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Foreword

Bhutan’s exceptional biodiversity underpins the ecological health of our nation and the
well-being of our communities. Our breathtaking landscapes, from verdant lowland
forests to soaring alpine meadows, harbor an abundance of unique and iconic species,
many of which are endemic and irreplaceable. This incredible biological wealth is
intricately woven into the fabric of our cultural and natural identity.

It is with immense pride that we present the results of our long-term biodiversity
monitoring program conducted across the nationwide network of Biodiversity Monitoring
Grids (BMGs). These meticulously placed 4km x 4km grids ensure standardized data
collection by our field offices, enabling us to compare biodiversity across diverse
landscapes. This report, a testament to our unwavering commitment to preserving
Bhutan’s remarkable natural heritage, reveals crucial insights into species distribution and
abundance over time. This report represents the culmination of meticulous scientific
efforts, adhering to the stringent guidelines set forth in the “Biodiversity Monitoring
Protocol of Bhutan 2020”. It marks a significant milestone in our national endeavor to
monitor and conserve our natural heritage.

I am confident that these findings will serve as a compass for future policy decisions, guide
the development of effective conservation strategies, and inspire continued research and
collaborative efforts.

Our deepest gratitude goes to the dedicated field researchers and supporting staff who,
through their tireless work, made this report a reality. We are also immensely grateful to
our donors and our esteemed international conservation partners, the Bhutan for Life and
the Global Environmental Facility (GEF), for their invaluable financial support.

Taski Delek!

Lobzang Dorji
Director
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Executive summary

From the lush subtropical forests in the south to the snow-capped peaks in the north,
Bhutan boasts a diverse array of ecosystems that harbor a wealth of plant and animal life.
This incredible tapestry of life, with over 5,600 species of flowering plants and nearly 200
mammal species, is a testament to the delicate balance of Bhutan's natural world.

However, this rich biodiversity faces constant challenges. Climate change, habitat
degradation, and illegal wildlife trade all pose threats to the delicate balance of Bhutan's
ecosystems. To effectively combat these threats and ensure the continued health of its
natural world, Bhutan relies heavily on a crucial practice: monitoring.

The report provides a comprehensive assessment of biodiversity in the national
biodiversity monitoring grids, revealing significant insights into the diversity and
distribution of taxa (bird, fish, flora, herpetofauna, insects, macroinvertebrates, and
mammals). Passeriformes dominated bird detections, highlighting a rich avian
community, while Cypriniformes, particularly Cyprinidae, were prevalent among fish,
emphasizing the importance of preserving aquatic habitats. Angiosperms were the most
detected plants, with Ericales and Ericaceae being prominent order and family. Squamata
dominated herpetofauna detections, underscoring the need to protect habitats for reptiles.
Lepidoptera dominated insect detections, with Junonia lemonias being the most detected
species. Hymenoptera dominated macroinvertebrate detections, highlighting their role in
ecosystem stability.

These findings provide valuable insights into Bhutan's biodiversity outlook, showcasing its
rich natural heritage. Bhutan's commitment to conservation, evident in its carbon-
negative status and emphasis on Gross National Happiness, aligns with our results,
emphasizing the need for sustainable development practices.

Future research should focus on long-term monitoring, habitat preference studies,
population dynamics, and the impact of climate change on biodiversity. Managerial
recommendations from this report includes prioritizing habitat conservation, species
protection, and ecosystem restoration. Policy recommendations include implementing
and enforcing legislation for biodiversity conservation, engaging local communities, and
fostering commitment and cooperation.




Chapter 1
Introduction

1.1. Background

Nestled in the Eastern Himalayas, Bhutan is a small, landlocked country covering an area
of 38,394 square kilometers. It shares its borders with the Tibetan Autonomous Region of
China to the north and northwest, and with the Indian states of Sikkim, West Bengal,
Assam, and Arunachal Pradesh to the southwest, south, and east respectively (Biodiversity
Action Plan, 2009). Bhutan’s topography is as diverse as it is mountainous, comprising
three main physiographic zones that together create a unique ecological tapestry (DoFPS,
2023).

The southern belt of Bhutan is characterized by the Himalayan foothills, which are
adjacent to a narrow strip of flatland represented by subtropical forests along the Indian
border. This region ranges in altitude from under 200 meters to about 2,000 meters. This
area is predominantly covered with subtropical forests, which give way to temperate
forests as the altitude increases. It is a region known for its rich soils and high biodiversity,
also serves as an important corridor for transboundary conservation and wildlife
movement between India and Bhutan (Banerjee & Bandopadhyay, 2016; FMID, 2023).

Moving northwards, the inner Himalayas dominate the landscape. This zone encompasses
the primary river valleys and steep mountains, with altitudes ranging from approximately
2,000 meters to 4,000 meters. This region is home to temperate and alpine forests,
characterized by a diverse array of flora and fauna. The primary river valleys, such as those
of the Wang Chhu, Punatsang Chhu, and Drangme Chhu, are vital for the country's
agriculture and hydropower, serving as lifelines for the Bhutanese people (FMID, 2023).

