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Abstract: Legal protection has been used as means of conserving forests and associated biodiversity
in many regions of the world since the eighteenth century. However, most forests in the global
south, even those within protected areas, are influenced by human activities. Himalayan forests
harbour much of the biodiversity of the region, maintain subsistence livelihoods, and provide
regional and global ecosystem services like water regulation, flood control, and carbon sequestration.
Yet few studies have quantitatively studied the impacts of legal protection on forest health and
biodiversity. We assess woody biodiversity and forest health in relation to legal protection and
biomass extraction in forests inside and outside Langtang National Park in Nepal (n = 180). We found
more woody species in protected forests. Of the 69 woody species recorded, 47% occurred at
both sites. Within protected forests, we found differences in forest health largely related to the
intensity of biomass extraction expressed as walking distance to settlement. The closer the forest
was to settlements, the heavier degradation it suffered, showing that within agro-forestry systems
in the Himalayas, the resource-consumer distance is typically determining the intensity of biomass
extraction. Our research brings forth the need to better address the drivers of resource extraction
from protected areas in order to mitigate this degradation. It also brings forth the need to contribute
to the development of appropriate participatory management programmes outside areas of formal
protection in order to sustain both biodiversity and ecosystem service delivery from these forests for
the future.

Keywords: agroecological systems; biomass harvesting; conservation; ecosystem services; forest
health; Langtang National Park; species richness

1. Introduction

Domesticated nature, or managed ecosystems, increasingly dominates the earth [1–4] at the cost
of natural forest cover. To sustain forest biodiversity most conservation work has focused on the
creation of protected areas (PAs). However, approximately 85% percent of the earth’s terrestrial surface
is still situated outside formally protected areas, and in the global south, people reside within the
boundaries in 70% of the protected areas [5,6]. Consequently, poverty, access rights and environmental
degradation are major challenges to biodiversity conservation in the developing world today. Although
protected areas will continue to be important for conservation, future conservation efforts will, by
necessity, increasingly be focused on areas that have been and continue to be influenced by a manifold
of human activities, as protected areas alone are not enough to protect biodiversity in the face of
increasing human pressures [7–9]. Increased demand for natural resources due to population growth,
the conversion of forest to an alternative permanent non-forested land use such as agriculture, grazing,
road construction, or urban development, are leading to forest clearing even around reserves [10] and
increased extraction of native species from their local environment [11].
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The Himalayas has the sharpest terrestrial environmental gradient (in geographical space) on
the planet and is situated at the confluence of the Indo-Malayan and the Palearctic realms, making
it a biodiversity-rich region, and its forests are some of the richest habitats for plant species [12,13].
This diversity is the very basis for rural livelihoods in the Middle Hills of Nepal, as it provides vital
ecosystem services such as fuelwood, timber, livestock fodder, and edible, aromatic and medicinal
plants, in addition to harbouring important functions like securing water quality and flow regulation,
carbon sequestration, erosion control, and regional climate regulation [10,14–18]. Traditional sources
of energy including fuelwood, agricultural residues, and animal dung dominate the energy sector in
Nepal and constitute 84% of the total energy consumption (fuelwood alone contributes 75%) [19,20], as
83% of Nepal’s population lives in rural areas where fuelwood is the dominant source of energy [21].
Approximately 40% of the livestock in the Middle Hills is fed with leaf fodder from ca 100 tree
species [22], and oak species are the most heavily exploited [15,23,24].

Unregulated resource extraction is a major threat faced by many forested areas in Nepal. If the
human impact takes on the form of chronic disturbance or extensive logging, forest forming species are
not allowed to regenerate [25], resulting in severe forest degradation or deforestation [26–28]. Forest
degradation implies a process in which forest stocks decrease without a decrease in area. This is a very
common form of chronic disturbance in which biomass removal is ‘invisible’ on a short time scale but
over time it contributes to substantial forest degradation. Major drivers include agricultural expansion,
illegal harvesting, lack of clarity in the tenure system, and government resettlement programs [29].
The resulting loss of forest habitat is a major threat to biodiversity conservation, as well as affecting
local livelihoods adversely [24,30,31].

