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ABSTRACT. — Few empirical studies have measured the effects of climate change on tropical biodiversity, and
this paucity has contributed to uncertainty in predicting the severity of climate change on tropical organisms.
With regards to elevational changes, most studies have either re-sampled historical systematic survey sites or
analyzed time series of occurrence data at long-term study sites. Such data sources are unavailable for most
tropical mountains, so other methods of detecting elevational changes must be sought. Here we combine data
from published checklists, recent field work, peer-reviewed literature, unpublished reports, birdwatchers’ trip
reports, databases of birdwatchers’ observations, audio recordings, and photographs to compare historical
(pre-1998) and current (post-2006) bird distributions on Mt. Kinabalu in Sabah, Malaysian Borneo. Records
were carefully checked by experts on Bornean birds. More species are now known from Mt. Kinabalu, but
historical data provided elevational range estimates for more species than current data because of extensive
mountain-wide collections and surveys. Most elevational comparisons for this study had to be limited to the
1450-1900 m elevational band, where most of the recent work has been done. Information was compiled
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into an annotated list of 342 species from 2004095 m. We present this list to encourage refinement of the
dataset and future work on elevational distributions on the mountain. Of 58 species with sufficient data from
1450 m to the summit, 38 appear to have shifted their ranges (24 species upslope and 14 downslope). A total
of 22 resident species have recently been observed above their published maximum elevation for Borneo.
Some species that have shifted upwards, such as Chalcophaps indica and Pellorneum pyrrogenys, are now
common or breeding at elevations above their published maximum. Fifteen species appear to have declined
on the mountain, probably as a result of habitat loss outside the protected area. Several of the upslope shifts
are probably attributable to climate change, but many downslope shifts may be artifacts of incomplete recent
sampling. The upward shifts agree with the few other tropical range comparisons that have been published.
Our approach demonstrates the viability of combining diverse data sources (of varying accuracy and bias)

to detect distributional shifts from climate change.

KEY WORDS. — checklist, citizen science, climate change, habitat loss, range limit

INTRODUCTION

Approximately 1,000 bird species are restricted to tropical
mountains (Harris et al., 2011). Most of these species are
considered of ‘least concern’ because their upland ranges
are typically forested (BirdLife International, 2011), yet they
may be particularly vulnerable to climate change because
their montane and often narrow ranges put them at risk of
mountaintop extinctions and range shift gaps (Colwell et al.,
2008; Sekercioglu et al., 2008). New modelling approaches
have made progress in predicting which tropical species
may be most vulnerable to climate change (e.g., La Sorte
& Jetz, 2010), but so few studies have measured the effects
of climate change on tropical birds that our understanding
is still rudimentary (Harris et al., 2011). In addition, weather
station coverage is extremely sparse in many tropical uplands
in both space and time, which makes climate monitoring
and associated biodiversity studies difficult (Raxworthy et
al., 2008).

The few published distributional comparisons from tropical
mountains—studies of moths on Gunung [=Mount] Kinabalu
in Malaysian Borneo (Chen et al., 2009, 2011), birds in Peru
(Forero-Medina et al., 2011), reptiles and amphibians in
Madagascar (Raxworthy et al., 2008), and multiple taxa in
Costa Rica (Pounds et al., 1999, 2005)—have found upward
shifts in species distributions, which will likely cause changes
in the ecology of montane communities. Chen et al. (2009)
analysed climate data and compared moth (Lepidoptera)
distributions from 1965— 2008 on Mt. Kinabalu. They found
that temperatures have increased by c. 0.7°C on the mountain
since 1965, and distributions of the 102 moth species have
shifted upwards by 67 m on average (which is less than the
adiabatic lapse rate prediction of 127 m of elevation change
with temperature change). Peh (2007) took a broader approach
and compared elevational ranges of 300 generalist bird species
(to control for the effects of habitat loss) from Southeast
Asian field guides between 1975 and 2000. He found that
84 species shifted their upper range margin upslope while
maintaining a stable lower margin, seven shifted their lower
margin upslope with a stable upper margin, and three shifted
both margins. His results suggest that birds are shifting their
ranges upslope in the region (especially the upper margins),
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but his analysis was restricted to generalist species at a
regional scale.

To develop a database and compare elevational distributions
of birds from prior to 1998 to after 2006 on Mt. Kinabalu,
we surveyed birds on the mountain and compiled information
from checklists, citizen science observations, the literature,
and unpublished reports. We also checked for changes in
species abundance when comparing historical and current
patterns, as has been done with other checklist comparisons
and re-surveys of historically-sampled sites in the tropics
(Sodhi et al., 2006; Pearson et al., 2010).

At 4095 m, Mt. Kinabalu is the tallest mountain between
New Guinea and the Himalayas. It is the “most important
biogeographic feature of Borneo” (Sheldon et al., 2001: 49)
and potentially an essential refuge of endemism from climate
change-induced range shifts (Chen et al., 2011). Kinabalu
Park, which covers c. 753 km?, was declared protected in
1963. Most of the park is above 1200 m, but elevations
descend to 200 m at Serinsim (Fig. 1). In 1978, 289 bird
species were known from Mt. Kinabalu (Jenkins & de Silva,
1978). In 1996, this number had increased to 306 species
(Jenkins et al., 1996). Weather station coverage is poor in
the Mt. Kinabalu region, but gridded data in the 5° x 5° cell
that encompasses Mt. Kinabalu show an increase in mean
annual temperature of +0.48°C from 1998-2007 (Chen et al.,
2009). The lapse rate on Mt. Kinabalu was estimated as c.
0.55°C per 100 m of elevation gain (Kitayama, 1992), so the
observed temperature change could have theoretically driven
an 87 m upward shift during our study period, assuming a
linear relationship between climate and species distributions
(Ghalambor et al., 2000).

Most of Kinabalu Park has remained largely undisturbed since
1963, which makes it ideal for studying range shifts from
climate change independent of the effects of habitat loss. But
areas outside the park have become increasingly disturbed
(Beaman & Beaman, 1990; McMorrow & Talip, 2001), and
the extensive submontane forest on the Pinosuk plateau near
Kundasang was degazetted from the park and deforested in
the early 1980s to develop a copper mine and other land uses
(Fig. 1; Sheldon, 1986). Therefore, some submontane species
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that were once recorded on the plateau (e.g., by Smythies,
1964; Gore, 1968) are no longer found there, and populations
of submontane forest birds below park headquarters are
much reduced (Sheldon et al., 2001). This situation makes
it difficult to compare past and current lower range margins
for some species, and the limited submontane forest bird
community below the headquarters may affect climate-related
community changes at higher elevations. Nonetheless, much
of the historical data we analysed comes from after 1980,
and upward range shifts above the headquarters should be
little affected by these habitat changes.

The citizen science data we collected from Mt. Kinabalu
varied in spatial coverage, methods, effort, and observer
bias (Harris & Haskell, 2007; Boakes et al., 2010; Dickinson
et al., 2010) that made it difficult to conduct standardised
historical to current comparisons. We attempted to address
these problems by: (1) restricting range estimates to areas that
have received more research and birdwatching compared to
the rest of the park; (2) consulting experts on Bornean birds
to remove suspect records; and (3) contacting birdwatchers,
scientists, and bird tour companies to verify time, place, and
identification details for many records.

Given the usually strong relationships between climate and
species distributions (e.g., Bush et al., 2004), and the results of
similar studies (for examples, see Pearson et al., 2010; Chen
etal., 2011), we hypothesized that: (1) warming temperatures
have caused elevational increases in some resident birds on
Mt. Kinabalu, and (2) declines in forest bird species would
be apparent, likely as a result of habitat loss outside the park.
We examined these possibilities with diverse data sources
and report the results here.

METHODS

Data sources. — We compared “historical” distribution data
collected prior to 1998 (a few records came from as far back
as the late 1800s) to “current” data from 2007-2011. We also
reviewed intermediate information from 1998-2006, and
present these data in Appendix 2 to promote further study,
but we did not use these years in the elevational comparisons
to allow a 10-year gap. Elevational range shifts from climate
change were found after 10 years in a previous study on
reptiles and amphibians (Raxworthy et al., 2008), and the
marked temperature increase shown during this interval
(0.48°C; Chen et al., 2009) indicated that shifts would
likely be observed. Tropical birds have also been shown to
shift their ranges in response to small temperature changes
(Pounds et al., 2005; Forero-Medina et al., 2011). Data came
from published checklists, recent field work, peer-reviewed
literature, unpublished reports, birdwatchers’ trip reports,
audio recording databases (Xeno Canto, www.xeno-canto.org;
AVoCet, http://avocet.zoology.msu.edu), Oriental Bird Images
(OBI; a photographic database, http://orientalbirdimages.org),
Global Biodiversity Information Facility specimen records
(GBIF; http://data.gbif.org), and two online databases of
georeferenced occurrence data, mostly from birdwatchers’
observations: eBird/Avian Knowledge Network (AKN;

http://www.avianknowledge.net) and Bird I Witness (BIW,
www.worldbirds.org/malaysia). Mt. Kinabalu is one of Asia’s
most frequently visited birdwatching sites, and there are
many trip reports available from the region. We collected
trip reports from independent birdwatchers (on Surfbirds
[http://www.surfbirds.com], Birdtours [http://www.birdtours.
co.uk], and World Twitch [http://www.worldtwitch.com]), and
professionally-led bird tours (from Victor Emanuel Nature
Tours, Birdtour Asia, Tropical Birding, Bird Quest, and
Rockjumper Birding Tours). We contacted the aforementioned
tour companies as well as WINGS, Field Guides, and King
Bird tours to ask for historical trip reports but none were
available. In all, we obtained 52 reports covering the historical
and current time frames from these bird-watching sources.

Historical (pre-1998) data. — The main historical data
sources are two published checklists of the birds of the
Kinabalu region (Jenkins & de Silva, 1978; Jenkins et al.,
1996). The checklists combined data from specimens, the
literature, unpublished scientific reports, and sight records
to produce species accounts and elevational ranges (see
Sheldon et al. [2001] for details on areas covered by historical
expeditions including a figure showing collecting localities).
Jenkins and de Silva (1978) and Jenkins et al. (1996) focused
on bird records from (1) Kinabalu Park headquarters (c.
1575 m) up to the summit (4095 m) along the power station
road and the summit trail, and (2) Poring Hot Springs (c.
500 m, but many historical Poring records did not have
elevations specified) (Fig. 1). The checklists also include
records from other areas on the mountain, particularly from
older specimens. Overall, Jenkins et al. (1996) made minor
edits to the 1978 checklist, making it difficult to find range
changes between the two lists. We therefore included the
additions by Jenkins et al. (1996) and treated the checklists
as a single data source.

Data from the study of elevational distributions of birds on Mt.
Kinabalu by Biun (1999) provided a substantial supplement to
the checklists. Biun (1999) surveyed birds in 1996 and 1997 at
five sites (primary forest at Poring, 700 m; park headquarters,
1600 m; Kemburongoh, 2100 m; Layang-Layang, 2600 m;
and Paka cave, 3100 m) during six sampling periods (Jun,
Sep, and Dec in 1996; Apr, Jun, and Oct in 1997). He spent
four days at each site during each sampling period, amounting
to 120 days of sampling effort. He sampled birds with 30
12-m mist nets that were open day and night, and one hour
of aural and visual observations along a 500 m transect at
each site. This research would have served as an adequate
benchmark for future comparisons, but the abundance data
are no longer available.

Additional historical data came from the literature (Gore,
1968; Smythies, 1981, 1999; Sheldon & Francis, 1985;
Sheldon et al., 2001; Mann, 2008), unpublished scientific
reports (Sheldon, 1977; Phillips, 1986; Batchelor, 1991,
Rahman et al., 1998), Xeno Canto (n = 1), AVoCet (n =
25), Oriental Bird Images (n = 3), Global Biodiversity
Information Facility specimens (n = 88), Avian Knowledge
Network observations (298 records total; P. Bono, 1997,
Kinabalu Park; W. Nezadal, 1991, Poring c. 975 m; D.
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Roberson, 1988, Kinabalu Park and summit trail), Bird I
Witness observations from park headquarters (n = 16), and
birdwatchers’ trip reports (Wall & Yong, 1985; Johnstone,
1989; Vermuelen, 1996). In the Methods we use “n” to refer
to the number of records coming from each data source; this
differs from the sample sizes (number of range margins) used
in the range comparisons.

Intermediate data (1998-2006). — Intermediate data came
from the literature (Moyle, 2003), unpublished reports (Moyle
& Sheldon, 2000; Sheldon et al., 2004), Xeno Canto (n =
52), AVoCet (n = 10), Oriental Bird Images (n = 189), Global
Biodiversity Information Facility specimens (n = 208), Bird
I Witness (53 total records from Mt. Kinabalu trails (Liwagu
and Silau Silau), power station road, Kinabalu headquarters
area, Poring (Langanan trail), and Mesilau headquarters and
trail), Avian Knowledge Network observations (690 records
total; C. Artuso, 2000, Poring c. 560 m; E. Barnes, 2005, Silau
Silau trail ¢. 1570 m, and Poring c. 560 m; R. Carratello,
2003, Kinabalu Park; A. Lazere, 2005, Kinabalu Park; D.
Roberson, 2003, Kinabalu Park) and trip reports (Benstead
& Benstead, 2001; Addison, 2002; Clayton & Thomas,
2002; Rheindt, 2003; White & Clarke, 2003; Benstead,
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Fig.1. Map of Kinabalu Park, Sabah (solid black line). Land cover
from 2010 (Miettinen et al., 2011), JBCH’s point count locations,
elevation contours (303 m intervals), roads, and points of interest
including towns and collecting localites are shown. Timpohon gate
is ¢. 50 m from the power station; the summit trail extends from the
power station to the summit (shown by JBCH’s points).
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2004; Gandy, 2004; Hall & Kroll, 2004; Ericsson, 2005;
Hornbuckle, 2005; Babic & Babic, 20006).

Current (post-2006) data. — Substantial current data came
from recent field work by JBCH, AJB, and JAE. From
Mar—Apr.2010 JBCH conducted systematic point count
and transect surveys on Mt. Kinabalu along the Liwagu
and summit trails from 1450-4095 m, and at Poring along
the waterfall trail from the headquarters car park up to
Langanan waterfall (500-1000 m). The point counts were
conducted for 10 minutes and covered a 50 m radius. They
were separated by 250 horizontal meters along continuous
elevational gradients on mountain trails (Ralph et al., 1995;
Fig. 2; see Appendix 1 for coordinates of points, to enable
re-sampling). Occurrence data were also collected along
‘transects’ in between the points to 50 m on either side
of the trail. Systematic surveys were done in the morning
from 0600—-1030 hours, and sites were opportunistically re-
surveyed in the afternoon. JBCH also revisited the points and
transects at night to sample nocturnal birds, however, only
every other point was surveyed because low bird abundance
made point count detections uncommon. Transects were
found to be more effective for sampling nocturnal birds on
the mountain. As suggested by Ralph et al. (1995), estimates
of the distance of singing birds from the point were made
more accurate by conducting trials with audio playback and
a measuring tape. A Nikon Forestry 550 laser range finder
was used to verify visual distance estimates.

AJB documented elevational distributions of birds on Mt.
Kinabalu as part of TEM’s long-term nest-searching and
mist-netting project at the site. The data presented here are a
combination of AJB’s observations, GPS points taken at nests
located by TEM and his field crew, and mist-net captures
by his team. Mist-netting was conducted every day from
0700-1300 hours with 12 9-m mist-nets set up in consistent
locations within banding plots, which were distributed
evenly across the study area. Nests were found using both
parental behaviour and systematic search techniques (Martin
& Geupel, 1993). AJB spent a total of 12 months over three
years (from Feb—Jun, in 2009-2011) at the site. The majority
of AJB’s records come from forest between the junction of the
Liwagu and Silau-Silau rivers up to Timpohon gate, on both
sides of the power station road (1450-1900 m). Additional
AJB observations come from Poring (10 field days), the Mt.
Tambuyukon summit trail above Kampung Monggis (3 field
days), and Kundasang (Fig. 1).

JAE has visited Mt. Kinabalu on 18 occasions, totaling c.
90 days from 2002-2010, specifically for birdwatching,
both privately and leading birdwatchers for Birdtour Asia,
covering all months except Dec—Mar and Sep. On each visit
JAE spent at least one day at Poring (each time walking on
the Langanan trail to at least km 3.1 (c. 975 m), and all the
way to Langanan Waterfall on five occasions), one morning
or afternoon at Mesilau (c. 1940 m), and two days walking
from Timpohon gate to the summit and back. The majority
of the time spent within Kinabalu Park was between the
headquarters and Timpohon Gate, birdwatching along trails,
particularly Bukit Ular and Mempening, with occasional
visits to Silau-Silau and along the road.
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Additional current data came from the literature (Mann, 2008;
Sheldon et al., 2009), unpublished reports (Sheldon & Moyle,
2008), Xeno Canto (n = 152), AVoCet (n = 120), Oriental
Bird Images (n = 307), Global Biodiversity Information
Facility specimens (n = 32), Avian Knowledge Network (860
total records; J. Sevenair, 2010, Kinabalu Park; J. Watson,
2010, Poring c. 500 m and Kinabalu Park; S. Brown, 2011,
Kinabalu Park, Poring c¢. 560 m, and Mesilau c. 2000 m; L.
Harding, 2011, Poring c. 560 m, summit trail, and Mesilau c.
1930 m; J. Harrison, 2011, Kinabalu Park; R. Merrill, 2011,
Kinabalu Park), Bird I Witness (1081 total records from
Mt. Kinabalu trails [Bukit Ular, Liwagu, Mempening, Silau
Silau, Kiau View], power station road, Kinabalu headquarters
area, Poring [Langanan trail, canopy walkway], and Mesilau
headquarters), and trip reports (Banwell, 2007; Low, 2007;
Newnham, 2007; Shackelford, 2007; Woods, 2007, 2008;
Dobbs, 2008; Harrap, 2008, 2010, 2011; Matheve, 2008;
Valentine, 2008; Valentine & Thurmilangan, 2008a, 2008b;
Barnes, 2009; Chafer, 2009; Eaton, 2009, 2010a, 2010b; Gear,
2009; Hutchinson, 2009, 2011; Roadhouse, 2009; Gurney,
2010; Lambert & Yong, 2010; Myers, 2011). Lastly, AB
has worked at Kinabalu Park for the last 34 years and has
collected supplemental data on the park’s avifauna.

