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Abstract

:

The ecotonal zones support populations that are acclimated to changing, fluctuating, and unstable conditions, and as a result, these populations are better equipped to adjust to expected change. In this context, a hypothesis was tested that there must be vegetation dominated by unique indicator plant species under the influence of ecological gradients in the ecotonal zone of Manoor Valley (northwestern Himalaya), Pakistan. Keeping the aforementioned hypothesis in mind, detailed field studies were conducted during different seasons in 2015-18. Line transect sampling and phytosociological characteristics (density, frequency, cover, and their relative values and Importance Value) were implemented as ecological methods. This investigation documented 97 plant species recorded from seven sampling sites. The community distribution modelling revealed that the ecological variables separate the seven sampling sites into two major plant communities (Indigofera-Parrotiopsis-Bistorta and Ziziphus-Leptopus-Quercus) recognized by TWINSPAN. The IBP communities showed a positive and significant correlation with altitude (1789.6–1896.3 m), sandy soil texture with a slightly acidic pH (6.4–6.5), and higher phosphorous (9–13 mg kg−1). In contrast with this, the ZLQ community was recognized on the southern slope under the strong influence of high electrical conductivity (2.82–5.4 dsm−1), organic matter (1.08–1.25%), calcium carbonate (5.8–7.6 mg kg−1), potassium (202–220 mg kg−1), and temperature (28.8–31.8 °C). Hence, both communities were found on opposite axes with clear differences based on the ecological gradients. NMDS clustered different species with similar habitats and different stands with common species, showing that plant species and stands were in a linear combination with ecological gradients. The IPB community has the maximum number of plant species (87 species), Shannon value (H’ = 4), Simpson value (0.98), and Pielou’s evenness value (0.96). Thus, the multivariate approaches revealed unique vegetation with sharp boundaries between communities which might be due to abrupt environmental changes.
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1. Introduction


The term “ecotone” was first coined and used for the transition zone by Frederic E. Clements in 1905 [1] and is considered as the basic unit of landscape ecology [2], having extremely unique vegetation [3], sensitive ecosystems, and sharp plant community boundaries [4], due to abrupt environmental changes [5]. The natural layering of ecosystems that occurs at different elevations owing to differing environmental conditions is referred to as altitudinal zonation in mountainous locations [6]. Nonetheless, a wide range of environmental variables, ranging from direct effects of temperature and precipitation to indirect characteristics of the mountain itself, as well as biological interactions among species, determine the boundaries of the altitudinal zones found on mountains, resulting in discrete plant communities [7,8,9]. They are natural assemblages of co-evolved individual populations, which form visible units [10,11]. Ecotones often appear along ecological gradients [12]. Such gradients are created because of spatial shifts in elevation, climate, soil, and many other ecological factors [13]. These regions are sometimes regarded as dynamic zones of community interaction that are inherently unstable over time [14]. Ecotones, as indicated by Odum [15], are more than just a boundary or an edge; the idea of an ecotone presupposes the presence of active interaction between two or more ecosystems, with features that are not present in either of the neighboring ecosystems.



Ecotones have been investigated from an ecological perspective for the past four decades [13,16,17,18] and have recently received considerable attention in the context of biodiversity protection. Ecotones are “natural laboratories” where researchers may study a range of evolutionary processes, such as speciation and the emergence of new species. It is greatly influenced by various environmental gradients, i.e., edaphic, climatic, and physiographic variables [19]. In those regions, environmental conditions that fluctuate over time and space might be useful indicators of environmental change and ecological responses to climate change. Some researchers claim that ecotonal zones support populations that are acclimated to changing, fluctuating, and unstable conditions, and that as a result, these populations are better equipped to adjust to expected change. Ecotones’ efficacy as early predictors of climatic changes and the ways that ecological groups and systems adapt to change might be a promising future endeavor. Ecotones can support distinct species or indicators that are less common or do not exist elsewhere. Therefore, a hypothesis was tested that there must be vegetation dominated by unique indicator plant species in the ecotonal zone. The current study was planned to determine the species distribution pattern, species contribution, and major plant community assembly in association with the ecological gradients of the said zone.