The human population in Nepal has increased dramatically from ca 5.6 million in 1911 to
26.5 million in 2011 [21]. This increase, coupled with poverty, political instability, and changes
in forest policy, has led to increased pressure on forest resources in recent decades [32]. Typically,
poorer households are more reliant on forest resources than wealthier ones, even though the latter may
have higher absolute forest incomes [33,34]. Few empirical studies offer a comparison of governance
systems in relation to biodiversity and human disturbance in the form of forest biomass harvesting [35].
In this paper, we compare biodiversity conservation success (woody species richness) and forest
health (forest structure), in the legally protected forests (PF) inside Langtang National Park with the
government managed forests (GF) at Bhalche outside the park. We focus on woody species, as these are
the most dominant structures in forest systems and the most important ecosystem service providers to
the local communities. The term “protected area” refers to any area of land managed for the persistence
of biodiversity and other natural processes in situ through constraints on incompatible land uses [36].
Langtang National Park was established in 1976, and in 1998, a buffer zone was designated. Local
communities in the buffer zone receive 30%–50% of the park revenues for better natural resource
management. The legal basis for the PF management is the National Parks and Wildlife Conservation
Act [37] and its associated regulation and the Himalayan National Park Regulation [38], allowing
people within the park to collect fuelwood from dead and fallen logs, branches for cooking and heating
purposes, and to extract construction timber by paying a modest royalty [39]. The GF is operated based
on the Forest Act of 1993 and the Regulation of 1995, and any person, committee or agency wanting to
extract forest products such as timber, fuelwood and NTFPs, for domestic use and for the relief from
natural calamities, can get permission from the Authorized Officer by paying a charge. For religious
purposes, the supply is free of cost. In practice, local people have de facto right to collect forest products
and to graze livestock. We specifically aim to answer (1) under which legal regime is the forest more
diverse in terms of woody species richness, (2) how does human disturbance impact forest structure,
and (3) what are the most important ecosystem service providers of these forest systems as seen from
the local population?
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2. Materials and Methods

2.1. Study Area: Langtang National Park and Associated Forests

The study was conducted in the Langtang area of Central Nepal (Figure 1). The protected forests
(PFs) inside Langtang National Park (LNP) were situated close to former Dhunche and Ramche
Village Development Committees (VDCs) (currently Ramche is in Kalika Rural Municipality and
Dhunche is in Gosaikunda Rural Municpality) in the Rasuwa district, while the government forests
(GFs) were situated in former Bhalche VDC (currently in Kispang Rural Municipality) in the Nuwakot
district. Both forested areas are ecologically similar and part of the Trisuli River watershed. LNP
(27◦57′36” N to 28◦22′48” N, 85◦12′36” E to 85◦52′48” E) covers an area of 2130 km2, including buffer
zones, with an abrupt altitudinal range (1000 to 7245 meters above sea level; masl), reflected in
18 forest types [40]. Similarly, Nuwakot (27◦45′ N to 28◦20′ N and 85◦00′ E to 85◦45′ E) covers an
area of 1121 km2 with an elevation range of 540 to 5144 masl [41]. Throughout the Middle Hills
(where our study sites are located), the bedrock is dominated by competent phyllites and various
degrees of metamorphosed schist with inter-bedding of quartzite, and loams and sandy loams are
the most common soil types [42]. Climate is subtropical at lower altitudes and moist temperate at
elevations above 2100 masl, characterized as typical monsoon type with warm and wet summers and
dry and cool winters, where 80% of the precipitation falls between June and September. Nagarkot,
the nearest climate station at 2163 masl, has an annual rainfall of 1893 mm (1995–2010) and a mean
annual temperature of 11.4 ◦C (2001–2010).

In Nuwakot district, agricultural land covers 54% and forests 32%, of which 26% is government
managed [41]. The studied forests are classified as “low to mid-montane hemi-sclerophyllous broadleaf
forest with concentrated summer leaf drop” [43], where the Himalayan oaks dominating this forest
type play an important role in maintaining ecosystem integrity. The Langtang area is also home to a
number of important wildlife species, including the clouded leopard (Neofelis nebulosa Griffith, 1821),
snow leopard (Panthera unica Schreber), musk deer (Moschus chysogaster Hodgson, 1839), the jackal
(Canis aereus Linnaeus, 1758), and the red panda (Ailurus fulgens F. Cuvier, 1825), and 15 endemic
species of flowering plants, including Rhodondendron cownianum Davidian, R. lowndesii Davidian, and
Larix nepalensis Hook.f. [40].

