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Abstract We classified land cover in the Northern

Forest Complex in Myanmar using satellite imagery

(MODIS/NDVI) and field surveys carried out in 2001,

2004 and 2005. Using Landsat TM/ETM+ images from

1991 and 1999 we determined deforestation rates. The

c. 22,000 km2 Northern Forest Complex, including the

Hkakabo Razi National Park in northern Kachin State, is

characterized by tropical to subtropical pristine forests

with low human impact. The area studied, which includes

land beyond the boundaries of Hkakabo Razi National

Park, is of special conservation importance because it

provides a refuge for many rare plant and animal species.

Less than 1.4% of the area is affected by humans

(excluding hunting) and deforestation rates are low at

,0.01% annually. We observed several bird and mammal

species that are considered threatened elsewhere. Based

on our data, those of previous surveys, and the fact that

.10 new vertebrate species have been described in the

region since 1999, it is likely there are still undescribed

vertebrate species to be discovered. We recommend

extending the boundaries of Hkakabo Razi National

Park to the south and west, connecting it to Hpongkan

Razi Wildlife Sanctuary, and/or adding an additional

sanctuary in the Naung Mung area, to protect the vast yet

still pristine rainforest habitats that are home to many of

the most important aspects of the region’s biodiversity.

Keywords Deforestation, Himalaya, land cover

classification, Myanmar, Northern Forest Complex,

South-east Asia, tropical forest.

Introduction

Extensive pristine areas with little human impact are

critical for the long-term survival of many threatened

and endemic species, but such areas are rare (Gascon

et al., 2000; Myers et al., 2000; Achard et al., 2002). South-

east Asia has almost no contiguous, extensive primary

habitats remaining (Reich et al., 1997; Mayaux et al., 1998;

Myers et al., 2000; Riitters et al., 2000; Achard et al., 2002;

Leimgruber et al., 2003). In Myanmar, however, with the

exception of the central dry zone, much of the country’s

natural forest cover remains (Tordoff et al., 2004;

Leimgruber et al., 2005). Except for the Irrawaddy

(Ayayerwaddy) delta, which was deforested during

the British colonial period, deforestation is compara-

tively low (Tordoff et al., 2004; Leimgruber et al., 2005).

The Northern Forest Complex of Myanmar, which

contains Hkakabo Razi National Park, lies in a unique

biogeographical position between Eurasia, the Indian

subcontinent and South-east Asia. This has resulted in

high levels of species richness and endemism, and the

occurrence of many rare species. New taxa are still being

discovered in this region, demonstrating the impor-

tance of further exploration and conservation action

(Rappole et al., in press), especially in areas such as the

Alungdung Valley in the heart of Hkakabo Razi

National Park, an area almost completely undisturbed

by humans (Rappole et al., in press; Rappole et al., 2005;

Cincotta et al., 2000).

Existing maps for the region date from the British

colonial period. During surveys of bird communities in

2001, 2004 and 2005 in and around Hkakabo Razi

National Park (Rappole et al., in press; Rappole et al.,

2005) we collected information to update these maps,

including current coverage of major habitats and effects

of recent land-use changes. In the work reported here

we used the now standard tool of habitat mapping using

satellite imagery (Leimgruber et al., 2005) to address four

interrelated research and conservation objectives: (1)

create a land cover map for the Northern Forest

Complex of Myanmar, (2) determine overall forest loss

during 1990–2000, (3) develop a conservation profile for

the area, and (4) develop suggestions for conservation

strategies.
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Study Area

The study area stretches east from Putao to the border

with the Chinese province of Yunnan and north to the

northern tip of Myanmar in the Himalayas (Fig. 1). This

Northern Forest Complex includes all of Hkakabo Razi

National Park and parts of Hpongkan Razi Wildlife

Sanctuary. Rabinowitz (2003) included in the Northern

Forest Complex areas south of Putao to Myitkyina

(incorporating the Hukang Tiger Reserve and the

Bumhpa Bum Wildlife Sanctuary). However, we define

the area as in Fig. 1 (c. 22,000 km2), excluding the areas

south of Putao where the habitats and associated species

are markedly different from areas further north. The

Complex is in the transition zone between three major

biodiversity hotspots (Myers et al., 2000; Conservation

International, 2004) and includes the Eastern Himalayas

Endemic Bird Area that supports 19 restricted-range

bird species of which 10 are globally threatened

(Stattersfield et al., 1998; BirdLife International, 2003).

