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Abstract

            Invasive species have gained considerably importance in recent years as a major threat to the native species and ecosystem. This work attempts to assess the habitat suitability of an invasive species Eupatorium odoratum L. in the Doon Valley during the year 2007- 08. Four study sites were selected at different locations of Doon Valley ranging at an altitude from 550m to 1200m. The basis of selection of the site was variation in habitat, aspect, average top soil depth and biotic interference level. Out of total of 71 species, 29 were exotic with 21 genera and 8 families. Indigenous species accounted for 59% of total species. These were represented by 26 genera and 11 families. The number of species recorded in each site were 22 (site 1), 09 (site 2), 19 (site 3) and 32 (site 4). Perennials outnumbered annuals in all the sites. Eupatorium odoratum L. was the only common species in all the sites. The present work reveals that site 1 and site 3 is the most suitable site for the invasive exotic species Eupatorium odoratum L. on the basis of IVI and Canopy Cover. However, in site 4 which is the most disturbed site the dominance of Eupatorium odoratum L. is shared by two other invasive exotic species Lantana camara L. and Parthenium hysterophorus L. Thus our findings conclude that suitability of                 Eupatorium odoratum L. depends not only on physical disturbance of site but also on other factors like topography, altitude, soil profile, role of herbivory and plant attributes etc.   

Key words: Invasive species, Habitat suitability, Importance Value Index etc.   

Introduction

           The invasion of natural communities by introduced species constitutes a major threat to biodiversity globally (Lodge, 1993; Adair and Groves, 1998). Invasive plants have been found to affect ecosystem structure and function adversely in habitats throughout the world by reducing native species richness, altering water or fire regimes. Changing soil nutrient status and altering geomorphologic process (Macdonald et al., 1989; Cronk and Fuller, 1995; Rose and Fairweather, 1997). A major challenge for invasive plant research is to develop the ability to predict the invasiveness of species and invisibility of habitats (Kareiva, 1996). Human activities have resulted in the transport of plants worldwide, yet only around 10% of introduced species become established, and 10% of these become invasive (Groves, 1991). The critical questions for invasive plant research are: what attributes make invasive species successful? Why do only some introduced species become invasive and does the type or severity of disturbance affect the invasiveness of species? Several generalization for predicting invasiveness have been proposed, including the degree of similarity of the new compared with the native climate (Cronk and Fuller, 1995; Crawley et al., 1997) and invasiveness in other new habitats (Scott and Panetta, 1993; Reichard and Hamilton, 1997). Many studies have focused on identifying plant traits that confer invasiveness. Early work by Baker (1974) identified the attributes of an ideal weed, including fast vegetative growth to flowering, production of large quantities of seed, vegetative propagation and non specialized pollination system and germination requirements. Although this approach is useful as a checklist of potential warning signs, it is too broad to be of much predictive value (Noble, 1989). Other workers have attempted to correlate attributes of plants with invasive ability, with mixed success. These studies have had limited predictive ability for several reasons. Firstly, some studies have been too broad in their scope, using too wide a range of habitats e.g. worldwide (Binggeli, 1996) or North America (Reichard and Hamilton, 1997) or combining agricultural with environmental weeds (Newsome and Noble, 1986; Williamson and Fitter, 1996a). The lack of clear patterns has led to the suggestion that prediction of invasiveness is not possible (Williamson and Fitter, 1996b). Secondly such studies have lacked environmental specificity (e.g. Newsome and Noble, 1986; Reichard and Hamilton, 1997). The most successful attempts so far to predict invasiveness based on species attributes has been confined to the genus Pinus (Rejmanek and Richardson, 1996; Grottkopp et al., 2002). Alternative hypothesis to explain the success of exotic species involve release from their coevolved natural pests and predators in the new environment. Exotic plants arrive in their new habitat unaccompanied by their co evolved predators and pathogens. Local endemic phytophages may take many years to colonize and affect exotic species (Strong et al., 1984). Release from natural pests may increase plant fitness by several potential mechanisms. These are (a) a direct effect, the so called ‘predator- release effect’ (Newsome and Noble, 1986), (b) reallocation of resources from defense to growth (Crawley et al., 1997) or (c) as a result of selection of genotypes with increase allocation to growth and decrease allocation to defense (the evolution of increased competitive ability hypothesis) (Blossey and Notzold, 1995). In turn, human land use patterns may enhance the invisibility of landscapes (Hobbs 2000). Landscape transformation by humans has been rapid, widespread, and extraordinarily thorough in many cases (Whitney 1994). It is no coincidence, therefore, that anthropogenic disturbances resulting in habitat destruction and fragmentation are viewed as the leading threats to biodiversity, followed by the threat posed by invasive species (Wilcove et al., 1998). Fragmentation is characterized as ‘landscape level’ disturbance (Hobbs & Huenneke 1992), and disturbance is almost unanimously acknowledged to influence invasive spread (Fox & Fox, 1986). Thus, habitat loss and fragmentation may facilitate the spread of invasive species. Other studies (Burgess et al., 1991; Dukes & Mooney, 1999) have shown that in dry regions, increase of water supply (whether by natural rainfall or by experimental additions) increase the invasibility of vegetation, either as a direct effect of water supply or through improved access to mineral nutrients. Experimental studies have shown that water supplements increase the availability of soil water and hence the invasibility of herbaceous communities by both woody and herbaceous vegetation (Grime & Curtis 1976; Davis et al., 1999). Imposed drought conditions reduced the availability of soil water and hence decreased the invisibility of the same communities during the drought period (Davis et al., 1999). Some workers have predicted that the increase in atmospheric CO2 will favour invasion by certain species by increasing soil water availability due to more efficient use of water by the resident plants (Johnson et al., 1993; Dukes & Mooney 1999). In this study, we assessed two alternative hypotheses: (1). that particular attributes promote the success of invasive exotic plant species, and (2). that freedom from herbivores promotes the success of exotic plant species. There are two novel aspects of this study. Firstly, we looked at the success of invasive exotic plants compared to natives under different disturbance and altitudinal types. Secondly, we are assessing the total count of vegetation over a time period of more that three decades. In particular, we try to disentangle the factors influencing the establishment of invasive exotic species in different altitudes and disturbance types. We test whether: (1) proximity to disturbed areas increases exotic species richness and abundance, (2) exotic species richness decreases as native species richness increases, as predicted by diversity- resistance hypothesis, and (3) exotic species richness increases with increased availability of limiting resources, as predicted by the resource – enrichment hypothesis.   