The agroecosystems of the study area are highly integrated with forest ecosystems and local
people depend upon these forests for fuelwood, timber, fodder collection, litter collection, livestock
grazing, medicinal and aromatic plant collection, and hunting to sustain their livelihoods (Table 1).
They also provide water quality and flow regulation. Rainfed agriculture is practiced on terraced
slopes with two crops per year: one during the rainy season, March–October, and one during the dry
season, October–April. Common crops constitute rice, maize, millet, wheat, and potato. Livestock are
sustained partly by stall-feeding of leaf fodder collected in the forest mixed with crop by-products and
partly by grazing in the forests. Forest leaf litter is used as bedding in the livestock sheds and mixed
with animal manure. This forms important natural fertilizer for the cropped fields. Estimates show
that four to five hectares of forestland is necessary to maintain soil fertility of one ha of traditionally
cropped land [44]. On average, a household in the Middle Hills consumes 334 kg of fuelwood, 1.49 m3

of timber, 887 kg of grass, and 863 kg of leaf litter annually [45]. The ethnic composition of the studied
areas of Dhunche, Ranchhe, and Bhalche is chiefly Tamang, which are of Tibetan origin and mainly
practice subsistence farming, and Brahmin-kshtrei, Gurungs, and Dalits constitute less than one fifth
of population [21].
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Figure 1. The study areas in Langtang National Park (Rasuwa district: Ramche and Dhunche) and at
Bhalche (Nuwakot district) (bottom). Both sites are part of the Trisuli watershed in the Langtang area
of Nepal (top).
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Table 1. Characteristics of the two sampled forest areas; inside (Protected Forest) and outside
(Government Forest) legal protection in the Langtang area of Nepal. Masl = meters above sea level.

Characteristics Protected Forest Government Forest

District (population #) Rasuwa (43,300) Nuwakot (277,471)
VDCs (population #) Dhunchhe, Ramche (2744, 2268) Bhalche (3488)
Main ethnic composition Tamang Tamang
Location of settlements (masl) 1900–2000 1800
Legal designation of the forest National Park Government Forest
Management responsibility Department of National Parks and Wildlife Conservation Department of Forest
Access to biomass harvesting Restricted by park regulations Open access
Fuelwood for cooking (%) # 89.8 89.6

# Data extracted from the [21].

2.2. Sampling Design

Fieldwork (forest analyses and household surveys) was conducted in the pre-monsoon season
from March to June 2011. We sampled natural forests and avoided plantations, using a stratified
random sampling. Plots were laid out along hillsides at 2200 and 2500 masl. Both forest management
types were situated on the same mountain and equal numbers of plots were sampled in each of the
types. Results from bulk density, pH and LOI analyses (n = 60) indicate only small differences in
soil conditions and we assume the biophysical conditions of the two sampled types to be similar
and hence comparable. The 10 × 10 m2 plots (0.01 ha) were spaced randomly alongside the slope by
drawing random numbers, denouncing meters of separation. In total, 180 plots; 90 in the PF and 90
in the GF, were analysed. We excluded plots when (1) steeper than 45◦ slope, and thus inaccessible;
(2) lacked woody vegetation; (3) contained special habitat types, such as grass-dominated stone
outcrops; or (4) contained an established trail. The principal measure of woody species diversity was
species richness, defined as the number of woody species present within the 0.01 ha plots, e.g., [46,47].
We included trees (diameter breast height (DBH) at 1.37 m, >5 cm), woody bushes (woody plant with
several stems, none dominant, and usually less than 3 m tall), and woody climbers in this measure.
Seedlings (individuals below 1.37 m of height with no DBH) and saplings (DBH ≤ 5cm) of tree species
were counted. Species were identified on site by means of standard taxonomic literatures [48,49].
All the specimens were photographed and databased in the “Padme database” used to manage
information for the Flora of Nepal project. Unidentified plants were collected and later identified at the
National Herbarium and Plant Laboratory (KATH) at Godawari, Lalitpur, and Tribhuvan University
Central Herbarium (TUCH), Kirtipur. Ocular estimation of overall crown-cover was recorded from
the centre of the plot. Cut stumps and coppiced stems were counted. Approximate walking time in
minutes from plots to the nearest settlement was recorded. Soil was sampled at a depth of 0–0.3 m for
analysis of pH in water: suspension (1:2), and organic content by Loss-On-Ignition (LOI) by burning at
550 ◦C for 6 h [50].

