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Abstract

:

For many decades, non-timber forest products (NTFPs) have been an important livelihood commodity in Nepal as a traditional source of food, fiber, and medicines. However, the importance of NTFPs have been recognized only recently. NTFPs form more than 5% of Nepal’s national gross domestic product and are facing threat due to anthropogenic drivers and changing climate. Understanding of the current distribution and future dynamics of NTFPs is essential for effective conservation planning and management. In the maiden attempt, we used the Maxent model to understand the current and predict the future distribution by 2050 of 10 major NTFPs in Chitwan Annapurna Landscape, Nepal. The prediction accuracy of the models calculated based on the area under curve was high (>90%) and the prediction by 2050 highlights potential increase in distribution range of seven NTFPs and potential decrease in that of three NTFPs in the study area. The results from our study could play an important role in planning and management of these NTFPs considering their high economic and ecological significance and sensitivity to predicted climate change.
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1. Introduction


1.1. Non-Timber Products in Nepal: Current Context


Non-Timber Forest Products (NTFPs) are biological materials other than timber, which are extracted from forests, trees outside forests, and other wooded lands that include products used as food, resins, fibers, and plant products used for medicinal, cosmetic, or cultural purposes [1] or traded as a commodity for cash income [2]. For many decades NTFPs have been an important livelihood commodity in Nepal as a traditional source of food, fiber, and medicines. However, the values of NTFPs have been recognized only recently [3,4]. One-third of rural people in Nepal collect and trade forest products, which in 2010 generated USD 7.66 million and benefitted 78,828 participants [5]. A total of 100 entrepreneurs handled 42 thousand tons of over 100 different NTFP items, equivalent to USD 26 million [6] and it is estimated that about 10,000 to 15,000 tons of plant products of more than 100 species are exported to India annually, i.e., 90% of total NTFP trade [7]. Harvest of NTFPs usually has lower impacts on the forest ecosystem than timber harvesting and it can provide an array of social and economic benefits [8]. The maintenance of a forest-like structure associated with NTFPs production is generally acknowledged as being positive, contributing to some of the classical forest environmental functions like carbon storage, nutrient cycling, erosion control, and hydrological regulation [9].




1.2. Impacts of Climate Change on Himalayan Flora


During the past decade, the rates of climatic warming in Himalaya have been reported to exceed over 1.2 °C, which has drastically impacted the forest ecosystems providing non-timber forest products in the region. Climate change impacts are becoming increasingly evident in the Himalayan region [10,11,12] which has profound implications for mountain communities [13], its biodiversity, ecosystem services [14], water resources [15], agricultural systems [16], and both regional and global climate processes. The rate of regional warming in parts of the Himalayas has exceeded rates of global warming [17], and it will have major implications for this vast mountainous region [18]. Nonetheless, impacts of regional climate change are poorly understood [19], sparsely monitored, and generally under-researched [12,20]. Zomer et al. [12] predicted large and substantial shifts in bioclimatic zones and ecoregions in Kailash Sacred Landscape situated in western Himalaya. Various studies have reported direct and indirect roles of climate change in degradation of forests in Nepal, such as forest destruction due to over increasing frequency of forest fires, expansion in distribution of invasive alien plants, reduced forest productivity, and reduction in produce from non-timber forest products [21,22].



The various habitat and corridor types stretch as narrow bands, and it is likely that climate-induced shifts in the biota will drastically alter species’ interactions, ecological processes, and species’ ranges in Nepal [23]. The effects of temperature and precipitation change on phenological parameters of vegetation systems in 13 different ecoregions within the Himalayan plateau is strongly correlated [22]. Alteration in species’ distributions and range limits predicted or recorded in this region beget the question of how species’ interactions may change within shifting ecotones, whether new interactions will emerge, and how these changes will affect existing species [24,25]. The results of one study [26] infer increased competition and vulnerability of endemic, alpine species as lower elevation species’ ranges move northward.




