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Summary

Vu Quang Nature Reserve, Vietnam, was brought to the attention of the world scientific
community following the discovery of two previously undescribed large mammal species
in the early 1990s. In light of the identification of other sites of high biodiversity value in
the Annamite mountains of Vietnam and Laos, the relative importance for biodiversity
conservation of Vu Quang needs to be reassessed. In this paper we evaluate the
importance of the site for bird conservation, in relation to 13 other protected areas in the
Annamese Lowlands Endemic Bird Area (EBA) and present species lists for all 14 sites.
Whilst Vu Quang supports one of the highest numbers of recorded bird species of all 14
protected areas, a complementarity analysis revealed that Vu Quang does not fall within
the critical subset of sites necessary to conserve 95% of the avifaunal diversity of the
EBA. The site should not, therefore, be considered a regional bird conservation priority.
Furthermore, of the nine restricted-range species known from the Annamese Lowlands
EBA, only three are known from Vu Quang, which is not, therefore, a priority site for the
conservation of endemic bird species. We also evaluate the conservation status of the
avifauna of Vu Quang, and propose potential conservation measures to enhance its
importance for bird conservation.

Introduction

In 1992, the attention of the world scientific community was focused on Vu
Quang Nature Reserve, Ha Tinh province, Vietnam following the discovery of a
previously undescribed large mammal species, Saola Pseudoryx nghetinhensis (Vu
Van Dung et al. 1993). This discovery, together with that of Giant Muntjac Mega-
muntiacus vuquangensis in 1994 (Do Tuoc et al. 1994), led to the creation of Vu
Quang Nature Reserve, and a global publicity campaign that succeeded in mysti-
fying the site (Eve et al. 1998). The idea of Vu Quang as a ‘‘lost world’’ and a
high conservation priority was seared in the consciousness of the conservation
community.
Since the discoveries at Vu Quang, biodiversity surveys have been conducted

at a number of other sites in the Annamite mountains of Vietnam and Laos,
many of which have also proven to be rich in biodiversity (Eve et al. 1998). In
the light of these recent survey results, there is a need to re-evaluate the relative
importance of Vu Quang for the conservation of biodiversity. The purpose of
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this paper is to evaluate the importance of Vu Quang for bird conservation, in
the context of the Annamese Lowlands Endemic Bird Area (EBA).

Study area

Biogeographical setting

Vu Quang Nature Reserve lies in North Annam, subunit 05c of the Indo-Malayan
biogeographical realm, comprising the northern Annamite mountains of Vietnam
and Laos and the coastal plain of Vietnam between the Hai Van pass and the
Red River (MacKinnon 1997). The classification developed by MacKinnon (1997)
was based on that of Udvardy (1975), who subdivided the Indo-Malayan Realm
into 27 units and included Vu Quang in unit 4.5.1 (Indochinese Rainforest).
Vu Quang is situated in the Annamese Lowlands EBA, one of three EBAs in

Vietnam (Stattersfield et al. 1998). Nine restricted-range species occur within the
EBA, of which five are confined to it (Stattersfield et al. 1998) (Table 1).

Geographical setting

Vu Quang Nature Reserve (18°09′–18°27′N, 105°16′–105°35′E) covers 54,000 ha,
including a strict protection area of 39,000 ha, and a forest rehabilitation area of
15,000 ha. The eastern boundary lies on the coastal plain, some 50 km from the
South China Sea, while the northern, western and southern boundaries are loc-

Table 1. Status and habitat of restricted-range bird species in the Annamese Lowlands Endemic Bird
Area (EBA)

Global status
(BirdLife Occurrence Altitude

International in other range
Species 2001) EBAs (m asl) Habitat

Annam Partridge Arborophila merlini Not evaluated 0 0–600 Lowland
evergreen forest

Imperial Pheasant Lophura imperialis Data deficient 0 0–200 Lowland
evergreen forest

Edwards’s Pheasant Lophura edwardsi Endangered 0 0–600 Lowland
evergreen forest

Vietnamese Pheasant Lophura Endangered 0 0–200 Lowland
hatinhensis evergreen forest
Crested Argus Rheinardia Vulnerable 2 0–1,500 Lowland and
ocellata montane evergreen

forest
White-cheeked Laughingthrush Least concern 1 600–900 Evergreen forest
Garrulax vassali edge and secondary

habitats
Short-tailed Scimitar Babbler Near 1 50–900 Evergreen forest
Jabouilleia danjoui threatened
Sooty Babbler Stachyris Near 0 c.200 Lowland evergreen
herberti threatened forest on limestone

karst
Grey-faced Tit Babbler Macronous Least concern 1 50–700 Lowland
kelleyi evergreen forest
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ated in the Annamite mountains, the latter following the international border
with Laos. The nature reserve is located in Huong Son and Huong Khe districts
of Ha Tinh province, and covers 9% of the land area of the province (Eve 2000).
Vu Quang incorporates lowlands and mountains and is ecologically diverse.