Semi-structured interviews were used to solicit information on land-use practices in general, and
on forest biomass harvesting in particular. Using a household survey (Table S1), we conducted 44
interviews (24 inside PFs and 20 outside in GFs) with local farmers in the settlements bordering the
sampled forests in order to record species utilized and preferred, and to estimate the biomass outtake,
as well as record important crops and livestock types. We also asked farmers what they perceive as
important forest ecosystem services. We strived to achieve gender, age and ethnic equality by actively
choosing to interview young and old, as well as male and female respondents, however, many of the
villages were predominantly composed of one or two ethnic groups. The people interviewed ranged
in age from 20 to 70 years, with the median of 45, the gender distribution was 45/55 female/male, and
Tamangs constituted the ethnic majority (71%), followed by Gurungs (27%) and Brahmins (2%).
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2.3. Data Analyses

We analysed forest plot data within and between forests to investigate human impacts on diversity,
regeneration and forest health. We considered woody plant richness, regeneration status -seedlings,
saplings and mature tree density, and signs of human disturbance in the forests—the number of
cut stumps, the number of coppiced individuals, canopy cover and basal area as main variables.
We also compared two sampled elevations (2200 and 2500 masl) against variables of stand attributes
and human disturbance, as settlements were downslope from forest sites. We used a Shapiro-Wilk
test to check normality of the response variables. As our data consisted of count data, it was not
normally distributed. We opted for non-parametric tests to compare the regeneration and disturbance
between forests. We used Mann-Whitney U-test to compare these variables. Generalized Linear Model
(GLM) with a log link function was used to test if species richness, regeneration density (density of
seedlings, saplings and trees), and human disturbance (number of cut stumps) were affected by the
walking distance from the village. A GLM was used because the response variables (species richness,
regeneration density, and number of cut stems) represent count data and the error is assumed to have
a Poisson distribution. All analyses were performed in R 2.12.2. [51].

3. Results

3.1. Woody Species Richness, Species Composition, and Legal Regime

We recorded a total of 69 woody species from the forests of Langtang; 65 species inside the
Langtang National Park (PF) and 49 species outside the park at Bhalche (GF), of which 33 species
were common to both sites. The number of woody species per plot varied, ranging from 7 to 22, with
a mean of 15 in the PF, and from 4 to 19, with a mean of 11 in the GF. Woody species richness was
significantly higher in the PF (Table 2). Within either management category, species richness did not
differ between upper and lower elevations (Figure 2). The woody species consisted of 37 species of
trees, 19 species of woody bushes and 13 species of woody climbers, none of which are classified as rare,
vulnerable or threatened (IUCN; [12]). However, several woody species fall into the near threatened
category, e.g., Euonymus pendulus Wall., Daphne bholua Butch.-Ham. Ex. D.Don, Lithocarpus pachyphylla
(Kurz.)Rehder., Litsea doshia (D.Don) Kosterm., Eriobotrya elliptica Lindl. and Edgeworthia gardneri (Wall.)
Meisn., whereof the latter four were only found within the PF. Out of the 37 tree species, 13 occurred
only in the PF, while 4 occurred only at the GF, and 20 species were common to both sites (Figure 3).
The five most commonly occurring species in the PF were Lindera pulcherrima (Nees) Hook. f., Quercus
semecarpifolia Sm., Lyonia ovalifolia (Wall.) Drude, Rhododendron arboretum Sm. and Quercus glauca
Thunb., and in the GF; Symplocos ramosissema Wall. Ex G.Don, Quercus semecarpifolia, Lyonia ovalifolia,
Eurya acuminate DC. and Persea duthiei (Hook.f.) Kosterman. (in order of occurrence). Total woody
species richness did not show any trend along the measured disturbance indicators (number of cut
stumps, number of coppiced trees, and the canopy cover) in either forest. In both the PF and the GF
the soils were strongly acidic, with a mean pH of 4.3 and 4.1, respectively, and with a predominantly
sandy loam texture with an average bulk density of 0.48 ton/m3. Walking distance in minutes ranged
from 50 to 140 min. (with a mean of 84) in PFs and from 50 to 110 min. (with a mean of 80) in the GFs.

3.2. Biomass Extraction, Forest Structure, and Regeneration

The density of cut stumps, a prominent indicator of human disturbance, was double in the GF
than that in the PF (Table 2). Within each site, there were more cut stumps at lower elevation closer to
settlements, and this gradually declined away from the settlements (Table 3, Figure 4d). The number
of coppiced trees did not differ between sites (Table 2) but were substantially higher at lower elevation,
irrespective of the legal regime (Table 4). Canopy cover was higher in GFs (ranged between 50 and
90% with a mean of 77%) compared to in the PFs (between 30 and 85% with a mean of 65%). In the
GFs, canopy cover did not differ between lower and upper elevation, while in the PFs, it was higher in
the upper elevation (Table 4).
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Table 2. Summary statistics for measured variables in forest plots (0.01 ha) inside protected forests (PF)
and outside in government forests (GF). Numbers in parenthesis represent median values. W refers to
the Wilcoxon W and is the lowest sum of ranks in Mann-Whitney U-test.