Data accuracy and comparing ranges. — Records from the
different data sources varied in certainty in identifications
and spatial accuracy. They were carefully reviewed by two
experts on Bornean birds (FHS and JAE) and questionable
identifications were removed or considered hypothetical.
To maximise spatial accuracy, we took the conservative
approach of assigning approximate elevations only if a
location could be sufficiently narrowed to a small elevational
range. For example, we did not assign elevations to records
from “Poring” because most observers cover elevations
from 500-1000 m in a single visit. We considered Avian
Knowledge Network records from “Kinabalu Park, 1845
m” to be located somewhere between park headquarters
and Timpohon gate, and we did not assign an elevation.
We conservatively considered Avian Knowledge Network
records from “greater than 2000 m on the summit trail” to
be from 2050 m (in many cases we contacted the observer
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Fig. 2. Plot of elevational coverage of point counts done by JBCH
in 2010 at Poring (lower 12 points) and from near park headquarters
to the summit (upper points).

to verify the locality). In total, we contacted 25 observers
to clarify identifications and details on the place and time
where sightings were made. We consider mist net records
to be the most reliable, followed by published observations,
and finally birdwatchers’ trip reports.

We attempted to standardise datasets by compiling elevational
range information only from records in the two focal regions
of the checklists (Jenkins & de Silva, 1978; Jenkins et al.,
1996) and JBCH’s sample sites (see above). We decided a
priori that it would not be appropriate to compare means
of the lower and upper margins because of differences in
sampling effort over time. Several lines of evidence indicate
that historical sampling was more complete than recent
sampling: (1) the historical dataset incorporated a much
longer time period with a legacy of much ornithological
research (Sheldon et al., 2001); (2) the historical data
produced range margin information for more species than
the current data, even though more species are now known
from the mountain; and (3) the distance between the mean
range margins across all comparable species is larger in
the historical data (see Results). Historical sampling was
most comprehensive from near park headquarters (c. 1450
m) to the summit, and recent sampling was most complete
from park headquarters to Timpohon gate (1900 m). Given
the overlap in sampling effort, we looked for upward and
downward shifts from park headquarters to Timpohon gate.
We also checked for range expansions above Timpohon gate
(upward shifts) because these elevations were well surveyed
historically and any expansions would likely reflect a genuine
shift. Possible downslope shifts above Timpohon gate were
marked in Appendix 2, but we found these changes much less
reliable because apparent range contractions above Timpohon
gate could easily result from incomplete recent sampling at
high elevations. Range changes of >100 m were considered
to be outside the range of measurement error and marked as
upward or downward shifts in Appendix 2. We also compared
historical and current elevational ranges for each species to
Borneo-wide ranges from Mann (2008) to weigh the evidence
for a substantial shift. In some cases, maximum elevations of
the study by Mann (2008) disagreed with those of Sheldon
et al. (2001), and we checked the original specimen data to
find the Bornean maximum.

We also considered making range comparisons based on
individual components of the dataset (e.g., JBCH data vs.
Biun [1999]), but found such secondary comparisons to be
poorly justified, given that our dataset is collated from multiple
contributing sources with varying spatial and temporal
coverage, and any one data source produces incomplete
ranges for species. Instead, we plotted contributions of records
from each data source to check for disproportionate effects
from single data sources.

To organise species, we followed the classification of the
International Ornithologists’ Union (Gill & Donsker, 2011),
except when published phylogenies indicated otherwise,
e.g., for Bornean forktail Enicurus borneensis (Moyle et
al., 2005) and Bornean spiderhunter Arachnothera everetti
(Moyle et al., 2011).
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RESULTS

The historical data produced a list of 317 species for Mt.
Kinabalu from the period prior to 1998. The current list
comprises 342 species (51% of Borneo’s total; Phillips &
Phillips, 2011), including 42 endemics (82% of the total
for Borneo; Phillips & Phillips, 2011), 39 non-breeding
species, and seven hypothetical species (Appendix 2).
Despite the increase in species, the current data provided
less comprehensive overall coverage of species’ ranges than
the historical data: we were able to compile 229 lower and
239 upper margins from the historical data, compared to
218 lower and 200 upper margins from the current data. 170
species had historical and current data for the lower range
margin, while 161 had historical and current data for the
upper margin. The mean elevational ranges of comparable
species (those with both historical and current data) were
601.2 m+ 19.9 SE to 1565.7 m £ 66.5 (historical lower and
upper margins) versus 742.2 m = 29.2 to 1314.9 m + 56.4
(current lower and upper margins). The broader elevational
band in the range means indicates historical sampling was
more extensive than current sampling.

The checklists and Biun (1999) were the most important
historical data sources, collectively contributing information
on 75% of the species in the historical list, whereas
birdwatchers’ trip reports, JBCH’s data, and unpublished
reports were the most important intermediate and current
data sources, contributing information on 63% of the species
in the current list. Species that shifted their ranges (Table 1)
generally were recorded in proportion to all species, except
that AJB’s data were especially important for detecting
upward shifts, and JAE’s data detected many downward shifts
(Fig. 3). The trip reports contributed information on nearly
25% of the species but were less important for identifying
shifts in elevations in our study because many records had
inadequate spatial resolution.

Fifty-eight species had sufficient data from park headquarters
to the summit (or from headquarters to Timpohon gate, for
prospective downward shifting species; see Methods) to
enable current-historical comparisons. Of these, 38 appear
to have shifted their ranges; 23 may have shifted their
upper margin upslope, 14 their upper margin downslope,
and one its lower margin upslope (Table 1). An additional
35 species appeared to have moved downwards (Appendix
2), but these changes occurred above Timpohon gate, where
many apparent downshifts likely resulted from incomplete
current sampling. Birds showing possible upward shifts
included six species that appeared to expand their ranges
above Timpohon gate, three of which moved >100 m above
their published Bornean maximum elevation (Mann, 2008).
The period between sightings was at least 12 years for all
species that shifted their ranges (Table 1). There were no clear
taxonomic patterns in species that appeared to shift elevations,
although two woodpeckers (checker-throated woodpecker
Chrysophlegma mentale and orange-backed woodpecker
Reinwardtipicus validus), two cisticolids (yellow-bellied
prinia Prinia flaviventris and ashy tailorbird Orthotomus
ruficeps) and three spiderhunters (Arachnothera) shifted
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upwards, and two bulbuls (ochraceous bulbul Alophoixus
ochraceus, and yellow-vented bulbul Pycnonotus goiavier)
shifted downwards.

Eight species in Table 1 and 25 other species, including seven
migratory birds, have been observed above their published
Bornean ranges since 1995 (Table 2). No species showed
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Fig. 3. Contribution of various data sources to (a) historic and
(b) current + intermediate species accounts (Appendix 2) for bird
species in the Mt. Kinabalu region. Data source contributions
are shown for all species and species exhibiting possible upward
or downward range shifts. For example, in the historical data,
checklists contributed information to ranges of 55% percent of the
species known from Mt. Kinabalu, while checklists contributed data
to ranges for 47 and 45% of the species that showed upward or
downward shifts, respectively. See Table 1 for a list of species that
apparently shifted their ranges. Trip report refers to birdwatchers’
trip reports; AKN to Avian Knowledge Network; GBIF to the Global
Biodiversity Information Facility; JBCH, AJB, JAE, and AB to data
from the authors; OBI to Oriental Bird Images.
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downward shifts > 100 m below their published minimum,
but mountain barbet Megalaima monticola was recorded at
700 m in 1996, which is marginally lower than its 750 m
minimum (Mann, 2008). Fifteen species showed apparent
decreases in abundance (Table 3).

DISCUSSION

In comparing species occurrence before 1998 and after 2006
on Mt. Kinabalu, we found evidence for upward shifts in
24 species and downward shifts in 14 species. Eight of the
upward-shifting species were observed at least 100 m above
their published maximum Bornean elevation (Mann, 2008),
which suggests the observed shifts correspond to genuine
range changes. Some species appear to be colonising higher
elevations. Common emerald dove Chalcophaps indica was
known previously to reach only 1590 m in Borneo, but AJB
observed this species near the power station (1900 m) on
numerous occasions from 2009-2011, and it was commonly
recorded in 2011 from 1450-1850 m. Temminck’s babbler
Pellorneum pyrrogenys was formerly known only to range
from 500-1575 m in Borneo, but now, on Mt. Kinabalu, it
ranges from 975-1900 m, is fairly common from 1450-1650
m, rare to ¢. 1900 m, and has nested at 1860—1900 m (AJB;
Appendix 2). Other species have evidently increased in
elevation above their previous maxima, including chestnut-
breasted malkoha Phaenicophaeus curvirostris (seen three
times at 1500-1600 m), white-throated fantail Rhipidura
albicollis (recent sightings up to 3300 m), mountain leaf
warbler Phylloscopus trivirgatus (recent sightings up to
3221 m), and Bornean spiderhunter Arachnothera everetti
(one mist-netted at 2100 m). Of the 25 additional species
that were recorded above their Bornean maximum (Table 2),
clear candidates for upward shifts include crested hawk-cagle
Nisaetus cirrhatus and little bronze cuckoo Chrysococcyx
minutillus.

Previous studies from tropical mountains have documented
smaller shifts than predicted by the adiabatic lapse rate
for most species (Raxworthy et al., 2008; Chen et al.,
2009; Forero-Medina et al., 2011). All apparent shifts we
documented occurred over at least a 12 year span. Thus it is
unsurprising that changes may have exceeded the 1997-2007
lapse rate prediction of 87 m upwards from +0.48°C. Given
the spatial and temporal uncertainties from our various
data sources, it is difficult to compare observed changes
to predicted shifts based on the lapse rate. The widespread
upward shifts, showing no clear signal of taxonomic or dietary
bias, agree with results of other climate change studies from
Southeast Asia (Peh, 2007; Chen et al., 2009, 2011), and
other regions (Pounds et al., 1999, 2005; Seimon et al., 2007;
Raxworthy et al., 2008; Forero-Medina et al., 2011).

While some species may have moved upward as a
consequence of climate change, other range changes can
probably be explained by other factors. Three species,
Oriental magpie robin Copsychus saularis, yellow-bellied
prinia Prinia flaviventris, and Eurasian tree sparrow Passer
montanus, are open country birds that likely expanded their

ranges along roads as a result of habitat clearance in the
region. Six species were migrants which may be less sensitive
to warming, and yellow-browed warbler Phylloscopus
inornatus is a vagrant with only two records for Borneo.
Others, including brown wood owl Strix leptogrammica,
Bornean frogmouth Batrachostomus poliolophus, giant
swiftlet Hydrochous gigas, and orange-headed thrush
Geokichla citrina are inconspicuous, rare, or difficult to
identify, all of which make an accurate assessment of their
ranges difficult or unreliable.

Our results also indicate that some species may have moved
downslope since the 1990s. Perhaps the most convincing
downslope shifts were shown in the upper range margins
of two species, Bornean leatbird Chloropsis kinabaluensis
(formerly seen up to 2650 m, but no recent records above
1800 m) and yellow-bellied warbler Abroscopus superciliaris
(formerly up to 1818 m, no recent records above 1575 m).
We find these apparent changes convincing because these
species are conspicuous and they have not been recorded
recently in well sampled areas between park headquarters
and Timpohon gate or at Mesilau. The influence of biotic
and abiotic factors on lower and upper range margins are a
subject of active debate (Lenoir et al., 2010; Gifford & Kozak,
2011), and detailed studies of downward shifting species are
urgently needed. It would be interesting to investigate the
incidence of downward range shifts as a function of species
traits such as elevational range, presence of competitors,
and tolerance to habitat disturbance. For example, range
changes in Chloropsis kinabaluensis could be compared in
Kalimantan where a lowland competitor (C. cochinchinensis)
is present, and in Sabah where the competitor is absent,
but C. kinabaluensis appears to be shifting its upper range
margin downwards. It is unclear if changes in competitive
interactions were related to downward shifts shown in the
present study, but upward shifts in generalist species such
as little spiderhunter Arachnothera longirostra (Table 1)
could drive changes.

We suspect that many of the other possible downward shifts
are due to past records of post-breeding dispersing birds
(e.g., brown fulvetta Alcippe brunneicauda) or localised
changes in abundance below Timpohon gate and incomplete
sampling above the gate (e.g., ochraceous bulbul Alophoixus
ochraceus and velvet-fronted nuthatch Sitta frontalis, both
of which have been recently observed above 1900 m at
Mesilau). In addition, it is possible that human disturbance
(from increased numbers of hikers on the summit trail) could
have contributed to reduced bird detection. Nevertheless, we
think it is unlikely that disturbance from hikers could explain
the lack of records for conspicuous species such as Bornean
leafbird, and many months of current observations (from
AJB and TEM) come from lightly used trails in between
park headquarters and Timpohon gate.

Our historical-current data comparison also uncovered
an apparent reduction in abundance of 15 species. This
reduction may be explained by habitat loss, hunting, the pet
trade, climate change, or incomplete sampling. Most of the
observed declines are probably related to habitat loss at lower
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elevations in Kinabalu Park near Poring, and deforestation on
the Pinosuk Plateau. All lowland species in Table 3 except
straw-headed bulbul Pycnonotus zeylanicus and Van Hasselt’s
sunbird Leptocoma brasiliana are either known to be or
thought to be negatively-affected by forest fragmentation or
logging (Lambert & Collar, 2002; Edwards et al., 2011). The
apparent declines of these species could have been caused
by relatively recent disturbances, or delayed extinction debt
from earlier habitat loss (Kuussaari et al., 2009). Hunting,
especially of large bodied species such as black hornbill
Anthracoceros malayanus and Treron pigeons could have
also contributed to declines. The cage bird trade is likely
to blame for the dramatic decline in straw-headed bulbul
Pycnonotus zeylanicus at Poring and elsewhere in Borneo
(Sheldon et al., 2009). Incomplete sampling at Poring may
also be a factor, but all species in Table 3 are reasonably
conspicuous, with the possible exceptions of barred cagle-
owl Bubo sumatranus and black-throated wren babbler
Napothera atrigularis. At higher elevations, observations of
long-tailed broadbill Psarisomus dalhousiae and cinereous
bulbul Hemixos cinereus from park headquarters upwards
may have become less frequent because of population
reductions caused by deforestation on the Pinosuk plateau
in the early 1980s (Sheldon, 1986).

Our results indicate that citizen science data (including
birdwatchers’ trip reports and databases of audio,
photographic, and birdwatchers’ records) are invaluable
resources for comparing bird distributions, but these data tend
to lack adequate spatial or temporal details. We reiterate the
call by Boakes et al. (2010) for birdwatchers “who intend
their observations to be of practical use to others to carry
a GPS”.

The apparent range shifts documented here could help
guide future research investigating changes in distribution
and abundance of lowland colonists and highland endemics
driven by climate change (reviewed in Harris et al., 2011). For
example, it would be interesting to use playback experiments
to study interactions among the three Arachnothera
spiderhunters that now all occur at middle elevations on
Mt. Kinabalu, and evaluate how interactions change with
increasing elevation. In a similar situation, Jankowski et al.
(2010) used playback experiments to discover that the higher
elevation thrush Catharus fuscater was subordinate to the
lower elevation C. mexicanus, which could have implications
for the persistence of C. fuscater under climate change. dark
hawk cuckoo Hierococcyx bocki is a nest parasite of chestnut-
capped laughingthrush Garrulax mitratus in Peninsular
Malaysia and a probable nest parasite of mountain leaf
warblers on Mt. Kinabalu (Smythies, 1999). The apparent
upward expansion of dark hawk cuckoo and its possible
effects on Mt. Kinabalu’s high elevation avifauna (assuming
flexible host preferences) would make for an interesting
research topic. Lastly, our results, when used in future studies,
should help validate and improve models that forecast avian
distributional changes and extinction risk from climate change
(Shoo et al., 2005; Gasner et al., 2010).
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In conclusion, we demonstrate a novel method for compiling
avian occurrence data from diverse sources and attempting
to account for varying temporal and spatial coverage and
accuracy. Twenty-four species, eight of which were recorded
above their published Bornean ranges, appear to have shifted
their distributions upward. In addition, 14 species may have
moved their ranges downslope and 15 species may have
declined in abundance. The ecological consequences of these
shifts are still largely unknown and we hope our findings will
be continually refined and stimulate further research on the
mountain’s avifauna.
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Appendix 1. Location and elevation of JBCH’s point counts. Note that the point ID numbers shown in Fig. 2 were for display purposes
only.