The landscape can be broadly divided into three sections: river valleys, hills and
mountains. The main river valleys are those of the Nam Truoi, Rao No and Khe
Tre rivers, whose headwaters rise in the nature reserve. The topography of the
north-east is characterized by plains and hills, from 30 to 600 m, while the south
and west of the nature reserve is mountainous. The highest point is Mount Rao
Co at 2,286 m (Eve 2000).
At low altitudes, the landscape is largely anthropogenic, including human hab-

itation, irrigated and non-irrigated agricultural land (including tree crop
plantations), bare land, grassland and scrub. Patches of natural forest remain on
steep and inaccessible slopes, and isolated stands of trees and bamboo along
rivers and streams. At medium altitudes, deeper within the nature reserve, the
landscape consists of open secondary forest, and other seral forest formations.
Between 100 and 500 m, much of the forest has been selectively logged. Above
500 m, the slopes are covered by primary forest (Eve 2000).

Vegetation

There are five major forest types at Vu Quang (Eve 2000). Lowland evergreen
forest (100–300 m), which formerly covered much of the nature reserve, is found
in the north and north-east. Lower montane evergreen forest (300–1,000 m)
covers the centre of the nature reserve, with small patches in the north and north-
east. Medium montane evergreen forest (1,000–1,400 m) occupies a narrow strip,
stretching from the west to the south-east. Upper montane evergreen forest
(1,400–1,900 m) is found on steep slopes and ridges, in the south-west and south.
In the southernmost part of the nature reserve, between 1,900 and 2,200 m, there
are patches of elfin forest. The remainder is covered by a range of secondary
vegetation types.

Rainfall

Average annual rainfall is 2,418 mm in Huong Khe district and 2,390 mm in
Huong Son district. The highest rainfall occurs in September and October, but
the number of rainy days per month is remarkably regular over the year, ranging
from 11 to 18 days in Huong Son, and from 10 to 18 days in Huong Khe (Eve
2000).

Methods

Field surveys

A bird species list for Vu Quang Nature Reserve was compiled from the results
of several field surveys. The first multidisciplinary biodiversity survey was in
May 1992 (MacKinnon and Vu Van Dung 1992). Although no specific localities
are mentioned, the montane species included on the bird list suggest the survey
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team traversed a wide altitudinal gradient. MacKinnon and Vu Van Dung (1992)
used direct observation and identification of calls to record most species, and
used 20-species lists in order to generate curves showing the cumulative number
of bird species recorded against the number of lists made (MacKinnon and Phil-
lips 1993). They also interviewed hunters and examined trophies in their posses-
sion.
The first specific ornithological survey was undertaken in June 1994 by staff

from BirdLife International, in collaboration with the Species Survival Commis-
sion of IUCN (Eames et al. 1994, Lambert et al. 1994). Since the aim of this survey
was to identify areas supporting populations of endemic Lophura pheasants, only
lowland forest south of Kim Quang village was surveyed. Pre-existing trails were
walked, particularly from dawn until late morning (c. 11h00) and from c. 14h00
until dusk, and birds were identified using direct observation assisted by play-
back of species’ calls. In addition, local hunters were interviewed by showing
them illustrations of species, and they were encouraged to present feathers and
skins of birds they had trapped or shot. Local hunters were also employed to set
non-lethal trap lines, composed of up to 50 snares across the forest floor, and
blood samples were collected from trapped galliformes (Lambert et al. 1994).
From July to September 1997, a joint expedition by staff from the Vietnam–

Russia Tropical Centre (VRTC) and the Institute of Ecology and Biological
Resources (IEBR) collected bird specimens using mist-nets and identified species
by direct observation while slowly walking trails or from fixed points. The
survey team visited four sites: primary and secondary montane forest between
1,200 and 1,400 m; primary lower montane forest between 600 and 800 m; seral
forest formations along the Con River between 200 and 300 m; and anthropogenic
habitats around Huong Dai village between 100 and 150 m (Kalyakin and Korzun
1997).
As part of the WWF Indochina Programme-Vu Quang Conservation Project, a

joint BirdLife/WWF mission surveyed montane forest between 1,000 and 2,200
m on the border with Laos, between 2 and 15 July 1999, using direct observations,
assisted by playback of species’ calls (Eames and Eve 1999). Observations were
made while walking pre-existing trails and while surveying the canopy from an
exposed hill-top. Observer effort was concentrated at higher elevations in the
upper montane and elfin forest zones.
During 1998 and 1999, additional species were added to the list of the nature

reserve opportunistically in the anthropogenic habitats around the nature reserve
headquarters (Eve unpubl. data).