The highest peak is the 5,881 m Mount Hkakabo Razi

and the lowest elevations are on the Putao plains at c.

420 m. Vegetation types change along a steep elevation

gradient and include subtropical rainforest, temperate

rainforest, mixed deciduous forest, Pinus-Rhododendron

forests and alpine meadows. Agriculture occurs at lower

elevations in the larger valleys. Indigenous people use

the forest, mainly along or near major rivers, paths or

villages, for hunting and trapping of small to medium-

sized birds and mammals, collecting edible and medic-

inal plants, logging, and collection of thatching material.

In addition, fishing is common in the larger rivers. We

observed that timber extraction occurs mainly in and

around the larger villages (Putao, Naung Mung) and up

to 2 km into adjacent valleys but does not appear to

occur in the smaller villages in the Nam Tamai valley

further than c. 0.5 km from settlements.

Methods

Land cover classification

For the land cover classification we used Normalized

Difference in Vegetation Index (NDVI) data acquired by

the Moderate Resolution Imaging Spectroradiometer

(MODIS) of NASA’s Terra satellite. Although MODIS

NDVI data has a coarser spatial resolution (250 m) than

Landsat satellite data (30 m), its greater temporal

resolution (one image per day for MODIS versus one

every 21 days for Landsat) is better for mapping

seasonally changing habitats in areas with heavy cloud

cover such as northern Myanmar. We used a MODIS

NDVI image for February 2004 (EOS Data Gateway,

2005), co-registered it to NASA’s orthorectified

Geocover (Tucker et al., 2004), and used supervised

classification to produce a land cover map with seven

categories: pristine lowland forest (with >60% forest

cover); highland Pinus-Rhododendron forest; tundra and

highland steppe; bushy and shrubby vegetation; devel-

oped areas, including settlements, rice paddies and

fallow areas; rocks and boulders (including all areas

without vegetation); snow and ice fields.

In 2001, 2004 and 2005 SCR, JHR and NMS collected

data on vegetation and land cover and use in pristine

forests and any secondary vegetation at various loca-

tions (Fig. 1; Table 1). We surveyed localities and

obtained a total of 79 points, with a global positioning

system, used for truthing the land cover classification,

during 2001 (7 weeks in February–March), 2004 (5 weeks

in February–March) and 2005 (3 weeks in September).

Some of these locations were visited in more then one

year. Points within the same land cover category and

located within 100 m of each other were combined for

the purposes of the land cover classification, giving a

total of 38 localities to which we subsequently assigned

a land cover category (Table 1) and where we carried

out surveys (see below). We ensured that at least 60 m

around each point was homogenous habitat, but also

noted other habitat within 200 m of the point (Table 1).

We walked a total of 239, 126 and 106 km in 2001, 2004

and 2005, respectively, from Naung Mung northwards,

and survey localities were at c. 15 km intervals (Fig. 1).

In 2001 and 2004 there was an additional 100 km of

driving, with surveys, from Putao via Babaw and U-

Ring-Ga to Naung Mung (routes are indicated approxi-

mately in Fig. 1).

Surveys

Birds were captured at each locality using 20 mist nets

(12 * 2.6 m, 36 mm mesh). We set nets at about noon and

closed them the following day at about the same time in

2001, but sampled localities for at least three nights in

2004 and 2005 (720/240/144 hours of 20 mist nets set

in 2001/2004/2005 respectively). Additionally, when-

ever possible, we identified birds observed whilst

walking. All individuals were identified to species,

and aged and sexed if possible. Most individuals were

released immediately after identification and photo-

graphic documentation, although representative speci-

mens were kept, particularly for those birds showing

obvious differences from field guide descriptions

(Robson, 2000). From the latter, we prepared skin

specimens for comparison with museum material, and

to form the basis of a reference collection at the

Myanmar Forestry Department (251 skins, 226 tissue

samples, 74 alcohol and 25 skeleton specimens have

been prepared out of c. 1,200 captures). We compared

specimens of particular interest with the bird collections
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at The Natural History Museum (Tring, UK), Museum

für Naturkunde (Berlin, Germany), The Academy of

Natural Sciences (Philadelphia, USA), American

Museum of Natural History (New York, USA),

California Academy of Sciences (San Francisco, USA)

and US National Museum of Natural History

(Washington, DC, USA). Detailed information on new

taxa is published or available elsewhere (Rappole et al.,

2005; Rappole et al., in press; S.C. Renner et al., unpubl.