2. Materials and Methods


2.1. Study Area


The current project lies in the ecotonal zone of the Manoor Valley. Manoor Valley is reached from the main Kaghan Valley road at the junction ‘Mahandri’ [20] and is about 50 km north of Balakot [21,22]. Geographically, Manoor Valley (Figure 1) is situated in northwestern Pakistan (34.68165 N to 34.83869 N latitude and 73.57520 E to 73.73182 E longitude) as a part of the mountainous series collectively known as the Himalayas [23]. The entire area is formed by crosswise ridges of mountains on either side of the Manoor river, which flows in a northeast to southwest direction down the valley emerged from Malika Parbat (‘Queen of Mountains’, elevation 5279 m).




2.2. Vegetation Sampling


Detailed field visits were conducted to the ecotonal/transition zone of Manoor Valley, Himalaya, Pakistan. Line transect ecological technique was used for vegetation sampling [24,25,26,27,28,29]. The study area was subdivided into seven sampling sites, and three transects each of 50 m at each sampling site were randomly selected and sampled [30]. The interval distance between the transects were 100 m and 200 m interval between each sampling site. The individuals of plant species falling precisely on the line were recorded. The phytosociological parameters such as density, frequency, cover, and their relative values and Importance Value (IV) were calculated following the methodology of Curtis and McIntosh [31] and Buckland et al. [25]. Plant specimens were collected, serially tagged with a field number, pressed between the blotting papers for drying, poisoned, and mounted on standard herbarium sheets following the recommended procedures [32,33]. All the specimens were identified with the help of Flora of Pakistan and other available literature [34,35,36]. Afterwards, the plant specimens were deposited in the Herbarium of Hazara University, Mansehra, Pakistan for accession numbers.




2.3. Ecological Gradients


GPS locations were recorded for each sampling site. Aspect of the mountain, i.e., east (E), west (W), south (S), and north (N), was determined with the help of clinometer, and latitude, longitude, and altitude using geographical positioning system (GPS). Regarding edaphology, soil samples of 200–400 g were collected from three random points within each sampling site from depth of 0–30 cm [37] and mixed thoroughly to make a composite sample [38]. Samples were placed in polythene bags and properly tagged with permanent marker. Moreover, rocks and other raw materials were removed by sieving and then the remaining samples were shade dried. Physicochemical analyses, i.e., soil texture (clay, sand, silt, loam), pH [39], electrical conductivity (EC) [40], organic matters (OM) [41], nitrogen (N), phosphorus (P), potassium (K), and calcium carbonate (CaCO3) concentrations were determined for each soil sample [42,43,44]. Moreover, other climatic gradients (i.e., barometric pressure, dew point, humidity, heat index, temperature, wet bulb, and wind speed) were determined with aid of handheld weather station (Kestrel weather tracker 4000).




2.4. Data Analyses


All the data of plant species and ecological gradients recorded in the field were transferred to the MS-Excel spreadsheets and arranged to determine the relationship among them [45,46]. The analyses were conducted using matrices of IV data from all of the recorded plant species (97 species) and ecological gradients from seven sampling sites (Tables S1 and S2) using two separate spreadsheets like IV of species x sampling sites and ecological gradients data x sampling sites [19,47]. A georeferenced map was prepared using ArcGIS version 10.1 to show the study area. For multivariate ordination analyses, CANOCO 5 [45], PC-ORD [48], and R 3.6.1 [49] were used. Species area curve (SAC) was drawn to evaluate the adequacy level of area sampled in relation to the vegetation [19]. Cluster analysis (CA), two-way cluster analysis (TWCA) [50] and two way indicator species analysis (TWINSPAN) were carried out using PC-ORD software [51] for the identification of major groups [19]. Moreover, based on species categorization and sample clustering [52], TWINSPAN was processed for the recognition of the plant communities/indicator species [51].