Point ID Elevation (m) Coordinates
K 42 516 6.04826°N, 116.70244°E
K 41 523 6.0462°N, 116.70332°E
K 43 540 6.0504°N, 116.70179°E
K 44 614 6.05208°N, 116.70027°E
K 45 700 6.05322°N, 116.69832°E
K 46 748 6.05553°N, 116.69812°E
K 47 808 6.05687°N, 116.69636°E
K 48 893 6.05883°N, 116.69525°E
K 50 920 6.06189°N, 116.69195°E
K 49 927 6.06031°N, 116.69357°E
K51 961 6.0625°N, 116.68982°E
K 52 1003 6.06355°N, 116.68782°E
K1 1465 6.00705°N, 116.5495°E
K2 1504 6.00859°N, 116.54781°E
K3 1509 6.01056°N, 116.54663°E
K 4 1531 6.01096°N, 116.54433°E
K5 1547 6.01318°N, 116.54479°E
K6 1564 6.01489°N, 116.54639°E
K7 1594 6.01711°N, 116.54631°E
K8 1620 6.01879°N, 116.54779°E
K9 1648 6.02109°N, 116.54813°E
K 10 1688 6.02301°N, 116.54936°E
K 12 1779 6.02742°N, 116.54959°E
K 11 1780 6.02519°N, 116.54997°E
K13 1789 6.0294°N, 116.5486°E
K 14 1859 6.03108°N, 116.54717°E
K 15 1921 6.03065°N, 116.54941°E
K 16 2023 6.03297°N, 116.5495°E
K17 2052 6.03504°N, 116.5503°E
K18 2117 6.03731°N, 116.55009°E
K 19 2200 6.03958°N, 116.55034°E
K 20 2268 6.04147°N, 116.55157°E
K21 2322 6.0413°N, 116.55377°E
K 22 2446 6.04164°N, 116.556°E
K 23 2556 6.04191°N, 116.55824°E
K 24 2629 6.04334°N, 116.55996°E
K 25 2703 6.04558°N, 116.56007°E
K 26 2806 6.04738°N, 116.56137°E
K 27 2895 6.04898°N, 116.56301°E
K 28 2948 6.05113°N, 116.5636°E
K 29 3036 6.0532°N, 116.56442°E
K 30 3115 6.05527°N, 116.56525°E
K 31 3221 6.05745°N, 116.56579°E
K 32 3294 6.05967°N, 116.56623°E
K 33 3410 6.06181°N, 116.56715°E
K 34 3555 6.06403°N, 116.56703°E
K 35 3697 6.06557°N, 116.56529°E
K 36 3799 6.06604°N, 116.56302°E
K 37 3859 6.06781°N, 116.56165°E
K 38 3946 6.07°N, 116.56101°E
K 39 3976 6.07214°N, 116.56021°E
K 40 4022 6.07389°N, 116.55877°E

212



THE RAFFLES BULLETIN OF ZOOLOGY 2012

(L00T ‘proj1aorysS) o ur sSuridg JoH SuLI0d Je UddS 0Mm)

NIV
110T “SurpIeH) w 096 o “Sutiod (00T “Te 30 UOp[ays)

uoAId urdrew 1oddn ou
‘oourog ur suone[ndod
K103BI31WW pUB JUSPISII

snjav1vy
uopun g A51dSQ 121574

depluolpued -SHNIJOATILIdIDDV

w ()07 "0 ‘sIouenbpeay WISULIOG JeU IOALL UI UQAIS ouou 09S D)2203 D123 12137 [ITT
(1007 ‘peaisuag 2 pedisudg) 3uiod [1eau] 0011 vaind.nd vapiy uoapy ayding
SHpUDULO.L0D
(0107 ‘Aouinn) Suesepuny] (5007 ‘OPPNquIoH) Suriog UQAIS ouou snopngng 72155 o[ WIdISD]
(+00T “Ie 12 uopjays) (peayoIy M) N[eqeursy
w () 9 ‘s1oyenbpeay WISULIDG Jedu IOALL UI J0 100J o) & Weans Ayool,, UQAIS Juou DIDLIS SapLiong UOIOH PaJeLIS
(L00T ‘weyqumaN) SuLiod je duo U2AI3 duou XD.1021324U UL - JYSIN
XDAOI1JIAN PUMOLI-YOD] G
9epIepPIY :SHINYOJINVOITdd
(6661 ‘unig)
(w 0001 2 ‘drv) W (L ‘neuey 18 pjdd[[0o
[ej1o1em ueueSue] Jedu spunoid Surouep (HOd[) W 0SL ( SuLiod 1eau,, papI0oal 0081 0001 0SL 606 00L  Sn3ip Snuvisndiy sn3Iy jea1n
(drv) 1107"UNf
‘SISTUOIA UOnE)ISqNS 9A0QR ‘W )] ‘UonAnquie], “JJA uo
uads drewdf (€007 Uy ) siepenbpeay yred je udos
orewd) NV 0007 ‘0SmIy) W (9§ "0 SuLIod Je udos SLYT 11a:m)nq panydo JUDSDIYJ S, JoM]NG
ueyn] npung osfe 00€1 1901 [nojnod snjnjjoy o3pinIed paIsoI1)
(pa1dadoe ‘M1 997 D) 800279 sdaonnduns 3puaed
MRISAN (V) W SH] 0) umop (HDEl) W TTET-LOS] 0S0€-581 #+CCET 0S¥l 0£0€ L991 Xdp.oppuony papeay-uoswiL)
vayiliadAy 3pLaed
elep HOd[ woly oguel (6661 ‘unig) w 001€-0091 0681-019 890¢ SSSl 001€ 909 vj1ydoioq.ty paIsealq-pay
(N>IV *8861
‘u0s10qoy]) 93e3 uoyoduwi],
pue siauenbpeay yred
UQIMIOQ AIOYMAWOS (W G/ G
9q 0} uaye)) sioyenbpeoy
JIed JB JOAO UNI [BIOAJS ‘NBUBY
os[e ¢ sodo[s pa1oAaoo Suefey,, 0SST SIST €0¢ S1SU2UIYD
D110JODJ]PIXTT 1reng) Sury
oepluelseyd :SHNJOLITIVD
() (ur) () () (ur)
(8007 ‘uuey) urgarew urgarew urgaew uigrew
03UI10g Ul UOPBAJ[D 1addn IIMO] 1addn JIMO] Jweu
$9)0U JUILIND) $9)0U [BILIO)STH WNWIXEA juLIND) JudLIND) Ised Ised AYNUANS Jureu ysisuy

210Mm SP100aI  Paydoode,, ‘ssouip [ plig=MId ‘soSew] piig [BUALIQ=[FO

‘(PI[BA SB SPI0JQI 3SAY} ISIOPUD A[LIBSSIIAU J0U OP dIM) M]E 1B SenLIoyIne Aq payLIoA
iSI0UINE oY) WO BJep = gV Pue ‘YV[ ‘d[V ‘HOA[ ‘AI[1o8,] uoneuwioju] ANSIOAIPOLY [eqO[D=ATD SHOMION 98po[mou] UBIAY=NV (] 9[qEL ul

papnjour) pueq JIWUWNS 0) SIo}eNbpeay oy} UM PIys premumop e sajeorput | ¢(sydeidojoyd Jo s[rejap juaroggns jnoyiim sunysis 9[3uis e A[jensn) feonoypodAy ojeorpul [ ] (A1ojerSiwr axe saroads paurjopup “11oyge surjdues
JUSLIND PUE [BOLIOISIY MO] WO} Suliod Je saSuel ul AJurelrdoun Jo asneodq pAYSIySiy ore jruwns oy 0y siopenbpeay yred woiy syiys juaredde A[uQ "urSrew o110IsIy 9y 03 pasedwod w (O [< JO PYIYS PIeMumop & S)edIpul
w4 ‘UISIRW OLI0ISIY o) 03 paredwoo w (OT< Jo PYIys premdn ue sojeorpur , (8007) UURIA UT UONEA[Q WNWIIUTW A} MO[Oq PIPIOIDI Sem ‘vjodnuou punvindapy ‘soroeds auo AuQ "(8007) UUBIN Ul uey) (W g6—s7) Ioy3Iy
AjreurSrew J1 paurjiopun Io ‘(8007 ‘UUBJA)) 0UIOE UI WNWIXBW Y} Uey) JOYSIy w (0| Ised] Je s1 urdiew J1 pjoq a1e saguel sar0adg "(666]) UNIg 0UIS POAIISQO SA10ads sajeaIpur o1[e)l P[oq “ISI[ 9661 Y} Ul PAPN[OUT JOU dIoM
16} (6661) unig Aq paaI1asqo soroads sojesrpur pjog "uostredwioo oSuer oY) ur papn[oul Jou 2I9M JNq SOIOU JUSLIND Y} UT PIISI I8 9())7—866] WOIJ SPIOIAI JJRIPOULIAIU] ASIMIdY)O payrdads ssafun (9661) ‘e 32 SUD[ud[ pue
(8L61) BAJIS 9p 29 SUINUS[ WO} dWOJ SAFULI [BUONBAI[S [EOLIOJSIH “JUSLIND 9()()Z JO}J€ PUB ‘[BOLIOJSIY PAIOPISUOD AIE 866 210§ WO SPI0dAY "[1(Z 100 [1un dn dred njeqeurs] Jeau Jo ur pap1odar saroads pag g xipuaddy

213



Harris et al.: Altitudinal range shifts of Bornean birds

(100T ‘peasuag 2 peelsuog)
N[EQRUIY] YA UO UD3S :($00T [€ 10 UOP[YS)
WISULIdS 18 W 007 0 {(gV) W go¢] "0 ‘Suesepuny] da0qe

(W gLst
9q 0} uaye)) s1eyenbpeay

uowrwooun {((10z ‘Suox 29 WoqueT 010z ‘dereq 010T JIed njeqeury e uads soroads oAoqe sisuadvjput
‘Aauinn) <2007 ‘weyumaN) [s[ren] njeqeury] Junojy uo duo siy) 2q 03 pawnsaxd ared pue gzg| Suryoear SIST 6€6 snjavu1o] 9[3eq yorlg
(6661 ‘unig)
(sojoyd ou) w OT€¢ ‘0091 “00L
‘(¥ 00T) Ueyn], npung osye snoipui
(w 0S9T "2 “AV[) 010TAON ‘2SIn0d J|0T NEJISIN 1861 Ul s1openbpesy sied je 00ST 0091 £0¢€ Amsoing plezzng padej-Adlh)
(800T “"T& 12 2AIEIA) (NIV “L661 “ouog])
Sunod ((grv) (unf—AeJ\ 9A19B Jsau) [[(g Ul 91e3 uoyodur],
w OS] I8 PaIq {(FV[) 9007 ‘Ne[IS ne[IS Jeau peol Juoje  pue sio)enbpeay yied uoomioq
159U £(800T ‘SPOOA)) UTBIUNOW 3} UO UMOP JOMOJ,, UIIS ‘W G/G[ 99 01 udye) ‘7861 snppdaia
(w0991 29 03 uMe} 80OT SqQGO) MIAIA NEIY Je Uds |1} T[S NE[IS Uo Supnsau 0061 0991 00ST SLST €0¢ 4211d122y eiseg
(w 00s 0 2q
0} uoyey) . s3urids joy Suriod,,
Kes (9661) 'Te 10 sunjuor {(eyep SaeqmoredS
Kj1re0o] ou) 3uriod piodaI JyIIs 0021 00S €0¢ s1ond 1211d120} dsauedef
£88] Ul §1SU20]0S Saeymorreds
PeayAIYM AqQ Pa3od[[00 dUO 00S €0¢ 4211120 ERuitie)
(6661 “LS61
(8007 “Ie 12 2A0yIEN) Sutiod H(d(V) 1107-600C ‘sorylAwg) osurog SnIDZAALL]
w (ST 18 paIq {(NMV ‘S00T ‘seured) W ()9S 0 SuLiod moysnoxy) 1oz 03 dn %0051 09¢ 606 €0¢ 42110122y AMBYSOD) Pajsal)
(9661 ‘uoInouLIdA ) Suriog
‘(s[reop ou) _s1oyrenbpeay
(pa1dasoe ‘MIg 9971 D) 6007 des ‘w )9g y1ed 2A0qe sown) [BIOAS
9q 03 uoye) ‘AKemyjem Adoued {(Fy[) sieak Juooal uaads,, Y 000S yodwoua],
ur ‘g 1—¢'1 wry Je Aprernoned ‘ejroiem ueuesue] 18 PO3I9[[09 :pIES (9661])
0} dn {(w ()9S 9q 01 Ude) ‘ZOOT ‘UOSIPPY) ‘[e 30 sunjud[ soguel stLioj1ds
Kemjem Adoued Suriod (00g “[e 12 UOP[AYS) noqe angea si (8,61) BAJIS op 12y31y Ajqissod 913eg
WISULIdG 18 W 0SH—0ST {(HOEl) €¥8-T€L 2 SUDJUSL (6661 “Unig) W 0L ‘00T moqe 03 dn 0001 09¢ 00L j22Y> StL0]1dS yuadiog paysar)
(drv) 110 pue
010 ur unf—qaf ‘w 0061 “(1[1Y yp) Tejn yng punode
Suro110 uods AJ1e[N3oY JUOPISI S[ENPIAIPUL I} JSBI]
18 {(FV[) W 0061 O Te[N g 2A0Qe U {(JBOOA Sem
PI1q 9y} SSO[UN PAULIGUOJUN dq O} SIY} B} dM ‘W ()09 (6661 ‘unig)
uey) SS9 9q 0) udye}) Sunlod Jo sadofs 1mof 18 0107 w 0010091 ‘. PeYNYM s1SUanIDGDOULY o1ey
‘derre ‘(HOEr) W £707-8891 (V) W 00S1-0S¥1 £q 15 000€ 240Qe,, Pa1d[[0d 0062-0SL #x€C0C osy1 001€ 606 stuto]1dg 1uadiog ureuNo
(6661 ‘unigy) sijauny
w09 1e P03 SIS 0001 0091 v3vydodiyryor [o18eq ysig 1assoq]
(S00z *aponquioy) Sutiog (3 0081) neuey 1e osye 0011 1240 Kjqeqoxd €0 smpul nisvyvE Iy Aurtuerg
ysnp je snu1o[
(13 0016) s19uENnbpesy JB USes 0SS1 01 dn A[qissod SHST snydw.nayovpy ymeH reg
(NDIV {0107 ‘uosiepy) w (g "o SuLiod je 0001 1940 0}
S(wr 0GT 3B 38 9q 03 ude) (107 ‘derreH ‘010 ‘Suox oer  fodurog ur suoneindod snyoudyiojnd pIezzng
2 Joquie ‘8007 ‘Sqqo() ied NfeqeUIY JB UIS U0 JUDPISAI 10J I8 UIAIS Sopminife K101BI31WW pUB JUSPISII «00ST 00S Y8 I8 St J ASUOH pAsa)
oepIIddY (SHNIOATILIAIODV
() (8007 () () () ()
‘uue]y) odurog urgarew uig.aew urg.arew uigrew
ul uoneAd[d Jaddn JIMO] Jaddn JIMO[ Jweu
$9)0U JU.LIND) $9)0U [BILI0ISIH WNWIXEA JuLIND JuLIND) Ised Ised BITILIETAIN Jwreu ysisuy

"pauo) g xipuaddy

214



THE RAFFLES BULLETIN OF ZOOLOGY 2012

(NDIV ‘110 ‘Sutprey)

B[SO J& W 06T " (W 00S 99 0} udde) FuLiod ‘0107
‘Aouing) Suesepuny] pue 3uLiod (4007 “Te 32 uopys)
WISULIdS Je W (0T 0 {([00T “9dL[[eA\ 7 29B[[EA)) SuLiog

(#007 “Te 32 uop[ays)
s10)1enbpeay WISULIOG JedU IOALI UI UONBAJ[ W ()T O

(w 0007 "2 18 1ME] oY) NIV
‘1107 ‘umolg 8ny ‘0107 ‘SIOAIN) Ne[ISaN Jeau

(6007°daS MIF 997 D) W (9] "9 ‘9SIN0d
J103 Ne[ISOA Je 9SURI 9SO[D JB QU0 PIAIISQO 99T AL YD

Suesepuny|
woIj PI093I SIS ‘neuey
os[e ‘eep A)I[eI0] Ou PIM
njeqeury] woij sudawodds

(8L61 d10§0q) ssunids J0H
ur104 e 9011 [[1Y Ul UOWWOD

neuey
pue nesje[q ynsourd os[e

1861 ‘s1ouenbpeoyq

0001

spuejdn
nqefey ut 0p¢] 01 dn

UQAIS duou

0€ST

0001 1583] 18 0}

S1sUUIYD
vijadopdg

aao panodg

QBPIqUIN|O]) “SHNJOJIINNTOD

soonajoddy

8SL syuoy
DANUJS

03vu1ype

Tadrdpueg uowtwo,)

odIug pojrel-uld

orpoedojods :STINIOIITIAVIVHD

snanoruaoyd
GIST SILIONDULY

smpLLS
snjpAwY

UQUIDIBAN
PISBOIq-OITY A

liwy parsvaaq-aiis)

(drv) 110T KB “Sutiod 1e w (g9 SJIBd 12 PAIOI[09 PIIq peop 0SST 09 SIST 606 Dw1osnf vuljvy oer) pas3ol-poy
SBPIEY SHNIOIINID
snpnounuu1
neuey wWolj pIodal Jy3Is UQAIS duou 0011, TonSaY uowwo,)
ejep AJ1[e00] ou M
Sunysis Suno <eep Aeso|
ou yIm uowrdads njeqeurs UQAIS ouou SNI2A2S 02]D,] qQOH &1
NV
‘600T ‘seureq) wr (LG ‘e NeJIS nefrs {(w /g1 9q snutiso.od
0} UdYE) :L00T ‘WEYUMAN) Ied N[BQBUIY UL 1j5ailo 906l 0¥¥T #xSLST 0LST Yave 02D UOJ[E ] SULISAIS]
(av[) umop paddoyo oan
peap [nun 900g-21d oouenuo Jurod ye remsar ared {(unp
‘800¢ ‘uosurgony) Sutiod (110 ‘deurery) o)y [[ejiorem (NIV ‘1661 ‘TepezeN)
$(L00T ‘projavdeys) 2doosa[) ur ‘Furiod ‘[rejIajem w G/ 6 "0 ‘Suuod Suriog suo.fip] Jou00[e ]
0) 1Y {($00T “Te 39 UopJoyS) WISULIAS J& W ()T 9 pue neuey je SpI0oa1 YIS 001 noqe 0} SL6 XDADIYOLIIPN PAJUOII-IIY A
depruodfe] :SHNJOJINODTVA
(drv) Te[n g 1940 SuLIEoS W Q0T O
(W 0991 "9 9q 0} UNYE) ‘00T SAQOQ) MIIA Nery| e
uads {(Q10Z ‘Suox 29 MAquEeT ‘8gOO7 ‘UeSur[IULINY], 2
unuaeA ) yIed n[eqeury e udds {(w (08 ISed 18 9q 0}
uoye) {7007 ‘UoSIppy) Suriod Jo suoneas]d Joddn {(o10g A231U0qD
‘derrey) Sutiod ((NMV ‘110T ‘UmoIg) W (09¢ 0 SuLioq (erep Kyipeoor ou) Sutiog 000T 000¢ 09¢ SNIODSIN o[3eq ymeH s, PAIg
(AVI) W SLST " *8002-900T
‘s101enbpeay] yred e 1en3ar (6007 ‘SIOAN) N[eqeursy
Je spaiq aseyd rep om) (W )06 IS I8 9q 0} UdYR)
(0107 ‘doysig) neIsaj\ 9A0qe udds (W ()G 2q 0) udye} urerd SNIDY.LA1D
{1107 ‘dewrep)) eare siouenbpesy Suriod je oseyd yrep  ynssedwd] ay) uo pajos[joo duo 00¥1 SLSI 00S SNIDSIN d[3eg-ymeH psa1)
(010 “dearef]) njeqeury YN I8 U23s NV (w009 2q
“010T HeUAdS INDV ‘§00T ‘210z]) 185 uoyodwiil 01 udve) ‘G861 ‘BUOA % [IEM) 1iouaLy adeg-ymer]
0] sI0)11enbpeay WOoIj 2IOYMOWOS “NIBJ N[BQRUIY Ul UdJS SUOTJEAQ[ 1oMO] SULIO 0€ST 009 €0€ siyaoroydoT PAI[9g-snogmy
(w) (8007 (ur) (ur) (ur) (ur)
‘uueyy) oduiog urdaew uidew uidrew uidew
ul uoneBAJI 1ddn JIMO] Jaddn 19MO] Jureu
$9)0U JUILIND) $9J0U [BILIO)STH WNWIXEA Jud.LIND) Jud.LIND) Ised Ised RYITELIE] AIN ureu ysisuy