Materials and Methods

     Phyto-sociological studies were carried out in the year 2007-08 in various sites using stratified random sampling method. Ten quadrat of 5m×5m size were nested in each site. Data of species abundance and collar diameter were collected for each species present in a quadrat. These values were then used for calculations. The climate of the district is generally temperate. It varies greatly from tropical to severe cold depending upon the altitude of the area. The district being hilly, temperature variations due to difference in elevation are considerable. In the hilly regions the summer is pleasant, but in the Doon, the heat is often intense, although not to such degree as in the plains of the adjoining district. The temperature drops below freezing point not only at high altitude but even at places like Dehradun during the winters, when the higher peaks are also under snow. The area receiving an annual rainfall of 2100mm. most of the annual rainfall in the district is received during the months from June to September, July and August being rainiest. Dehradun lies between 290 58' and 310 2'30" North latitudes and 770 34' 45" and 780 18' 30" east longitudes. Four study sites were selected at different locations of Doon Valley ranging at an altitude from 550m to 1200m. The characteristic features of different locations are as follows; site 1- These sites are found growing as understory vegetation or forest periphery vegetation at an altitude above 1000 m. The forest canopy is dense and dominated by the trees of Quercus leucotrichophora.  The area is mountainous with well developed soil. Site 2- These sites are typically found in the swampy localities of Doon Valley in some of the areas the dominant tree taxa including Shorea robusta, Diospyros malabaricum and Trewia nudiflora. The area has well developed soil with wet to moist conditions. Site 3- This study site is located at an altitude 750 m on north facing slopes in the northern part of Doon Valley. The soil is dry and temperature is relatively cool. The dominant tree taxon is Shorea robusta. There is relatively little biotic interference in these sites as they are away from the human settlements. Site 4- The site is heavily disturbed due to thick tourist influx round the year. Basis of selection of the sites was to create variation in the habitat, aspects, average top soil depth and biotic interference level. The dominance of the plant species was determined by the Importance Value Index (IVI) species.

Philips (1959) reported that IVI expresses the abundance and ecological success of any species. The value of IVI was computed by summation of the value of the relative frequency, relative density and relative dominance (Curtis and McIntosh, 1950, Mishra, 1968).