data) and only a summary is presented here.
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Miscellaneous observations

In addition to collecting data on birds and habitats we

obtained data on the human population, including

demography and socioeconomics. We asked the villa-

gers about their economic needs and the most pressing

local environmental issues, and also approximate popu-

lation and household numbers, food sources, hunting

activities, and striking species of special interest or

concern, e.g. leopard Panthera pardus, elephant Elephas

maximus, red panda Ailurus fulgens, gibbon Bunipithecus

hoolock, gaur Bos gaurus, and tiger Panthera tigris. For

these observations we relied on translations of con-

versations with villagers (in Li Su, Tibetan, or Karaung)

by our guides. We present here a descriptive summary

of this miscellaneous data.

Deforestation

To determine deforestation between 1991 and 1999 we

used two images, one acquired by the Landsat Thematic

Mapper for 1991 and one by the Enhanced Thematic

Mapper for 1999. By combining the images we deli-

neated forest areas with significant changes in multi-

spectral reflectance between 1991 and 1999. This

analysis was restricted to areas south of Tahaundam

(Fig. 1) because we were unable to acquire cloud-free

Landsat images for the northern part of the study area.

Results

Land cover

The plains of Putao and Naung Mung and to a lesser

extent the valleys of the Mali Hka (Hka 5 river), Nam

Tamai, Namai Hka and Kasaung Hka are used for

agriculture. Agriculture shifts from rice paddies in areas

,1,000 m altitude to wheat and corn in areas .1,000 m.

The most common land cover is pristine forest, which

covers .50% of the area (Table 2). Only a small area

(14%) is influenced by human use, including settle-

ments, rice paddies, and secondary regrowth. The latter

usually follows the slash-and-burn agriculture tradi-

tional in the region. Only c. 1% of the area is currently

under use, and the remaining 11–12% (bushy and

shrubby vegetation; Table 2) are abandoned areas in

various stages of succession. In total .80% of the

Northern Forest Complex can be assigned to natural or

low impact areas. Hunting also occurs in the area but it

is not clear how much impact this has beyond the

villages. In Nam Ti we found one hunter setting snare

traps c. 3 km from the next settlement close to the main

path from Nam Ti to Masa, and some of our local guides

claimed to hunt regularly using crossbows and snares,

but typically close to villages.

Deforestation

Deforestation is a marginal phenomenon in the

Northern Forest Complex and ,1% of the total area

changed between 1991 and 1999. The southern areas

below 1,000 m lost a total area of 515 ha in this 8-year

period. All deforestation took place in the populated

valleys of the Mali Hka and Nam Tamai, and the flood

plains of Putao and Naung Mung. We also detected

some deforestation of high altitude areas, but these areas

are characterized by natural bush and shrub vegetation

as well as tundra and have spectral signatures similar to

early successional vegetation following logging, and

they were probably deforested before 1991. These

habitat types appear to have declined in some areas,

probably because of escaped fires from shifting agricul-

tural practices in the valleys. These vegetation types are

particularly prevalent on south- and east-facing slopes

immediately below the elevation at which Pinus-

Rhododendron forests grow; the natural vegetation of

these slopes have been replaced by ferns. However,

these land cover changes took place before 1991.

Miscellaneous observations

Human impact is concentrated in river valleys of

highlands (.1,000 m) north of Tasaku and Tazungdam

(Fig. 1) and the large river plains (Putao, Naung Mung).

The bottoms and slopes of the valleys are burnt and

subsequently used for agriculture, usually wheat in the

north and corn in the south. In most cases entire

hillsides are deforested, but only areas near the valley

floor and settlements are actively used for agriculture;

the rest are covered by secondary growth. Settlements in

the river valleys are generally small, consisting of a few

households. Most of the human population is concen-

trated in the Mali Hka valley and the Putao plains, with

31

Table 2 Area and percentages of land cover types in the Northern

Forest Complex (Fig. 2) mapped using satellite images taken in 2004

(see text for further details).

