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Abstract From  onwards, level, lowland forests (alti-
tude ,  m, slopes , °) in the Tanintharyi Region of
southern Myanmar have been cleared on a large scale and
replaced by oil palm plantations. This has resulted in a dras-
tic decline in suitable habitat for several species, including
Gurney’s pitta Hydrornis gurneyi (Passeriformes, Pittidae).
The habitat for this species has decreased by. %, leading
to its categorization as Critically Endangered on the IUCN
Red List in . As threats in the region have continued, we
updated information on the status of the species’ habitat in
January , and examined forest loss in the three strong-
holds where the species still persists in the wild. Since the
previous estimate in , suitable habitat in these locations
has decreased by % (from  to  km), with . % of
the remaining area now in fragments of,  km, which are
unsuitable for the mid- to long-term survival of the species.
Forest degradation and edge effects from increased frag-
mentation have led to further loss of suitable habitat in
these strongholds. Projections indicate that unless conser-
vation action is taken, all suitable habitat will disappear
by . The main threat to the long-term survival of
Gurney’s pitta is the lack of legal protection of primary low-
land forests, resulting in uncontrolled clearance for small-
and large-scale agriculture and industrial development. We
provide recommendations to reduce the rate of loss of the
remaining suitable habitat for the species.

Keywords Forest loss, Gurney’s pitta, hotspot, Hydrornis
gurneyi, land clearing, lowland forest, oil palm plantation,
Tanintharyi

Introduction

South-east Asian biodiversity is collapsing (Sodhi et al.,
) as a consequence of habitat degradation and loss,

mostly because of large-scale clearance for agriculture and
infrastructure development (Laurence et al., ; Laurance
& Arrea, ). Primary forest in the lowlands of South-east

Asia, extending from the plains to the foothills (Wells,
), has declined by . % over the past  years
(Namkhan et al., ). This raises concern for threatened
lowland forest biodiversity (Aratrakorn et al., ), particu-
larly in the unique and relatively pristine lowland forest tran-
sition zone surrounding the Isthmus of Kra, where Sundaic
and Indochinese faunas meet (Hughes et al., ).

The region supports several threatened species, including
the Critically Endangered helmeted hornbill Buceros vigil
and Sunda pangolinManis javanica, the Endangered white-
handed gibbon Hylobates lar, Malayan tapir Tapirus indi-
cus, Indochinese tiger Panthera tigris and dhole Cuon alpi-
nus, and the Vulnerable large green pigeon Treron capellei.
Gurney’s pittaHydrornis gurneyi (Passeriformes, Pittidae) is
endemic to this transition zone and its habitat has decreased
by. % during – as a consequence of large-scale
oil palm expansion, small-scale betel nut cultivation, and in-
frastructure development (Shwe et al., ). This substan-
tial habitat loss, combined with the fact that the species is
considered functionally extinct in neighbouring Thailand
(Round, ), led to its recategorization as Critically Endan-
gered on the IUCN Red List in  (BirdLife International,
). The threat status had previously been lowered to
Endangered in , after the discovery of what was thought
to be a large population in southern Myanmar, although the
continuing threats to the species’ habitat were acknowledged
(Donald et al., ). The reassessment as Critically Endan-
gered is justified by a drastic population decline resulting
from ongoing deforestation throughout the species’ remain-
ing range. Amajor concern is that none of the remaining core
habitat is currently protected, and it is uncertain whether it
will be in the future (BirdLife International, ). The threats
to the species are thus expected to continue or increase as a
result of rapid economic growth following Myanmar’s return
to democracy in  (Donald et al., ; BirdLife Inter-
national, ).

Here, we aimed to update information on the status of
remaining Gurney’s pitta habitat and document any change
since the previous estimate in  (Shwe et al., ), inves-
tigate the status of the three remaining strongholds (Shwe
et al., ) with particular focus on forest patches .  km,
and predict future change in lowland forest habitat in the
absence of effective intervention.

Study area

This study covers the entire remaining range of Gurney’s
pitta in the Tanintharyi Region (Hume, ), southern
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Myanmar (Donald et al., ; Fig. a), at an altitude of
– m. There is a dry season (November–March),
with a monthly rainfall of ,  mm, and a wet season
(April–October), with a mean monthly rainfall of
 mm (Baskett, ). The area was originally covered
by evergreen forest, but the natural vegetation has been
degraded since  by extensive conversion to oil
palm plantation and small-scale agriculture (Shwe et al.,
).