Non-multidimensional scaling ordination (NMDS) and Principal Component Analysis (PCA) were done to visualize the floristic associations among the main taxonomic units (communities) [53] using the package “vegan” [54]. Analysis of Similarities (ANOSIM p < 0.001, 5039 permutations) was carried out to determine the significant variations in recorded plant species composition between communities. The ANOSIM was processed in R 3.5.1 software using the package “vegan” [54]. To compare the parameters (diversity and ecological) evaluated among the two communities, we conducted a GLM with Gaussian error distribution (except for species richness, in which we used Poisson distribution) followed by Likelihood ratio test using the ‘stats’ and ‘car’ [55] packages, respectively. In addition, we measured Pielou’s evenness, Shannon, and Simpson diversity indices for each stand of each plant community using Gaussian error [19,56].





3. Results


A very narrow range of Himalayan Subtropical-Temperate Ecotone was observed mostly on the southern slopes and foothills of the Manoor river. In total, 97 species were recorded from seven stands.



3.1. Vegetation Characterization


The species area curve (SAC) analysis showed that the maximum number of plant species appeared in the sixth stand and the species curve became parallel after that, as no new species were recorded later, which clearly shows that the sampled area was enough for the targeted vegetation (Figure 2a). According to TWINSPAN (Figure 2b), CA (Figure 3), and TWCA (Figure 4), a total of two different major plant communities (Indigofera-Parrotiopsis-Bistorta and Ziziphus-Leptopus-Quercus) were recognized by clustering all the recorded plant species (97 species) in seven stands by the influence of ecological gradients. They ranged from 1780.8 m to 1896.3 m. Two different clusters were observed by the TWINSPAN method, which showed a high cluster heterogeneity value (Lambda = 0.5801). Each community was comprised of different indicator species (i.e., Indigofera heterantha, Parrotiopsis jacquemontiana, Bistorta amplexicaulis and Ziziphus sp., Leptopus chinensis, Quercus incana) and was recorded at different altitudes (Figure 2b).




3.2. Vegetation along the Ecological Gradients


Correlations between Himalayan Subtropical-Temperate Ecotone plant communities and ecological gradients were illustrated through NMDS (Figure 5a–d) and PCA (Figure 5e). Communities are related to specific ecological variables such as geographic, slope, edaphic, and climatic variables. Altitude, slope NE, slope N, K, pH, OM, silt, sand, clay, temperature, heat index, wind speed, and altitudinal density were the most representative ecological variables which drive the plant community structure and diversity along the altitudinal gradient. In both ordinations, the ecological variables separate the seven sampling sites into two major plant communities already demonstrated by TWINSPAN (Figure 2b). In constrained PCA ordination, the maximum explanatory variation was accounted for PC1 axis (34.3%) and lower variation on the PC2 axis (33.7%). Maximum strength was recorded for the most important ecological gradients, i.e., the profound influence of the altitudinal gradient was revealed by dividing the vegetation of the Himalayan Subtropical-Temperate Ecotone into two communities (Figure 2b–d).



The IBP communities showed a positive and significant correlation with altitude (1789.6–1896.3 m), sandy soil texture with a slightly acidic pH (6.4–6.5), and higher phosphorous (9–13 mg kg−1). In contrast to this, the ZLQ community was recognized on the southern slope. The edaphic gradients structuring the indicators and associated plant species of this community were high electrical conductivity (2.82–5.4 dsm−1), organic matter (1.08–1.25%), calcium carbonate (5.8–7.6 mg kg−1), and potassium (202–220 mg kg−1). Temperature (28.8–31.8 °C), barometric pressure (815.6–816.4 pa), and heat index (29.8–34.3) were found to have a positive and significant influence when compared to the IPB community. As a result, both communities were discovered on opposing axes, with distinct differences based on ecological gradients.




3.3. Analysis of Similarity (ANOSIM)


The ANOSIM was conducted to measure the species contribution for the site distribution pattern. Significant variation in plant species composition between communities was found (ANOSIM p < 0.001, 5039 permutations). Out of 97 species, 16 were significant and greatly contributed to the variation in plant community ordination in NMDS (Table 1).