The northern region of Bhutan, along the Tibetan border, is dominated by the
breathtaking greater Himalayas. This zone is characterized by snow-capped peaks and
alpine meadows situated above 4,000 meters (FMID, 2023). The harsh climate and rugged
terrain of this region make it less hospitable for human habitation but provide critical
habitats for several high-altitude species (NCD, 2023). These include the elusive snow
leopard, the Tibetan wolf, and various species of pheasants and medicinal plants (NCD,
2023). Additionally, Bhutan lies within two global biodiversity hotspots: the Eastern
Himalayas and the Indo-Burma region (Banerjee & Bandopadhyay, 2016). These hotspots
are recognized for their high levels of species endemism and significant threats from
human activities.
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Bhutan’s commitment to conservation within these biodiversity hotspots is crucial for the
protection of numerous rare and endangered species and the maintenance of regional
ecological balance. The ecosystems of Bhutan provide a wide range of services that are
vital for human well-being and economic development. Forests, which cover around 69%
of the country, play a critical role in sequestering carbon, regulating the climate, and
maintaining water cycles. Bhutan’s rivers, fed by glacial melt and monsoon rains, are not
only vital for agriculture and drinking water but also for hydropower generation, which
accounts for a significant portion of the country’s revenue.

Biodiversity holds immense significance across all aspects of human existence, offering an
extensive array of goods and services that encompass food, water, timber, fiber, genetic
resources, medicines, as well as recreational, aesthetic, and spiritual benefits (Gardner et
al., 2009; Naeem et al., 2009). It also plays a crucial role in regulating climate, water and
soil quality, and pollination, among other functions (Smith et al., 2013). Biodiversity
serves as the very foundation for sustainable development, providing the resources and
ecosystem services necessary for human survival and economic prosperity (Kremen et al.,
2007).

However, the global trend of biodiversity's contribution to ecosystems is decreasing
(Butchart et al., 2010). Since 1970, the capacity of nature to sustain contributions to good
quality of life has shown a decline in 14 of the 18 categories of nature’s contributions to
people analyzed (Figure I). This alarming trend underscores the urgent need for enhanced
monitoring and conservation efforts to protect biodiversity (IPBES, 2019). Without these
measures, the essential services that biodiversity provides, which are critical for human
well-being and the health of our planet, will continue to degrade (Haines-Young &
Potschin, 2010). Effective conservation strategies and robust biodiversity monitoring
programs are imperative to halt and reverse this decline, ensuring that biodiversity can
continue to support sustainable development and human prosperity in the future.

In the specific context of Bhutan, the conservation of biological diversity has not only been
instrumental throughout the country's developmental history but is deeply ingrained in
Bhutanese traditional beliefs, socio-cultural perspectives, and the overarching
development philosophy of Gross National Happiness (GNH) (Montes, 2020; Wangchuk
& Tobgay, 2015). Consequently, Bhutan has emerged remarkably untouched in the
twenty-first century, preserving its rich ecological wealth.

Gross National Happiness (GNH), a development philosophy introduced by Bhutan’s
Great Fourth King, Jigme Singye Wangchuck, in the 1970s, prioritizes the well-being of
the country's citizens over economic growth alone. GNH is based on four pillars:
sustainable and equitable socio-economic development, conservation of the environment,
preservation and promotion of culture, and good governance.

The integration of environmental conservation into this development framework
underscores the importance Bhutan places on maintaining its natural heritage.
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Traditional Bhutanese beliefs and socio-cultural perspectives also play a significant role in
the country's conservation efforts (Brunet et al., 2001). Many Bhutanese people follow
Buddhism, which emphasizes living in harmony with nature and all living beings. This
spiritual connection to the natural world fosters a deep respect for the environment and
encourages practices that protect biodiversity. Sacred groves, locally known as 'neys," are
conserved for their spiritual significance and these secret groves are often found to host
rare and endangered species (Brunet et al., 2001). Community-based conservation
initiatives, such as the establishment of community forests and community based Non-
Wood Forests management group, further reflect the strong communal values and
environmental stewardship ingrained in Bhutanese society (Montes & Kafley, 2022).
Bhutan has also designated over 51.44% of its land area as protected areas, including
national parks, wildlife sanctuaries, and biological corridors, which is unique to the world.

Despite its successes, Bhutan faces several challenges in its conservation efforts. Climate
change poses a significant threat, with rising temperatures and changing precipitation
patterns affecting glacial melt, water availability, and the distribution of species. Human-
wildlife conflict, driven by rural-urban migration and habitat fragmentation, is another
pressing issue. Rapid urbanization and infrastructure development also pose risks to
natural habitats and biodiversity.