                                     Diversity indices and Evenness;
Shannon–Wiener diversity index (Shannon and Wiener, 1963) was calculated from the IVI values using the formula as given in Magurran (1988):



Shannon–Wiener diversity index (H´) = – 
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	site
	Elevation (m)
	Aspect
	Location

in Doon Valley
	Average Depth of

Top Soil (cm)
	Relative Soil, Moisture & Temperature Condition
	Dominant Tree Taxa
	Biotic Interference

	I
	1200
	South
	North         (Kolhu Khet)
	5-7
	Moist & Cool
	Quercus leucotrichophora
	Grazing, Lopping

	II
	550
	Open/ North
	South (Mothronwala)
	2-5
	Wet & Warm
	Shorea robusta
	Heavy Grazing, camping & Lopping

	III
	750
	North
	North                     ( Rajpur)
	2-4
	Dry & Cool
	Shorea robusta
	Low biotic interference

	IV
	700
	North East
	North (Sahastradhara)
	0-1
	Dry & Cool
	Absent
	High tourist activity zone, gravelly substratum


                                   Table 1: Characteristics of various sites in the present study     

 The beta diversity was computed to measure the rate of species change across the sites (Whittaker 1975) using the following formula:    Beta diversity (β) = 
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 Evenness was calculated following the formula given by Pielou (1966), which reads:



                      Evenness (J) 
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Results 

    The total plant species in all the four sites included 71 species. This value, of course, does not include all the species present on these sites, since many species did not occur within the quadrat sampled.

    Figure. 3 reveal the status of exotic versus indigenous species in the present study area. Out of total of 71 species 29 were exotic with 21 genera and 8 families. Indigenous species accounted for 59 % of total species. These were represented by 26 genera and 11 families. The number of species recorded in each site were 22 (Site I), 09 (Site I), 19(Site III) and 32 (Site IV). A major number were dicots than monocots. Perennials outnumbered annuals in all the sites. Eupatorium odoratum L. was the only common species in all the sites. 8 species occurred in two sites while the remaining species were found exclusive to the Particular site. 
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                                Figure 3: Status of the exotic and indigenous species in all the sites

    Our studies have shown that, the vegetation of various sites is well dominated by a number of families. The varied colored plant species reflect colourful vegetation; however, the flowers of these species are not attractive and larger in size.  Most of the species are perennial and found to be perennated either by dormant aerial buds or root stocks.   

Site I: Eupatorium odoratum L. is the dominant species with maximum IVI (88.04). The co-dominants include Boenninghausenia albiflora, Myrisine africana, Randia tetrasperma, Daphne cannabina and Lonicera quinquelocularis. The site is represented by 22 commonly growing plant species out of which 10 plant species alone contribute 2/3 of the IVI values (Table 2).

Site II: Adenostemma lavenia is the dominant species with maximum IVI (76.10). The co-dominants included Rorippa nasturtium-aquaticum (IVI, 65.35), Perilla frutescens (IVI, 32.96) and Ageratum conyzoides (IVI, 32.40). In this site, the invasive species                          Eupatorium odoratum L. has started showing its presence in spite of the fact that warm temperature conditions persist in these areas (Table 2).
Site III: Eupatorium odoratum L. with 90% frequency is the most dominant species of the under story vegetation. Its main co-dominants include Lepidogathis cuspidata (IVI, 32.29) and Murraya koenigii (IVI, 30.59) (Table 2).  Canopy cover of the understory vegetation is 56% for the dominant invasive Eupatorium odoratum L. (Figure. 1)

Site IV: The site is heavily disturbed due to thick tourist influx round the year. These sites are dominated by three invasive species viz, Lantana camara (IVI, 22.90), Eupatorium odoratum L. (IVI, 22.70) and Parthenium hysterophorus (IVI, 17.60). The sites have 32 species but Eupatorium odoratum L. has maximum canopy cover in the area. The area has no dominant tree taxon however sporadic distribution of Azadiracta spp. And Mangifera spp. is apparent. 

    Table 2 shows the relative importance values (IVI) of different plant species in various sites. It is observed that Eupatorium odoratum L. contributed highest IVI values (88.04 and 52.62 in Site I and III respectively) (figure. 2). Adenostemma lavenia contributed highest IVI value (76.10) in site II whereas; Lantana camara L. and Eupatorium odoratum L. was dominant in site IV with IVI values of 22.90 and 22.70 respectively. Parthenium hysterophorus was major co-dominant species in this site.