3.4. Significance Testing of Plant Communities in Relation to Studied Variables


GLM analyses of the 20 studied variables distributed in different groups (geographic, slope, climatic and edaphic gradients) between two plant communities showed that most of the gradients were significantly different (p-value < 0.05; Figure 6). Nonetheless, slope angle, humidity, dew point, wind speed, wet bulb, organic matter, soil texture, potassium, and calcium carbonate did not show significant differences (Figure 6).




3.5. Species Richness and Diversity Indices


Species richness values ranged from 30 and 87 species in two plant communities (Figure 7a). The highest number of plant species was reported in the IPB community (87 species) at 1789.6–1896.3 m altitude, followed by ZLQ (30 species) at the altitudinal range of 1780.8–1789.3m. The Shannon Diversity index values ranged between 2.4 and 4 (Figure 7b). The IPB community had the maximum value (H’ = 4), followed by the ZLQ community (2.4). The Simpson’s dominance index values ranged between 0.86–0.98. The IPB community had the maximum value (0.98) between the recorded communities. Moreover, the lowest Simpson dominance value has been calculated for the ZLQ community (Figure 7c). The Pielou’s evenness index values ranged between 0.75 and 0.96 (Figure 7d). The IPB community had the maximum value (0.96); on the other hand, the ZLQ community had the lowest Pielous’s evenness value.





4. Discussion


Mountains are the most remarkable land forms on the earth‘s surface with major vegetation zones based upon environmental variations [57]. Ecotones commonly coincide with areas of abrupt climatic transition along ecological gradients [16]. They can be found at a variety of spatial dimensions [58], ranging from continental-scale biome transitions to small-scale ecotones where plant communities and microhabitats coincide [12]. A very narrow range of Himalayan Subtropical-Temperate Ecotone was observed mostly on the southern slopes and foothills of the Manoor river. Aspect encourages habitat heterogeneity and induces micro-environmental variation in vegetation patterns [59,60]. The community distribution pattern (Figure 5a–e) revealed that ecological variables divided the seven sampling sites and their 97 native species into two major plant communities, identified by CA, TWCA, and TWINSPAN classifications. Ordination techniques have been widely used to reveal plant species diversity, distribution, and community recognition along ecological gradients [61,62]. Furthermore, multivariate statistical approaches can assist ecologists effectively in describing and elaborating the structure of vegetation, as well as quantifying the effects of ecological gradients on vegetation and/or a group of species [63,64]. Statistical tools can provide an efficient means of reducing the complexity inherent in natural vegetation and of detecting important environmental factors that explain this complexity [48,65].



Indigofera-Parrotiopsis-Bistorta and Ziziphus-Leptopus-Quercus were identified as the major plant communities (ranges from 1780.8 m to 1896.3m) by grouping all the recorded plant species (97 species) and the seven stands were strongly influenced by ecological gradients. Plant communities that can be described both physiognomically and floristically have a well-defined structure in relation to abiotic and biotic factors [31,66,67]. Using more or less the same techniques, a similar pattern of species distribution was reported from another mountainous area [68]. The evergreen Quercus incana has also been reported as an indicator species in the subtropical-temperate ecotonal zone of the Nandiar catchment, Batagram [69], as have Bisorta amplexicaule and Indigofera heterantha at a lower xeric elevation in the ecotonal range of District Khurram, Pakistan [18]. Such similarities clearly reveals that some abiotic factors have the influence on the distribution of vegetation [19]. Our results revealed that the IBP community had been strongly influenced by altitude (1789.6–1896.3 m), sandy soil texture with slightly acidic pH (6.4–6.5) and higher phosphorous (9–13 mg kg−1). In contrast with this, the ZLQ community was recognized on the southern slope under the strong influence of high electrical conductivity (2.82–5.4 dsm−1), organic matter (1.08–1.25%), calcium carbonate (5.8–7.6 mg kg−1), potassium (202–220 mg kg−1), and temperature (28.8–31.8 °C). Thus, both the communities were clustered with different leading indicator species, and similar habitats and different stands with common species, showing that plant species and stands were in a linear combination with ecological gradients. Similarly, many other researchers [70] stated that aspect, altitude, and soil depth are the most influential ecological variables for determining the community structure in the Naran Valley.