Comparison with other protected areas in the Annamese Lowlands EBA

The bird species list for Vu Quang was compared with species lists from 13 other
protected areas within the Annamese Lowlands EBA. These comprise Bach Ma,
Ben En and Cuc Phuong National Parks; Dakrong, Ke Go, Phong Dien, Phong
Nha, Pu Huong, Pu Hoat, Pu Mat and Xuan Lien Nature Reserves in Vietnam;
and Him Namno and Nakai Nam Theun National Biodiversity Conservation
Areas (NBCAs) in Laos (Figure 1). It should be noted, however, that observer
effort was not constant across these sites; Nakai Nam Theun NBCA, and Vu
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Figure 1. Location of protected areas mentioned in the text.
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Quang, Ke Go and Pu Mat Nature Reserves in particular have received a dispro-
portionately high amount of survey effort compared with other sites.

Complementarity

To evaluate the importance of Vu Quang Nature Reserve for bird conservation
at regional and national levels, complementarity analyses were undertaken for all
protected areas within the Annamese Lowlands EBA, all protected areas within
biogeographical subunit 05c, all Vietnamese protected areas within the Anna-
mese Lowlands EBA, and all Vietnamese protected areas within biogeographical
subunit 05c. In complimentarity analysis, the site with the largest number of
species is first selected from any given set of sites. Sites which add the greatest
number of further species are then included in a stepwise fashion, until 95% of all
species known from the set are incorporated. This exercise enables conservation
planners to select an optimum subset of critical sites.

Similarity

The degree of similarity between the bird species composition of Vu Quang
Nature Reserve and those of the 13 other protected areas was measured using
Sorenson’s Similarity Index (Magurran 1988). This index is given by the formula:

2j
Cs = (a+b)

Where: j is the number of shared species between two areas; a is the number of
species in area A; and b is the number of species in area B.

Results

Avifauna

The 1992 survey recorded a total of 211 bird species, including 13 that were not
observed or heard but only reported by villagers (MacKinnon and Vu Van Dung
1992). The 1994 BirdLife/IUCN survey generated a list of 125 taxa (123 species)
seen or heard (Eames et al. 1994, Lambert et al. 1994). The VRTC/IEBR expedition
collected 138 specimens and, in total, recorded 170 taxa, of which 169 were identi-
fied to species level (Kalyakin and Korzun 1997). Finally, the 1999 BirdLife/WWF
survey identified 110 taxa (107 species; Eames and Eve 1999). Taking all previous
research into account, 274 bird species are currently known from Vu Quang
Nature Reserve, including 13 known only from anecdotal reports. Of these, 214
(78%) are forest dependent. The remaining 60 are species of open country and
wetlands, although some species within this category are tree nesting. Of the 214
forest-dependent species, 196 are residents and 18 are migrants, whereas of the
60 open country/wetland species, only 24 are residents, and 36 are Palearctic
migrants.

Notes on selected species

This section includes all known records of the 12 species confirmed to occur
at Vu Quang Nature Reserve that are considered to be restricted-range species
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(Stattersfield et al. 1998) and/or globally threatened or near threatened (BirdLife
International 2001). Additionally, an account is included for Green Peafowl Pavo
muticus, the occurrence of which at Vu Quang has yet to be confirmed.

Chestnut-necklaced Partridge Arborophila charltonii Near Threatened
During 1994, this species was observed and heard on several occasions in low-
land forest south of Kim Quang village: a pair were heard on 3 June; a single
bird was trapped and prepared as a cabinet skin on 5 June; three or four pairs
were also heard on 5 June; a single bird was heard on 6 June; and one bird was
trapped on 14 June (Eames unpubl. data, Eames et al. 1994, Lambert et al. 1994).

Siamese Fireback Lophura diardi Near Threatened
This species was reported by hunters in 1992 (MacKinnon and Vu Van Dung
1992) and reported with uncertainty by hunters at Kim Quang village on 2 June
1994 (Eames unpubl. data). A male was seen in secondary scrub along the road
north of Sao La camp on 21 August 1997 (Kalyakin and Korzun 1997).