"pauo) g xipuaddy

215



Harris et al.: Altitudinal range shifts of Bornean birds

(HDO4r) w 00§ ‘Suniod Jo umoy  (s839) nery| ‘w 00§ 2q 0) uaye} IPBIA ST, s1suau1s
ur preay (007 <& 30 UOp[oYS) WISULIdS I8 W ()T O ‘punoduwod Jo 93pa je Suniog N U0 G/ e 00S 00S sndojua)) [eoN0)) I0YLAID)
QBPIMONY :SHNIOAI'TNDND
(w 00g 2q 03 udE)
(w 09S 2q 0} UAE) ‘€OOT WPUIRY) 9661 ‘UINOULIIA) s1d)ienbpeay
Kemyjem Adoued £(USAIS SUONBAS[S OU) FuLIO] SuLod Ieau ¢/ 6] pue [L6] Ul snn3p3 jorred SuiSuey
wolj sp1odax odar din [e10A3s ((HOE() W 9]¢  sioyenbpeay yred sesu sSunydis 0291 916 9091 00S SnInoLIOT poumo-anig
aepoenisd :SHNUYOAIOVLLISd
(800T “'Te 30 OAIRIAL 1L00T “SPOOM) (s839)  (100T “'[e 30 UOPJAYS) u0a3id
Sutiod ‘eyep HOE( woly oguer nersyy (6661 ‘unig) w 0L 00§¢T 03 *xL661 YLL 9944 00L pipvq vpnond [erioduwy ureyunojy
Y 00cY u0od1g
(5007 ‘@pronquioy) 3uriog nery[ je Pojoo[[0d [BIOAJS OS[e 0501 6€6 pauap PN Terrodwy uoaIn
(6661 ‘unig) w oL (W GLGT 2q
03 uoyey) Jy31u je sie)enbpeay
(w G/G1 9q 03 udye) {£007 ‘doysig) siopenbpesy yred je S| MopuIm
spred 1e Sty ur ofewdy H(F00g ‘peoIsudg) Sutiog 0M] 1G86T UL Y 00T 18 1saU 0091 3sea] Je 0} SLST SLST 00L  nqun{ sndouijig 2A0( Nnl nquief
19s12ds1p
B U99q dARY P[NOJ sid)enbpesy
18 pIIq peap 0s (9661
“Te 10 supuar) o3uey JIoNo0I)
ur w ()0, e resiodsip jySmu
U0 PaJI9[[0d UAQ Sey| Sardads
SIY (9661 “Te 12 sunyuar)
8861 ‘s1ouenbpeay yied je
Pa3109[[05 pIIq PEIp ‘neury os[e
‘(W 00g "0 9q 01 uANe) /61
‘BAJIS 9p 29 supuaf) sSurds joy DAISOA1AND uoo3ig
SPJ0OAT JUSDAI OU Ik I} Jey} SunsaIdjul e u0a31d uoaI3 JsouUOWI0d 00€1 00S uod2.4] U210 PI[[Iq-yOIY ],
u0a3ig
(£00T & 12 UOPJOYS) WISULIdS T W (SH—(0ST (6661 ‘unig) ur 00 UDAIS duou 00L €0¢ SUDUAL2A UOAA] U331 poydaU-Nuld
(9861 “sdijryd)
SPI0OAT JUSDAI OU Ik 1Y) Jey) Sunsorojur G861 Ul Suwod 18 w (0§ 022l 00S XD]O UOLIA] u00314 UdAID) A[PIT
(6661 ‘unig)
w 091 (S861 “BuoX % [[eM)
(800T “Te 30 9AOUIBJA & TUWIOD Sur104 JO SUOILAJ[O JOMO],,
's1od ‘0107 IpuIey) Sutiod {(drv) w 081051 1oy apewrxordde st ur 009
wolj A[Ie[ngal papueq pue uds dIdM SPIIq dIdYM [T ‘19s1adsip © oq 03 pawnsaid
ur uowrwod ‘(w (6 [) uoness mod 1eau 1107-600T ‘8161 910J0q s1openbpeay voIpUI aroqg
U035 (00T “[¥ 10 UOP[OYS) WISULIOS 18 W (0T O sred je ySIu Je [ mopuim 0651 %0061 0S¥l 0091 009 sdpydoojy) pleiawy uowioy
(gV[) s1eyrenbpeay neqisoA 18 (6661 ‘unig) sdooifina
Tengar {(gv) w 0p0g 03 uowrwod (HOEr) 68L1-1TS w OQT¢ ‘nery je sgo SP6T 1se9] 1€ 0] #+000C 18 001€ €0¢ visddooopy 2A0(T 003ON)) dMMI]
‘9[qe[IBA® QUI0J9q S[IBJOP [1IUn
[eonayiodAy 2q 0} siyenbpeay
"9[qe[IBAR QUWI0J9q S[I1eJdp [1un [eonoylodAy oq yred 9A0QE SPI0OAT IOPISUOD
03 s1o)enbpeay y1ed aA0qe sp10921 19PISU0d M (FV[) M (6661 ‘unig) w 9] pue
600T AN ‘UOIBAS[D W G/ 6 O ‘[TeX) UeUBSURT UO YIew 00L & SpI02a1 JYSIs ‘W ()G 9
w 001 ¢ {(100T ‘pealsuag 29 pedjsuag) Sutiod (1007 ‘SHA 4q Suliog ur papou DuviIU
‘Qoe[[BA\ 29 A0B[[BA\) SULIOd 1B  SABD 921U} [[B UO,, UdDS J 00S 01 dn Suesepuny] e Gesl SL6 GLST 00S v13ddo.ovpy A0 003oN)) Appny
(w) (8007 (ur) () () (ur)
‘uue]y) oduiog ursaew uigrew uigew uigrew
ur UONEAJ[d J1ddn TIMO[ 1addn 19MO] dureu
$9)0U JUILIND $9)0U [EILI0)STH WNWIXEA JuLIND) JUdLIND) Ised Ised AYNUANS Jureu ysisuy

"pauo) g xipuaddy

216



THE RAFFLES BULLETIN OF ZOOLOGY 2012

(NMIV 1107 ‘Suipiery)
w ()96 ‘0 Suriog 18 uads {(‘wwoo ‘s1od

3 000G woly

purdy A 01027 ‘8007 ‘derrey) Suriod 18 pieay {(e800T SunySis pawayuooun (eyep 1DLIUUOS
‘uedue[runy ], 2p aunuafes ) 2dodsa[e) Yim Juriod je udds Ky1eoo] ou) Surio je peyou 0€S1 01 dn sdeyiad 096 SPUPUIOID)) ooyon)) Aeg papueg
St6 01 dn
(w G/G 9q 03 udye) ([0 ‘derrery) 901895 :sAes (8007)
s1o)1enbpeay yred njeqeury] Ieou 0doosayo) UURIA] ‘STIDSSIL "Wl ")
ur udas {(eg(¢ ‘ueSue[IINY], 29 dunUleA ) 9doosald) 1 001 € 18 Pa3d9[[09d 10, "seale duejuOwW snpjynu
Im Suod e udds (190 ‘9007 ‘Suory) Suriod Snaudyp 1 ), Jo uwodds ojur Ajqissod ‘0o1e0s SLST 6€6 XA2000084.11y) 003oN)) dZuoIg NI
(MI9 ‘Surpreq 129 09X “L °S)
1102 AeJA ‘[ren ueue3ueT (8007 “'1& 12 QAYIRIA)
Sunod ‘orewdy (107 ‘Suox 29 HoquueT) w ()G "0 9q 01 ude) ‘9861 snyoudyioyupx
Suniod 1e orew SunoA 10 orewd) (HOE[) W 01§ pue G861 sjood joy Suriod 00€1 128 00S XA2000084.1117) 0039N)) 19[0IA
Suesepuny] pue neuey
U29M)9q orl) 9} SuISS0Id sn2opdojoos
POPI0OAT “JOJISIA IJUIM UQAIS Quou sdwmudpnzy 1003 eIy
(eyep A11e00] OU) spuejdn SNpUDULO.10D ooyon)
(w 00S 0 ‘GV[) 0TOTAON ‘oouenuo Suriog Surod 1 POy 90 [[IY Ul USSS JIQe[OS] UI G/ 6 03 00S A0JpuIn]) PISUTM-INWSAY )
(paydaooe ‘MIg 99T D)
6007°deS ‘w (9¢ 2q 031 uaye; ‘Aemyem Adoued
(800€ “Te 30 2Ad(pEN) SuLIod NV ‘1107 ‘UmoIe) (6661 ‘unig)
Suriod Je w (95 '3 (70T ‘UoSIppy) Sutiog 1e [ren  w 00L (NMV ‘1661 ‘TepezeN) ipav1p eUOY[BIN
ueue3ue Uo (007 <[t 30 UOP[OYS) WISULIdS I8 W ()T O SuLI0g 9A0QR W G/ 6 9 00L1 & 90UO0 ‘G[6 0} 09S SL6 €0¢ snavydodtuavy J paIfeq-yoerg
“uo1BUAWNIOP
Surpuad [eonayiodAy 2q 03
90UIS SPI0JAI M) AU} JOPISUOD
M\ " JUSPISAT 1SE00/QA0IT U
® A[[ewIou {pIodal [njiqnop
A1qissod pue [ensnun uy,,
pres (9661) ‘e 12 sunjuap
—(896] ‘@10D) . neuey SnuUD.YUNS [egoTeIN
9AO0QE S[[IY}00} 0} SuIsLl,, 00€] 1se9] 18 0) 00L snavydodtuavy g parf[eq-nuwsay )]
(#00T & 12 uop[ays)
WISULIdS J& W (0T 0 (010T [ ‘gV) siomenbpeoy
yaed aaoqe w )09 (W OS] ISB] 1B ‘g[V) 600T 20uIs S141S0414.41D BUOY[RIA
s1ayrenbpeay yred 1eou s3unydis omy {(HOE[) W 6€S neuey os[e 022l <0091 6€S 1901 €0€ snavydodtuavy J PaISeaIq-Inmwsay)
(V) 010TAON W (0L ‘Butiod (eyep Aieooy ou) snotuvap/
{1107 ‘wosulyaIny 800 ‘sqqo() Suliod je uads Surod ‘Sueny os[e 0SL1 1sed[ J& 01 00L €0¢ snuiosojouny BUONBIN POI[1q-PoY
(+00T “T® 32 uop[ays) (eyep K1e00] OU) snavydo.ojyo
WISULIdS & W (O 0 “Bfep HOE[ woy ofuer  neuey (i 00t ) Sueny osje 0011 03 796 €IS 1901 €0¢ pypiouryy BUONBIN S.Sopfey
(9661 ‘ud[nouiop) Sutiog
Je u23s omj {(eyep A)1[ed0] ou)
SuLI0g woij p109a1 JYIIs
(S00Z ‘epponquioy) Sutiod (W ZSGT) [L6] ul sipuenbpeay S1SU2]P3U2q
18 U09s {(gV ‘HOC[l) W QQ¢] Suesepuny] ur piesy yred woyy uowrdads 000T T7SST sndo.jua)) [eono)) 10ssoT
(w) (8007 (w) (w) (w) (w)
‘uuepy) odurog urdaeur urdaew urdaew urdaew
ul uoneAd[d Jaddn JIMO] Jaddn JIMO[ Jweu
$9)0U JUI.LIND) $9)0U [BILIO)STH WNWIXBIA Jjud.LIN)) JUd.LIND) 158 Iseg YNUING dwreu ysisuy

"pauo) g xipuaddy

217



Harris et al.: Altitudinal range shifts of Bornean birds

(V) W Q9 e pIeay Isea] je SuLIog 03 SHSIA

sureyunour

ueAR[RIA] JOUIO UO POLINIOO
sey (MO sdodg urejunojy
LM uolsnjuoo ‘myqnop ([
‘pres (9661) 'T& 12 surjuor

1sow $(800T ‘Uokeq :§00T “OPONGUIOH) SULIO Je Uds 961 Ul 4 000§ & papau $861 009 SIST SUa2Safint SMQ MO $dodg ysippoy
oepISINS :SHINIOAIOTILS
(6661 ‘unig) wr (0L e pondu 0SL noqe 03 00L smippq Snjpoyd MO Aeg [eyudLIQ
oePIUOIAL, :SHINYOAIDIALS
(pardosoe ‘Mg ‘094 "L 'S pue 997 D)
800C'99( ‘NME[ISAA “1ea[oun (6661 “SAIAWS Ul PLaydIYAL)
Awouoxe) (1007 ‘@de[[ep\ 29 d9e[[epy) 1dy ¢—9 ‘Suniog w ()G/Z O :SpI0JAI [[ Ul
e ud3s (G007 QPPNqUIoH) BN L7—9T ‘SuLiod Je piedy Ie3[OUN PIAJOAUI $99L1/SA10ds
‘e1ep HOE[ woly st (snpida] snjnony) yuspisar) oguel (6661 ‘unig) w 009—0091 0SLT 2A0QE 01 OSL 00LT LOST 0SLT 006 snpida] snpnon) 003017 epung
(00T “Te 12 UOp[oYS) WISULIAS 18
w 00T 0 ANV ‘T10T ML $00T “[ONqUIoH) 2)e3
uoyoduir], pue siopenbpesy yred U09MIOq SIOYMIWOS sn.apdo.oniu
wolj spI0da1 d[qeuonsanb omy ‘eyep HOE[ wolj ofuer 0221 06 [S70) il snjnonyy 003oNn)) ueIpU[
POULIFUOOUN SB PIOOAT
1oddn jeam am os sojoyd ou
—(6661 ‘unig) w001
PuUB )09 I8 UdIS ‘W ()()L B
panau {(w G/ G| 99 0) uaye))
(drv) 110z ut w o9 1e (uonIpuod s1apenbpeay Je pajoa][od
Suipaaiq ur) popueq (010 ‘doystg) dred njeqeursy paiq peap Sunok 3y 001 ¢ 18
Ul 2I9YMIS[2 pue (W ()()9 St Ude) ¢ QABD Jeq dA0QE,, PR323[109 L0]01S1U XDSNY "I
0) payIy A[uo) Suriod je preay {(110g ‘deurey) ‘)sou pdpo1o1n)
[ren [rejrorem Suriod e (V) 010TAON ‘UdpIen) e ur Sutke[ o[Ilym Y 000€ xv3nf ooyon)-MmeH
eoruejog Sunrod w 016 (190 ‘SO0T ‘uds[orqen) Suriog 18 POJOA[[0D 9Ok dJBUTIOU 0291 03 0091 01S 0091 00L XA22000.121F] ueIsKe[eN
(NDIV “L661
‘ouog NV ‘8861 U0SIAqOY)
91eS uoyodu], pue
s1ourenbpeay yied usomioq
219YyMawos udds (8007
(4V[) ywwns o) [1er) U0 NB[ISIA] JA0qR ‘uuey) ur  (wnasnjy AI10JSIH
w (G Apren3ar {(padoooe ‘Mg ‘094 ‘L 'S pue 297 D) [eIBN ‘LG6] ‘SIpAWS) 1y00q
8007990 ‘Ne[IS3N ‘B1ep HOEl neqeury A uo W eyl 0i,, G861 x£C0C 6051 S8l 606 x£22000.121] 003on7) JmeH req
(6661 “unig)
w 00L ‘(9861 ‘sdiyd) w 009
1SBO I8 9q 0} UAYE) ,9A0I3 suv3pa 003oN)-MeH
ooquieq Ay} 0} [TeJ) uo,, JuLIog 019 moqe 0} 00L 009 XA20020.421] Payor)SNOJA
(#00T "¢ 3 Uop[Ys) (6661 ‘unig) w oL stign3ny oo3ony -03uoIqg
WISULIOS 18 W ()(7 0 ‘eyep HOE[ woyy a3uer  Syodwoud], (1Y 00SZ) pewunjeN 0I€] 10 0zZ1 03 dn 28 8L 00L €0€ SnnoNLING paqre)-arenbg
(o1uB) OUAY ‘00T ‘SPOOA\ ‘800T ‘UOSUIYIINH) sypaondas 0oyon)
Suwog ‘erep HOg[ woij ofuer Furiod woly p10931 JYIIs GIL1 Inoqe 0€S 916 SPUPUWOID)) PpaIsea1q-A1sny
(MI4 300 [ IN'S “T) 01070
‘w ()96 2q 0} uaye) ‘Aemyjem Adoued pieay ‘(w OOS 0 9q snuin.oul
01 Uaye} ‘800T ‘SqqO(]) [9ISOY SULIOJ Jeau pIedy pue udos (6661 ‘unig) w (0L e ponou UoAIS Quou 09S 00S 6€6 00L SPUDUI0OD)) 00301 dAUTR[J
(w) (8007 (ur) () () (ur)
‘uue]y) oduiog ursaew uigrew urgrew uigrew
ur UONBAJ[ 1ddn JIMO[ 1addn 19MO] dureu
$9)0U JUILIND $9)0U [BILIO)STH WNWIXEA juLIND) JUdLIND) Ised Ised AYNUANS Jwreu ysisuy