1.3. Modelling the Impacts of Climate Change


Various techniques have been developed for understanding and modelling the ecological niche of plant species [27]. Predictive modelling of species distribution represents an important tool in biogeography, ecology, and biodiversity studies [28,29]. Species distribution models (SDMs) identify regions of suitable habitat, and, as such, predict the potential distribution range of species [30,31]. SDMs attempt to predict the species’ geographic ranges from occurrence (presence only or presence/absence) records and site-specific environmental data [32,33,34]. Species distribution models (SDMs) dealing with presence only data were proven to be advantageous over the methods considering presence and absence data [35,36]. The maximum entropy method is a general-purpose machine learning method with a simple and precise mathematical formulation. Maxent is a bioclimatic model, which deals with presence only data and has a number of aspects that makes it well-suited for species distribution modeling [36]. Phillips et al. [36] used Maxent model to predict the distribution of Microryzomys minutus and Bradypus variegatus in Andes mountains, whereas [37] predicted the distribution of threatened and endangered tree species, Canacomyrica monticola in New Caledonia using Maxent model. Most of the SDM-based studies focusing on plants have predicted the potential distribution of herbs and shrubs, however only a few studies have focused on trees [38] which are an important source not only for timber and fuelwood [39,40,41] but also for non-timber forest products.



Due to a scarcity of environmental and historical bioclimatic data, absence of systematic monitoring, and political sensitivities within the Himalayan region, there is a lack of knowledge for developing scientifically-based adaptation strategies, which are crucial to mitigate the potentially severe impacts of climate change. Hence, an ever-improving estimation response of plant species to regional climatic change is essential to provide for informed decision making, risk and vulnerability mapping, the delineation and development of climate change adaptation and mitigation strategies, and effective biodiversity and conservation management [12]. An improved understanding of the impacts of climate change on forest ecosystems is essential for effective conservation within the context of rapidly changing biophysical conditions.



In the present study, we assess the dynamics in distribution of 10 major non-timber forest product plants in Chitwan Annapurna Landscape (CHAL) Nepal, under current and predicted climatic conditions. The species were selected based on their economic and medicinal importance, ecological significance, and dominance as a top canopy species in the forest ecosystems in CHAL (Table 1).





2. Materials and Methods


2.1. Study Area


This study was conducted in Chitwan Annapurna Landscape (CHAL) (Figure 1) located between 27.16 to 29.3 N latitudes and 82.7 to 85.7 E longitudes in Central Nepal. The landscape covers an area of 32,057 km2, with an altitudinal gradient of 200 m to 8091 m that accommodates diverse ecosystems. Divided into the Terai, midhills, and high mountains, the climate ranges considerably from subtropical in the lowlands to alpine in the high mountains and cold and dry in the Trans-Himalayan region. The entire region is sensitive to changes in climate, which makes it a suitable study area to undertake studies on understanding impacts of climate change [42]. More than 35 percent of the region is forested, ranging from mixed deciduous hardwood in the Siwaliks, through broad-leaved evergreen forests, mixed broad-leaved forests, coniferous forests to alpine scrub and meadows in the high mountains. The landscape includes a wide floral and faunal diversity, harboring several economically valuable tree species, tropical grasslands, and riverine forests. Maximum diversity and distribution of NTFPs occurs in the sub-tropical zone, followed by the temperate zone, the tropical zone, the sub-alpine zone, and the alpine zone, respectively, in CHAL [43]. Sub-alpine and alpine meadows support one of the world’s most diverse alpine floral ecosystem inhabiting the endangered snow leopard [42]. Administratively, the landscape includes all or part of 19 districts and is drained by six major perennial rivers and their tributaries in the broader Gandaki River System.