Methods

Suitable habitat in 2020 We defined closed-canopy forest
and degraded primary forest with bamboo at ,  m alti-
tude and on slopes , ° as habitat suitable for Gurney’s
pitta (Shwe et al., ). We obtained slope and altitude
data from ASTER Global Digital Elevation Map (m reso-
lution; Abrams et al., ) and defined the extent of suit-
able habitat using the reclassify toolbox in ArcGIS . (Esri,

FIG. 1 (a) Remaining lowland
closed canopy forest cover in
the range of Gurney’s pitta
Hydrornis gurneyi (grey) in
Tanintharyi and remaining
patches larger than  km

(black), as of January .
(b–d) Details of the suitable
habitat cover in Strongholds
A, B and C, respectively.
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Redlands, USA). We identified suitable forest cover for 
from Landsat  Enhanced Thematic Mapper satellite images
(m resolution), derived from EarthExplorer (USGS, ).
We categorized land cover as forest and non-forest, with only
forest areas considered suitable for Gurney’s pitta, and as-
sessed recent forest decline by comparing forest cover in
January  with that from  (Shwe et al., ).

Strongholds of remaining habitat We assessed the suitable
habitat in each of the three remaining strongholds (Shwe
et al., ) using the forest cover map from January
. When rediscovered in southern Thailand in ,
the species inhabited a c.  km lowland forest patch frag-
mented by clearings and rubber plantations (Round, ).
However, as patches of suitable habitat.  km are limited
in the Tanintharyi Region, the stronghold was defined as a
forested area including only habitat patches.  km, each
of which may hold a population of – pairs, accord-
ing to preliminary distance sampling data from an ongoing
large-scale survey (NMS, unpubl. data). We removed all for-
est fragments,  km from the analysis, as these are unlike-
ly to sustain viable populations in the long term.

Hotspots of forest loss We investigated spatio-temporal
trends in forest loss throughout the known range of
Gurney’s pitta using the Emerging Hot Spot Analysis tool
in ArcGIS (Harris et al. ). The tool first conducts a hot-
spot analysis using the Getis–Ord Gi* statistic (Ord & Getis,
) to identify statistically significant spatial clustering
patterns. Once spatial clustering patterns (so-called hot
and cold spots) are identified, the tool evaluates temporal
changes in the patterns using a Mann–Kendall test (Mann,
; Kendall & Gibbons, ) to determine whether de-
forestation rates are constant, increasing or decreasing
over time. For our analysis, we used raster data of annual
forest loss during –, with a resolution of  m
(Hansen et al., ) and limited to the extant habitat of
Gurney’s pitta in  (Shwe et al., ). Prior to our ana-
lysis, we converted the annual forest loss data to a netCDF
(network common data form) space-time cube using the
Create Space Time Cube tool in ArcGIS, to aggregate forest
loss events within space-time bins. The tool tallies the num-
ber of forest loss events within each hexagonal bin, defined
here with a spatial and temporal resolution of  m (the
width of each . ha hexagon) and  year, respectively. The
Emerging Hot Spot Analysis tool then compares the number
of forest loss events within each bin to those within a prede-
fined neighbourhood distance (in our case . km) and the
global average to calculate relevant statistics. By default, the
Emerging Hot Spot Analysis tool categorizes each bin into
one of  distinct spatio-temporal categories (one category
for bins with no significant deviation from the neighbouring
areas/global average, plus eight hotspot and eight cold spot

categories; Esri, ). We focused our analysis on the hot-
spots, which we aggregated into two categories to determine
the risk of future forest loss: new hotspots with significant,
recent forest loss (i.e. areas that became statistically signifi-
cant hotspots after ), and other hotspots (i.e. all hotspot
areas not categorized as new) where forest loss was either
consistent over a longer period or sporadic (scattered in
time and isolated in space). We then overlaid these hotspots
on a map of the remaining strongholds of Gurney’s pitta
habitat, to identify hotspots of forest loss within each
stronghold.

Estimating future habitat decline We predicted the spatial
distribution of future forest loss using a Bayesian linear
model. We assumed a constant rate of forest loss (the histor-
ical loss rate) and determined the fate of  suitable habitat
patches.  km using data from , , ,  and
. The prior model parameters were set with a normal
distribution of intercept and coefficients, and an exponen-
tial distribution of standard deviation. We defined the
year as a predictor variable, to predict a response variable,
the logarithm of the area of suitable habitat patches
.  km each year. We set , as the posterior sample
size to express the plausible range of posterior distribution
results. We conducted the analysis using the packages
rstanarm and rstan (McElreath, ) in R .. (R Develop-
ment Core Team, ).