To address these challenges, Bhutan is adopting innovative conservation strategies. These
include the promotion of climate-resilient agriculture, the establishment of wildlife
corridors to facilitate species movement, and the implementation of community-based
conservation programs. Bhutan is also engaging in regional and international
collaborations to enhance its conservation efforts and share and learn best practices.

This study focuses on the monitoring of biodiversity and its changes over the years in a
permanent monitoring plot known as Biodiversity Monitoring Grids (BMGs). These grids
serve as critical tools for tracking the health of ecosystems, understanding the impacts of
environmental changes, and informing conservation strategies. By continuously
monitoring biodiversity within these grids, Bhutan can ensure that its conservation efforts
are effective and adaptive, allowing for the preservation of its rich natural heritage for
generations to come.
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1.2. Rationale

Bhutan is a biologically diverse country, with more than 11,000 species positively
recorded in the country (NBC, 2019). The new records either as species new to science or
new record for the country, are being made each day by the nature enthusiast,
conservationists, and researchers. However, climate change and land use change have
substantial contribution to species distribution range shift. Species extinctions in the past
and the future projections can influence the species persistence leading to
disproportionate distribution of species along the ecological zones (Wilson et al. 2007). In
the face of climate change, all taxa are vulnerable to extinction. Therefore, monitoring and
measuring the relevant taxa is necessary for implementation of an adaptive management
approach to ensure species persistence for ecosystem management. For enabling
continuous monitoring of biodiversity changes over the years and to derive sustainable
benefits from biodiversity conservation, we formulated aims and objectives described in
following subsections.

1.2.1. Aim of Biodiversity Monitoring Grids (BMG)

The primary aim of this study is to monitor biodiversity and its changes over the years in
Bhutan using a permanent monitoring plot system known as Biodiversity Monitoring
Grids (BMGs). By systematically assessing biodiversity, the study seeks to inform and
enhance conservation strategies, ensuring the sustainable management of Bhutan’s rich
natural heritage while promoting its sustainable use for income and employment
generation.

1.2.2. Objectives

o To systematically catalog the existing flora and fauna within the designated
Biodiversity Monitoring Grids (BMGs)

» To document the status and distribution of species, including rare and endangered
species, within these grids

» To track changes in species composition, abundance, and distribution over time within
the BMG

» To identify trends and patterns in biodiversity dynamics

e To understand the interrelationships between different species and their
environments

e To study the effects of climate change, habitat fragmentation, and other
environmental stressors on biodiversity within the BMGs

e To assess the resilience and adaptability of different species and ecosystems to
changing condition

e To provide data-driven insights and recommendations for enhancing conservation
strategies and policies

e To support the creation and implementation of effective management plans for
protected areas and biodiversity hotspots.

e To explore and document the sustainable use of biodiversity resources for income and
employment generation

*



Chapter 2
Materials and Methods

Biodiversity monitoring programme was conducted across all forest divisions and
protected areas following the biodiversity monitoring protocols (NCD, 2020). Each park
and division were allotted with six grids known as biodiversity monitoring grids for
monitoring threatened and lesser-known taxa

2.1. Biodiversity Monitoring Grids

The biodiversity monitoring was conducted within Biodiversity Monitoring Grids (BMG)
of 4x4 km (Figure 1). These grids are selected based around the National Forest Inventory
(NFI) Cluster Plots, and the NFI Plot ID numbers was used for the corresponding BMGs.
Unlike NFI Cluster Plots, which are fixed for regular multipurpose forest ecosystem health
monitoring, BMGs are fixed 4x4 km grids with the NFI Cluster plot at their center.
Biodiversity monitoring was done within these BMGs without being restricted to
predefined sites within the grid.

A total of 2424 BMGs have been designated across the country (Figure 1), with grid
numbers ranging from 0001 to 2424. As the biodiversity monitoring is periodic and are
focused only on a few sampled grids in each Protected Area (PA) and Forest Division (FD),
selected through stratified random sampling across different habitats and elevation

gradients.
0 25 50 100 150 200
—_— _— Kil.
Legend
Lj Bhutan International Boundary D Biodiversity Monitoring Grids Major Rivers + National Forest luventory Cluster Points

Figure 1. 4 x 4 km Biodiversity Monitoring Grids generated based on NFI cluster plots. The centroids of the 4 x
4 km grids represent the NFI cluster plots
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Stratified sampling is a method used to divide a population into different groups, or strata,
based on certain characteristics that are important to the study. By implementing
stratified random sampling, we chose 6 grids each for 24 for each field divisions (i.e., in
PAs and FDs) from a total of 2424 grids (Figure 2). For doing so, firstly we stratified the
population of 2424 grids based on relevant criteria that includes factors such as habitat
type, elevation gradient, and slope. Defining the strata, we determined the sample size for
each stratum based on statistical considerations such as the desired level of precision and
confidence (we adopted to lower permissible confidence interval taking account of
resource available and species presence).