Land cover Area (km2) %

Developed areas (settlements & agriculture) 290 1

Rocks & boulders 1,270 6

Snow & ice fields 2,020 9

Tundra & highland steppe 2,190 10

Highland Pinus-Rhododendron temperate forest 2,100 10

Bushy & shrubby vegetation (secondary

regrowth, including ferns)

2,730 13

Pristine lowland forest* 11,090 51

Total 21,730 100

*Including evergreen and subtropical forests.

Land cover in northern Myanmar
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an overall population in the Northern Forest Complex of

c. 8,000 (6,000 in Putao, 500 in Naung Mung, 1,500

scattered in the valleys). Settlements and agriculture are

moving up into the mountains in the southern parts of

the Alungdung valley, with loss of pristine forest.

Discussion

Land cover

Lack of forest on mountain hillsides bordering river

valleys indicates how far even relatively low-level

32

Fig. 2 Land cover classification of the Northern Forest Complex of Myanmar using MODIS/NDVI images from 2004 (see text for further

details).
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human activities are reaching into this remote region,

a problem exemplified by the extensive secondary

growth found on steep slopes in the northern part of

the Northern Forest Complex (north of Gawai above

1,500 m, especially at Tahaundam). Examination of sites

at similar elevations elsewhere in Hkakabo Razi

National Park revealed that typically dense forests occur

near villages if the area has not been cleared or burned.

However, slopes near villages are often covered by fern

and other low, secondary growth vegetation, presum-

ably resulting from the frequent burning used to

prepare agricultural fields. The fires, normally set at

the valley bottoms, easily get out of control, causing

devastation of entire neighbouring slopes. We observed

one such fire on 24 February 2001 that apparently

escaped from a low elevation burn close to a village

(at c. 1,700 m elevation) and within a few hours

moved upslope to mixed deciduous-coniferous forest

at c. 2,500 m.

Deforestation

Our estimate of deforestation is conservative because it

does not include open areas that were logged prior to

1990. However, overall annual deforestation in the

Northern Forest Complex is low, nearly undetectable,

and well below rates reported for other parts of South-

east Asia (FAO, 2003; Leimgruber et al., 2005). For

example, Myanmar and Thailand have annual defor-

estation rates of 0.3% (Leimgruber et al., 2005) and 0.7%

(FAO, 2003) respectively. The lack of logging in the

Northern Forest Complex is a consequence of its

remoteness, the low human population and the lack of

ready access to markets. The limited access to the region

is illustrated by the difficulties of transportation: goods

from the Northern Forest Complex are transported from

Putao to Myitkyina by road for at least 5 days, or by air.

Hence most products from the Northern Forest

Complex are either for the local Putao market or, if

they can command a good price, for China. For example,

cane grown in the Naung Mung/Rat-baw area for

furniture was a profitable good for sale to the Chinese

market in 2005 and 2006 (S. Renner, pers. obs.). The cane

was transported first by pack animals or truck to Putao

and then by truck to Myitkyina. However, the area north

and east of Naung Mung is inaccessible to trucks,

elephants or pack animals. Nearly all interchange and

wildlife trade between villages was, and still is, by

means of narrow footpaths (Kingdon-Ward, 1949;

Smythies, 1949, 2001; S. Renner, pers. obs.).

A recent countrywide study of forest cover between

1990 and 2000 (Leimgruber et al., 2005) supports our

observation of low deforestation, demonstrating that

deforestation is concentrated in mangroves, dry forests,

dry dipterocarp forests, and areas in closer proximity to

major markets. Shifting cultivation is also affecting large

areas in the Chin Hills and Nagaland. However, the

Northern Forest Complex, along with forests of

the Rakhine Yoma and of Tanintharyi Division

(Tenasserim), is among the largest remaining intact

forest tracts (although lowland forest in Tanintharyi

Division is undergoing rapid conversion to oil palm

plantation; Eames et al., 2005). Timber may be a resource

for future economic exploitation in the region because

there are large trees that could be suitable for economic

use. However, the remoteness and inaccessibility of the

area has so far prevented exploitation and, to our

knowledge, data on suitable tree species have not been

collected.