Measured Variables PF GF W p

Richness and regeneration
Woody species richness 15.2 (15.0) 10.9 (10.5) 1512.5 <0.001

Seedling density 26.3 (25.0) 34.8 (27.0) 4441.5 0.263
Sapling density 9.5 (8.5) 9.3 (8.0) 3984.5 0.852

Tree density 14.7 (13.5) 14.5 (14.0) 4068.0 0.960

Disturbance indicators
Canopy cover (%) 64.6 (65.0) 76.8 (75.0) 5951.5 <0.001

Number of cut stumps 1.0 (0.0) 2.4 (1.5) 5367.0 <0.001
Number of coppiced stems 2.9 (2.0) 2.6 (2.0) 3854.5 0.571
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Figure 2. Box–Whisker plots with median (thick line), 25% and 75%-quantiles (upper/lower box line)
and outliers (circles), showing the comparison of total woody species richness between upper and
lower elevation (masl) in government forests (GF) and protected forests (PF) in the Langtang area of
Nepal (n = 180).

Indicators of forest regeneration (density of trees, saplings and seedlings) showed different trends
along the distance from the settlements (Figure 4). Seedling density in both forests gradually increased
with distance away from settlement; however, the pattern between the forests differed (Table 5,
Figure 4a). Sapling density showed an inverse unimodal response to distance from settlements in PFs,
and a linear positive response in GFs (Figure 4b). Tree density showed a gradual decline away from
settlements in GFs, while in PFs it did not show any particular pattern (Figure 4c).
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Figure 3. The occurrence of tree species (percent occurrence in the 90 × 2 forest plots) in only the
Protected Forest (�) (top), both Protected Forest and Government Forest (middle), and only in the
Government Forest (�) (bottom) in temperate broadleaf forests of the Langtang area, part of the Trisuli
watershed, Central Nepal (n = 180).

Table 3. GLM summary statistics of cut stumps along the walking distance from settlement in protected
forests and government forests.

Deviance # Estimate Standard
Error Z value Pr(>|z|)

Protected forest
Intercept 184.2 2.27980 0.40428 5.639

Walk distance 149.15 −0.02948 0.00557 −5.292 1.21 × 10−7 ***
Government Forest

Intercept 262.64 2.82757 0.25294 11.179
Walk distance 200.24 −0.02648 0.00355 −7.456 8.95 × 10−14 ***

# For the null model degrees of freedom (df) was 89 and for the predictor it was 88. *** <0.001.
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3.3. Forest Ecosystem Services

Our household survey revealed that many forest species provide important ecosystem services
to the adjacent settlements (Figure 5, Table 6) and all households use forests for multiple products.
Some of the recorded woody species provide multiple services and may consequently be under higher
anthropogenic pressure. Outside and inside the National Park Symplocos ramosissima Wall. ex G.Don,
Quercus semecarpifolia, Lyonia ovalifolia, Epatorium odoratum (L.) R.M.King & H.Rob., and different
ferns were preferred as leaf litter to mix in the organic manure. All people interviewed use forests
for fuelwood; Symplocos ramosissima, Quercus semecarpifolia, Rhododendron arboretum Sm., Pyrus pashia
Buch.-Ham. ex D.Don, Lyonia ovalifolia, and Eurya acuminate were preferred as fuelwood in the GFs,
while Rhododendron arboreum, Prunus spp. and Alnus nepalensis D.Don were preferred in the PFs
(Table 6). Others collected medicinal plants and wild edible plants, including ferns and mushrooms.
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Table 4. Comparison of means (median) of regeneration and disturbance parameters between two
sampled elevations in protected forests (PF) and in government forests (GF) in the Langtang area of
Nepal, tested by a Mann-Whitney U-test.