After determining the sample size for each stratum, grids are then randomly selected from
within each stratum (by random function of Microsoft Excel). This ensures that the
selected grids are representative of the entire population while also allowing for specific
strata to be adequately represented based on their importance to the study. Finally, the
selected grids were verified to ensure they were accessible to the survey and presence of
the targeted species based on prior knowledge.

Legend

] BMG Bird

I BMG Flora

[ BMG Macroinvertebrates
[ BMG Herpetofauna

[ BMG insects

[ BMG Fish

I BMG Mammal

[ Territorial Forests Division
[ Protected Areas

: || Biological corridors

0 25 50 75 00 125 km

Figure 2. Map depicting sampled BMGs for different taxa. The protected area in acronym stands for, BWS:
Bumdeling Wildlife Sanctuary, JDNP: Jigme Dorji National Park, JKSNR: Jigme Khesar Strict Nature
Reserve, JWS: Jomotsangkha Wildlife Sanctuary, PNP: Phrumsengla National Park, SWS: Sakteng Wildlife
Sanctuary, WCNP: Wangchuck Centennial National Park) including biological corridors (BCs numbered 1- 7)
and RBP (Royal Botanical Park).

2.2. Field Survey of Focused Taxa in BMGs

For this survey period (2022 — 2023) we focused on seven major taxa: Birds, Flora, Fishes,
Herpetofauna, Insects, Mammals, and Macroinvertebrates. We followed field survey
protocols prescribed in Biodiversity Monitoring and Social Survey Protocol, 2020 for all
the taxa. The details of survey protocols followed by individual field offices are provided in
the field reports in Annexures.
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2.3. National Level Reporting

The surveys within the Biodiversity Monitoring Grids (BMGs) strictly followed the
"Biodiversity Survey Protocol of Bhutan 2020," ensuring consistent and reliable data
collection. Each BMG, a 4x4 km grid centered around a National Forest Inventory (NFI)
Cluster Plot, was systematically surveyed for biodiversity data.

For biodiversity surveys, taxa-specific methods prescribed in the Monitoring Protocol
were employed to collect data on species presence, abundance, and environmental
parameters. At the national level, descriptive statistical methods were used to analyze and
report the collected data: Summarized species occurrences within each BMG. Presented as
tables or histograms, showing the number of occurrences in different categories.
Identified areas with high or low biodiversity. Examined relationships between categorical
variables, such as species presence across habitats. Visualizations like bar charts, pie
charts, and scatter plots were used for clear data presentation.

The results were compiled into comprehensive reports, including executive summaries,
detailed methodologies, data tables, visualizations, and discussions. These reports
interpreted the findings in the context of national biodiversity dynamics, offering
recommendations for future monitoring and conservation efforts




Chapter 3
Results

3.1. Number of Detections for Each Taxon in the Survey

Analysis of data from all Biodiversity Monitoring Groups (BMGs) across field divisions
revealed a consistent pattern: birds were the most frequently detected taxa, followed by
flora, macroinvertebrates, mammals, and fish. Interestingly, herpetofauna, despite being
one of the seven target groups, had the lowest detection rates in the BMG surveys (Figure
3).

Total detection

B 1 Birds
I 2 Insects
3 Fishes

| @ | @4 Flora
w;’ B 5 Herpetofauna

578 / i
/ B 6 Macroinvertebrates

/ B 7/ Mammal

Figure 3. Total detection of individual taxon in BMGs from all the field division.

3.2. Detection by Different Taxonomic Group

Systematically speaking, the survey recorded species under three major phyla
(Arthropoda, Chordata, and Mollusca) from animal kingdom, and two phyla (Bryophyta
and Tracheophyte) from the kingdom plantae. The survey detected higher number of
Chordates (n=1810) followed by Arthropods (n=1442) and a few mollusks (n=6). The
vascular plants (tracheophytes) dominated the detection of plantae (n=998) and only few
lower plants (n=6 bryophytes). Chordates (animals with embryonic notochord or
vertebra) are largest group detected from BMGs. Of all chordates survey observed higher
detection of Aves (birds) and least detection of anurans or amphibians (Figure 4).
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Figure 4. Sunburst plot showing detection of chordates at different taxonomic level (center to outer ring of
sunburst plot corresponds class to family). Figure legend on right shows animal taxa with highest detection
from each taxonomic level (e.g., tiger represent higher detection of carnivora from order Mammalia).
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3.2.1. Birds

The data from bird BMG plots revealed a significant prevalence of birds under the order
Passeriformes, which accounted for 73% of the total detections (Table 1; Figure 5).
Passeriformes are perching birds or songbirds, is the largest and most diverse bird order
observed by survey. Majority of birds detected under order Passeriformes were from the
family Muscicapidae (12%; flycatchers; Table 1) Verditer Flycatcher and Blue Whistling
Thrush being highest detected species. This was followed by the Columbiformes,
comprising 6.2%, and the Cuculiformes, making up 5% (Table 1). Notably, the order
Trogoniformes (Trogon) had the least detection rate among all the bird orders studied.
Ward’s Trogon is only species detected under order Trogoniformes and family Trogonidae
(Table 1). Large-billed crow (Corvus macrorhynchos; n=21) and Oriental turtle-dove
(Streptopelia orientalis; n=21) followed by black bulbul (Hypsipetes leucocephalus; n=20)
are most detected birds from 322 birds detected from bird BMGs in this survey.