2.2. Data


2.2.1. Data on Distribution of NTFPs


We selected 10 major non-timber forest product plant species based on their economic importance, ecological significance, and dominance in the forests: (1) Alnus nepalensis D. Don (Local Name: Utis); (2) Diploknema butyracea (Roxb.) H.J. Lam (Local Name: Chiuri); (3) Castanopsis tribuloides (Sm.) A. DC (Local Name: Katus); (4) Myrica esculenta Buch.-Ham. Ex D. Don (Local Name: Kaphal); (5) Persea odoratissima Ness. (Local Name: Kaulo); (6) Pinus patula Schiede & Deppe (Local Name: Patte Salla); (7) Pinus roxburghii Sarg. (Local Name: Khote Salla); (8) Rhododendron arboreum Sm. (Local Name: Gurans); (9) Shorea robusta Gaertn. f. (Local Name: Sal); and (10) Taxus wallichiana Zucc. (Local Name: Loth Salla). The data on the habit, habitat, distribution, economic importance, and ecological significance for these 10 species was acquired from District Forest Operational Management Plan (DFMOP), MAPs-Net website, and field sampling points.




2.2.2. Bioclimatic Data


We used 19 bioclimatic variables for the current time period and future time periods as per RCP 4.5 for year 2050 provided by worldclim.org, which are widely used for species distribution modelling studies [44]. We selected the year 2050 as the prediction year because the responses of climate change would be clearly evident by that time [45]. Nineteen bioclimatic variables were obtained from WorldClim dataset [46] (http://www.worldclim.org/bioclim.htm). Elevation (digital elevation model; DEM) data were obtained from the USGS website (http://www.usgs.gov.in/#/Find_Data/Products_and_Data_Available/SRT); 1 km spatial resolution. All ancillary layers were resampled to 1 km spatial resolution to match with the spatial resolution of bioclim data.




2.2.3. Modelling Approach & Validation


We used Maxent model [36] to analyze the distribution of 10 NTFP species individually based on a total of 653 distribution points (Table 1) under present and future climate change scenarios for the year 2050. We simulated the distribution of NTFPs in the free version of Maxent software, version 3.3.3k (http://www.cs.princeton.edu/~schapire/maxent/), which generates an estimate of the probability of species presence that varies from 0 to 1, i.e., from the lowest to the highest probability. The receiver operating curve (ROC) describes the relationship between the proportion of correctly predicted observed presences, i.e., sensitivity and the proportion of incorrectly predicted observed absences, i.e., 1-specificity. A precise prediction model generates a ROC that follows the left axis and top of the plot, whereas a model with predictions worse than a random model will generate a ROC that follows the 1:1 line.



It is always recommended to validate model predictions prior to any interpretation, extrapolation, or projection [47]. Ideally, an independent dataset should be used for testing the model performance, so we divided the 653 distribution points into 70:30 proportion for training (457) and testing (196), respectively. We followed the jackknife (also called ‘leave one-out’) procedure and the results were obtained in the form of three graphs, viz. (i) regularized training gain, (ii) testing gain, and (iii) area under curve, indicating the significance of the environmental variables together and as individual cases. The graphs for omission and predicted area and sensitivity versus 1-specificity were obtained to analyse the predicted fractional area to judge the performance of the model against the random prediction. The specificity graph shows omission on training samples (blue line), omission on test samples (cyan line), predicted omission (black line), and fraction of predicted background (red). The graph for fractional predicted area (FPA), i.e., 1-specificity shows the performance under training data (red line), test data (blue line), and random prediction (black line) [38]. We used this method for assessing the model prediction accuracy for all the model predictions.






3. Results & Discussion


3.1. Prediction Accuracy of Species Distribution Models


Overall prediction accuracy of the model used for analyzing the current and predicted distribution individually for the 10 NTFPs with training data ranged between 0.80 and 0.91 prediction accuracy of test data ranged between 0.75 and 0.93, which makes the predictions usable for further analysis.