Regeneration and Disturbance Parameters PF GF

Meters above sea level 2200 2500 2200 2500

Richness and regeneration

Woody species richness 15.42 (15) 15.06 (15) 11.5 (12) 10.4 (10)
Seedling density 24.17 (20) 28.48 (28) * 28.7 (27) 40.8 (27)
Sapling density 9.28 (9) 9.77 (8) 8.1 (7) 10.4 (10)

Tree density 15.88 (14) 13.53 (13) 16.04 (16) 13.0 (12) **

Disturbance indicators

Canopy cover (%) 60.5 (60) 68.8 (70) ** 75.9 (75) 77.6 (80)
Number of cut stumps 1.66 (1) 0.37 (0) *** 3.7 (3) 1.02 (0) ***

Number of coppiced stems 3.6 (3) 2.2 (2) ** 3.3 (3) 1.97 (2) **

*** 0.001, ** 0.01, * 0.05.

Table 5. Generalized Linear Model (GLM) summary statistics of regeneration density and walking
distance (walking distance refers to the walking time in minutes from nearest settlement to the
forest plots).

Title Deviance # Estimate Standard Error Z value Pr (>|z|)

Protected forest
Intercept 356.79 2.19210 0.03601 60.877

Sapling density Walk distance, 1 § 322 0.93935 0.44170 2.127 0.0334 *
Walk distance, 2 § 281.76 2.43116 0.37661 6.455 1.08 × 10−10 ***

Government forest

Tree density Intercept 155.40 3.10225 0.10355 29.957
Walk distance 137.49 −0.00543 0.00128 −4.221 −2.43 × 10−5 ***

Sapling density Intercept 377.31 1.96735 0.13543 14.526
Walk distance 373.35 0.00319 0.00160 1.988 0.0469 *

Seedling density
Intercept 1798.2 3.58285 0.01802 198.86

Walk distance, 1 § 1690.4 4.70613 0.32123 14.650 <2 × 10−16 ***
Walk distance, 2 § 1592.8 4.23112 0.42732 9.902 <2 × 10−16 ***

# For the null model degrees of freedom (df) was 89 and for the predictor it was 88 and 87 for § first and second
order polynomial regression. * <0.05, *** <0.001.
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Table 6. Oversight over commonly used forest species found in protected forests inside Langtang
National Park and in government managed forests outside, based on household interviews conducted
at the two sites (n = 44). Only the five most frequently mentioned species in each category are listed.

Government Forest Protected Forest

Fuelwood

Rungeng * Rhododendron arboreum
Eurya acuminate Prunus spp.

Quercus semecarpifolia Berberis aristata
Sungeng * Quercus semecarpifolia

Symplocos ramossisima Alnus nepalensis

Edible plants

Mushrooms Mushrooms
Dryopteris spp. Dryopteris spp.

Arundinaria spp. (bamboo shoots) Zanthoxylum armatum
Urtica dioca Arundinaria spp. (bamboo shoots)

Myrica esculenta Urtica dioca

Medicinal plants

Eupatorium adenophora Swertia chirayita
Swertia chirayita Paris polyphylla
Paris polyphylla Artemisia indica

Prasing * Valeriana jatamansi
Khatu * Gaulhteria fragratissima

* Local names.

Seventy-five percent of households at both sites keep livestock. The traditional faming practice is
based on the input of organic manure to fertilize the cropped fields and enhance soil quality. All the
people at Bhalche (GF) practice agriculture, while in Dhunche and Ranche (PF) the majority of people
practice agriculture and a few households have small businesses. Leaf litter is collected for animal
bedding, which ultimately turns into compost manure. The difference in legal protection of forest did
not make a difference in the type of forest products harvested. Leaf litter was collected at both sites;
however, more respondents in the GF reported collecting leaf litter.

4. Discussion

4.1. Species Richness and Forest Management

We found higher woody species richness inside the protected forests (PFs) than in the
adjacent government managed forests (GFs). This is in line with a recent global meta-analysis
comparing biodiversity in protected and unprotected areas, clearly showing higher species richness
within protected areas [52]. Various case studies also document impoverished floral richness in
disturbed/managed forests [53–55]. In contrast to this, a recent review of papers based on European
forests [56] reports higher vascular plant species richness in managed forests compared to unmanaged
forests. Hence, the picture is mixed; analyses of temporal changes in assemblages suggest no systematic
change in plant species richness [57,58], probably due to scale, taxonomic focus, and the degree of
human disturbance present in the referenced studies. Additionally, species richness is not the only
indicator to compare managed and unmanaged forests, as these can even have similar species richness
but differ in beta diversity (species turnover), and high site biodiversity is not necessarily coupled
with high site naturalness [59].