"pauo) g xipuaddy

218



THE RAFFLES BULLETIN OF ZOOLOGY 2012

9661 pue

8L61 U99M10q ‘BUOX STUUd(] suffp
£q Sur104 Je pIEdy pue udds 008 Moqe 0} SNU0ISOYIDAIDG ynowsSor] s, PAIg
(8007 ‘UuBIA) 8661
910Joq NJeqERUTY U0 (ST 0}
‘(6661 ‘unig) ydeidojoyd ou
wr 0L ¥e paneu (W G/GT 2q
0} ude) 19861 ‘sdIf[iyd) 7861
ul [req} ne[Ig nejIg uo Junsou
(Av( Swwod ‘s1ad spoopy °S) ‘so10ads siyy 2q 03 JySnoyy
(w g8 "0) 18] Ing oysoddo peor uo pue (W G/G[ 9) G861 ‘861 Ul siopenbpesyy snjxtut
93poy [[1y eau spIIq JO [[QTI00 WOl STUIPI0dI oIpne J1ed je pIesy s[es 0¥ST-019 #x0S81 SLSIT 0vST 00L Snuoysoyon.qog Jypnowsor ueourog
(w 0G9 "0) oA®D JBq dA0qE Jsn[
QU0 JO s3uIp10dal oIpne dpew gy pue (Surpiodar oipne)
00189 "V [10Z1dV UI {7007 Ul UOISIQI], 1B NIIJIENN
Aq (w (096 2q 01 uayey) Aemyjem Adoued je Sursoolr Aep S16 03 0S9 SNUL0ISOYID.IDG ymowso.,y s,pjnon
oep1repod :SHNIOAID TNANTIAVO
neuey
(1007 ‘peaisuag 29 peaisudg) uLiod je piedy e Pa199[]09 ‘Funey je s330 0€ST SIST DIDININIS XOUIN [MO-MeH umolg
(6661 ‘unig)
w (9] ‘6861 ul siouenbpeay IPeINl SN YA Uo
spred 1e pIiq peap joxouryy  001¢ 0} ‘Meqeurs IN 1a1po4q
elep gV woy ofuer woly uowoads 3 0OEE " OS[e uo Q¢S 01 0061 (194! 0091 SIS wunmponoln RIMO PI.[[0D
(110 ‘sdyid) nepssjy ose
“(Inf ‘ung ‘g0 ‘uosuryoINH :g00g ‘deirey :800¢ ‘uored)
8002 Pue (00T ‘doysig) L00T ut 1e3 uoyoduwity pue
SI011enbpeoy U99MIOq JIOYMOWOS PILY IO UJIS OS[e
(drV) 1107-600T U unf—Iejy WOY W 0$91-0$ST Wol pouuup.130)daj
u2ds (V[ ‘W (§9 ") [[OTAON ‘BULIO] “OALD JEq JE UOAG 0081 0S91 059 LIS MO pooy umosg
(w 009 2q 01 uaE)
(G861 ‘TUOX 29 [[BA\) SUOBAJ[D SHUDLIPUINS
J9Mm0] SuLiod e pledy 0001 Moqe 0} 606 009 ogng [MO-o[Seq paureg
nery je pepadu {(w 09 2q 03
(FVr) presy sysia uaYe) (G861 “TUOA 79 [1EM)
jsowr ‘@ouenud Juriod (010 ‘deirey) Suriod je piedy SUOTJBAQ[D TOMO] SulIog 0001 1SB9[ 18 00S 009 €0¢€ 1hidwa) sni0 MO sdoog parefjo)
(drv ‘soroads sy yo uondLosop yojeur s[rejop
nq ‘ydeiSojoyd ou) 107 AeJN ‘s1ourenbpeoy yred ieou ‘w (881 0 I8 986 Ul [1en
w ()0G[ 18 Aep oy Sunmnp zounjy [oIUB( Aq pI0JaI JYIIS JIWIWNS UO PUnoj piiq peap nmnd YA uo gp0zZ 03 0881 11y00.4q SN0 M0 sdoog yeley
(paydoooe ‘Mg 09X ‘L °S pue 997 D)
800799 ‘MB[ISIN I[NOYIIP
Surjduwes opew sUONIPUOd AJAINS APUIM ‘W 9E(0¢
aA0qe s1do0 AN {(HOES) 010T Ul W 00870081 U03s AJarel,, sem sa10ads
wolj sA2AINS JYTIU UO UOWIIOI SBM I] "PIYOO[IIA0 SIy) pres (9661) ‘[e 19 sunjuaf snypydadopids
u29q oAey A $o102ds ot ‘eiep HOE[ Woly dFuel (6661 ‘unig) 001€-0091 SOLT 01 0SL 9¢0¢ 6051 001€ 0091 smo MO sdoog ureyunojn
(w) (8007 (w) (ur) (ur) (ur)
‘uuey) oduiog uisaew urgrew urgrew ursrew
ul UoneAd[d 19ddn IIMO] Jaddn JIMO] Jweu
$9J0U JUI.LIND $9)0U [BILIOISTH WNWIXEA Jud.LIND) JUA.LIND) Ised Ised dYNUINS Jureu ysisug

"pauo) g xipuaddy

219



Harris et al.: Altitudinal range shifts of Bornean birds

(HO4r) w 1981

123pop ") 0} s19321 A1qeqoid
sIy) Inq  nyeqeury] uo juiod
1S9y31Y 9y} 0} }SBOI O} WOI],,
punoy sem vjuanIsa ) pres
(9661) ‘Te 12 supjuadr ‘oredwood

(drv) w 0061-0081 (800T “Te 10 IAOIN) W 0¢LT 01 J[NOLJIP I sodewr soroads 125pop
01 dn os[e /g6 Ul W )OGS WOIJ PIJO[[09 SudwIodds snoiadxd yjm uoIsnjuod payroads suou 0€LT 0081 D1]D20]]0) 1P[YIMS UBdUIOE
DIUDINISI ")
a1e s1o)enbpeay yred je
(39D0AY ‘uassnuwisey D d) W §H9 O DARD SIO[JIMS o) Ty sAjeIs (8007)
1eq 18 (007 3Ny Wwolj 3urploddr opne (O] ‘Aouinn) uueA (8007 e 3 9[LOIN) DIUIINISD
SuLiod (00T “Ie 10 UOP[OYS) WISULIOS Je W (0T O w O] woly uduroads 0Z1¢ 01 dn £jqeqoxd S9 00ST 11p20]10D) RIAg Asso[D
(urwood sxad ‘010z [ “WPpureny )
umo) Suriog Jo 93pa je w ()OS O ‘Neury Wolj
PBOI QOUBIUD UO (W 06T O “AV() 6007 ACIN ‘NE[ISIIN
(drv) 1102-600C Ut (W 000Z—00L1) 33 uoyoduir], pue
s1oyrenbpeay yred uoomiaq ‘Mo Sur[red pnoo pue peq
SI JOUJLOM USUM SYOO[J [BOOA JO SPI0OAI ‘(W (OG] O
9q 03 uaye) ‘Inf ‘6007 ‘UOSUIYOINY) 1) JIWwns
‘(w0001 AeIN ‘6007 ‘uojeq) Sumsau d[qissod 10J [[ejrojem
ueue3ue] Sunoadsur {(w G991 29 03 UAE} <800T ‘sqq0Q)
MIIA NETY WO INoj (00T “[IONQUIOH) N[eqeury] I
uo InoJ {(NIIV ‘€007 ‘U0s19qoy €007 ‘O[[reIe))) sp313
91e3 uoyoduwir], pue sioyrenbpeay yred usomioq 0081 noqe 0061 00S SnoY204pAfy Jo1fims Junin
aeptpody :SHNYOAIAOdY
(+00T e 32 uopjays) pIDULoo
WISULIdS 18 W ()07 9 {(L007 ‘WwequmdN) SuLiog (eyep Kypeoof ou) Suriod 0S8 audoldiua ] JJIMSII], PAISIYA
(NDIV ‘1661 ‘TepezoN)
Surod oAoqe w G/ 6 O
(1007 “00e[[ep 79 90¥[[EAY) SULIO T8 “(w 00S 99 01 UaNE) 19661
uowrwod AfIrey {(w QS 9q 03 udye {010z ‘deirer) ‘us[nowIdy ) s1oyrenbpeay
s1openbpeay Suniod {(qegoOg ‘ueSue[iuIny ], 2 SUNUI[BA) Sunog ‘(ejep Aeoo| ou) suuadiduo] PIMSIAI],
SuLod je sroqunu [[ews n[eqeurs] woij uowroads 0S0T 1589 Je 00S SL6 00S audoLdiua ] paduwni-£o1n)
aepruooidiwdl] :SHNIOLIAOY
SnANLODU
Y 006€ ueyn], npung osje 0611 909 Y6¢€ snspnuitidp)  1e0YSIN pofrel-osie]
(9861 ‘sdriud)
(NDIV “110€ “[[HI0]N) SS611BIN ‘¥861°990
913 uoyodu], pue s1dyenbpeay yied uoamiaq {(w GLGT 2q 03 udyey)
Ul 2I9YMIWOS Ud9S (707 ‘UOSIPPY) SIdyenbpeoy 7861 9duls siayenbpeay vypvjof
wolj peol uonels romod dn uny g noqe paysny Jaed njeqeury] je sjuersiu 000C SLST sn3pnuradp)) TeNYSIN A31D)
(drv ‘1rogunf ‘w s¢)
uoynAnquie], 3N ‘uonelsqns SISSUOIA Je SpIIq ¢ (W 00S 1yOUIUID) Ie(ySIN
9q 01 UdYe) {/ 00T ‘SPOOA\) SIdlenbpeay Suliod Je predy yodwouay, os[e G901 1S9 18 00S 1901 S1102uA paIer ueIsKe[RI
oepi[nuiLide) :SHNIOIIDTNATIIVO
(w) (8007 () () () ()
‘auey) oduiog uig.aew uigrew uigrew uigarew
ul UOBAI[d 1addn RE| 1addn JIIMO[ Jweu
$9)0U JUILIND) $9)0U [EILIOISTH WNWIXEJA JUdLIND) JudLIN)) Iseq Ised dYNudINg duwreu ysisuy

"pauo) ‘g xipuaddy

220



THE RAFFLES BULLETIN OF ZOOLOGY 2012

(5861 Buox 2 1rem)
w ()08 9 9q 0} udNel

(000Z ‘uopreys 29 2[AOIN) ‘urI0d JO suoneado Ioysiy snavydo..1o uo3oi],
deeg e w 0001006 (LOOT ‘WeYUMDN]) SuLIo 18 pIeay (6661 ‘unig) w QL ¥e penou 0€ST 0SsT 00L §2100dADF] padumr-uoureuur))
(9861 ‘sdqrud) (1002 “Te 12 UOPIAYS)
s10)renbpesy red yeqes ur 0007006
IeQU UQ9S INOIABYDQ JUIpaaiq {8007 ‘uue)
¢ (sompAwg) soroads sy [woiy sowoo p10oax
Jo 9q 03 pawmnsaxd,, (W 0L61) 0057 21oyMm Jedjoun]
(000 ‘uoprays 2 dKoy) dekes je ur 0001-006 P10231 1 0059 ¥ 0009-000€ njeqeursy uo jsesy je Ipvayarrym
{(HOEN) W 09LT-LSST (drV) W 0061-0SH1 woly sudwdads Auew g1 03 dn ‘00ST—006 0061 0S¥l 0L61 606 $2100d AV uoS01], S, peayaNYA
(pardeooe ‘Mg 00T D)
6007°dos ‘wr 096 2q 03 uaye) ‘Aemyem Adoueo
S(w 009 "0 2q 0) udye) ¢ ABD JBq AO0QE,, 0} PAIY A[UO
‘010¢ ‘doystey) Sutiod 1e p1eay ($00T “Te 10 Uop[oys) (6661 ‘unig) wr 00, neuey
wisuLeg Je w (g 2 {(HOE[) W $06 “(e1ep Aiedo] ou) Sutiog 0Tzl S06 09¢ 00L upaip sa1ordp uo3o1], s, prerq
(6661 ‘untg)
w 0L (W 008 9 2q 0}
(wwos 's1ad “01oZ T WUy o) uoe) (9861 ‘sdrf[iyd) 24013
Sutiod 18 w (008-009 (110 ‘dewrey) Sutiod ooquieq Ul 86 Pue 7861 pquunsy
18 IR (($007 “Te 30 UOP[AYS) WISULIDS J& W ()07 O ‘3urioJ woly spI0oa1 JySIs 0zzl 008 00L Sa1o0dADE] uoJoi], padeu-pay
oepruogo1], :SHNYOIINODOUL
(NMIV ‘110 ‘umolg)
91e3 uoyodun], pue s1dyrenbpesy yied uoamiaq 210yMIWOS
os[e {(110g ‘derey) poalosqo sem uoq] AWSAJ
o10yM N[EQRUTY "I 183U, d)IS 18 (0 10T ‘800T ‘deieH) (NDIV ‘1661 ‘TePeZON) sisuajpdiu
[pred] nreqeury] 1eou,, pue {(010g ‘dewrey) Sutiod SuLI0d 9A0Qe W G/ 6 O 0St1 SL6 sndy [Himg asnogy]
(9661 ‘uo[notion)
(1007 ‘peaIsuog 29 pealsudg) SULIO] I8 udds SuLIog Je sIoquInu [[ews UQAIS duou snoyfiond sndy
(800¢ ‘sqqoQ) .1ed njeqeuryy
J0 sado[s 1omo[,, 0S[e (007 “Te 32 UOP[oYS) WISULIAS I8 (eyep Kyjeoor ou) SISU21SVIDq
w 00Z "9 (HOE[) W 00§ ‘s1openbpesy SuLiod Jeau udds njeqeury wolij sudwrodds 0SL 00S snanisda) PYIMS Wied UeIsy
(eyep OU) FULIO WOI} PI0AI
SIS ‘W G/ G 9q 0} uaye) snajuv313
(N3IV ‘110 “Sutpieq) Ne[Iso Je W Og61 o s1openbpeay yred njeqeursyy 00L1 SLST sndppun.ify [TeI2[pasN umolg
(NIV ‘8861 ‘u0s10qoy]) opes
uoyoduwi], pue s1oyenbpeay
yred U0IMIOQ SIOYMIWIOS
wol1j p1oda1 [njiqnop Ajqissod
' os[e ‘(ejep Aed0| ou) sypi13ddoona) [rejourdg
Sunog woij sp1odar yodar din Auew {(HOd[) W 0€S SuL104 Wwo1j Sp10d21 SIS UQAIS duou 0€S vanprydoyyy padwni-19A11S
PI0031 [NJIqNOp Jemereg
© A[qissod uaprsar aAed ur )¢ Wolj pIodal sn3vydionf
PuB[MO] ‘udwIoads plomsIID nq pagroads suou 6£6 SNUID.APOIDY [1opyimg 3sou-o1qipH]
(w) (8007 () () (w) (wr)
‘uuey)) oduiog ursrew urgaew urgaew ursaew
ur UoneAJ[d Jaddn JIMO[ 1addn JIMO[ Jureu
$9J0U JUILIND $9)0U [BILIOISTH WNWIXEA JUd.LIND) JUdLIND) Ised Ised QYPUIIS Jdureu ysisuy

"puo) g xipuaddy

221



Harris et al.: Altitudinal range shifts of Bornean birds

(w 0pg 0 2q 0} UYL}

(HOAr) €€8-1L9 ‘(NMV ‘110T “Sutpreq) w (9g - G861 “Suox % [[eAy) Sutiog snponup Ioyea-o0g
“Bulod {($00T “'[E 10 UOP[AYS) WISULIdS J& W OSH—0ST JO SUONEAJ[ 10USIY ‘Neuey 00cI £¢8 098 008 €0¢ SHLI0AIIAN PapIeaq-pay
aeprdosd :SHNIOAIIOVIOD
(000€ ‘uop[eys % 2[LON)
deeg e w 0001-006 “(NJIV ‘110T “SurpIeH)
w (96 0 “FuLiog (800T “T& 12 SAEA)
Sunod {(L00T ‘pIoJodORYS) SULIO] ‘[[eJIorem (eyep A11e00] OU) 1oysy3ury
0} 1Y {($007 “Te 12 UOP[AYS) WISULIAS I8 W ()OT O 3uriod e panau osfe 0021 09S 606 vsopifind x4 Jlem( [eudLQO
(000 ‘uopays 2 oKoy) dekeg je Bupuruau
w 0001-006 (00T UOSIPPY) SULIO] 12 J9ALI 3y} punore SLET opaoly  AoYSYSuly pava-anjg
(NDIV “110T ‘umorg) w (9¢ o
e uLiod {(w Q9 0 9q 0} Ude} (O ‘PeAISUIY)
[ren ueue3ue] uo JuIsso1d
Weaxs puodds ‘(4007 “'[e 10 UOP[AYS) WEedNs [[ews Ul
popau ‘wiIsuLdg Je w ()07 O (1007 QIB[[BA 2 9B[[EA) 19ysy3ury]
[TeJi9)em ueue3ue] o) [1el} U0 SUISSOIO WEANS 0011 09S K4 puozAna opadjy papueq-anjg
(NIV “L661 “ouog])
91e3 uoyodw], pue sioyuenbpeay
(110T ‘s1AN) . opmunye ysSiy Sred U0aMIOQ 0IOYMOWIOS
A[rensnun ue je njeqeury] A 18, ($00Z 18 1 Uop[ays) ‘(eyep A1[eO0] OU) Njeqeury Uo 00ST S1.10]Y2
wIsuLIeg J8 W OOz "9 {(100T ‘9or[[ep 2 29B[[eA\) Suliod  Idyoeal], AQ paurejqo udwiroads 01 dn £[[euoiseodo snydwp.apoy JoysySury] pare[jo)
S[[IYI00J Nfeqeursyy,,
U0 SINYO0 $9109ds sIy)
Surkes (8961) sorpAws pajro TOUSGBUTY
(8L61) BA[IS 9P 29 Supudf UQAIS Quou vpvajid uodopvgy paddes-yoe[g
V[ woly AFuer (($00T “[¢ 1 UOP[AYS)
wisutaeg J& W (007 O {(HOEl) W 168 0891 SL6 00S 0€01 909  pjjayond opaovy Toysysury] popueg
(000 ‘uoplays 29 d[LojN) dekes je w 000 1-006
{(w g9 9q 01 U} {H()OT ‘PeAISUAE) dARD Jeq §1J242U0D Lioysy3ury]
1e eewd) (V) Sutiod 1e w og. 03 dn (HOEr) W 0¢S 0891 #x0SL 0€s L991 00¢ Soprouaoy PaIB[[00-SNOJNY
QBPIUIPANY :SHNYOIIIOVIOD
(9661 “[e 19 sunjuof
ur payo sdipiyd % sdijjryd) UGAIS
(#00T “Te 30 UOp[AYS) WISULIS JB W ()GH—(ST UOUWIOD ST J1 219yM,, SULIOg uiSrew Joddn ou
{(100T “@or[[RAN 29 99B[[eAy) )BT uoyodwi], pue wolj sp10oa1 y31s ‘eyep  ‘oourog ur suone[ndod S1DIUDLIO
s1o11enbpeay YIeg njeqRUry Ud0M]Oq AIIYMIUIOS UIDS A11eoo] ou Im suowroads  AJojeISIun pue JUOPISAI snwogsdinzy pIqIe[[o( [BIUSIIO)
SBPIORIO] SHINIOLIIDVIOD
(avr ‘W 06-05L) [en ueuvsue]
uo uny 7—6'[ A[ensn ‘1 [07—200¢ ‘SULI0 18 PIBoy/udos
Ajren3ar g0z ‘uosIppy) (W (o6 0 99 03 udye}) 501Y$2.10 uoJoi],
SuLod ‘[ren [[eJ10)em UO MIBW UL ¢ MO[oq 00S1-00T 006 0SL 1901 €0¢ sajonduvfy pajsealq-o3uel)
(wwoo 's1od ‘O[OZ N[ WPURY ) (W /g1 2q 0 uoey)
Sunod ‘w ()G9 "9 ‘@Aed Jeq 1edu (1107 ‘derey) 8861 ‘9861 Ul s1o)enbpesq 00S1 01 11]2onpANY uo3o1],
Sunod (00T “Te 10 UOP[AYS) WISULIDS J& W ()07 O Jred ‘7861 ul Suriod A[[euoIsesso ‘001 01 059 SLST sajonduvpy paduwni-jopress
(w) (8007 (ur) (ur) (ur) (ur)
‘auepy) oduiog urdaew uidrew uidew urdew
ul UONEBAJ[d 1ddn IIMO] Jaddn BB | Jureu
$9)0U JUILIND) $9)0U [BILIO)STH WNWIXEA JudLIND) JUd.LIND) Ised Ised AYNUANS ureu ysisuy