*



Figure 5. Diversity of birds recorded from BMGs and their taxonomic classification from order to species
(center to outer rings of sunburst plot). The largest order, Passeriformes, is displayed on the left (order to
genus), while other bird orders are shown on the right (order to species).




Table 1. Detection percentage of individual order and family from the Bird BMGs

%Detection %Detection

3.3.2. Fishes

In the fish BMGs, the detection of fish was highest under the order Cypriniformes (87.9%)
and lowest under the order Anguilliformes (Table 2, Figure 6). The family Cyprinidae
within the order Cypriniformes accounted for the largest number of detections (72.7%)
and the highest species diversity (n=38 species; Figure 6). The Copper Mahseer
(Neolissochilus hexagonolepis, n=36) was the most detected fish in the fish BMGs out of
the 63 fish species detected in the entire BMGs.




Figure 6. Diversity of fishes recorded from BMGs. The size of the nodes in the heat tree represents the
taxonomic level, arranged hierarchically from phylum to species.

Table 2. Percentage of Individual Orders and Families of Birds Detected in Biodiversity Monitoring Grids

% Detection % Detection




3.3.3. Flora

Tracheophytes were the most detected plants in flora BMGs of which broadly 8% lower
plant (pteridophytes), 9% gymnosperms and 82% angiosperms (flowering plants) as
shown in Figure 7. Overall order Ericales was most detected in the flora BMGs (19.92%)
and subsequently family Ericaceae under this order was highest detected family in the
flora BMGs (18%; Table 3; Figure 7). The survey detected 450 plant species in flora BMGs
and Abies densa (n=84) was most detected plant species in the survey.
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Figure 7. Various orders of flora detected from BMGs, with the chart displaying classes within each respective
order (color hue represents different orders).




Table 3. Percentage of Individual Orders and Families of Flora Detected in Biodiversity Monitoring Grids

Agnoliales 0.701 Toricelliaceae

Alismatales 0.701 Acanthaceae 0.701
Apiales 1.401 Achariaceae 0.2
Aquifoliales 0.1 Adoxaceae 0.2
Arecales 0.1 Aloaceae 0.1
Asparagales 3.403 Amaranthaceae 0.501
Asterales 3.203 Anacardiaceae 0.501
Boraginales 0.2 Annonaceae 0.701
Buxales 0.2 Apiaceae 0.2
Caryophyllales 1.902 Apocynaceae 0.601
Celastrales 0.1 Aquifoliaceae 0.1
Commelinales 0.1 Araceae 0.701
Cornales 0.3 Araliaceae 1.101
Crossosomatales 0.3 Arecaceae 0.1
Cucurbitales 1.301 Aristolochiaceae 0.2
Cyatheales 0.2 Asparagaceae 0.3
Dipsacales 1.101 Asteraceae 2.603

Ephedrales 0.3 Balanophoraceae 0.1










Saxifragaceae 0.3

Schoepfiaceae 0.1
Scrophulariaceae 0.1
Selaginellaceae 0.1
Simaroubaceae 0.701
Smilacaceae 0.1
Staphyleaceae 0.3
Styracaceae 0.1
Symplocaceae 3.203
Tetramelaceae 1.001
Theaceae 1.602
Thymelaeaceae 0.501
Trochodendraceae 0.1
Uricaceae 0.1
Uricaceae 0.4
Urticaceae 1.802
Viburnaceae 0.4
Violaceae 0.2
Vitaceae 0.2
Zingiberaceae 0.3

3.2.4. Herpetofauna

The majority of herpetofauna detected in the herpetofauna BMGs belongs to order
Squamata (54.5%) that represents snakes and lizards followed by Anura (44.9%), which
represents frogs and toads, and only one tortoise species was detected from this survey
(Melanochelys trijuga) as shown in Figure 8 and Table 4.




karlschmidtii
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Figure 8. Diversity of herpetofauna recorded from BMGs. The size of the nodes in the heat tree represents the
taxonomic level, arranged hierarchically from phylum to species. Nodes without the text represents
unidentified individuals




Order-wise, cumulatively more lizards and snakes were detected in the BMGs, but
familywise, frogs (Dicroglossidae; 19.23%; Figure 9 & Table 4) had higher individual
detections. Among the 53 different herpetofauna species detected in the herpetofauna
BMGs, Calotes versicolor was the most frequently detected species (n=16).

JATRNNNI Il----llll-III--II

aianmnony.

Figure 9 Different families of herpetofauna recorded from BMGs.