The highest number of plant species were reported in the IPB community (87 species) at 1789.6–1896.3 m altitude. The IPB community had the maximum Shannon value (H’ = 4), Simpson value (0.98), and Pielou’s evenness value (0.96). The distribution of species richness along the altitudinal gradient is governed by series of interacting biological and climatic factors [71,72,73]. The gradual decrease in species richness along with increasing altitude is considered as a general pattern [74]. In such studies, species richness [75,76] and abundances tend to peak in ecotonal regions, according to several investigations, however outliers exist. Plant species are distributed in different type of habitats; but in their own territory, they usually show an abundance that represents their special ecological optimum [57]. Due to this reason, the composition of distinct units is regarded as a function of changing habitat conditions along ecological gradients [77].




5. Conclusions


The current study provides the baseline and first insights into spatial distribution and vegetation mapping in response to ecological gradients of the ecotonal zone in Manoor Valley, Himalaya, Pakistan. The community distribution pattern revealed that the ecological variables separate the seven sampling sites into two major plant communities. Both the communities were clustered with different leading indicator species, sharing a similar habitat and different stands with common species, showing that plant species and stands were in a linear combination with ecological gradients. Significant variation in plant species composition between communities was recorded (ANOSIM p < 0.001, 5039 permutations). Out of 97 species, 16 were found significant that greatly contributed to the variation in plant community ordination. Hence, the multivariate approaches revealed unique vegetation with sharp boundaries between communities, which might be due to abrupt environmental changes. In the context of global change, including land-use and climate change, research on the influence of ecotones on biodiversity is an essential future direction. Since climate change is projected to be quick and intense in ecosystem border zones [78] and these regions might possibly act as “early warning” indicators of global changes by studying variations in ecotone locations over time [79,80]. The response, however, is dependent on the geographical and temporal scales studied, and it may be a helpful indication primarily at global spatial scales and on fairly coarse durations.
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Figure 1. Map of the study area generated through ArcGIS. 
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Figure 2. Compilation of records of plant diversity along the ecological gradients in the Himalayan Subtropical-Temperate Ecotone/Evergreen Oak Forest of the study area: (a) The species area curves of 97 plant species distributed among seven sampling sites; (b) TWINSPAN classification of the Himalayan Subtropical-Temperate Ecotonal zone of Manoor Valley. 
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Figure 3. Cluster analysis indicating two different plant communities’ recognition based upon the grouping of seven sampling sites and 97 plant species. IPB: Indigofera-Parrotiopsis-Bistorta and ZLQ: Ziziphus-Letopus-Quercus. 
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Figure 4. TWCA analysis indicating two different groups recognition based up on 97 plant species recorded from seven sampling sites. Each green dot shows the presence, and a white dot indicates the absence of a species within each stand or sampling site. IPB: Indigofera-Parrotiopsis-Bistorta and ZLQ: Ziziphus-Letopus-Quercus. 
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Figure 5. Multivariate analyses among plant communities of Himalayan Subtropical-Temperate Ecotone/Evergreen Oak Forest and ecological gradients. (a–d), Non-Multidimensional Scaling (NMDS) among vegetation communities and geographic (a), slope (b), edaphic (c), and climatic (d) gradients. (e) Principal Component Analysis (PCA) ordination of two plant communities along the ecological gradients. Species contribution analysis for community ordination in NMDS is depicted in Table 1. IPB: Indigofera-Parrotiopsis-Bistorta and ZLQ: Ziziphus-Letopus-Quercus. 
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Figure 6. Variation of ecological parameters between the two plant communities evaluated in our study (GLM results, and associated p-values are displayed at each plot). 
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Figure 7. Variation of diversity indexes between the two plant communities evaluated in Himalayan Subtropical-Temperate Ecotone/Evergreen Oak Forest (GLM results, and associated p-values are displayed at each plot). (a–d), Relationship between species richness (a), Shannon diversity (b), Simpson diversity (c), and Pielou’s evenness (d) in relation to two plant communities based on the stand’s values. X-axis is displayed in ascendant altitudinal gradient. 
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Table 1. Species contribution analysis for the site distribution pattern, referred to as intrinsic variables. Significant species are displayed in bold.
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	Species
	Abbreviations
	NMDS1
	NMDS2
	r2
	Pr(>r)