Losses of local species richness exceeding 20% are likely to substantially impair the contribution
of biodiversity to ecosystem function and services, and thus to human well-being [60]. In our case,
the frequency and density of IUCN listed species were very low under both management regimes [12].
The anthropogenic landscapes of mid-elevation in the Himalayas function as complex agroecosystems,
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where management and conservation need to balance local knowledge, practices and needs by a
diversity of local users, and with global aims such as conservation of biodiversity, climate change
mitigation and sustainability for future users. A high diversity of woody species is important as
it provides a broad resource base for fodder collection throughout the year, as hill farmers have a
sophisticated set of criteria for assessing fodder quality in relation to season, livestock type, and
qualitative properties [61]. Biodiversity conservation needs to be seen in a broader sense in areas
dominated by poverty and social inequity. For instance, Agrawal and Redford [62] found very
little systematic evidence in favour of the synergies between biodiversity conservation and poverty
alleviation in their survey of 37 studies, and they write, “Glossing biodiversity as ‘nature’ makes it
possible to ignore the complexity of the term, and enables the politically expedient conclusion that
humans can use and save ‘biodiversity’ through easily discovered win-win strategies and solutions”.
In our case, the lower woody species richness in the un-protected forests reflects higher biomass
extraction here.

4.2. Human Activities and Impacts on Forest Health and Forest Resources

Human dependency on forests was reflected in the interviews as well as in the forest plot sampling.
Under both management regimes, sites more accessible to the nearby settlements were generally more
disturbed, and the lower elevation (2200 masl) showed more signs of disturbance, as evidenced by high
number of cut stumps, lower canopy cover, and higher numbers of coppiced trees. Overall, canopy
cover was higher in the GFs, and this might be a bit puzzling. One reason could be that in the PFs there
were smaller trees at the lower elevation and canopy was not closed in many instances, while in the
GFs, trees were bigger and the canopy was closed, reflecting use history on a much longer time scale
than our study can account for. However, the differences in disturbance had no effect on total woody
species richness within the same legal regime (protected or not). Inside the PFs, the forests close to
the Ramche and Dhunche settlements were much more degraded, as evidenced by the number of cut
stumps and lower canopy cover at the lower elevation, nearby settlements. Coppicing, a “trademark”
of disturbed forests of the region, was also higher at lower elevations.

Forests provide a full suite of goods and services that are vital to human wellbeing and livelihoods,
particularly in developing countries like Nepal [15,63]. The forests of the Trisuli watershed are
important and integral parts of the subsistence agro-economy of the region as they are the sources
of important forest ecosystem services like fuelwood, fodder, timber, litter (compost), and edible,
aromatic, and medicinal plants. Traditional faming practice is based on the input of organic manure to
fertilize the cropped fields and enhance soil quality. Our household survey revealed that the extraction
or harvesting of biomass from the forest differ between the two sites. This difference is however,
reflecting the availability of resources, and not different traditions between these communities.

Human disturbances, including burning, grazing, logging and charcoaling, have large impacts
on the seedling, sapling, and shrub layers, which are especially responsive to such disturbances [64].
These disturbances are not uniformly distributed, and tend to be greater in areas with greater
accessibility and lower in areas with greater monitoring and enforcement activities, as we also observed
in our study. According to a meta-study of 49 locations in 22 countries by Narendra [65], protected
areas had significantly lower rates of clearing in comparison to surrounding land. However, the study
showed that Asia had the highest rates of land-cover clearing due to lower investments into protected
areas, combined with forest depending poor local communities. A study by [66] from the Indian
Himalaya, show that changes in land use improved household income, but at the cost of increased
extraction of forest biomass and loss of forest cover, undermining sustainable livelihood options and
global benefits from the biodiversity and ecosystem services of Himalayan forests.

The sustainability of the hill farming system is contingent upon the management, protection, and
utilization of nearby forests. In Nepal, local people’s dependency on forest resources was realized
soon after designating National Parks in the mountains where people were excluded from forests.
People protested and the subsequent Himali National Parks Regulations 2030 [38] allows for local
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people to harvest even from within the National Parks now. Hayes [67] examined whether government
ownership of protected areas is a necessary condition for improving forest density but found no
statistical difference between forest densities in officially designated protected areas and all other
forested areas. Conversely, Gibson et al. found a strong positive correlation between the level of
monitoring and foresters’ assessments of forest density [68]. Studies by Coleman [69] and Coleman
and Steed [70] also found that investment in monitoring by local users was a major variable affecting
forest conditions positively. Further, when local users are given harvesting rights, they are more
likely to monitor illegal uses themselves [71]. Other studies also stress the relationship between
local monitoring and better forest conditions [64,72]. To quote Ostrom and Cox [71] “Thus, it is not
the general type of forest governance that is crucial in explaining forest conditions; rather, it is how
a particular governance arrangement fits the local ecology and social context, how specific rules
are developed and adapted over time, and whether users consider the system to be legitimate and
equitable”. Nepal, as well as India, has a progressive system of community forestry nationwide in this
elevation range [73], and in our case, we also saw some degree of monitoring of illegal uses by local
people in both areas.