"pauo) g xipuaddy

222



THE RAFFLES BULLETIN OF ZOOLOGY 2012

purLyond 1Rqleg
(HO4r) stonenbpeay Ne[ISOA “eyep HOE( Wwoly dfuer 002€-009 #+€19C Sorl [4:183 606 DS podeu-uspjon
(w 0pg se uaye) ‘80T ‘sqqo() siepenbpeay Suriod Jeau 1911UdY 10qIeg
yond [[eqi00j puryeq woyy p10dar J(HIE[) W #68-5+9 0zel 768 00$ 1901 pupp3ap PAUMOII-MO[[A
"9[qE[TEAR QU002 S[TBIAP [IIUN PAULIFUOIUN
9q 0} PI0AI W ()()9T Y} IAPISU0d I NIV
‘Surprey [ ‘MIg ‘Suiprey T Cwwod ‘siad ‘094 1, °S)
10T un( ‘[fe1) JIWwns uo w ()Q9g pue 8Oz Wwolyj (6661 ‘unig) pjoonuout
(sydexSojoyd ou) sprosar yuesar (HOEHr) W 0Z9T-C001 w (L e pI0oaI JYSIs 00TT-0SL $80C 2001 T81¢ 00 DuDIDSIP 10qIeg UIEIUnoA
ejep O woij a8uel (5007 ‘OPPnquIol) eale
m.ﬂoﬁm—a@—ummﬂ JIled njeqeury] 9y} wodj pIodal [npqnop %Q:EQ&QuﬁNh\D&
© 0s[e (00 “[e 1 UOP[aYS) WISULISS J& W (0T D 08¢l 2001 €ls 1901 00S DD 12qleg pojeoIy)-poy
®IEP A)J1[BOO] INOYIIM 1sapfva
neqeury woiy uowroads 00€1 puIDIS P joqIeg PAUMOII-PAY
(#00T “Te 12 uop[ys) uododosd.1yo 1Rqleg
WIsuLIeg J& W (0 9 ‘eiep HOH[ Woy dfuer STST Ised] Je 0} 998 0€s 1901 £0¢ U3 paIsiym-pion
aepruoyde) :SHNYOAIOI
(gvr) 2a0qe pue [ren) ueuedue] Suofe ‘w (g, "o e Jred
' wy 1 ‘Ten3ar {(wwod s1ad NIV ‘1107 ‘Suipiey)
110 unf ‘[les) JIuwns uo w (0fg e ues (g[v) (6661 ‘unig) w O01¢
w Q6] J& Udds (B80T “ULSUB[IULINY, % SUNUS[LA) pue (9661 “Te 32 suryuor)
WSy ur Sunod (007 ‘weyumaN) Suriog w 0g0¢ 03 dn sp1ooax smpnpun
ye ared e (00T “UOSSOLI) NjeqRUTY I UO W )L 1oA0KY (6661 ‘unig) ur 0L 050€ #x00%7C 0SL 8¥8¢T 00L S0.4201141y] [[TQUIOH PayeaIp
(4Vr) 1se9] Je Jren ueueSueT uo g'] wry je Suog 0081
pieay A[1e[ngor (00T P{ONquIoH) SuLio Je preay (6661 ‘unig) wr 00L 03 sdeyiod “g16 0 008 606 00L 11314 xopdouryy [[1qUIOH Pajow[oH
(100T e 32 uop[ys)
yeqe§ ul OGL1
(w 056 0 9q 01 UdNL) ‘800T ‘sqqoq) 0} £(800C ‘UuB) so.4200uY.A
[ren) qrejrorem dn uny /g 1e ueds ((HOE() W #7859 00£T 10 000C O3 %056 S¥9 8SL1 1901 sodaong H[IQUIOH SOId00UN Y
(w009 29
0} UdE) (G86[ BUOK 79 [[eAL)
FuL10d JO SUOIIBAQ[D snuvApjput
SPI0JAI JUIDAI OU Ik I} Jey) Jursarojul 1omo] ‘Suney| je s33o 0001 Inoqe 009 €0¢ 504220004 JUY [Iquioy Yoe[g
pI0ooax
[NJIqNOP © 9q 0} saNLIOYINE
awos £q 1ySnoy) :pres (9661)
Je 30 supjudf (W G/G[ 99 0}
uayel) (L6 ul siopuenbpeay s18041G]D 1quioy
yred je sup[uar Aq udds 00S GLSIT 5042200D.1YJU pald [BudLI
(w 0§ "o Swwod ‘s1ad 9purayy ) snyL2n3 [Iquioy
Sutiog ‘sjood 10y 18 0[Q7 UNf T UO USSS ¢~ Yeqes ur ¢o01 03 00¢ 1901 £0¢ snupyiiouy pajsaro-Aysng
oepholredng :SHNIOALLOYIDNT
9.61 10)ea-30g
ur SuLod woij spIodal Jy3Is 008 sipraa sdosapy pajeoIyI-ang
(w) (8007 (ur) (ur) (ur) (ur)
‘uuey) oduiog urgaew ursrew ursrew urgrew
ul UoneAJ[d 19ddn I9MO| Jaddn JIMO] Jweu
$9)0U JUI.LIND) $9)0U [BILIOISIH UINWIXBA judLIN) JudLIN) )sed )sed dYPUINS dweu ysiSuy

"pauo) g xipuaddy

223



Harris et al.: Altitudinal range shifts of Bornean birds

(avr) w oo Butod

((MIE SUO [ IN'S ") 0107100 W 095 99 01
uaye) ‘Kemyjjem Adoued {(qgpOz ‘ueSuejiuunyg, 2
Qunud[eA ) SULIod (W (OS 9q 03 U} {007 ‘MOT)

s1openbpeay Sutiog Ieau {(w G9¢ 2q 0) udye) wnaov I
“T00T “d9B[TeM 29 OBI[EAN) [[BjIdrem JBundry Tesu $L91 008 00S 656 €0c  vwdopydostiyy  1odpoop papueg
(110T ‘194N Butiod {(NMV “010T ‘uosiem)
w ()OS 0 ‘Sunog {(w 909 0 2q 0) UAe} snjjidparuno 1ox00dpoopy
£0ABD JBq 9A0QE 0} PYIY ‘010¢ ‘doysig) Suriod e pieay 00L1 009 00S 606 909 sodooo.pua(g paddes-£a1n
(W 0$S-005 2q 01 uYe))
S[ood oy aa0qe Isnf, 1510
ur 6861 pue (9861 ‘sdIIyq)
(5002 ‘opronquioy) Suriog Suwreao sjood joy] Je p10daI $N12.4010D 1000dpoopy
1B U928 (00T “[e 10 UOP[oYS) WISULIdS 1B W 0SH—0ST 1861 “S861 ‘1861 Suriog 0€sT 0SS 00s SHOAIOIUDF] Jyng-pue-£o1n
(MI14g 3U0 [ IN 'S "T)
0102790 ‘W (9§ 2q 0} ude} ‘Kemy[em
Adoued {(FV[) 6007 Ul AqIeau 9[ewd) Y)IM Y [ JOJ 9]0y ©
Sunjew o[eW ‘W 649 “OALd 1Bq (HOE[) W 978 (W 006 O
9q 01 UdYe) (/00T ‘MOT) [Ie]) [[BJIoJeM UBURSUR UO Iew
un| ¢ ¥ udos (00T “[e 19 UOP[OYS) WISULIdS J& Ul 00T O (6661 ‘unig) w 0oL 0651 006 09¢ 00L €0¢ stuLiouqgn visvg JoIndld snojny
Anunoos AJiy ur Ajjensn
(w 0o01 0 9q ‘eud[epSeN N smppurouu]
0} uoye) {0107 ‘dereH) Sulod ‘[[ejloyem ueueIue| Jeau uo gzl 03 dn 0001 SNUWNI1J [ropnoig papyoads]
Sepidld :SHINIOAIDId
(‘wwoo s1od soureq ) (w 008 2 2q 0} udye)
w ()OS O 0sal SuLlod Iedu Auojod 19qieg  GRG| ‘TUOX 29 [[eA\) Sullod Jo
umoIg e £00g o udds o[IuaAn( ‘(v [ opy) Aemyjem  SUONBAJD IOYSIY (6661 ‘unig) sno13vjadiyo.n opm3Aouoy
Adoued Suriod Ieau g0z 210J2q sIuUnYSIS [BIOAIS w ()0 Je p10931 JYIIS 00€1 00S 008 00L L0D21pUT ueIsAe[RIN
SepLIoFedIpu] :SHINIYOAIDId
(W 0001-00S “AVI) [1B}1238M 0)
dn 3uriod 18 uowwod (107 “AouIng {007 ‘WequmaN)
Suuod (W 00§ 29 0} Ude} ‘7O ‘UOSIPPY) sidenbpesy snsour3nynf
SuLIod (00T “Ie 0 UOP[OYS) WISULIIS 18 W (OSH—0ST 11941 0001 00s 1901 £0¢ snyduiy.10[p) 1oqleg umolg
("wrwoo s1ad (1107
NIV ‘SutpreH “T pue 034 ‘L 'S) 1107'unf ‘W 0081 2
1e poydessojoyd (wr 00O 1-008 "2 ‘AV[) [1en [[eIorem
U0 dA0Qe pue 8'] ury (00T ‘UOPIRYS 29 ALOIN)
defeg 18 w 000 1-006 (110C ‘derreq) . Sutiod Je [ren (W 096 99 01 UL} 19661
[1reyaorem] oy uo ysiy,, (0107 ‘doysig) yred njeqeurs| ‘UoINOWLIOA ) Suriog ‘AKemyjem
ur preay {(110z ‘vosurydiny g00¢ ‘sqqoq) Surod Adoued (9661 “Te 10 suryuar) DIUIXD
1B U22s £(OJuB) OUAX ‘YOOT ‘SPIEMPH) W (09 ‘Futiog 2161 2q 0} sieadde,, ovlc—scy #x0081 009 1cic 09¢ DD +RqIey ueauiog
'lep O [ Woxy syp.snp
aBuel (00T “[e 12 UOP[AYS) WISULIDS 18 W OSH—0ST S901 LT6 91¢ 1901 €0¢ U3 1oqieg pales-anjg
(w) (8007 (ur) (ur) (ur) (ur)
‘uuey) oduiog urgarew uigarew urg.arew uigarew
Ul UOPBAJ[ 1addn IIMO] 1addn JIMO] Jweu
$9)0U JUILIND) $9J0U [BILIO)STH WNWIXEA jud.LIN)) Jud.LIND) Ised Ised AYNUANS ureu ysisuy

"pauo) g xipuaddy

224



THE RAFFLES BULLETIN OF ZOOLOGY 2012

(wr 096 2q 03 uaNe) 00T ‘sqqo() Furiod
1 Kemyjrem Adoued {(wr (06 "0 9q 03 uaye) {£007 “MOT)

(6661 ‘unig)

00€1 se ysiy

[ren [rejoyem dn wy 7 {(L00T ‘PIoJ[odoryS) SuLiod e w 0oL (1661 Jo[ayoreq) se A[[euoIsesdo nq sipLia
SMIIA 9SO[0 *(£00T & 10 UOP[OYS) WISULIDS JB W )T 0661 ‘6861 ‘9861 SuLiod e 00, M0[2q A[[etousd 006 09¢ 414! 00L pudwo)da]n) [1'qpeolq usaln
oeprure[Amy :SHNIOATIASSVd
("wwoo “s1ad ‘010z N[ PUIRYY ‘) Sulod ‘W (g9
9ABD 18q MO[oq (B80T ‘UBSUB[IULINY], 29 JUNU[BA )
SuLod e udes ‘(W (09 5 9q 0) udYe)
£200C ‘uosIppy) [ren [[ej1ojem ueuedue] dn uny ¢ 1> 1300dpoopy
‘BuLiod ($00T “[e 10 UOP[OYS) WISULIdS J& Ul ()T O (6661 ‘unig) w 0oL gecl 0€9 00L £0¢ 1yyny s21dG 812y padau-jing
(HOEr) w €96 (I SuQ [ “IN S ")
01027190 ‘W 96 9q 03 uaye} ‘Kemyem Adoueo
{(w 0OS 2q 01 ude) ‘AN ‘6007 ‘uored) red reds Suriog (9661 ‘uaInAULIDA )
£(q8007 ‘©800T ‘ueSue[ruINy], 29 dunud[eA) SuLiog Sunog ‘neuey je pajodd[[0o
{(w (S6 "0 2q 0) U {ZOOT ‘UOSIPPY) SuLIod Je [[BlIJem os[e ‘njeqeurs| Jo apIs 0011 139adpoopy
Teall (00T “'[E 10 UOP[OYS) WISULIDS & W OSH—)ST Ised 9y uo pewnieN Y 00ST 01 Aqrssod ‘59, 01 €99 00S Sustiy so1dAISIaN padumr-gng
(N3IV “010T ‘uosiepm)
Suwod 1e w (OS 0 {(w 009 O 9q 03 uaye} (w 008 0 2q
£0AEBD JBq 9A0qR 0) paIY AJuo ‘010z ‘doysig) Suriog 0} udye) ‘GG ‘SUOX 29 [Tem)
{(eg00¢ ‘ueueuIny ], 2 dunudfeA ) Sulod {(w §9¢ 2q 0} 3uL104 e SUOIIBAQ[D (8961 210D) SnAnAYoD.1q
UDYE} T[0T “DIB[[BAN %9 OOB[[EA) [[BJ101EM NISundry Teou 1ysIy (6661 ‘unig) w0091 Yeqegs ur 818 01 #%009 00S 0091 00L snuia1do.oy L1oxpadpoopy snojmy
(W 0061 AVI) 010T-600T ied 1ed nepisajy
18 U09s A[Ie[n3a1 {((Q0g ‘UOp[oYS 29 9Ao|N) deles
e W 0001-006 “(HOEr) W 818 (dlV) W 0061-0St1 (9861 ‘sdiiiyd)(paatesqo njeqeury] IN
uowrwooun (W ()61 "9 99 03 udel ;g0 ‘L007 ‘Suory]) Suipsou) siopenbpeay uo O¢G| I8 Yemeres snp1pa 1000dpoop
NEBJISAA {(F0OT “& 32 UOP[RYS) WISULIdS 1B W (SH—0ST njeqeury] JA 1eou SuIpsdrq  Pruny I U0 G861 O} 0061 818 1961 SHLANPADMUIY payorg-ogueIQ
(000T ‘uopIaYs % d1LOIN)
dekeg 18 w 0001006 BIEP HOE[ WOIJ snsour3ign.a
a3uer {($(0T “Ie 10 UOP[OYS) WISULIdS 18 W (SH—)ST (6661) unig woiy oguer 0081 #+ 1761 0€sS 0012 00L snowdnypd]g  10Y99dpoopy uooIEN
(pa1dodoe ‘Mg 997 *D) 600T doS
‘w 096 9q 03 uaye) ‘Kemyjjem Adoued (300 (107 ‘uorey 1sapffva 19300dpoopy
£800T T8 19 QAYIRIN ‘G00T OPIONQUIOH) SULIO] Je U9 neuey je os[e 06S1 09S 909 wnidouiq PaYORQ-9AI[O
(1102 KB ‘MI€ ‘034 "L "S) SLST 2 2q
0) uoye) ‘[ren Suruadwo (W 00§ ‘AV[) siouenbpeay
Fur10g wolj sp10931 JuddaI ()00 ‘UOPIAYS 2 ALOIN)
dedeg 18 w 0001-006 {(NSIV ‘110T ‘SutpreH)
91e3 uoyodwi], pue siduenbpesy yred njeqeursy (NDLV ‘L661 ‘ouog) 2ed
uoM}0q d1oymowos {((10g ‘dereq) nreqeury] A uotyjoduir], pue siopenbpesy
*(£00T ‘pIog[e30RYS) BULO (1007 N0+ ¥ [[2H) [1eh ed N[eqeury Usamiaq Jooadpoop
MOIA Nery (007 ‘'8 30 UOP[OYS) WISULIdS 18 W ()SH—0ST QIOYMIWOS ‘Neuey os[e 00L1 GLST 00S L9971 909 snaound snotg paSurm-uosurrr))
(pardoooe ‘M1 997 *D) 600T ' doS “nefIsaly (NIV ‘8861 ‘u0819q0Y) 163
(Erv) wo061-0St1 *(L00T ‘PIoJ[3RYS) SuLiog uoyoduwiy, pue sivirenbpeay IPRIN SOLL TN
{(w 009 "0 2q 03 uaYey {007 ‘Mo7) [[ejrerem uSundry| Sied n[eqeurs] uoamjoq uo (9]¢ o3 sdeyrod a[p1udW 19x99dpoopy
ised (00T e 30 UOP[AYS) WISULIAS JB W ()SH—(0ST QIOUYMOWIOS ‘Neuey os[e ‘GER]T 1S9 IE8 0} «006T 009 L9971 [S7%S pwdajydosd.iy) PAYROIY-Io3[00Y D)
(w) (8007 (ur) (ur) (ur) (ur)
‘uuey) oduiog uisaew urgrew urgrew ursrew
ul UoneAd[d 19ddn IIMO] Jaddn JIMO] Jweu
$9J0U JUI.LIND $9)0U [BILIOISTH WNWIXEA Jud.LIND) JUA.LIND) Ised Ised dYNUINS Jureu ysisug