Table 2: IVI of various plant species in different sites
	

	Plant Species
	Importance Value Index (IVI)

	
	Site I
	Site II
	Site III
	Site IV

	Acer oblongum Wall. (S. &S.)
	8.88
	-
	-
	-

	Adenostoma lavenia (L.) O. Kuntz
	-
	76.10
	-
	-

	Adhatoda vasica Nees
	-
	-
	-
	12.90

	 Carex nubigena L.
	-
	-
	-
	13.80

	Barleria cristata L.
	-
	-
	-
	3.20

	Ageratum conyzoides L.
	-
	32.40
	-
	5.30

	Amaranthus spinosus L.
	-
	-
	-
	14.70

	Berberis aristata DC.
	-
	-
	-
	8.20

	Berberis asiatica Roxb.
	10.21
	-
	-
	-

	Bidens pilosa L.
	-
	-
	-
	14.60

	Boehmeria platyphylla D.Don
	-
	-
	-
	12.30

	Boenninghausenia albiflora (Hk.) 

Reichb ex Meissn
	22.70
	-
	-
	-

	Carissa opaca Stapf. Ex Haines
	-
	-
	14.99
	-

	Carpinus faginea Lindl.
	1.05
	-
	-
	-

	Cassia tora L.
	-
	-
	5.62
	4.90

	Cestrum aurantiacum Lindl.
	7.96
	-
	-
	-

	Clerodendrum infortunatumVen. Jard. Malm.
	-
	-
	16.22
	-

	Cocculus laurifolius DC.
	-
	-
	5.53
	-

	Colebrookia opposoitifolia Smith
	-
	-
	-
	8.00

	Cyanotis cristata L.
	-
	-
	-
	4.30

	Daphne cannabina Wall.
	17.31
	-
	-
	-

	Debregeasia hypoleuca  Hochs.
	-
	-
	-
	15.90

	Desmodium podocarpum DC.
	-
	-
	17.78
	-

	Discorea elata L.
	-
	-
	-
	3.20

	Eleusine indica L.
	-
	-
	-
	8.50

	Eriophorum comosum Wallich.
	-
	-
	-
	5.80

	Eupatorium odoratum L.
	88.04
	21.54
	52.62
	22.70

	Ficus heterophylla L.f.
	-
	-
	-
	4.70

	Floscopa scandens Lour.
	-
	23.60
	-
	-

	Geniosporum coloratum(D.Don) Kuntze.
	-
	-
	3.17
	-

	Hypericum oblongifolium Choisy.
	-
	-
	-
	7.00

	Ilex dipyrena Wall. (S.S.)
	7.56
	-
	-
	-

	Lantana camara L.
	-
	-
	17.99
	22.90

	Leea alata L.
	-
	-
	24.38
	-

	Lepidogathus cuspidata L.
	-
	-
	32.29
	11.20

	Lonicera quinquelocularis Khardw.
	16.20
	-
	-
	-

	Machilus odoratissima Nees (S.& S.)
	6.33
	-
	-
	-

	Mahonia acanthifolia G. Don
	9.64
	-
	-
	-

	Mallotus phillipensis (Lam.) Muell.-Arg.
	-
	-
	25.51
	-

	Mangifera indica L.
	-
	-
	-
	5.90

	Millettia auriculata Bak. ex Bran
	-
	-
	5.38
	-

	Murraya koenigii L.
	-
	-
	30.59
	-

	Myrsine africana L.
	22.44
	-
	-
	-

	Quercus leucotrichophora A.Cames (S. &S.)
	10.50
	-
	-
	-

	Oplismenus compositus L.
	-
	-
	-
	16.70

	Oxalis coniculata L.
	-
	-
	-
	4.00

	Parthenium hysterophorus L.
	-
	-
	-
	17.60

	Perilla frutescens (L.) Britt.
	-
	32.96
	-
	-

	Phyllanthus parvifolius Ham.
	3.61
	-
	-
	2.40

	Polygonum hydropiper L.
	-
	28.41
	-
	-

	Pouzolzia pentandra (Roxb.) Benn.
	-
	10.00
	-
	-

	Pycerus sanguinolentus (Vahl.) Nees
	-
	9.64
	-
	-

	Pyrus foliolosa Wall.
	-
	-
	8.08
	-

	Randia tetrasperma Benth. & Hk.f.
	18.16
	-
	13.41
	

	Reinwardtia indica Dum.
	7.76
	-
	5.54
	-

	Rhamnus virgata Roxb.
	15.42
	-
	-
	-

	Rorippa nasturtium-aquaticum (L.) Hayek
	-
	65.35
	-
	-

	Rosa moscahta Mill.
	3.96
	-
	-
	-

	Rubus ellipticus Smith
	1.31
	-
	-
	8.90

	Rumex hestatus D.Don
	-
	-
	-
	6.80

	Sarcococca pruniformis Lindl.
	13.91
	-
	-
	-

	Shorea robusta Roxb.Gaertn.Seedling
	-
	-
	9.75
	-

	Sida cordifolia L.
	-
	-
	-
	2.60

	Smilax aspera L.
	3.95
	-
	-
	-

	Solanum hispidum L.
	-
	-
	-
	7.10

	Tabernaemontana coronaria Willd.
	-
	-
	3.04
	-

	Thalictrum foliolosum DC.
	-
	-
	-
	2.60

	Urtica dioca L.
	-
	-
	-
	16.60

	Viburnum cotinifolium D.Don
	3.10
	-
	-
	-

	Woodfordia floribunda L.
	-
	-
	-
	4.50

	Xylosma longifolium Clos.
	-
	-
	8.11
	-


Diversity Indices:  

Alpha Diversity: 

    The values of Alpha diversity ranged between 09 and 32. It was recorded least for site II and 