Crested Argus Rheinardia ocellata Vulnerable; Restricted Range
During the 1992 survey, this species was heard calling regularly and a male
was observed on a display ground from which leaves had been cleared from an
estimated 25%. The authors also reported that this species was subject to hunting
and was shy and difficult to observe (MacKinnon and Vu Van Dung 1992).
Feathers were observed in hunters’ houses during June 1994 (Eames et al. 1994),
and calls heard on 3 and 5 June 1994 (Eames unpubl. data). The species was
heard calling from slopes and ridges in valley systems south of Kim Quang
village but the incidence of calling was low, involving only a few individuals;
all calling appeared to be at altitudes above 300 m (Lambert et al. 1994). Kalyakin
and Korzun (1997) reported it to be relatively common at all altitudes where
secondary or primary forest remained, and heard 10–14 males between July and
September 1997 in four forest plots with a total area of 15 km2. The species was
also heard on 4 July 1999 (Eames and Eve 1999).

[Green Peafowl Pavo muticus Vulnerable
During the 1994 survey, this species was recognized by hunters, with a vague
report that one had been shot in the district in 1972 (Eames unpubl. data, Eames
et al. 1994, Lambert et al. 1994). There is, therefore, no confirmed record from Vu
Quang Nature Reserve.]

Red-collared Woodpecker Picus rabieri Near Threatened
During the 1994 survey, two males were recorded on 5 June, a single male on 8
June and a pair on 13 June (Eames unpubl. data, Eames et al. 1994, Lambert et al.
1994). A male was mist-netted at c. 700 m on 28 August, and single birds were
seen on 30 August and 2 September 1997 (Kalyakin and Korzun 1997).

Great Hornbill Buceros bicornis Near Threatened
During the 1992 survey, this species was reported to be rare, seemingly as a
result of high hunting pressure (MacKinnon and Vu Van Dung 1992). The species
was also recorded on the 1994 survey (Eames et al. 1994).

Brown Hornbill Anorrhinus tickelli Near Threatened
In 1992 this species was included on the bird list on the basis of anecdotal
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information (MacKinnon and Vu Van Dung 1992). One or two birds were heard
on 3 June 1994 (Eames unpubl., Eames et al. 1994, Lambert et al. 1994). Four flocks
of between 5 and 30 birds and two additional flocks were heard at elevations
between 450 and 800 m between 28 August and 5 September 1997 (Kalyakin and
Korzun 1997). The species was heard on 3 July and 25 birds were seen on 14 July
1999, south of Kim Quang village (Eames and Eve 1999).

Blyth’s Kingfisher Alcedo hercules Near Threatened
This species was recorded twice by MacKinnon and Vu Van Dung (1992), in both
primary and secondary habitats. During the 1994 survey, up to two birds were
recorded on 3 June and single birds on 4 and 5 June (Eames unpubl. data, Eames
et al. 1994, Lambert et al. 1994). Two specimens were mist-netted above the Con
River, 2.5 km east of Sao La camp, on 30 July and 1 August, and a single bird
was observed on rocks in this river, 5.5 km from Sao La camp on 31 July 1997
(Kalyakin and Korzun 1997).

Lesser Fish Eagle Ichthyophaga humilis Near Threatened
One was observed near Kim Quang village on 9 June 1994 (Eames unpubl. data,
Eames et al. 1994, Lambert et al. 1994), and two birds seen on 14 July 1999 (Eames
and Eve 1999).

Grey-headed Fish Eagle Ichthyophaga ichthyaetus Near Threatened
This species was included on the bird list on the basis of anecdotal information
(MacKinnon and Vu Van Dung 1992). There are no other records of this species
from Vu Quang Nature Reserve.

Spot-billed Pelican Pelecanus philippensis Vulnerable
An upper mandible from this species was examined in a hunter’s house in Kim
Quang village in 1992 (MacKinnon and Vu Van Dung 1992), and the same speci-
men was examined again two years later (Lambert et al. 1994). This bird was
reportedly shot from a flock of six seen perched in a tree around 1988 (Eames
unpubl. data).

Short-tailed Scimitar Babbler Jabouilleia danjoui Near Threatened; Restricted Range
This species was recorded with uncertainty during 1994 (Eames et al. 1994, Lam-
bert et al. 1994), but between July and September 1997, it was commonly recorded
between 600 and 1,200 m (Kalyakin and Korzun 1997). It was also recorded on 3
July and, at 1,900 m, on 8 July 1999 (Eames unpubl. data).

Grey-faced Tit Babbler Macronous kelleyi Restricted Range
Heard on 3 June 1994 (Eames unpublished data), and recorded during 1994
(Eames et al. 1994, Lambert et al. 1994). Fledged young were seen with a flock of
Mountain Fulvettas Alcippe peracensis near Sao La camp at 300 m on 30 July 1997
(Kalyakin and Korzun 1997).