"pauo) g xipuaddy

225



Harris et al.: Altitudinal range shifts of Bornean birds

(AVI) W OSL ‘ueas ofewr

‘(Inf ‘unf 80O ‘uosuIyIINK) Sutiod (00T ‘uoreH)

[req [[ej1o1em f(0jue)) OUIYX ‘80T ‘Splempd)

w ()09 ‘Suniod (00 ‘peorsueg) [reny ueuesue] Suofe
sofewr 7—1 ‘(AjoAnoadsar ‘wr 0G6 "0 pue (O O ‘09S 29 0}

(@ 008 pue 009 2q
0} UdYE) {686 ‘SUOX % [[BM)

udye) {g00g ‘UOSIPPY) [[BJI9)eM IBSU PUE [IEI} [[efIojem Surod Jo SuoneAd[d 1LOUDMYDS epIg
Suofe wy| '] udos ‘(Suriog) Aemyjem Adoueo wolj predy 10ddn pue 1omo] Je pIeoy 0891 0SL 009 SIST 009 SIULLOAPAE] papueq uedulog
(9661 “Te 19 sunjuaf) . S1012d,, 00T1
£q Furiod woly p1odaI JYIIs 01 A[qissod ‘19 03
upnvq SILIOIPAL] enId popesy-ong
(arv)
(Kniqeqoid 9466) 110T KRN ‘SuLiod 1e w (G/ e Suiduls
pIeay fur (0 "9 ‘IodIewW uny [ 18 (8007 OS[B) US[OqIA Snajn.iono
pue (8007) 'Te 12 2AIEIN Aq [[om AIoA USSS d[eud) STs1 0SL 00L s1L04pdAf] oyid Juvtn
Sepmd :SHNIOATIASSVd
(9661 UMW )
(w 009 "0 2q 03 UN®} 00T IPULYY) uriod 1e 0m) f(w 009 99 0) sesl
ITej17em n1Sundry ised uayel (G861 ‘SUOX X [[BM) 03 A1qissod ‘0091 e SnUDLYUNS
$(€00T “o3TE[D 29 9MYA)) SULIO] I [Ies) [[e}1ojem UO UddS SuL104 JO SUOIJBAD[O JOMO] 20U0 ‘()77 1589 I8 0} 8181 009 uopd10) [iqpeoxg Aysng
(drv) 110z ung uoynAnqurey, ‘si35UON (6661 ‘unig) ur 0L
aa0qe W OOOT " (W LyGT 18 pIedy ‘HOE[) W LyST-CE8 “(S861 ‘Buok 7 [[eA) Sutiog
{(w €S 2q 03 ude) <800T ‘sqqo) SuLiod I syjeq JO SUONBAJ[Q 19MO] (9661
punoie {(SI9YI0 pue QOO ‘UBSUB[IWINY 29 SUNUI[BA) “Ie 30 sup[uar) SuLIod ‘neuey SNIDUIOAYDO0 nqpeoIg
SuLIod (00T “Ie 0 UOP[OYS) WISULIAS 1e W (OSH—0ST ‘Y 00€y Suesepunyy os[e 0081 sea] Je LS| 0€s 00L £0¢ snunpjdimg MO[[2A-pue-yoeg
(w (9 99 03 UYL}
(@ve) w 0g-00s ‘(HOEr) W €¥8-TLS 'S861 BuoX 2 [ep) Butiog snoruvanf
(00T “'[€ 10 UOP[OYS) WISULIDS J& W OSH—)ST JO SUONeBAS[d IaMmo] piesy ocel £v8 00S 009 £0¢ snunpjding [1rqpeolqg papueq
(W 00T "2 2q 03 ue) “OT IPUIAY)
[[ej1orem ueueSueT J(000T “UOPIAYS 29 A[LOIN) 8L61 210J99 I 00S¥—-000€ avisnoyjop
defeg 12 w 0001006 (V) 010T Ul W S| & Sunsou woly pajoo[[oo suowoads 4] 00L1-006 #x00S 1 L991 606 SnuosLvsg  L[Iqpeolg pa[re)-5uoy
(1661 “10[oy01Ee)
0661 ut [[ejorem ysundry
0} dn 1sea] 1B (G861 ‘SUOx
2 [[eA\) SuLIod Je SUONBAJ[d
3urio04 Je uowwod 9q 193U0] Ou 0) SWIIS 19MO] ‘Funey| Je pajdd[[0d
{(w 0¢S99 0) udYe) gOOT ‘sqqo() eare 3uryieq Juriog 0s[e (9661 [ 19 Suruar) soyoudiy.10400u gpeoigq
18 U23s {($007 “Te 12 UOP[AYS) WISULIAS I8 W ())T O Furiod 18 uowwod 006 1Se9] B 0} 0€S L6 00S snyoudya1quid?) poy-pue-yoe|g
nery| je s339
(AVT1) 8002100 ‘ToOTUNL  OS[E {(NDIV ‘L661 ‘ouog) ares
‘w 0L <(000T ‘uop[ays 7 S[L0N) dekes 1e w 000 1-006 uoyodui], pue siopenbpesy  nfeqeury I U0 O0LI
‘(W 0G6 "0 2q 03 uaYe) {8007 ‘Sqqo() [1en [[ejiorem Sred U0aMIOQ 9IOYMOWIOS 0} “IpeJA SNIL I 1pDAY2I1YM
dn uny £°g J(HOED) W 0SST-91ST (dlV) W 0061-0SH1 (6661 ‘unig) w 0L uo OS81 01 %0061 00L L991 00L pudwioddp)  [[IqpeoIg S PEAYAIYM
HV[ woiy d5uer (W (G6 0 2q 0} UE) 0T Sqq0() (8007 ‘wuey
[ren [rejrorem dn uny £z {(s1odox din 19)o [BI0ADS ur [86] ‘senpAws) Suriod je 1soy
PUE 190 ‘800T ‘UOIEH S00T OPIONQUIOH) SuLIod Je uods w 6L (6661 ‘Untg) W 0L 0891 SL6 0SS SoL 00L pusu0rddn) [1'qpeold S.°s0H
(w) (8007 (ur) (ur) (ur) (ur)
‘auepy) oduiog urdaew uidewr uidrew urdew
ul UoneAJ[d 1ddn IIMO[ Jaddn BB | Jureu
$9)0U JUILIND) $9J0U [BILIO)STH WNWIXEA jud.LIN)) Jud.LIND) Ised Ised AYNUANS ureu ysisuy

"pauo) g xipuaddy

226



THE RAFFLES BULLETIN OF ZOOLOGY 2012

(MI9 3UO 'f IN'S “T) 010TRO
‘w (09§ 2q 01 udey ‘Kemyrem Adoued {(gOOz ‘souleq)

Sunod {(00Z “Te 10 UOP[OYS) WISULIAS Je W ()07 O neuey je pajod[0o 019 09S 00S viydy vunySay £IO] UOWIWIO))
QepIUIISAY :SHINYOATIASSVd
(@v) 11071dy ‘1qeq ving
Ieau uopIed 9[qeldfoA ne[Isojy (W G/ G 9q 0) udye)
8007 ‘sqqoQ) si2uenbpeay yied 1940 pue (Anunod uado
woij dn speudy) Sumye)) MIIA Nery] woly udds (00T (1661 ‘I0[oyoIEg) NEULy snyoud10ona) MO[[EMSPOOA\
‘3[KOJNl 29 UOP[AYS) NEQEUTY JA[ UO W ()6 Je uees pue SuLIod Ul SOpISpeoI Suofe 000C 0061 SLST €ee SRy PoISeaIq-AIY M
epreny [SHNJOATIASSVd
(6661 ‘unig) w 0oL
(NI ‘8861 ‘U0SI2qOY) 21es
(Fvr) w8 (8007 “Te 12 daayie) Suod {(w (9g 2q 0} uoyjodwi] pue sioyenbpeay A BUWOUD[IYJ
uayel 190 ‘SO0z ‘udsjeuqen) Suuog ‘Aemyjem Adoued yied uaamiaq 21oyMawos 0€ST 008 00S1 SHS puojud|1Y J P21SBAIq-UOOIBIA
1,61 ut v.2ydoyidd BUWOUD[IYJ
SPI0J91 JUIIAI OU I IO} Jey} Sunsarojur 1 009] "0 ‘Suriod e payou 0€S1 00S puLoju|1Y J pasurm-snoymy
(avi) Butiod ‘w 008 (L0OT ‘WeYUMAN) (9661 ‘uaaWIoA)
Sunod (W 06 99 03 uUde} {£007 ‘MOT) [1e]) [[eJIdrem Sunod (1661 “10[oydney) snmp3.aia
Suore wny g (00T “& 39 UOP[OYS) WISULIAS JE W (T O 8861 ‘9861 “SuLiod 0SII1 006 008 606 suopoydaj SYLIYSPOOA, dFIET]
(6661 ‘unig)
(pardoooe “MIg 007 D) 6007°deS W (9S 2q 03 udYE} w (0L (W 009 29 03
‘Kemrem Adoued (w OS 2q 03 uaye) {110z ‘derrey) uaye) (G861 “SUOX X [[BM)
s1o1enbpeay Juriod Ieau (6007 ‘souleq) FuL10d JO SUOIIBAQ[Q snaopuIpun.ay QYLIYS-IOY0IBIAT ]
Surod (y00T “'[e 10 UOPJAYS) WISULIAG J& W (T " IoMO[ ‘neuey je pajod|[od 00¢I 09¢ 00§ 00L 009 Sndiuafy poSurm-yor[g
(6661 ‘unig) w 0L ‘(1661 0s1
'Iep HOE[ Woiy ‘1o[ayo3eg) 6861 Ul (W G1G|) MO[oq A[[eUOISEOI0 ONLIYS-19Y0)BOA] ]
a3uer {($(0T “Te 10 UOP[OYS) WISULIdS 18 W (SH—(ST 3 000§ 'O ‘[ren ne[Ig nefis ‘GE8T 01 0SL ANSON LYST 0€s SIST 00L snoid sndiuapy poSurm-req
sepryyrusoporqdo], :SHYINOATIASSVd
(pardaooe ‘MId 997 D) 6007 ddS ‘W 096 9q 03
uoye) ‘Keayem Kdoues ((NIV ‘1107 UOSIBAY) W 00S O (8L61 ‘e[S 9p 29suBjUal)
‘Funod (0107 ‘doysig) dyred nyeqeury] ur Apuanbaiy nreqeury] jo sadoys vaunydns Juo3A1a0)
Ajarey ueas pue pieay ‘(£00z ‘doysrg) njeqeury uo uods JOMO],, Wof uouroadg “orer 00L1 09S 00S 2u03A.120 PaI[[0q-Uop[OD)
QepIZIPUEdY :SHYWOITIASSVd
190 pue
1dy ur siouenbpeay yred je
P3199[[05 spaiq peap (ueidrw) S1SU220N]0UW
Y 008t ssed yodwouay, je uoes 0081 SLST vild BRI pasurm-onig
(N3IV “500¢ ‘souieq)) w 09§ " ‘Futiog v Hyssn
u23s oM} {($007 “Te 12 UOp[AYS) WISULIdS 1B W )SH—0ST UQAIS duou vido.ayAig DY PIUMOLI-YOD]
(HO4ED)
w 78 “(NMV ‘T10T ‘umoIg) W (9§ "0 BuLiog (W 096 ' vipnbin
2q 0} uaye} 1800 ‘SqqO(T) [IeN ueuESULT U0 6°C WL 0CST-0ST 096 09¢ 414! 909 vindo.ayidizg BNId popueq-onjg
(w) (8007 () () () ()
‘uuey) oduiog uisaew urgrew urgrew ursrew
ul UoneAd[d Jaddn JIMO] Jaddn eV | Jweu
$9)0U JU.LIND) $3)0U [BILI0ISIH WNWIXEA JuLIND JuLIND) Ised Ised RITILIETRIN Jwieu ysisuy

"pauo) g xipuaddy

227



Harris et al.: Altitudinal range shifts of Bornean birds

(4V[) snnspu d9e1 0}

19J21 0} SWR3s ‘()10 AON urede ‘600z AeJN ‘Surjes ‘ared
‘NeISOJN pue Suesepuny] uaamiaq (W QL] 1589 18 2q
0} uae) ‘I ‘0107 ‘SIOAN)  NB[ISAA Jeau,, sourjromod
uo (d[v) 1107-600T ‘W 0zel “(uersturg Sunduwesy)

11089y 93eILIO N[eqRUTS A} MO[oq ISn[ SPIS[[IY UO UdAIS duou Yovyos SNy ayLys pajy-Suoy
sopminye
(500Z ‘epronquioy) Sutiod MO] J& N[EqRULY] UO PIJIJ[[0d 00L1 SNIDISLID SNIUDT IYS umorg
neuey WoIJ SPI0dal JySIs 00€1 snuLi31y snup A NRERI]
Qepliue] :SHINJOATIISSVd
(6661 ‘unig) w
(pa1dadoe ‘MIg 997 *D) 800799 “NEB[ISIN 001€—0091 Po1AU ‘SUOIIBAQ[D viyjuvxoddy
{(HOEN) W L6ST-90ST (AV) W (ST 01 UMOp Spadiq ToySIY] J& UOWILOD d10u 0C6¢C #%L6SC oSl 001€ 606 Dy doddyond IOPSIYM Ueaulog
aeprreqdaoyoed :STNIOITIASSVA
(MI4 BuQ [ IN S "1) 01010 W 09S oq 0} uoe)
‘Kemjrem Adoued (0007 ‘uop[oys 2 o[AoN) dekes e
w 0001006 :(800T “SPooa) Sutiog Je dnois e (uwr 008 (1661
1SB9[ JB 9q 0} U} {7007 ‘UOSIPPY) . Jren 1oddn Juofe,, ‘10[oyo3eg) 6861 Pue 9861 Ul snso12ads
‘BuLiod (00T “[e 10 UOP[OYS) WISULIOG e W ()T O Suuiod e (6661 ‘unig) w 0L 00€] sea] J& 0} 09¢ [4¥a! 00L §11020.51L12d JOATUIIAL 1911805
(pa1dacoe ‘MIg ‘094 'L 'S pue 997 D)
8007920 Me[ISAN (00T UOP[YS % AKOIN) SLipjos JOATUIN
defeg e w 0001006 ‘E¥ep HOE[ Wwoly dFuer (6661 ‘unig) w 0097-0091 0¥¥T—059 #*x9SVC Y081 0097 606 snjos04oLad pauuryd-£a10)
(8007 ‘sqqoQ) Suriog ‘W ()G 18 991 SunInyy Je [[oMm suowoads omy 103 BIRp (00T T8 10 UOPJAYS) snausi
u0as AWy (Z00T ‘UOSIpPY) s1dnenbpeoy Suriod Ieou A)ITEOO] OU-UTE)IOJUN SNJE)S 009 03 0SS $11020.40112J JOATUTIA] AIOT,]
(L00T ‘weyumaN)(sAep om} uo piiq oauo) JuLiod vIvLIQUIL
e (W (09G 2q 0} USYE) ‘€00T “IPUIYY) Aemyrem Adoues 9¢01 606 DUIIDAO) YLIYS-003ON)) JSST
(wr 09¢
9q 0] UdYe) {966 ] UINAULIDA )
Suuog ‘Aemyrem Adoueo
(8L61 ‘BAILS 9P 79 Sujuor U
6S61 ‘SAIAWS) njeqeury| uo
Y 000% 01 {(8L6T “BAIS 9P
7% sunjuor)  Amque  » SNLIYS-003on)
SPIODAI JUIDAI OU Ik AIAY) Jey) Jur)sardjur yormiag,, £q Surog e uses 0SZI el 09S  DIDLIS DUIIDAO) parfjeq-regq
(NIV “110¢ ‘Sutpieq)
NBJISIA JB W (06| O pue (9)eIndoe d1ouw
PI003I 0JURY) OUSYX NG UL OOT "0 q O} UNeY) Jre) (1661 “10[oy21Eg) 6861 UL
JIwns uo wr )0z Uey) 103eais,, ‘((ojue) ousx ‘9007  ..peor uonels romod Suofe,, pue
‘SeuBIY "N) N[EQRULY "I U0 W 0F0T (V) 0061051 (w 0L61) ¥ 0059 1se9] Y€ 03 dn 0SST—00L 0¥0¢ 0S¥l 0L61 606  PIDAD] DUIIDAOD ONLIYS-003dn7 epung
aepr3eqdadwe) :STNIOATIISS VA
(w 00g 0q 0y udYE {11 ‘deurey) QH Sutiod Ieau (10T
‘BuoA 29 MAqUIBT {60(T ‘Souleq ‘eR0(T ‘UeSue[uIny], 29
auUnU[EA (€00T IPUIRYY [00T ‘PeAISURY % peaisuoq)
SuLIod (00T “Ie 0 UOP[OYS) WISULIAS 18 W (OSH—0ST DULSSIPLIA
{(HD4d[) Suipiodar oipne ue yym Arepunoq roddn 0221 058 00S puy13ay AO] UI2ID
(w) (8007 (ur) () () (ur)
‘uuey) oduwiog urgaew urgrew urgaew uigarew
ur UoNBAJ[ 1ddn IIMO] 1ddn 19MO] dureu
$9)0U JUILIND $9)0U [BILI0)STH WINWIXEJA juaLIN) JjudLIN) Ised )sed dYPUING dweu ysisuy

‘pauo) g xipuaddy

228



THE RAFFLES BULLETIN OF ZOOLOGY 2012

(100T “@de[[eA % 99E[[EA))