maximum for site IV. In site I and III, richness was recorded as 22 and 19 respectively

	Sites
	Alpha Diversity
	Beta Diversity
	Shannon Weiner Index
	Pielou’s Index

	Site I
	22
	4.56
	3.01
	0.97

	Site II
	09
	2.09
	2.27
	0.98

	Site III
	19
	4.21
	2.85
	0.96

	Site IV
	32
	5.84
	3.21
	0.92


                       Table 3: Diversity indices of various sites in the present study

Shannon Weiner Diversity Index: 

    Shannon Wiener Diversity Index or Species Diversity Index did not vary significantly between Site I &IV and Site II & III. It was least 2.27 for Site II and maximum 3.21 for Site IV.

Beta Diversity:

    The species turnover was high in the site IV. The values of Evenness varied between the sites. It was 4.56, 2.09, 4.21 and 5.84 respectively in the site I, II, III and IV. 

Evenness: 

    Pielou’s Evenness values clearly show that Evenness was approximately similar in all the sites within a range of 0.92 (Site IV) and 0.98 (Site II).

DISCUSSION

    Vegetation is one of the major geographical features of almost all parts of the earth’s surface. The number of plant species in any physiographic aspect reflects the adaptation potential of community. In the present study, 71 plant species from 20 families were recorded.  The plant species of a place are largely determined by moisture and length of the growing season. Bliss (1963), Douglas and Bliss (1977) and Billings (1973, 1979) have reported that vegetation of any area is the result of interaction of many factors; the meso-topographic gradient, the elevation, soil, slope, nearness to existing glaciers, species composition and biotic interferences. The present study reflects that biotic interference is the major factor in deciding the community structure of the area, however the microclimatic conditions have also played a significant role in study site I and II. 

     Eupatorium odoratum L. individuals invade various sites when their seeds are readily available. Physical disturbance of the habitat due to various biotic stresses make the factors in a particular site favorable before the invasion occur. In the present study resource for soil in site IV and moist to  mesic condition in Site I and II appear to be most suitable for invasion of Eupatorium odoratum L. These findings are in agreement with Tilman (1977), Belnap and Phillips (2001), Safford and Harrison (2001), Williamson and Harrison (2006) and           Kandwal et al. (2007).The present work supported by IVI and Canopy Cover of the Eupatorium odoratum L. in four sites (figure. 1, 2) reveals that Site I and III are most suitable sites for the invasive species. However, in Site IV which is the most disturbed site, the dominance of Eupatorium odoratum L. is shared by two other invasive species Lantana camara L. and Parthenium hysterophorus.  Thus our findings conclude that suitability of Eupatorium odoratum L. depends not only on physical disturbance of site but also on overall site characteristics.

                                            [image: image5.emf]0

10

20

30

40

50

60

70

I II III IV

Site

Canopy Cover (%)

Cover


                                Figure 1: Canopy Cover of Eupatorium odoratum L. in various sites
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                                 Figure 2: IVI of Eupatorium odoratum L. in various sites
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