4.3. Implications for Management

The modern concept of ecosystem management grew from the goal of managing regional
landscapes to maintain the ecological integrity of the protected areas that they contain [73]. Today,
one of the most important developments within conservation science is the recognition that ecological
processes cannot be separated from social processes [74]. The very concept of sustainability combines
balanced resource use with economic viability, integrating biological, social, and economic aspects at
the farm household level [75], and in the case of Nepal, this is in some aspects fulfilled (modest
and balanced resource use), while in others (economic viability), this balance is still wanting.
Sustainable resource governance requires a sound understanding of social-ecological complexities,
and sustainability demands major changes in human behaviour, including in relation to biomass
extraction from forests. Meilby et al. in their study from community forests in Nepal found that
analyses of sustainability need to recognize the complexity of forest stand utilization and to understand
how existing local forest management rules are implemented [76]. Given that human land use is
rapidly expanding and intensifying in the unprotected parts of many protected areas (PA) ecosystems,
it is critical that we better understand this interplay. With a conservation focus typically focusing
on particular habitats, biodiversity conservation in surrounding areas stand the chance of being
neglected [77]. Off-PA forests may harbour greater habitat heterogeneity due to various disturbance
regimes, supporting a host of species utilizing various successional stages, and may include key
livelihood species.

We stress the importance of evidence-based management; a recent paper examining the
management of over 1000 PAs in Australia found that managers overwhelmingly tended not to
use evidence-based knowledge in making management decisions, but rather they relied almost entirely
on knowledge acquired from their own prior experiences [78]. Surprisingly few studies evaluating
the success of different forms of nature protection systems actually study the object (s) for which the
protection was designed, namely the biological life forms living within its geographic extent, and very
few studies relate species diversity directly to forest management and biomass extraction practices
(but see [23,79]). Consequently, it is challenging to evaluate the true success of substantial conservation
efforts. In locations with human populations that are heavily reliant on local resources, as in our
study area in the Trisuli watershed in Nepal (Figure 6), and in much of the biodiversity-rich global
south, the foremost management challenge is to promote livelihood alternatives that improves human
well-being and reduces overexploitation of forest products and other natural resources. This is perhaps
the greatest conservation challenge for the coming decades (see [80]).
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Figure 6. Schematic presentation of interdependencies between the farm household and forests,
livestock and cultivated fields. Biomass and nutrients flow from forest to farm household through the
traditional system of leaf fodder collection by lopping trees to feed stall fed livestock, and by forest leaf
litter collection. Leaf litter and fodder residue are mixed with livestock manure and organic household
debris to form a natural fertilizer for enhancing soil quality and crop production.

5. Conclusions

Case studies can be very effective in providing in-depth knowledge of particular resource
management and conservation issues. In much of Asia there is a great challenge of meeting the
objectives of biodiversity conservation and local communities’ subsistence needs, and we can only have
informed discussions on the trade-offs between forest ecosystem services once we better understand
them in the context of the local communities and their environment. Our study is bridging some of this
knowledge-gap for the Himalayan context. Irrespective of legal arrangement the investigated forests
are exposed to chronic disturbance by subsistence users. This disturbance does not necessarily impair
forest regeneration. Returning to our thee original questions we discovered that (1) protected forests
were more diverse in terms of woody species richness than government forests, (2) human disturbance
in the form of biomass extraction impacts forest structure by reducing structural diversity through
coppicing and felling, impairing ecosystem service delivery, and (3) the most important ecosystem
service providers are tree species with multiple uses—Primarily timber, fuelwood, and leaf fodder
for livestock. We conclude that incorporating both social and ecological knowledge in management
decisions is needed for managing forest biodiversity and ecosystem service delivery sustainably.

Supplementary Materials: The following are available online at http://www.mdpi.com/1999-4907/9/8/476/s1,
Table S1. Household survey form used to interview farmers in the Trisuli watershed, Langtang area, Nepal.
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