For the current time period, the minimum training data value is 0.815 for Persea odoratissima (Nees) Kosterm and maximum is 0.91 for Pinus patula Schiede & Deppe (Table 2). Similarly, minimum test data value for the present period is 0.632 for Taxus wallichiana (Zucc.) Pilger and maximum is 0.93 for Persea odoratissima (Nees) Kosterm. For the current time period, average training data and test data are 0.86 and 0.73, respectively. Likewise, for the year 2050, the minimum value of training data is 0.828 for Castanopsis tribuloides (Sm.) A. DC whereas the maximum value is 0.897 for Alnus nepalensis D. Don. The minimum value of test data for the year 2050 is 0.536 for Pinus patula Schiede & Deppe and maximum value is 0.988 for Persea odoratissima (Nees) Kosterm. Average training data and test data are 0.862 and 0.746, respectively, for the future time period.



From the jackknife analysis, three variables for each time period out of a total of 22 bioclimatic physiographic variables used as predictor variables showed a significant influence in predicting the distribution of the 10 target NTFP species (Table 2) viz., (i) Mean Temperature of Driest Quarter, Min Temperature of Coldest Month, (ii) Temperature Seasonality (standard deviation *100), Temperature Annual Range (BIO5-BIO6), and (iii) Max Temperature of Warmest Month for present time period and for year 2050, (i) Precipitation of Warmest Quarter, Annual Precipitation, (ii) Precipitation of Warmest Quarter, Annual Precipitation, and (iii) Temperature Seasonality (standard deviation *100).




3.2. Current Distribution of NTFPs


Under current climatic conditions, the overall distribution of these species is spread throughout the central, northern, and north-western parts of the landscape. A. nepalensis is distributed in the west and north-west area of the region. S. robusta and C. tribuloides are concentrated in the central area of region. P. patula is distributed throughout the north and P. roxburghii is occurs mostly in the western areas of the landscape. T. wallichiana is restricted to a few patches in the mid-western part of the region. D. butyracea and M. esculenta are limited to the northern and north-eastern parts. Likewise, P. odoratissima and R. arboreum are distributed in northern and north-west locations.




3.3. Range Expansion and Reduction by 2050


Projected changes suggest that the ten NTFP species will be adversely impacted, even under a moderate climate scenario. According to projected future climate conditions for 2050 under RCP 4.5, the distribution of the various species is likely to shift east and north-east in CHAL, with both range expansion and range reduction depending on the species (Figure 2). A significant range expansion of A. nepalensis is predicted in the north and west. Likewise, the distribution of C. tribuloides is predicted to expand with a more favorable climate in the central and northern parts of the region. P. roxburghii is likely to concentrate towards the north with significant expansion in central east area. The distribution of S. robusta is predicted to increase on the central area of the region where as T. wallichiana is predicted to expand significantly in the western area of the region and minor expansion will occur in eastern part of the region. The D. butyracea is predicted to be reduced and limited to the northern parts of the region. M. esculenta is predicted to undergo range reduction and will be focused only in the central and northern parts of the region. P. odoratissima is predicted to experience drastic range reduction, becoming restricted to only a small patch in the north-western part of the region.




3.4. Implications for Management of Non-Timber Forest Products


Most of the NTFPs from the study are expected to undergo range expansion; however, considering current trends of extraction of these plants, it will be crucial to have effective planning and management for ensuring sustainability of these resources. Rasul et al. [48] concluded that there is a need for policies to optimize potential of NTFPs to support social, economic, and environmental wellbeing. There is a need to develop an efficient management approaches and to focus on effective implementation. Furthermore, understanding spatial distribution patterns, seasons of availability, and regeneration status of NTFPs are important to develop and enforce conservation regulations [49]. A major issue in inventory of NTFPs is the lack of data on their distribution that makes it more difficult to understand linkages with different vegetation types, and various socio-ecological conditions. This needs to be addressed, considering that it has a crucial role in monitoring, conservation, and management of NTFPs. Our results provide crucial insights on the current and future distribution of 10 major NTFPs from Nepal, which could prove to be advantageous in the conservation of these species.