Results

Suitable habitat in 2020 In January , lowland forest
cover was  km in the three strongholds, a reduction of
c. % compared to  (Fig. a). When all unsuitable frag-
ments,  kmwere removed, the remaining suitable habitat
covered  km, of which % ( km) was in five larger
patches .  km (Fig. a).

Strongholds of remaining habitat Stronghold A accounted
for  km (c. %) of the total suitable habitat cover. When
unsuitable fragments were removed, the remaining suitable
habitat was  km, with three patches .  km covering
 km (Fig. b). Stronghold B encompassed  km (%
of the total remaining cover), which was reduced to  km

when unsuitable fragments were removed. There was only
one patch .  km, covering  km (Fig. c). Stronghold
C appeared to be the most degraded, with  km of suitable
habitat (%), reduced to  km after unsuitable fragments
were removed, and only one large patch, of  km (Fig. d).

Hotspots of forest loss As of January , the suitable
habitat for Gurney’s pitta was reduced by % compared
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to the estimated , km of habitat available before expan-
sion of oil palm plantations began in  (Shwe et al.,
). Over % of the areas where forest was lost during
– overlapped with deforestation hotspots. The
only habitat patch.  km in stronghold C is of particular
concern as it overlapped entirely with deforestation hotspot
areas (Fig. b).

Estimating future habitat decline Because only  years of
data were available for analysis, there was uncertainty in

the prediction of potential sizes of suitable habitat patches,
with a wide range of posterior distribution values (Fig. ).
However, % of posterior distribution results showed a
negative trend, and the median trend (Fig. ) showed a de-
crease in forest area. If no conservation action is taken and
the rate of decrease continues, no habitat patches.  km

will remain by .

Discussion

Forest loss and degradation are the most urgent threats to
the conservation of Gurney’s pitta (Bhagwat et al., ).
Forest loss in Myanmar has been largely linked to agri-
cultural expansion and infrastructure development (Lim
et al., ). This has particularly affected the lowlands of
the Tanintharyi Region in southern Myanmar, where forest
cover declined by % during – (Shwe et al., ),
largely because of the expansion of large-scale oil palm plan-
tations (Saxon & Sheppard, ). A moratorium on new
plantations (FFI, ) was relaxed in  following an
order from the regional government. Expansion of small-
and large-scale orchards and betel nut plantations have
also contributed to forest loss (Shwe et al., ), as has
road construction. Forest loss recorded during –
has exacerbated edge effects and habitat fragmentation,
with many patches now too small to guarantee the long-
term survival of Gurney’s pitta (Fig. a,b). Our analysis pre-
dicts a nearly complete loss of all lowland forest by .

Strongholds A and B are currently the most viable
patches for the species’ long-term survival, but are subject
to degradation and fragmentation because of ongoing

FIG. 2 (a) Changes in forest
cover during mid –January
, with black areas
indicating forest loss in
the .-year period.
(b) Deforestation hotspots,
identified between  and
, overlaid on the forest
cover remaining in January
, excluding fragments
,  km.

FIG. 3 Observed and future predicted changes in suitable habitat
coverage (for patches .  km) from  to . Black dots
represent the  suitable habitat patches observed in , ,
,  and . Blue lines represent the uncertainty range
of the prediction, and the black line is the median trend of
the prediction.
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disturbances recorded since January  (Fig. ).
Stronghold C is the most degraded, with only one patch
.  km (Fig. c). As this stronghold lies within a de-
forestation hotspot and is isolated from the other two
strongholds, it is questionable whether the Gurney’s pitta
population there is still viable, although the area receives
some protection through community-based assessment
and mitigation of threats (including snare removal) because
of the presence of the tiger Panthera tigris, a conservation
priority species. Strongholds B and C could potentially be
expanded by connecting nearby smaller suitable habitat
patches (,  km) separated by forested hills up to m
altitude on rugged terrain, where the species has been re-
ported sporadically (Donald et al., ; Fig. a). Stronghold
B could be enlarged by  km by connecting three small
neighbouring patches (Fig. b). Similarly, stronghold C
could be expanded by  km and  km through the
addition of two new patches (Fig. c,d).

