per 

invasion status in the Dachigam 

National Park  

  Family    Total    Invasive    Naturalized    Casual    Cultivated    Either casual 

or naturalized  

  Rosaceae    11      6      5    

  Asteraceae    8    7      1      

  Apiaceae    4    1    2        1  

  Poaceae    3    1          1  

  Salicaceae    3      3        

  Brassicaceae    2    1          1  

  Cannabaceae    2    1        1    

  Caryophyllaceae    2    1    1        

  Fabaceae    2    1    1        

  Oxalidaceae    2      2        

  Rubiaceae    2      2        

  Amaranthaceae    1      1        

  Asparagaceae    1      1        

  Asphodelaceae    1      1        

  Fagaceae    1          1    

  Lamiaceae    1      1        

  Malvaceae    1      1        

  Moraceae    1      1        

  Onagraceae    1      1        

  Plantaginaceae    1    1          

  Platanaceae    1          1    

  Ranunculaceae    1        1      

  Sapindaceae    1          1    

  Scrophulariaceae    1          1    

  Simaroubaceae    1    1          

  Vitaceae    1          1    
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  Fig. 2       Number of alien plant species in terms of their ( a ) type ( b ) invasion status  
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a signifi cant impact on riparian habitats, with seeds being 

carried down by water and fl oods, thereby promoting fur-

ther invasion (Richardson and Kluge  2008 ). Water fl ow and 

fl oodwaters transport both buoyant and non-buoyant prop-

agules from a variety of habitats located downstream within 

the watershed, representing an important introduction vector 

(Johansson et al.  1996 ) to enhance the vegetative propagule 

pressure in the riparian corridors. As a result, riparian zones 

are important hotspots for alien species, as well as poten-

tial sources of additional spread (Johansson et al.  1996 ) that 

need specifi c monitoring. 

 In conclusion, the PAs need to be seriously monitored for 

growing biological invasions and checking their negative 

impacts. In view of presence of 56 alien species in the DNP, 

many of which are aggressive invaders outside, there needs 

to be a special focus on these species and their potential dev-

astating consequences on its valuable biodiversity, wildlife 

species, ecosystem services and socio-cultural values. How 

these alien species interfere with feeding ecology of Kash-

mir stag (Hangul), a fl agship species of utmost conservation 

concern especially, need to be investigated. To minimise and 

mitigate the eff ects of biological invasions in PAs such as 

DNP, long-term monitoring is key to successful manage-

ment measures (Richardson et al.  2005 ). Updating checklists 

from time to time, eradicating species that are at initial stage 

of invasion followed by proper management strategies for 
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invaders at relatively advanced stage of invasion are pivotal 

to PA management. Weed risk assessment (WRA) plays a 

critical role in this regard and lies at the heart of IAS policy 

and management with profound implications for decision-

making, early rapid response, control and long-term moni-

toring (Beninde et al.  2015 ; Genovesi et al.  2015 ; Tollington 

et al.  2015 ). 
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