4. Conclusions


NTFPs are important provisioning services people obtain from forest ecosystems [50] and are a major source of medicines, fiber, construction materials, and supplementary food [51,52]. Biological resources obtained from forests, mostly NTFPs, may contribute about 20–25% of income to rural people in developing countries [52]. Based on this study, we conclude that under existing climatic conditions, distribution of the species studied is confined from central to west to north and north-east parts of the landscape. Prediction accuracy of the species distribution models in the current as well as future time period depends on factors including spatial resolution, size of the study area, model of choice, and quality of datasets. Results of predictions shows that NTFPs will be impacted even under a moderate climate scenario with both range expansion and range reduction. Out of ten species, three species viz. D. butyracea, M. esculenta, and P. odoratissima are predicted to undergo range reduction and will be concentrated in northern, central to northern, and north-west parts of the region, respectively. The remaining seven species viz. A. nepalensis, C. tribuloides, P. roxburghii, S. robusta, T. wallichiana, P. patula, and R. arboretum, are predicted to expand in range with remarkable shifts towards the north, west, and central regions of the landscape.



Species distribution modeling represents an important area of inquiry that deserves the attention of the scientific community. A better understanding on how species will respond to climate change is essential for assessing vulnerability while identifying suitable adaptation options. Nepal represents the land cover diversity in the Hindu Kush Himalayas region. The Intergovernmental Panel on Climate Change (2007) has acknowledged the Hindu Kush Himalayas region as a data deficit area [53].



A better understanding of how species will respond to ongoing climate change is crucial for assessing vulnerability and guiding adaptation efforts. Climate change and dependence of communities on forests for their daily livelihoods has put tremendous pressure on the flora of Nepal which compelled us to conduct the present study, the results of which might be crucial while identifying suitable adaptation options in Central Nepal. Collection and maintenance of biodiversity databases and management of herb plants for poverty reduction are two major activities of adaptation to climate change for the forest sector in Nepal suggested by Ref. [54]. Sustainable management of herb species supports biodiversity conservation and increases income in local communities. Sharma et al. [55] have identified clear gaps in research on proven biodiversity conservation techniques, or climate adaptation techniques, targeted for this region. The results of this study have implications for conservation of major non-timber forest products in Central Nepal, which are expected to undergo shifts under predicted climate change. Given the large dependence of local communities on these and other NTFPs for livelihoods, there is an urgent need for identification and implementation of suitable climate change adaptation strategies. This type of study provides useful insights on impacts of climate change on NTFPs, which needs to be upscaled for Nepal, considering the role of NTFPs in the livelihoods of people.
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Figure 1. Map of the study site. 
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Figure 2. Distribution map of a. Diploknema butyracea, b. Rhododendron arboretum, c. Myrica esculenta, d. Castanopsis tribuloides, e. Persea odoratissima, f. Taxus wallichiana, g. Pinus patula, h. Pinus roxburghii, i. Shorea robusta, j. Alnus nepalensis. 
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Table 1. Characteristic details of studied NTFPs & number of field sample points used for modelling.
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	Sl. No.
	Name of the Species
	Nepali Name
	Broad Vegetation Class
	Altitudinal Range (m)
	Usage
	Plant Part Used
	Sample Points





	1
	Alnus nepalensis D. Don
	Utis
	Subtropical broadleaved forest
	900 to 2000
	Fuelwood, mulching, fodder
	Stem, leaves
	55



	2
	Castanopsis tribuloides (Sm.) A. DC
	Katus
	Subtropical broadleaved forest
	650 to 2100
	Timber, Fuelwood
	Stem, fruits
	45



	3
	Diploknema butyracea (Roxb.) H.J. Lam
	Chiuri
	Subtropical broadleaved forest
	400 to 1800
	Medicine, Food
	Leaves, fruits, bark
	47