As the human population in the Northern Forest

Complex appears to be relatively stable (S. Renner, pers.

obs., based on information from school headmasters in

Putao District and Naung Mung Township, and from

hospitals in Putao and Naung Mung), new agricultural

areas are probably not required. Migration is, however,

occurring: Tibetans, who are Buddhist, appear to be

leaving their villages in the extreme north of the region

and moving across the border into Tibet (S. Renner,

pers. obs.). The deserted villages are being repopulated

by Christian Rawan (Rau-wan) from the south. Of 12

Tibetan villages present in the area in 1995, only the

northernmost five are still populated by Tibetans

(S. Renner, pers. obs., 2005). Many people, especially

the young, are increasingly heading for Putao,

Myitkyina and Yangon (Rangoon, the former capital).

There was also an influx into Pangnamdim in 2004

because the government encouraged immigration to this

village; it had , 50 inhabitants in 2001 but had increased

to 200 by March 2006 (S. Renner, pers. obs.).

Biodiversity

Scientific exploration of the Northern Forest Complex

has been limited (Table 3). During British colonial times

prior to 1948 a few biologists and colonial officers

conducted expeditions and collected birds and plants in

northern Burma (Stanford & Mayr, 1940; Smith, 1943;

Kingdon-Ward, 1949; Smythies, 1949, 1953, 2001). Most

trips merely traversed the Northern Forest Complex in

attempts to explore Yunnan, Assam or Tibet (e.g.

Kingdon-Ward, 1949, 1960). The first attempts to assess

the biodiversity of the region were made in the last

decade of the 20th century when it became apparent that

the region probably contained a considerable number

of undescribed species (Myers et al., 2000; K.-L.

Schuchmann, pers. comm., 2000; Rappole et al., 2005;

Rappole et al., in press). It has also been suggested that

the region is a neo-refuge (Nekola, 1999; Myers et al.,

33Land cover in northern Myanmar

� 2007 FFI, Oryx, 41(1), 27–37



2000; Rappole et al., in press), i.e. an area harbouring

rare or threatened species. For example, BirdLife

International (2001a,b) suggested that rufous-necked

hornbill Aceros nipalensis, considered threatened or

extinct throughout most of its historic range, may occur

in the Northern Forest Complex, and we recorded at

least 50 individuals between Nam Ti and Masa (Fig. 1).

Many new species and subspecies have been described

from the Northern Forest Complex, and especially the

Hkakabo Razi region, since 1999. The leaf deer

Muntiacus putaoensis was the first of several new species

to be described (Rabinowitz et al., 1999), followed by a

new species of catfish Clupisoma sp. (Ferraris, 2004), a

monkey from north-east Assam, India (Trachypithecus

geei; Srivastava et al., 2001), several new orchids from the

Hkakabo Razi National Park (Saw Lwin, 1999), reptiles

from the Northern Forest Complex/north-east India

(Slowinski & Wuster, 2000; Slowinski et al., 2001) and

new bird species and subspecies (e.g. Jabouilleia naung-

mungensis, Rappole et al., 2005).

Brummitt & Lughadha (2003) ranked the Indo-Burma

region as one of the eight most important global

biodiversity hotspots, and the information now avail-

able for the Hkakabo Razi region further supports this.

We observed hoolock gibbons Bunipithecus hoolock in the

temperate rainforest areas, where red pandas Ailurus

fulgens (Choudhury, 2001), gaur Bos gaurus and leopards

Panthera pardus are also known to occur and were

reported by local hunters. Tigers Panthera tigris (Lynam,

2003) had been seen by local people until c. 1985 but not

subsequently. Although working elephants Elephas

maximus are established in Naung Mung they are not

considered to occur naturally in the Northern Forest

Complex (Leimgruber & Wemmer, 2004). Table 4 gives

the known number of species of various taxonomic

groups in the Northern Forest Complex and, for

comparison, in the whole of Myanmar.

Known threats

We found the local people in the Hkakabo Razi National

Park to be extremely poor, and generally lacking funds

to travel to Putao, the nearest large town. The only

available currency is wildlife (fur and meat). They use this

to obtain commodities such as salt, which is lacking the

Northern Forest Complex because of the high precipita-

tion. Much of the travel that occurs through the region

appears to be by families, merchants, priests or smugglers.

The merchants and smugglers deliver wildlife and forest

products from the forests to the market in Putao.