Species number

In terms of overall bird species number, Nakai Nam Theun NBCA is ranked first
among the 14 protected areas within the Annamese Lowlands EBA, with 439
species. It is followed by Pu Mat Nature Reserve (283 species), Vu Quang Nature
Reserve (274 species), Ke Go Nature Reserve (270 species) and Bach Ma National
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Park (249 species). Ten of the sites (Bach Ma and Cuc Phuong National Parks,
Dakrong, Ke Go, Phong Dien, Pu Mat, Phong Nha and Vu Quang Nature
Reserves, and Nakai Nam Theun and Hin Namno NBCAs) lie within biogeo-
graphical subunit 05c, North Annam, of the Indo-Malayan Realm (MacKinnon
1997). Among these sites, Vu Quang Nature Reserve is also ranked third but,
when the two protected areas in Laos are excluded, Vu Quang occupies second
position behind Pu Mat Nature Reserve.

Complementarity

Complementarity analyses revealed that Vu Quang fell within the critical subset
of sites only when the analysis excluded non-Vietnamese sites. For the 14 sites
within the Annamese Lowlands EBA (supporting 534 species), Nakai Nam
Theun (439 species) NBCA incorporates 82.2% of these species, Bach Ma National
Park adds 37 species (89.1%), Ke Go Nature Reserve a further 19 species (92.7%),
Ben En National Park a further eight species (94.2%) and Hin Namno NCBA a
further seven species, thereby reaching the 95% threshold. Vu Quang Nature
Reserve is placed in ninth position, adding only four species to include 98.7% of
all species.
For the 10 sites within biogeographical subunit 05c (supporting 522 species),

the 95% threshold is reached with the inclusion (in descending order of addi-
tional species contributed) of Nakai Nam Theun NCBA (439 species, 84.1%), Bach
Ma National Park (37 species, 91.2%), Ke Go Nature Reserve (19 species, 94.8%)
and Hin Namno NCBA (seven species, 96.2%). Vu Quang Nature Reserve is
placed in eighth position, adding only four species to include 99.4% of all species.
For the eight Vietnamese protected areas within biogeographical subunit 05c

(Bach Ma and Cuc Phuong National Parks, and Dakrong, Ke Go, Phong Dien,
Phong Nha, Pu Mat and Vu Quang Nature Reserves), supporting 452 species,
the 95% threshold is reached with the inclusion of Pu Mat Nature Reserve (283
species, 62.6%), Ke Go Nature Reserve (87 species, 81.9%), Bach Ma National
Park (38 species, 90.3%), Vu Quang Nature Reserve (21 species, 94.9%) and Cuc
Phuong National Park (11 species, 97.3%).
Finally, for the 12 Vietnamese protected areas within the Annamese Lowlands

EBA, (supporting 471 species), the first four sites in the previous analysis retain
their ranking but the 95% threshold is reached with the addition of Ben En
National Park (15 species, 94.3%) and Phong Nha Nature Reserve (10 species,
96.4%). Cuc Phuong National Park is relegated to seventh position (seven species,
97.9%).
In all four complementarity analyses, at least seven of the nine restricted-range

species were always included within the critical subset of sites. Eight out of nine
were included in the analysis on all 14 protected areas in the Annamese Low-
lands EBA, on the 10 sites within biogeographical subunit 05c, and the set of
Vietnamese protected areas within the Annamese Lowlands EBA. Seven of the
nine restricted-range species were included within the critical subset of sites in
the analysis of all Vietnamese protected areas within biogeographical subunit
05c. Note that Ben En National Park is not known to support any restricted-range
species. The species that consistently falls outside the critical subset of sites is
White-cheeked Laughingthrush Garrulax vassali, which occurs at Phong Dien
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Nature Reserve. This species also occurs in the Da Lat Plateau EBA and has
only marginal occurrence within the Annamese Lowlands EBA (Stattersfield et
al. 1998).

Similarity

High Sorenson’s Similarity Index values indicate a high degree of similarity
between the species assemblages at a pair of sites. The comparison revealed that
the bird species composition of VuQuang ismost similar to those of PuMatNature
Reserve (0.758), Nakai Nam Theun NCBA (0.701) and Ke Go Nature Reserve
(0.699), and least similar to those of Dakrong Nature Reserve (0.452), Pu Hoat
Nature Reserve (0.537) and PuHuongNature Reserve (0.557) (Figure 2). This indic-
ates that the avifauna of Vu Quang is most similar to those of protected areas with
the closest geographical proximity and least similar to those furthest away.