	4
	Myrica esculenta Buch.-Ham. Ex D. Don
	Kaphal
	Temperate broadleaved forests
	1200 to 2100
	Medicine
	Fruit
	39



	5
	Persea odoratissima Ness.
	Kaula
	Sub-tropical to Temperate forests
	500 to 2200
	Fodder
	Leaves, fruits
	42



	6
	Pinus patula Schiede & Deppe
	Patte Salla
	Subtropical coniferous forests
	1650 to 3000
	Timber, Fuelwood
	Stem, branches
	124



	7
	Pinus roxburghii Sarg.
	Khote Salla
	Subtropical coniferous forests
	900 to 2200
	Timber, Fuelwood
	Stem, branches
	65



	8
	Rhododendron arboreum Sm.
	Laligurans
	Montane broadleaved forests
	2500 to 3300
	Fuelwood, Medicine
	Stem, flowers
	45



	9
	Shorea robusta Gaertn. f.
	Sal
	Subtropical broadleaved forest
	500 to 1000
	Timber, Fuelwood
	Stem, bark
	102



	10
	Taxus wallichiana Zucc.
	Loth Salla
	Temperate & subalpine forest
	2800 to 3600
	Medicine
	Bark
	89
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Table 2. The prediction accuracy of training and test datasets and most significant climate variable influencing the present and future distribution of the NTFPs.
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Sl. No.

	
Scientific Name

	
Present Time Period

	
Future Time Period (RCP 4.5, 2050)




	
Most Significant Climate Variable

	
Training

	
Test

	
Most Significant Climate Variable

	
Training

	
Test






	
1

	
Alnus nepalensis D. Don

	
Mean Temperature of Driest Quarter

	
0.901

	
0.788

	
Temperature Seasonality (standard deviation *100)

	
0.897

	
0.789




	
2

	
Castanopsis tribuloides (Sm.) A. DC

	
Max Temperature of Warmest Month

	
0.829

	
0.795

	
Max Temperature of Warmest Month

	
0.828

	
0.797




	
3

	
Diploknema butvracea Roxb

	
Mean Diurnal Range (Mean of monthly (max temp − min temp))

	
0.862

	
0.677

	
Precipitation of Warmest Quarter, Annual Precipitation

	
0.882

	
0.663




	
4

	
Myrica esculenta Buch.-Ham. Ex D. Don

	
Mean Diurnal Range (Mean of monthly (max temp − min temp))

	
0.862

	
0.677

	
Precipitation of Warmest Quarter, Annual Precipitation

	
0.882

	
0.663




	
5

	
Persea odoratissima (Nees) Kosterm

	
Temperature Seasonality (standard deviation *100), Temperature Annual Range (BIO5-BIO6)

	
0.815

	
0.930

	
Temperature Seasonality (standard deviation *100)

	
0.838

	
0.988




	
6

	
Pinus patula Schiede & Deppe

	
Precipitation of Driest Quarter, Precipitation of Coldest Quarter

	
0.910

	
0.633

	
Precipitation of Driest Quarter

	
0.831

	
0.536




	
7

	
Pinus roxburghii Sarg.

	
Mean Temperature of Driest Quarter, Min Temperature of Coldest Month

	
0.845

	
0.724

	
Mean Temperature of Driest Quarter

	
0.838

	
0.763




	
8

	
Rhododendron arboretum Sm.

	
Max Temperature of Warmest Month

	
0.872

	
0.787

	
Mean Temperature of Coldest Quarter, Min Temperature of Coldest Month

	
0.892

	
0.807




	
9

	
Shorea robusta Gaertn f.

	
Mean Temperature of Driest Quarter, Min Temperature of Coldest Month

	
0.860

	
0.745

	
Annual Mean Temperature

	
0.837

	
0.849




	
10

	
Taxus wallichiana (Zucc.) Pilger

	
Temperature Seasonality (standard deviation *100), Temperature Annual Range (BIO5-BIO6)

	
0.890

	
0.632

	
Temperature Annual Range (BIO5-BIO6)

	
0.895

	
0.613
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