Table 4. Percentage of Individual Orders and Families of Herpetofauna Detected in Biodiversity Monitoring
Grids

% Detection Family % Detection




Homalopsidae
Hylidae
Hylidae
Megophryidae
Pareidae
Parlidae
Ranidae
Ranidae
Rhacophoridae
Scincidae
Scincidae
Typhlopidae
Varanidae

Viperidae

0.64
0.64
0.64
1.92
1.28
3.85
5.77
0.64
3.85
9.62
0.64
0.64
1.28
5.77




3.2.5. Insects

From the insect BMGs, the survey recorded three major orders, with the highest record
from the order Lepidoptera (79.48%), followed by Odonata (19.48%) and only a few from
Anisoptera (1.04%). There was more detection of species under the family Nymphalidae
(38.78%), but the majority of individuals within these three orders remained unidentified
(20.87%), as shown in Figure 10 and Table 5. Of all identified insects, the highest detected
was Junonia lemonias (Lemon pansy, butterfly; n=29), followed by Neptis hylas
(Common sailor, butterfly; n=20) and Ypthima baldus (Common five-ring, butterfly;

n=16).
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Figure 10. Detection rates of different families under Order Lepidoptera (butterflies and moth)
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Odonata, or dragonflies, were among the significant insect orders detected in the insect
BMGs. Libellulidae was the most frequently detected family within the Odonata order
(n=16), while the remaining families were detected fewer than three times during the
survey. However, 80 different individuals recorded during survey could not be identified
for their respective family (Figure 11, Table 5).
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Figure 11 Number of detection of families under order Odanata in insect BMGs
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Table 5. Percentage of Individual Orders and Families of Insects Detected in Biodiversity Monitoring Grids

Anisoptera 0.18 Aeshnidae 0.17

Lepidoptera 79.48 Calopterygidae 0.17

Odonata 19.48 Chlorocyphidae 0.17
Coduligastridae 0.17
Epiophlebiidae 0.17
Euphaeidae 0.52
Gomphidae 0.17
Gomphidae 1.22
Hesperiidae 3.83
libellulidae 2.78
Lycaenidae 7.48
Nymphalidae 38.78
Papilionidae 6.61
Pieridae 1533
Riodinidae 1.57
Unidentified 20.87

3.2.6. Macroinvertebrates

Majority of detection in macroinvertebrate BMGs were under order Hymenoptera (32.7%)
followed by Coleoptera (14.43%) and Trichoptera (13.74%) as shown in Figure 12 and
Table 6.




Figure 12. Diversity of macroinvertebrates recorded from BMGs and their taxonomic classification from order
to family (center to outer rings of sunburst plot).

Approximately 17.8% of the macroinvertebrates in the study could not be identified at the
family level. Among the identified families, Coccinellidae (7.71%), Formicinae (7.54%),
and Myrmicinae (7.29%) were the most prevalent. Pheidole smythiesii (n=28) was the
most frequently detected ant species out of the 80 identified species of macroinvertebrates
found in the macroinvertebrate BMGs, as shown in Figure 12 and Table 6.

Table 6. Percentage of Individual Orders and Families of Macroinvertebrates Detected in Biodiversity
Monitoring Grids

% Detection i % Detection
Aphelocheirus 0.14 Achatinidae 0.29
Arctopsyche 0.29 Acrididae 0.43
Blattodea 0.29 Apidae 1.85
Coleoptera 14.43 Asilidae 0.29
Diptera 13.14 Athericidae 1.14
Ephemeroptera 8.71 Baetidae 1.85
Ephemeroptera 0.29 Blattodea 0.14

Hemiptera 1.29 Blephariceridae 0.14







3.2.7. Mammals

Surprisingly, there is a higher detection rate of carnivores (43.61%) in mammal BMGs
compared to ungulates or prey species of mega carnivores (39.5%). However, this result is
based on a survey with a small sample size conducted in BMGs of selected field divisions
(Figure 13-15). Lagomorphs (small hares) are the least detected mammalian species in the
BMGs. As shown in Table 7, the family Felidae is the most detected mammalian species
(18.5%) compared to the rest of the mammalian species, with other species of carnivores
such as canids (4.6%), ursids (3.4%), and small carnivores (Table 7) following. Tigers
(n=21) and common leopards (n=27) are the most detected wild felids, followed by
marbled cats (n=11), while jungle cats are the least detected felids (n=1). Wild boar is the
most detected artiodactyl (n=47), followed by muntjac (n=37) and gaur (n=31). Elephants
are also among the most detected megaherbivores in the mammal BMGs (n=31). Sambar
deer (n=6) and musk deer (n=1) are the least detected herbivores in the mammal BMGs.