Discussion

Avifauna

The avifauna of Vu Quang is typically Indo-Malayan. Genera typical of, but not
confined to, this faunal region that occur here include Polyplectron, Pavo, Mega-
laima, Treron, Pitta, Pericrocotus, Dicrurus, Cochoa and Dicaeum. MacKinnon (1997)
subdivided the region and, in common with other authors, defined the Indo-
Chinese peninsula as a distinct subunit. Typical Indo-Chinese species occurring
at Vu Quang include Siamese Fireback, Red-collared Woodpecker, Red-vented
Barbet Megalaima lagrandieri, Coral-billed Ground Cuckoo Carpococcyx renauldi,
Indo-Chinese Green Magpie Cissa hypoleuca and Ratchet-tailed Treepie Temnurus
temnurus. Indo-Chinese faunal elements predominate in the lowlands, whereas
Sino-Himalayan faunal elements predominate in the highlands. Notably, there is
a high diversity of babblers (Timaliini) in the montane avifauna, including three
Minla species, Heterophasia, Paradoxornis and Yuhina. Vu Quang Nature Reserve
also supports a very few typically Sundaic species, such as Scaly-crowned Bab-
bler Malacopteron cinereum.
There are few species typically associated with lowland evergreen forest (100–

300 m) at the nature reserve, and fewer still that are confined to it. One of the few
extreme lowland forest specialists found here is Siamese Fireback. The ranges of
several other lowland species, including Chestnut-necklaced Partridge, Bar-
bellied Pitta Pitta elliotii and Racket-tailed Treepie Crypsirina temia, extend to
higher altitudes, until they are either replaced by a congener or are restricted by
some environmental parameter. For example, Chestnut-necklaced Partridge is
replaced at higher elevations by Bar-backed Partridge Arborophila brunneopectus.
The altitude ranges of most bird species occurring at Vu Quang include the

zone between 300 and 1,400 m, which supports lower montane and medium
montane evergreen forest. Examples of species with wide altitudinal ranges that
include this zone are Bay Woodpecker Blythipicus pyrrhotis (up to 2,745 m), Red-
headed Trogon Harpactes erythrocephalus (between 305 and 2,590 m), and Scarlet
Minivet Pericrocotus flammeus (up to 1,700 m; Robson 2000). This zone encom-
passes the transition from the lowland to montane avifauna. In the Indo-Chinese
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subregion, this transition occurs at around 500 m, but is further dependent on
latitude and aspect. Typical of the lower montane avifauna are Long-tailed
Broadbill Psarisomus dalhousiae and Green Cochoa Cochoa viridis. Both these spe-
cies are known, however, to have broad altitudinal ranges, from 500 to 2,000 m
and from 700 to 2,565 m respectively (Robson 2000), but are probably more
abundant between 500 and 1,000 m.
The two higher-altitude forest types at Vu Quang are distributed from 1,400

to 2,200 m. Within this zone, bird diversity decreases with increasing altitude.
Typical of the montane avifauna are Golden-throated Barbet Megalaima franklinii,
Orange-bellied Leafbird Chloropsis hardwickii, Lesser Shortwing Brachypteryx
leucophrys, White-tailed Robin Myiomela leucura and Red-tailed Laughingthrush
Garrulax milnei. Characteristic species of the depauperate elfin forest avifauna
include Spectacled Fulvetta Alcippe ruficapilla, Chestnut-tailed Minla Minla
strigula and Green-tailed Sunbird Aethopyga nipalensis.

Species number

Vu Quang Nature Reserve supports one of the highest recorded numbers of
species of any protected area within the Annamese Lowlands EBA and biogeo-
graphical subunit 05c. However, as observer effort varied among sites, this may
not accurately reflect the true species number, although the high number at
Nakai Nam Theun NBCA is likely to be due to its significantly larger area and
wider range of habitat types than any of the other protected areas in the EBA
(Thewlis et al. 1998). It is not therefore possible to draw any firm conclusions
about overall number of species at Vu Quang relative to other sites.

Complementarity

When considering priority clusters of protected areas at the regional level, Vu
Quang Nature Reserve does not fall within the critical sub-set of sites required
to support 95% of the species of either the Annamese Lowlands EBA or biogeo-
graphical subunit 05c. Vu Quang should not, therefore, be considered a regional
conservation priority. However, at the national level, Vu Quang Nature Reserve
is included within the critical subset of sites for both the Annamese Lowlands
EBA and biogeographical subunit 05c. It should, therefore, be considered a prior-
ity site for conserving bird species diversity at the national level.

Similarity

Vu Quang Nature Reserve performs relatively poorly in the complementarity
analyses because of the high degree of similarity it shares with other sites, par-
ticularly Nakai Nam Theun NBCA. This explains why the importance of Vu
Quang for the conservation of bird diversity is greater at the national level than
at the regional level.