In all three strongholds, road expansion is intensifying
the threats to Gurney’s pitta (Fig. b). Most of the ongoing
construction involves upgrading old logging roads as the

regional government strives to develop the local economy
through increased trans-border trade with Thailand. This
could exacerbate existing threats: there have been reports
of increased illegal cross-border trade in forest products
and sporadic trade in Gurney’s pittas for the pet market
(Gurney’s Pitta Working Group, ). Road expansion
also facilitates the further incursion of deforestation into
Tanintharyi from Thailand (Donald et al., ).

Loss of suitable habitat, facilitated by lack of enforcement
and appropriate protection, was the principal cause of the
functional extinction of Gurney’s pitta in Thailand. After
the rediscovery of the species in  (Round & Treesucon,
), protected areas were established with the aim to
preserve what was at that time the only known population.
However, the economically valuable flat lowland forest that
the species requires were systematically excluded from these
protected areas (Round, ). The situation in southern
Myanmar is similar, and several attempts to secure legal
protection for the remaining lowland forest have been un-
successful. The proposed Lenya National Park, including
Lenya Reserve Forest and Lenya Reserve Forest Extension,

FIG. 4 Ongoing threats to
remaining suitable habitat of
Gurney’s pitta (since February
). Dots indicate sites with
different threats recorded: ()
limestone mining for cement
manufacturing inside NgaWun
Reserved Forest, (–) land
clearance for small-scale
cultivation, directly affecting
well-known birdwatching sites
where the species was
reported, particularly in the
Phayatan area in stronghold B,
() guano extraction for
industrial purposes, ()
development of a new major
Buddhist temple, and () first
recorded landmine incident.
The detailed maps of B, C
and C show possible ways to
obtain suitable habitat patches
.  km by linking small
areas at low altitude and with
gentle slopes, to enable
movement of birds between
patches (Donald et al., ).
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would have covered most of the remaining strongholds
(Donald et al., ). However, in June  the proposal,
first suggested in October , was dropped because of
problems in conducting reliable land and boundary surveys,
and an uncertain political situation. The implementation of
protection strategies such as patrolling is hampered by the
emerging threat of landmines. The first recorded incident
involving an exploding landmine, by which a villager was
injured, occurred in April  (site , Fig. ); it is unknown
who placed the mine(s) and for what purpose.

A new opportunity for protecting lowland forest has
arisen in  under the Conservation of Biodiversity and
Protected Areas Law, amended in May , with the ap-
proval of proposals by local communities to implement
Community Conserved Areas or Indigenous Community
Conserved Areas. Both designations facilitate a role for
Indigenous communities in establishing and managing
newly formed protected areas, supporting a bottom-up
approach rather than a top-down system. This permits the
recruitment of park wardens (or park chiefs) from local
communities, who will lease the area for  years from the
Myanmar Forest Department. This approach would not
only allow local communities to manage protected areas
following traditional, sustainable practices but, by sharing
decision-making power in resource management, would
also prevent some of the problems that caused the rejection
of the proposal to establish Lenya National Park. Stake-
holders are advocating for detailed provisions describing
how such Conserved Areas could be implemented and
explicitly codified within Myanmar’s Land Law reform
process. Fauna and Flora International (FFI) Myanmar
has been working with forest dwellers and hunters to offer
alternative livelihood opportunities such as motorbike repair
and tailoring.

Data to estimate the current status of Gurney’s pitta po-
pulations will be provided by ongoing surveys that are car-
ried out by FFI, Myeik University and members of village
conservation groups. These surveys focus on a variety of
wildlife and will continue until the end of . In addition
to providing a reliable Gurney’s pitta population status esti-
mate in each stronghold, the surveys will document new
land clearing and encroachment of small-scale farms. In col-
laboration with FFI, communities are actively participating
in campaigns to remove snares and driftnets used to catch
terrestrial wildlife, which is raising community interest
in biodiversity conservation. Such activities should be ex-
panded as the Forest Department lacks sufficient staffing
and budget to adequately patrol Gurney’s pitta strongholds.
To conserve the remaining habitat and threatened species
such as Gurney’s pitta, more collaboration among commu-
nities, civil society, and government institutions needs to
be fostered.

In the longer term, attempts need to be made to establish
the proposed Lenya National Park. This will require close

collaboration with the regional government, to help resolve
the management conflict between the Forest Department
and local communities. Gurney’s pitta could also be adopted
as a flagship species, designated as the Tanintharyi regional
bird, and used to promote ecotourism opportunities.
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