Table 7. Percentage of Individual Orders and Families of Mammals Detected in Biodiversity Monitoring Grids

Artiodactyla
Carnivora
Lagomorpha
Primates
Proboscidea
Rodentia

39.5
43.61
0.68
5.48
7.31
3.42

Ailuridae
Bovidae
Canidae
Cercopithecidae
Cervidae
Elephantidae
Erethizontidae
Felidae
Herpestidae
Hystricidae
Leporidae
Moschidae
Muridae
Mustelinae
Prionodontidae

Sciuridae

Suidae
Ursidae

Viverridae

12.8
4.6
585
16.9
7.3
2.1l
18.5
4.8
0.2
0.7
0.2
0.7
5.7
0.2
05
9.6
3.4
6.2
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Figure 13. depicts habitat selection by carnivores in BC-9 (left) and Phibsoo Wildlife Sanctuary (right), as
predicted by a generalized linear model using forest cover and elevation as predictors of habitat preference.
The heat bar on the right is depicts probability of site use by animal
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Figure 14. depicts habitat selection by deer (artiodactyl) in BC-9 (left), Phibsoo Wildlife Sanctuary, and Samtse
Territorial Forests Division (right), as predicted by a generalized linear model using forest cover and elevation
as predictors of habitat preference.
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Figure 15. depicts habitat selection by elephant (left) and primates (right) Phibsoo Wildlife Sanctuary as
predicted by a generalized linear model using forest cover and elevation as predictors of habitat preference.
Figure legend is same as for Figure 14




Chapter 4
Discussion and Management
Recommendations

4.1. General Findings of BMG Report

Analysis of data from all Biodiversity Monitoring Groups (BMGs) across field divisions
revealed a consistent pattern: birds were the most frequently detected taxa, followed by
flora, macroinvertebrates, mammals, and fish. Interestingly, herpetofauna, despite being
one of the seven target groups, had the lowest detection rates in the BMG surveys (Figure
3).

e Birds: Passeriformes dominated the bird detections, particularly Muscicapidae.
Verditer Flycatcher and Blue Whistling Thrush were the highest detected species. This
suggests a rich avian community with diverse habitat preferences. Larger number of
birds recorded in Bhutan are from family Muscicapidae of order Passeriformes and it
is one of the order mostly recorded in protected areas and top bird habitat of Bhutan
(Dendup et al., 2021; Norbu et al., 2021)

o Fish: Cypriniformes, particularly Cyprinidae, dominated fish detections, with the
Copper Mahseer being the most detected species. Conservation efforts should focus on
preserving economically important aquatic habitats to maintain fish diversity. There
are potential benefits on livelihood opportunities for local communities through high-
end recreational mahseer fishing and creating awareness on conservation (Pinder et
al., 2019)

o Plants: Angiosperms were the most detected plants, with Ericales and Ericaceae
being the most detected order and family, respectively. This family of plant are major
source of timber and firewood for local communities and their conservation become
paramount importance for sustainable resource support rural communities and
sustainable harvesting.

» Herpetofauna: Squamata dominated herpetofauna detections, followed by Anura.
Calotes versicolor was the most frequently detected species. Herpetofauna in Bhutan
are often associated with social taboos and viewed as symbols of bad luck, leading to
their persecution despite their significant ecological contributions. Snakes, for
example, play a crucial role in controlling rodent pests in agricultural fields and are
sometimes called "farmers' friends" (Pandey, Subedi Pandey et al. 2016). Therefore,
conservation efforts should prioritize educating local communities about the ecological
importance of herpetofauna.
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o Insects: Lepidoptera dominated insect detections, with Junonia lemonias being the
most detected species. Conservation efforts should target preserving habitats that
support diverse insect communities. Generally, insects are less preferred for
conservation compared to megafauna and animal at higher trophic level (Chakraborty
& Chakraborty, 2021; Samways, 2007). However, more than 98% of living organisms
in the biosphere are macroinvertebrates (Jacobsen et al., 2008).

» Macroinvertebrates: Hymenoptera dominated macroinvertebrate detections.
Dragonflies are major pest controller in the farm where it preys on aphids and harmful
insects in the farm and bees can be economically valuated for contribution in
pollination (Ballal et al., 2022; Hill, 2012)

e Mammals: Carnivores were more detected than ungulates. Felidae was the largest
detected family, with tigers and common leopards being the most detected felids.
Surprisingly the mammal BMGs detected more carnivores compared to its prey. This
survey is from few sampled plots and cannot ascertain the ecological dynamics and
functions due to limitation of sample size.

4.2. Bhutan's Biodiversity Outlook Through This Report

The biodiversity monitoring grid (BMG) report provides robust evidence of Bhutan's rich
biodiversity. The significant findings reveal a diverse array of species across various
ecosystems, underscoring Bhutan's status as a biodiversity hotspot. The high detection
rates of numerous species across different habitats, despite surveying only 0.6% of the
total monitoring grids in the country, underscores Bhutan's vibrant and diverse
ecosystems. (Allison, 2024). The report indicates a balanced presence of both predators
and prey, emphasizing a well-maintained ecological equilibrium that is crucial for the
stability and health of ecosystems.