Endemism

Of the nine restricted-range species known from the Annamese Lowlands EBA,
only three are known from Vu Quang: Crested Argus, Short-tailed Scimitar Bab-
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bler and Grey-faced Tit Babbler. All three occur in at least one other EBA. Among
the 14 protected areas in the Annamese Lowlands EBA, Crested Argus and Short-
tailed Scimitar Babbler are each known from nine, while Grey-faced Tit Babbler
is known from four. Vu Quang Nature Reserve is not known to support any of
the five restricted-range species that are believed to be confined to the Annamese
Lowlands EBA: Annam Partridge Arborophila merlini, Edwards’s Pheasant
Lophura edwardsi, Vietnamese Pheasant L. hatinhensis, Imperial Pheasant L. imper-
ialis and Sooty Babbler Stachyris herberti. We can, therefore, conclude that Vu
Quang Nature Reserve is not a priority site for the conservation of endemic bird
species.

Changes to avifaunal composition among species of conservation concern

Globally threatened species that may have been extirpated from Vu Quang as
breeding species in recent times include Green Peafowl, Vietnamese Pheasant,
White-winged Duck Cairina scutulata, Rufous-necked Hornbill Aceros nipalensis
and Masked Finfoot Heliopais personata. All six are resident species, and, with
the exception of Rufous-necked Hornbill, all are associated with lowland forest
formations.
Globally threatened and near-threatened resident forest species that may

become extinct here during the next 50 years include Siamese Fireback, Great
Hornbill, Lesser Fish Eagle and Grey-headed Fish Eagle. To this list may be
added a keystone species (i.e. a species that is believed to play a major role in
maintaining ecosystem function and stability): Wreathed Hornbill Aceros undul-
atus. The pheasant and the two raptors are lowland forest specialists, while the
two hornbills depend on lowland forests but may forage or disperse through
montane forests. They are vulnerable to extirpation for a number of reasons.
They all occur at low densities and have small population sizes. The two fish
eagles occur at Vu Quang in riverine habitats and are, therefore, dependent on
narrow ecotones, which are of limited extent within the nature reserve. The large
hornbills are particularly vulnerable to hunting pressure because they congregate
at fruiting trees, where they may easily be shot. Siamese Fireback, like all galli-
formes, is highly vulnerable to hunting pressure because it may be easily snared.
It should also be noted that, irrespective of anthropogenic pressures such as
hunting and habitat loss, it is not known whether Vu Quang Nature Reserve is
large enough to support viable populations of these species. The continued exist-
ence of large hornbill and raptor populations is likely to be dependent on in-
migration of birds dispersing from adjacent forest areas.
Globally threatened and near-threatened species that may yet be added to the

avifauna during the next 50 years because their global ranges encompass Vu
Quang and suitable habitats are present include Vietnamese Pheasant, White-
winged Duck, Pale-capped Pigeon Columba punicea, Greater Spotted Eagle, Aquila
clanga, Imperial Eagle A. heliaca, Fairy Pitta Pitta nympha and Japanese Paradise
Flycatcher Terpsiphone atrocaudata. This group comprises three resident species
and four migrants, all of which are forest-dependent. With the possible exception
of Vietnamese Pheasant, all are likely to be added to the list as a result of
increased levels of observer coverage rather than as a result of colonization fol-
lowing changes in habitat structure.
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Lack of evidence from Vu Quang suggests that Vietnamese Pheasant may
either have never occurred or, if it once did, be now very rare or, as noted earlier,
extirpated due to loss of lowland forest. If the species occurred previously, it
could only recolonize Vu Quang if the lowland forest area was rehabilitated, if
hunting pressure was reduced, and if contiguous lowland forest areas support
populations of the species. It is unlikely that sufficient undisturbed tracts of low-
land riverine habitat remain to support a population of White-winged Duck but
the species could occur as a straggler.

Avifaunal composition and climate change

The avifaunal composition of Vu Quang is likely to alter as a result of global
climatic change and local climatic events. The latter have probably already
occurred as a result of the reduction in forest cover documented in the region
(Wege et al. 1999). As Vu Quang experiences year-round high levels of precipita-
tion and a lack of any pronounced seasonal fluctuations in precipitation and
temperature, its avifauna lacks some faunal elements found on the drier, western
flanks of the Annamite mountains in Laos, and to the north and south within
Vietnam. Here, the climate is more seasonal, reflected by the presence of semi-
deciduous or more open forests. Examples of species inhabiting such forests
include Common Flameback Dinopium javanense, Great Slaty Woodpecker
Mulleripicus pulverulentus, Lineated Barbet Megalaima lineata, Blue Pitta Pitta
cyanea, Banded Broadbill Eurylaimus javanicus, Eurasian Jay Garrulus glandarius,
Rufous Treepie Dendrocitta vagabunda and Common Woodshrike Terphrodornis
pondicerianus. However, the failure to detect these species in Vu Quang may
simply reflect observer effort. If, as a result of climate change, there was a shift
towards a more seasonal climate, one could reasonably expect some of these
species to colonize Vu Quang. One could also reasonably expect to observe
changes in population size and altitude range of some resident species, although
it is difficult to speculate as to which species might be affected.