	Achyranthes aspera L.
	Ach.asp
	−0.96987
	0.24364
	0.4507
	0.257



	Achyranthes bidentata Blume
	Ach.bid
	−0.70128
	−0.71289
	0.1373
	1.000



	Adiantum capillus-veneris L.
	Adi.cap−ven
	−0.96337
	−0.26818
	0.8058
	0.039



	Aesculus indica (Wall. ex Camb.) Hook.
	Adi.ind
	−0.91470
	0.40413
	0.3475
	0.372



	Ailanthus altissima (Mill.) Swingle
	Ail.alt
	−0.07487
	0.99719
	0.0154
	0.968



	Amaranthus viridis L.
	Ama.vir
	−0.78624
	−0.61792
	0.4079
	0.356



	Anagallis arvensis L.
	Ana.arv
	−0.99174
	0.12829
	0.5186
	0.242



	Arctium minus (Hill) Benh.
	Arc.min
	−0.99793
	0.06433
	0.5744
	0.187



	Artemisia absinthium L.
	Art.abs
	−0.76707
	0.64156
	0.6196
	0.155



	Bergenia ciliata (Haw.) Sternb.
	Ber.cil
	−0.93351
	−0.35856
	0.1997
	0.558



	Berberis lycium Royle
	Ber.lyc
	−0.86966
	−0.49365
	0.3704
	0.280



	Berberis parkeriana C.K. Schneid.
	Ber.par
	−0.93351
	−0.35856
	0.1997
	0.558



	Bistorta amplexicaulis (D. Don) Greene
	Bis.amp
	−0.91497
	0.40353
	0.3037
	0.434



	Bromus diandrus Roth.
	Bro.dia
	−0.93351
	−0.35856
	0.1997
	0.558



	Bromus secalinus L.
	Bro.sec
	−0.69951
	−0.71463
	0.6587
	0.078



	Bromus tectorum L.
	Bro.tec
	−0.66386
	−0.74786
	0.6800
	0.080



	Bupleurum nigrescens E. Nasir
	Bup.nig
	−0.93351
	−0.35856
	0.1997
	0.558



	Cannabis sativa L.
	Can.sat
	−0.35050
	−0.93656
	0.1671
	0.701



	Capsella bursa-pastoris (L.) Medik.
	Cap.bur−pas
	−0.91592
	−0.40136
	0.7852
	0.067



	Carex sp.
	Car.sp
	−0.61623
	0.78757
	0.1488
	0.859



	Chenopodium album L.
	Che.alb
	−0.99837
	−0.05713
	0.5975
	0.160



	Cichorium intybus L.
	Cic.int
	−0.61623
	0.78757
	0.1488
	0.859



	Cirsium arvense (L.) Scop.
	Cir.arv
	−0.89265
	0.45075
	0.3329
	0.437



	Clematis grata Wall.
	Cle.gra
	−0.98884
	0.14896
	0.4495
	0.313



	Clinopodium vulgare L.
	Cli.vul
	−0.95549
	−0.29502
	0.8765
	0.025



	Commelina benghalensis L.
	Com.ben
	−0.61623
	0.78757
	0.1488
	0.859



	Convolvulus arvensis L.
	Con.arv
	−0.54123
	−0.84088
	0.3380
	0.380



	Conyza japonica (Thunb.) Less. ex Less.
	Con.jap
	−0.82955
	0.55844
	0.5936
	0.154



	Cotoneaster acuminatus Wall. ex Lindl.
	Cot.acu
	0.69116
	−0.72270
	0.9339
	0.031