The findings also underscore the ecological importance of different species in Bhutan,
from those that play critical roles in pest control and pollination to those that contribute to
nutrient cycling and habitat maintenance. The presence of key species and the detection of
numerous individuals across taxa demonstrate the success of Bhutan's conservation
strategies and the country's ability to support diverse wildlife populations.

4.3. Future Research Recommendations

» Long-term Monitoring: We recommend continued monitoring of biodiversity is
essential to track changes over time and assess the effectiveness of conservation
measures. Also, there should be increased effort in monitoring through a greater
number of sample plots for BMGs to get adequate representative sample size for
precise and accurate reporting.
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+ Habitat Preference Studies: Further research on the habitat preferences of
different taxa can help inform conservation strategies and habitat management
practices.

e Population Dynamics: Studying the population dynamics of key species can
provide insights into their conservation status and help guide conservation efforts.
Currently population census is restricted to tiger, snow leopard and elephants despite
having significant numbers of other ecologically important and vulnerable species.

o Impact of Climate Change: Bhutan is one of the country that is extremely
vulnerable from the consequences of climate change to its biogeography and species
survival (Choden et al., 2021). Investigating the impact of climate change on Bhutan's
biodiversity can help identify vulnerable species and ecosystems.

4.4. Managerial Recommendations

» Habitat Conservation: Conservation efforts should focus on preserving and
restoring habitats preferred by diverse taxa, such as forests, wetlands, and aquatic
ecosystems.

» Species Protection: Targeted conservation measures should be implemented for
species of high ecological importance or those facing threats.

» Ecosystem Restoration: Efforts should be made to restore degraded habitats to
their natural state, especially those supporting diverse populations.

4.5. Policy Recommendations

» Legislation and Enforcement: Governments should implement and enforce
legislation and policies that protect biodiversity and its habitats, ensuring their long-
term conservation.

 Community Engagement: Engaging local communities in conservation efforts can
help raise awareness about the importance of biodiversity and garner support for
conservation initiatives.

» International Cooperation: Collaboration between countries and organizations is

crucial for the conservation of migratory species and the protection of biodiversity
across border.

*



Annexure I: Biodiversity in BMGs of Bumthang Territorial Forest Division
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Annexure II. Biodiversity in BMGs of Bumdeling Wildlife Sanctuary
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Annexure III. Biodiversity in BMGs of Dagana Territorial Forest Division
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Annexure IV: Biodiversity in BMGs of Gedu Territorial Forest Division
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Annexure V: Biodiversity in BMGs of Jigme Dorji National Park

Location Latitude Longitude Scientific name Family





































Annexure VI: Biodiversity in BMGs of Jigme Khesar Strict Nature Reserve
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Annexure VII: Biodiversity in BMGs of Jigme Singye Wangchuck National Park

Location Latitude Longitude Scientific name Family Order






















Annexure VIII: Biodiversity detected in the BMGs of Jomotsangkha Wildlife Sanctuary

Location Latitude Longitude Scientific name Family













Annexure IX: Biodiversity in BMGs of Mongar Territorial Forest Division

Location Latitude Longitude Scientific name Family













Annexure X: Biodiversity in BMGs of Paro Territorial Forest Division

Location Latitude Longitude Scientific name Family
















Annexure XI: Biodiversity in BMGs of Pema Gatshel Territorial Forest Division
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Annexure XII: Biodiversity in BMGs of Phrumsengla National Park

Location Latitude Longitude Scientific name







Annexure XIII: Biodiversity in BMGs of Phibsoo Wildlife Sanctuary

Location Latitude Longitude Scientific name Family













117


















Annexure XIV: Biodiversity in BMGs of Royal Manas National Park

Location Latitude Longitude Scientific name Family

























Annexure XV: Biodiversity in BMGs of Samtse Territorial Forest Division
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Annexure XVI: Biodiversity in BMGs of Sarpang Territorial Forest Division

Location Latitude Longitude Scientific name Family


































Annexure XVII: Biodiversity in the BMGs of Samdrup Jongkhar Territorial Forest Division

Location Latitude Longitude Scientific name Family




Annexure XVIII: Biodiversity in BMGs of Sakteng Wildlife Sanctuary

Location Latitude Longitude Scientific name Family Class




Annexure XIX: Biodiversity in BMGs of Thimphu Territorial Forest Division

Location Latitude Longitude Scientific name Family Order




Annexure XX: Biodiversity in BMGs of Trashigang Territorial Forest Division
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Annexure XXI: Biodiversity in BMGs of Tsirang Territorial Forest Division

Location
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Annexure XXII: Biodiversity in BMGs of Wangdue Territorial Forest Division

Location Latitude Longitude Scientific name Family













Annexure XXIII: Biodiversity in BMGS of Wangchuck Centennial National Park

Location Latitude Longitude Scientific name Family Class




Annexure XXIV: Biodiversity in BMGs of Zhemgang Territorial Forest Division

Location Latitude Longitude Scientific name Family
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