Can the importance of Vu Quang Nature Reserve for bird conservation be enhanced?

Detailed spatial planning for conservation at Vu Quang Nature Reserve at the
commune, nature reserve and regional levels is provided in Eve (2000). Of the
forest types that occur at Vu Quang, lowland forest has suffered the greatest loss
in overall extent and quality. This is because the direction of human immigration
to the Vu Quang area has been from east to west. Humans have shown, and
continue to show, a preference for clearing forests of the level lowlands along
major permanent water courses for agriculture. In addition, they continue to
degrade adjacent lowland forest to meet their demands for timber (for commer-
cial and local use) and other forest products. It is predominantly lowland species
that have become extinct to date and, if current trends continue, are prone to
future extinction. As species become extinct, the conservation importance of the
nature reserve will decrease.
The lowland forest avifauna is the most threatened, but its conservation would

be enhanced by a programme that prevents further forest clearance and rehabilit-
ates degraded lowland forest. The success of any such programme would depend
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on the capacity of the nature reserve authority, the level of resources available
to them, the political will to implement nature reserve regulations, and the
cooperation of local communities. Conservation actions to maintain bird divers-
ity must be realistic, which, under the prevailing socioeconomic conditions,
means highly targeted.
Given the importance of lowland riverine habitats for globally threatened and

near-threatened bird species, conservation effort should focus on preventing
their further disturbance, degradation and clearance. Any programme to pro-
mote the rehabilitation of lowland forest should, as part of its strategy, focus on
major permanent water courses. The programme should promote regrowth along
the cline of degradation from the strict protection area outwards, first along the
water course and then outwards from it. Rivers should be selected on the basis
of their importance for bird species of conservation concern, and the current level
and trend of degradation. The distance between rivers and the opportunities for
connecting any intervening forest patches should also be taken into account, and
full use should be made of the processes of natural regeneration and recoloniza-
tion. The nature reserve management authority should take full advantage of
any opportunities presented under government directive 661, the Five Million
Hectares Reforestation Programme, implementation of which has recently begun.
The conservation status of species of conservation concern and keystone spe-

cies would be enhanced by stricter enforcement of nature reserve regulations on
hunting, amnesties for illegally held firearms, and awareness-raising activities.
The five species identified earlier as being in particular danger of going extinct

at Vu Quang within the next 50 years are all good indicators of lowland forest
quality. Since all are large, conspicuous species that can easily be surveyed for,
they should be the focus of monitoring programmes.
At the Annamite mountains level, the suggestion has been made of placing

the forest between Pu Mat and Vu Quang Nature Reserves under some form of
protection. While we support this idea in principle it should be noted that, within
Vietnam, the North-East Indo-China Montane Forests Ecoregion, as defined by
Wikramanayake et al. (1997), currently enjoys 24% coverage in the protected
areas network, compared with 4% coverage for Vietnam as a whole. This ecore-
gion should, therefore, be considered a low priority for further protection (Wege
et al. 1999). The conservation of a forest corridor could also be assured without
expanding the Vietnamese protected areas system, if, for instance, the interven-
ing forest was designated as watershed protection forest (which confers a similar
level of protection) or if intervening forest on the Laotian side of the Annamite
mountains was protected. Indeed, a proposal exists to establish Nam Theun
Extension NBCA in Laos, which would provide such a link (Duckworth et al.
1999).
To the west, Nakai Nam Theun NBCA is contiguous with Vu Quang Nature

Reserve (Duckworth et al. 1999), and its presence significantly enhances the con-
servation importance of Vu Quang, particularly if the potential for trans-
boundary cooperation in protected area management is fully realized.
According to Wikramanayake et al. (1997), Vu Quang is situated in both the

North-East Indo-China Montane Forest Ecoregion and the Annamite Range
Moist Forests Ecoregion. The latter ecoregion, although enjoying 52% forest cov-
erage, has a conservation coverage of only 17% (Wege et al. 1999). Any regional
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approach should, therefore, explore ways in which Vu Quang could be linked to
remaining areas of lowland forest within this ecoregion. This is particularly relev-
ant when one considers that it is this ecoregion that supports Vietnamese Pheas-
ant, a species that may recolonize Vu Quang if lowland forest rehabilitation is
successful. Linking Vu Quang in this way would, thereby, increase its conserva-
tion importance. It is very unfortunate, therefore, that almost all of the interven-
ing lowland forest between Vu Quang and Ke Go Nature Reserve (the nearest
protected area in this ecoregion and one which is known to support this globally
endangered species) has been cleared and settled by humans.
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