	Crotalaria sp.
	Cro.sp
	0.81696
	−0.57670
	0.0080
	0.970



	Cuscuta reflexa Roxb.
	Cus.ref
	−0.97647
	−0.21564
	0.6624
	0.118



	Cynoglossum apenninum L.
	Cyn.ape
	−0.35050
	−0.93656
	0.1671
	0.701



	Cynodon dactylon (L.) Pers.
	Cyn.dac
	−0.99873
	0.05040
	0.5807
	0.180



	Cynoglossum glochidiatum Wall. ex Benth.
	Cyn.glo
	−0.84752
	−0.53076
	0.7874
	0.064



	Cynoglossum microglochin Benth.
	Cyn.mic
	−0.84104
	−0.54098
	0.8332
	0.040



	Cyperus odoratus L.
	Cyp.odo
	−0.79409
	−0.60781
	0.3201
	0.430



	Cyperus rotundus L.
	Cyp.rot
	−0.90457
	0.42633
	0.3411
	0.397



	Daphne mucronata Royle
	Dap.muc
	−0.93351
	−0.35856
	0.1997
	0.558



	Dicliptera bupleuroides Nees
	Dic.bup
	−0.96871
	0.24818
	0.4817
	0.265



	Dodonaea viscosa (L.) Jacq.
	Dod.vis
	−0.99805
	−0.06247
	0.2555
	0.583



	Duchesnea indica (Andx) Fake.
	Duc.ind
	−0.84188
	−0.53966
	0.3961
	0.256



	Dysphania ambrosioides (L.) Mosyakin & Clemants
	Dys.amb
	−0.90846
	−0.41798
	0.9613
	0.013



	Erigeron canadensis L.
	Eri.can
	−0.21391
	0.97685
	0.5741
	0.173



	Euphorbia helioscopia L.
	Eup.hel
	−0.93448
	−0.35602
	0.9337
	0.012



	Euphorbia hirta L.
	Eup.hir
	−0.94701
	0.32120
	0.3630
	0.364



	Euphorbia prostrata Ait.
	Eup.pro
	−0.89409
	−0.44789
	0.6637
	0.105



	Ficus carica L.
	Fic.car
	−0.35050
	−0.93656
	0.1671
	0.701



	Fraxinus hookeri Wenz.
	Fra.hoo
	−0.35050
	−0.93656
	0.1671
	0.701



	Fragaria nubicola (Hook. f.) Lindl. ex Lacaita
	Fra.nub
	−0.98608
	0.16625
	0.2652
	0.557



	Fraxinus xanthoxyloides (G. Don) DC.
	Fra.xan
	−0.93351
	−0.35856
	0.1997
	0.558



	Fumaria indica (Hausskn) Pugsley
	Fum.ind
	−0.81941
	−0.57321
	0.9588
	0.007



	Galium aparine L.
	Gal.apa
	−0.41051
	−0.91186
	0.2183
	0.625



	Geranium nepalense Sweet.
	Ger.nep
	−0.61623
	0.78757
	0.1488
	0.859



	Geranium wallichianum D. Don ex Sweet
	Ger.wal
	−0.61623
	0.78757
	0.1488
	0.859



	Impatiens bicolor Royle.
	Imp.bic
	−0.79600
	−0.60529
	0.3248
	0.430



	Indigofera hebepetala Baker
	Ind.heb
	−0.94517
	0.32659
	0.4344
	0.284



	Indigofera heterantha Brandis
	Ind.het
	0.30346
	0.95285
	0.2066
	0.644



	Ipomoea nil (L.) Roth
	Ipo.nil
	−0.93351
	−0.35856
	0.1997
	0.558



	Isodon rugosus (Wall. ex Benth.) Codd
	Iso.rug
	−0.36383
	−0.93146
	0.6163
	0.137



	Jasminum humile L.
	Jas.hum
	−0.70128
	−0.71289
	0.1373
	1.000



	Juglans regia L.
	Jug.reg
	−0.93351
	−0.35856
	0.1997
	0.558



	Launaea procumbens (Roxb.) Ramayya and Rajagopal
	Lau.pro
	0.11700
	0.99313
	0.8884
	0.148