Conservation

Within the region there are no other protected areas

with habitats similar to the Northern Forest Complex.

The closest reserves are the Gao Li Gong Shan Nature

Reserve in China, c. 200 km south-south-east of Putao,

and the Mouling National Park in Assam, India, c. 300 km

to the west of Putao. The Northern Forest Complex offers

unique opportunities for biodiversity conservation

because inhabited areas are limited and deforestation is

low. However, there are plans to develop the region. The

Hkakabo Razi National Park, established in 1996 based

largely on advice from the Wildlife Conservation Society

(Rabinowitz et al., 1999; Rabinowitz, 2003), includes

mainly the higher elevations in northern Kachin
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Table 3 Biological expeditions to the Northern Forest Complex (NFC), with the year, collector or expedition, the region investigated and the

research aim.

Year(s) Expedition sponsor and/or participants Region1 Topic

1904–31 G. Forrest Yunnan Plants, birds

1906 Bee Bee2 Yunnan Pheasants

1914–53 F.K. Kingdon-Ward (1930, 1938, 1949, 1960) Tibet, Kachin State, NFC Plants, birds

1919–26 R. Farrer Rhododendron spp.

1935 A.S. Vernay, C.S. Cutting (after Stanford & Ticehurst, 1935,

1938–1939; Ticehurst 1939)

NFC Barking deer, shrews

c. 1940 H.C. Smith (1943) NFC Birds

1944–45, 1948 B.E. Smythies (1949, 1953) NFC Birds

1981 Kyaw Soe NFC Medicinal plants

1996 Saw Tun Khing, A. Rabinowitz Putao Conservation

1997 Wildlife Conservation Society NFC Biology

1998 Wildlife Conservation Society Naung Mung area Biology

2001 J.H. Rappole, S.C. Renner, Nay Myo Shwe Hkakabo Razi National Park Birds, bats

2001 J. Slowinski NFC Herpetofauna

2004 J.H. Rappole, S.C. Renner, Nay Myo Shwe NFC Birds, bats

2005 S.C. Renner, Thein Aung, Myint Aung NFC Birds

1If the region is not the Northern Forest Complex the area was traversed or visited enroute.
2Name of local collector as indicated on labels of the National Museum of Natural History bird collection, Washington, DC, USA

S. C. Renner et al.
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State (Fig. 1). The rainforests where most new species

have been discovered, and where most of the unique

aspects of the region’s biodiversity are located

(Rappole et al., 2005) are south and west of the

current Park boundaries. These areas are probably

more threatened than most of Hkakabo Razi National

Park because of their close proximity to human

populations and relative accessibility. The establish-

ment of Hkakabo Razi National Park was an impor-

tant step, but protection of the diverse forests of

Naung Mung is required to ensure the integrity of the

Northern Forest Complex ecosystems.

The Northern Forest Complex still comprises a large

amount of relatively untouched habitat of types that are

generally rare in South-east Asia. Important areas of

these forests are not protected despite establishment of

Hkakabo Razi National Park and Hpongkan Razi

Wildlife Sanctuary. We consider the following steps to

be crucial for the conservation of the area:

N Establish an additional sanctuary or extend the boun-

daries of the existing Hkakabo Razi National Park

southwards to the Naung Mung/Nam Ti area and the

surrounding forests.

N Reduce wildlife trade by addressing poverty; this could

include encouraging ecotourism (traders are currently

paid in wildlife products, mainly the fur of deer and

small species of wild felids, and not in money or

agricultural products).

N Carry out further surveys to establish a more complete

biodiversity inventory.

N Demarcate the existing sanctuaries and establish an

education centre to disseminate the purpose of the

sanctuaries and encourage their acceptance by local

people.

N Halt attempts to encourage people to immigrate into

the Park, as has occurred in Pangnamdim.

The relevant authorities and NGOs are aware of our

recommendations. The authorities of Hkakabo Razi

National Park have proposed an extension of the

boundaries of the Park south to U-Ring-Ga and Mali

Hka (Fig. 1), and have also begun processes to imple-

ment the existing Park boundaries (as drawn in Fig. 1)

and to reduce wildlife trade to India and China by

enforcing the national law. We are planning further

research to examine the bird and mammal diversity of

the Northern Forest Complex and neighbouring areas of

high conservation interest.
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