	Leptopus chinensis (Bunge) Pojark.
	Lep.chi
	0.94983
	0.31278
	0.9680
	0.015



	Leptodermis virgata Edgew. ex Hook.F.
	Lep.vir
	0.60228
	−0.79828
	0.3181
	0.457



	Lindelofia sp.
	Lin.sp
	−0.93351
	−0.35856
	0.1997
	0.558



	Malvastrum coromandelianum (L.) Garcke
	Mal.cor
	−0.93351
	−0.35856
	0.1997
	0.558



	Malva parviflora L
	Mal.par
	−0.13602
	0.99071
	0.4815
	0.224



	Malva neglecta Wallr.
	Mal.neg
	−0.21533
	0.97654
	0.3408
	0.295



	Medicago sativa L.
	Med.sat
	−0.67170
	0.74083
	0.3808
	0.324



	Micromeria biflora (Ham.) Bth.
	Mic.bif
	0.50585
	−0.86262
	0.8617
	0.044



	Oenothera rosea L. Her ex Aiton
	Oen.ros
	−0.61623
	0.78757
	0.1488
	0.859



	Oxalis corniculata L.
	Oxa.cor
	−0.70137
	0.71279
	0.5950
	0.189



	Parthenium hysterophorus L.
	Par.hys
	−0.35050
	−0.93656
	0.1671
	0.701



	Parrotiopsis jacquemontiana (Decne.) Rehder
	Par.jac
	−0.93944
	−0.34272
	0.6925
	0.099



	Pennisetum orientale Rich.
	Pen.ori
	−0.93351
	−0.35856
	0.1997
	0.558



	Persicaria capitata (Buch.-Ham. ex D.Don) H.Gross
	Per.cap
	−0.89091
	−0.45418
	0.9782
	0.019



	Pimpinella stewartii (Dunn) Nasir
	Pim.ste
	−0.99881
	0.04881
	0.3136
	0.413



	Plantago lanceolata L.
	Pla.lan
	0.18423
	0.98288
	0.8884
	0.045



	Plantago major L.
	Pla.maj
	−0.93351
	−0.35856
	0.1997
	0.558



	Poa annua L.
	Poa.ann
	−0.67556
	−0.73730
	0.5850
	0.132



	Poa infirma Kunth
	Poa.inf
	−0.64465
	−0.76448
	0.5003
	0.232



	Pyrus pashia Buch.-Ham. ex D.Don
	Pyr.pas
	−0.64295
	−0.76591
	0.6690
	0.094



	Quercusincana Bartram
	Que.inc
	0.74983
	0.35278
	0.9480
	0.035



	Rumex dentatus L.
	Rum.den
	−0.93351
	−0.35856
	0.1997
	0.558



	Rumex nepalensis Sprenge
	Rum.nep
	−0.93351
	−0.35856
	0.1997
	0.558



	Salix alba L.
	Sal.alb
	−0.93351
	−0.35856
	0.1997
	0.558



	Silene conoidea L.
	Sil.con
	−0.93351
	−0.35856
	0.1997
	0.558



	Solanum nigrum L.
	Sol.nig
	0.11700
	0.99313
	0.8884
	0.148



	Solanum surattense Burm F.
	Sol.sur
	0.32179
	0.94681
	0.7930
	0.089



	Sonchus asper (L.) Hill
	Son.asp
	0.18595
	0.98256
	0.8879
	0.045



	Sorghum halepense (L.) Pers.
	Sor.hal
	0.11700
	0.99313
	0.8884
	0.148



	Sorbaria tomentosa (Lindl.) Rehder
	Sorb.tom
	−0.99934
	−0.03641
	0.4449
	0.309



	Taraxacum officinale aggr. F.H. Wigg.
	Tar.off
	−0.93351
	−0.35856
	0.1997
	0.558



	Trifolium repens L.
	Tri.rep
	−0.96524
	−0.26135
	0.8350
	0.024



	Urochloa panicoides P. Beauv.
	Uro.pan
	−0.69247
	−0.72145
	0.6679
	0.082



	Verbascum thapsus L.
	Ver.tha
	0.15572
	0.98780
	0.8935
	0.045



	Ziziphus sp.
	Ziz.sp
	0.91809
	−0.39636
	0.9309
	0.014
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