(6661 ‘unig) w 0L (W 008 29
0) uaye) ‘G861 “SUOA [1eA)
SuLI0J JO SUONBAJ[D

Suriod (007 “1e 12 UOP[OYS) WISULIDS JB W ()07 O 10y31y ‘3uriod je panou 0S6 008 00S SNaUD SNANAIIJ o3uoi( pozuoig
(w G/GT 0 9q 01 uaye) ‘paydosoe
‘MIg ‘Tuey3qy "N) 800¢ AeIA s1onenbpeoy sjred
‘(UonEAd[d U (09 "0 9q 0} UONE) :TOOT “UOSIPPY) (6661 ‘unig) w 0O9[ e
[1en [ej1orem ueueSue] Suofe w (0§ O papau ‘w 0/ ‘. Spmmne mof, Suv22UUD
SuLredd (007 <8 30 UOP[AYS) WISULIdS I8 W ()7 O neqeury] <3uro je pPajas[[od 009 0 03 dn SLST 0091 00L SIANIT 0SUOI(] Po[[Iq-A0T)
(000 ‘uoplays 29 d[L0N) dekes ye w 000 1-006
(V) s1orrenbpeay neisojA e sown Auew (V) (6661 unig)
w g/ "o ‘siouenbpeay 1e paIq (HOEr) W TSOT—CILI w 009T-00L ‘(NIIV
{(NMV ‘110 “SupIeH) [fen) Jiuwns uo w 0007 ‘1661 TePEZON) W GL6 0 Suliog 00tC snavydoonaj
uey) 1918213 (1107 ‘deney {007 ‘weyumadN) Juriog £(s839) nery] je popI0da1 Os[e A1qissod 10 00ZZ—0S1 %S0T GLST 0092 00S SNANAINT o3uoi( Aysy
SepLNIQ -SHNJOATIASSVd
(NDIV “L661 ‘ouog
NDIV ‘8861 ‘u0s10qoy]) 9ed
uoyodwi], pue sioyenbpeay 009 0} umop
yred U09MIOQ QIOUMOWOS  SIPBIA SNIL UO ()0ET 0}
(pardadoe ‘M1 Buop °S) (6661 ‘unig) W 0091-00L “N[BqeUI] U0 Ge8]
$00T 3ny—nf NENISO (V) W 0061 0 et ((HOE() “(8L61 ‘BAILS 9p 29 Supua[) 03, Suikes se (8L61)
w 6LLI-1SHT {(W 006 0 Q00T ‘SqqoQ) [1en ueueIue| s1openbpeay yred BA[IS 9P pue SUDud[ J[0110
uo 'z wy (00T “Te 30 UOP[OYS) WISULIDS JB W ()SH—0ST punoIe UOWWod ‘W G/ G1—88/ S9J10 A[SNOJUOIID 0061 006 0091 00L  Smuan.iod snjoii) UOSWILID-PUE-Yor[g
uMOWUN SNJB)S ‘n[eqeursy UQAIS WNWIXEW
Y 0007 1e deySuejdN ou 9adeosa ue 10 J[0110
Sundwey] 18 €681 Ul Pa3d9[[0d JUOPISAI OIel B oY) 909  SISUaUIYD SNJOLID) padeu-yoerg
(w 008 pue 009 2q
01 Ua3e) 16861 ‘SUOX 79 [2A)
Surod Jo suoneaa[d 1oysiy
'lep O [ Woxy pue IoMO[ ‘PeayYM Aq SnjoUOYIUDX o100
a3uel (00T “[e 10 UOP[OYS) WISULIAG I8 W OSH—()ST W ()€ PAOQE Punoy jou neuey SIEl Ises[ 18 0} €9¢ 91¢ 008 00¢€ snjoLQ pajeody-3req
9BpIOLIQ :SHINYOATIASSVd
(HO4[) s1onenbpeay
Ne[IsAA ‘eyep HOE[ woiy aguer {(w (9g
9q 0} uaye} 010¢ ‘doysig) . Aemyem Adoueo ay) woiy
KJootu K194 U03S,, ‘(NIV ‘0107 ‘U0siep)) W 00S 9 :Suriod smpyp.LoD 11qqeqg
Y& SUOTIEAD[O MO WO SPI0daI [nyiqnop A[qrssod om) 001€-0SL £00¢€ 01ST 0€0¢ [4y4! sniyfintold oS s PAIg
(arv) 0SL1 ponajoyunz stutodig
W 0081 ¥s83] 38 0} uowwooun (HHE() W 00S1-91§ (6661 “unig) w 0L 190 0} [9AJ] B3S #008T 91¢ SISI 00L snutod.ig PAIPQ-IYM
SBpIUOAIIA :SHINJOATIASSVd
(w) (8007 (ur) (ur) (ur) (ur)
‘uuey) oduiog urgaew ursrew ursrew urgrew
ul uoneAd[d Jaddn JIMO] Jaddn JIMO[ Jweu
$9J0U JUI.LIND $9)0U [BILIO)STH WNWIXEA JudLIND) JUd.LIND) Ised Ised dYNUINS dureu ysisug

"pauo) g xipuaddy

229



Harris et al.: Altitudinal range shifts of Bornean birds

(800T “'[& 10 2r0YIRN

(w 008 pue 009 2q 03 ue)
6861 “Suox 2 [em) Sutiod

£600C “@pponquioy) Sutiod {(w 009 o JO suoneA9[d 19y3Iy pue IoMo] sn.121doona;
9q 0} uaye} ‘00z IpuIayy) [[ererem ndundry jsed £ 0001 Ajreau je uowroads,, 5901 008 €0¢ SnAnusv]g aid3e yoerg
(000T ‘uop[ays 2 djkoy) dedeg 1e w 0001-006
‘3uniod woiy sp10oa1 Jodar duy Auew ‘eyep HOE( SIS
woiy d3uel (4007 “[e 32 UOP[oYS) WISULIAS 18 W ()T O SuLI0g 18 Ud9s A[uowod 0891 86 01S €0€T 00S snydojivjg Kef pajsa1)
SBPIAIOD) :SHINIOATIASSVd
(6661 ‘unig)
(HO4Er) W 86 w (L ‘neuey ‘njeqeuryy
{(w F9 "0 2q 03 uAe) Q0T SqqO) 2AEBD Jeq BJOY] WOl yIed njeqeury 1s1po.avd BEliLAINE|
Mo1aq 180l (00T “Ie 10 UOP[OYS) WISULIOS J& W ()T O 0} peOI U0 )} 0001 & Os[e (434! 786 0v9 00L 00$ auoydisd.iap osipeled Uelsy
(HO4r) W $86—+C9
‘(w09 2q 03 ude} {80NT ‘sqqo() SuLod e Aemyjem paInzp [OIRUOIA!
Adoued ($00g “Te 12 UOP[eYS) WISULIdS 18 W (SH—0ST pewn[eN os[e 0zTl 786 09S [414! €0¢€ studyjoddry padeu-yoerg
QBPIOIBUOIN -SHINYOATIISSVd
(drv) 11oz'ung ‘w Qo8 o vpv|tad
‘uonAnquie], ‘SISSUOIN 0A0QE (SO0T “O[ONqUIOH) Sutiod 0891 9091 00S vanpidigy [reuef papodg
nedjeld ynsourd uo voruvav/
(£00T “Te 12 UOP[eYS) WISULIdS 18 W 0T O 1 000 & pue SuLiod os[e 0€sl 00€ panpidigy [reyue,] patd
(w 008 0 oq
0] USYE} (G861 “TUOX 29 [[EM)
3uL104 JO suoneAa[d 1oysiy je
(W G/6 0 9q 01 UdYe) 80T ‘5qqoQ) ud0s os[e ‘s1oprenbpeay yred
[[eJ1o1em ueueIURT MO[Q W ()07 O punore uowwod (666 ‘unig)
:(000T ‘uop[ays 2 dlkoy) deeg 1e w 000 1-006 W OOTE-009T “(8L6T “BATIS 9p sijjoorgpp [reue|
((HOE[) s1enrenbpeay ne[isaly ((HOE() W 067€-80S T 2% sumjuer) W L7.7-606 0SLT-00L x06T€ SL6 001€ 008 panprdigy POIROIYI-ONY A\
oeprmprdiyy :SHNIOATIASSVd
(NDIV ‘1661 ‘[ePeZON)
w G/6 " Butiod {(w (08 99 0}
uade) (G861 BUOX % [[eM)
(V) [ren ueuedue] uo w 008 o 03 Alre[n3ar {(HOMr) Sur10d JO SuoneAd[d snasipo.od o3uo1g
W €96-0¢S “($0OT “'[€ 19 UOP[AYS) WISULIdS J& W (OT O JIoddn pewnpen Sunduresy 09 008 0€s SL6 00S SnAN1( Po[IeI-1dIry Iojealny
(6661 “unig) w 0091
‘00L (W 00T 29 01 uANe) NV
‘8861 ‘UOSIOQOY) [Ie]) Jwwns
(000Z ‘UOpP1YS ®I[LOIN) a1} UO W OOT Uy 1972213
dedes ye w 0001-006 “(HOEL) W 89S1—L26 (AIV) (NMV ‘L661 ‘OUod NIV ‘8861
(4rv) w0061 & paiq {(‘wwod 's1od ‘Fuiprey T ‘u0s10qoy]) 91e3 uoyoduwr],
NDIV ‘1102 ‘SurpreH) w 050z 0 ‘01e8 uoyodur], pue siouenbpeay yred
woij [ren ywwns dn w 00¢ ud9s NIV ‘1107 ‘umorg) U2IMJQ 2IOYMIWOS (8161
w ()9S "> Buiod NIV ‘010T ‘UOSIEA) ‘BATIS Op 2% SUDUR[) NedYe|J
w ()OS "9 Sunod (600 ‘@snoypeoy) Jynsourd wolj papiodar ‘Suney| snppojuaIoYy
SuLIog (40T “[€ 10 UOP[OYS) WISULIdS Je W ()GH—)ST Ve S850 ‘[[BIOAO W G/ G[-8G/ 00LT 0s0¢ 00s 0S0T 00L sniniong 0BUOI(] PAISAId-ITEH
(w) (8007 (w) (ur) (ur) (ur)
‘aue]y) oduiog uigrew urdew urdew urdaew
ul UoNeAJ[d Jaddn BB | 1ddn REI)| Jureu
$9)0U JUILIND $9)0U [BILI0)STH WINWIXBIA JuLIN) JuLIND Ised )sed dYPUINS Juieu ysisuy

"pauo) g xipuaddy

230



THE RAFFLES BULLETIN OF ZOOLOGY 2012

(gVv) 1894 yoes unf—idy

(6661 ‘unig)

woJy s1ouenbpeay yied soyoear AJjeuoisieodo (HOE() w 009100, ‘Suney| je 08ST sdaorup
W €ZS (00T “ 10 UOP[AYS) WISULIOS 1B W )T PJ00[[00 FULIO & POPI0dDI 30U0 ‘OQLI 1S3 I® SLST €¢s 0091 00L SIOUOUIA [nqng papeay-3oe[g
(‘wwod srod 10510dSIp 0S0€ e 9oU0
‘09X L 'S pue SuipieH T NV ‘1107 ‘Surpieq) e Ajqeqoid ‘p1iq peap & woij ‘men I 18 0821 snonajounjauL nqng
AR [¢ UO W )G9 "0 puB W (OS] " J& u0ds pIodar (W 0€0¢) Y 000°01 NN YA TR +0SLT 0591 00S1 snjououdq AMYM-pue-yoerg
(600 “[e 12 uop[ays) stopex jod woiy Ajqewnsard (NIV ‘1661 ‘TepezeN)
‘yeqes ur oSuel sj1 Jo jsow woij pajedinxo Surod je wr G/6 0
u03q 2Aey 0) sreadde {(sadeosa ue Aqissod ‘gv) (9661 ‘US[NOULIOA ) snounjAoz
110Z1dy ‘w 09| ‘s1oprenbpeay yred reou uses Sutod Je ¢ ‘nery 18 s33 0051 SL6 00S snjououdd g [nqing papeay-mens
oepHoUOUdAd :SHNYOATIASS Vd
(000T ‘uoplays 2 d[KoN) dekeg je
w 0001-006 (HOEr) W €€S1-78L “(NMV ‘010T ‘U0siem)
Suuod e w 00§ 9 (010 doysig ‘w oL > 9q Lsisuauojdao Ioyojeokp-Areue))
0 UdYE} 0 * 0ABD JBq dA0GE 0} PaNIY A[u0,,) SuLIog 18 00L1 03 #xEEST 00L L991 606 pdpo121In) popedy-Aa10
QepLINSOUd)S ‘SHNIOATIASSVd
(G861 ‘TUOX 2 [[eA\ ‘W 606) SNA220.40DU
Y 000¢ 1e SuLiog oA0qe Sele 606 sapadnsy 1[qqeq-1ey
oeepuadnyg :SHNYOATIASSVd
10I0AY Aq njeqeury soyoudiy.i0.400u
U0 PoJOS[[0d ‘UMOUNUN STJE)S umouun SnJe)s sna.100) MOI1)) pa[[Iq-oS1e]
(8L6T “BAIS 9p 29 supjudf)
Sutiod os[e )y 0001
woly udwodds peayaiy Ay S901 €0¢€ DIUD SNAL0D) MOI)) PI[[Iq-IOPU[S
("V[) Sutiod 1e w QL 0) umop
1e[n3a1 {(paydoooe ‘MIg 997 D) 6007doS ‘neIsaN
{(19D0AY ‘uassnuwsey ‘D d) 0107 IV ‘W 00€T O (800¢
woly FurpIodar oIpne (00T ‘UOP[YS % IKOIN) ‘UUBIN UL [861 “LS6T
dekeg 18 w 0001—006 S($00T “Te 32 Uop[aYSs) ‘SaIIAWS) JOMO[ yontu SUDISD.AIUID
WISULIdS J& W 00T 0 “(HOEl) W +8TT—+68 J 000L—00LT WOl uowwod  A[[EUOISEIIO ‘006T—S0E xx00€C 00L 006C €0¢ bpopuaq ordoar], ueourog
(aVI1) 600 ABIN Tren
ne[isaA Suoje s1auenbpeay nepisoy woly w 00¢ (HOLr) aid3en
w [96 0} umop predy Ajqeqoid ‘eiep HOH[ woly oguer (6661 ‘untg) w 0097 SELTS0¢E *x910C 80ST 009T 606 buIsspIvY) DSSIL) U931 pojre)-Hoys
(pardoooe ‘Mg ‘0L, ~¥)
9007 1dy ‘ME[ISO\] WOIJ SPI0JDI NF}qNOp
‘{(ydeiSojoyd ou Apuaredde ‘npqnop A[qissod ‘paydosoe
‘MIg ‘Sudd 'H V) 8007 Sny ‘eare siopenbpeay yred
‘a8poT yeley Jeou {(Injqnop aq A[qissod 0} uayey NV
‘1107 ‘umolg) 91e3 uoyodwi] pue siduenbpesy uoomioq (6661 ‘unig)
((#00T ‘11013 2% 1[eH) njeqeurs 1A (1007 “@de[[em (ydeasojoyd ou) w Q[
2 doe[[ep) . [purssoppyy "] sa1oads snoraaxd oyy woxy Je papau ‘w 00, (861
J1 PIRNUAIANIP A[Je9[o SSUISPa )IYM pue Jor[q YHM ‘BA[IS Op 29 sunjuaf) (s339) ard3ey
[1ey 108uor,, (9188 I pue OH UdOMIdq UT) njeqeury] A e nery 1 os[e ‘W G1S1—€0¢ 0S1Z 0 0€ST 03 SIST €0¢€ SISU2UIYD DSSI) UQQIN) UOWWO))
(w) (8007 (w) () () ()
‘uue]y) odurog ursaew urs.rewt ursrewt ursaew
ul UONBAJ[d Jaddn 19MO] Jaddn REY) | Jureu
$9)0U JUI.LIND $9)0U [EILI0ISIH WNWIXEIA JUdLIND) JUd.LIND) Ised Ised dYPUIS Jureu ysisuy

"pauo) ‘g xipuaddy

231



Harris et al.: Altitudinal range shifts of Bornean birds

(Surp1ooar orpne s urSrew 1oddn) eyep HOE[

(NDIV ‘1661 ‘TepezaN) SuLiod je

soutypyido.ififia

wol1j d3uel (7 “Te 19 UOP[AYS) WISULIDS Je W ()0 O W G/6 "0 ‘neuey je pPojoo[[od 00¢€T moqe 03 dn 196 9IS SL6 00S snjououdlg [nqung poroeroads
(pardoode ‘Mg 997 D)
6007°das ‘w (09§ 2q 01 ude ‘Kemyrem Adoued {(HOdr) Snouun.1q nqng
w 9TS (H00T “[& 10 UOPJAYS) WISULIAS J W OOT "D S001 09¢ 91¢ 00$ SnIoUOUIA] Paka-pay uEISY
(10112 ue
10 JuBISEA B 9q 0} J0)IE[ oY)
'Iep HOE[ woly a8uel {(Z00g ‘UosIppy) [1en I9PISUOD M {666] ‘Unig) xopduis
ueueSueT (00 “[E 10 UOP[OYS) WISULIOS J& W ()T " w Q€ e pondu ‘W (0L 00¢1 79 €Cs 00L €0¢ SnououISJ [nqnyg pojusA-weal’
InuiL ], uejuerfes|
e1ep HOA[l ‘nedued 1 00L] snsownjd
wolj o3uer {($Qg “Te 30 UopJoYS) WISULIAS Je W ()T 9 ‘Funod 1e 06t 03 dn oS 91¢ 00S snjououd(g [ngng paSuIm-oAl[Q
(MI9 BuQ [ IN S "1 01010
‘w 09§ 2q 0} udye) ‘Kemyrem Adoues {(w (g 0 2q 03 (0L61 ‘surjuar) siouenbpeay
uaye) ‘800¢ ‘$qqo() sivwuenbpeay Sutiod (0107 “Aouinn) sred reou uods (1661 12140103 Lmngmg
Suesepuny] (00 “[€ 10 UOP[AYS) WISULIOS J& W ()T " ‘Jojoyojegy) [3]uesepuny osfe 0651 %096 00§ SLST 008 SnIoUOUIA] PRIUSA-MOT[OA
(6661 ‘unigy)
w O0TE-0091 “(8L61) BAILS 9P
29 sunjuor (W 160€-SLST)
¥ 00201—00TS woly
P9199[]00 AuRJA ‘njeqeurs] ‘A
OpN[OUT SUOTJBA[O IOMO]
9saY) J1 1890 JOu SI J1 Inq
prunJAl I\ O} N[eqeurs] WOy
(darv) w061 (W $8¥€-606) ¥ 00S11-000€
0) umop Ie[ngar {(HOM[) W $67¢—+81T (W Oy61 0 9q WOIJ JUSPISOI QUBIUOW © (1002 ‘Te 10 UOp[AYS) Suaosaavy
0 uaxe) spoder din 1otpo pue 0107 ‘doysig) nefisa seM 31 pres (8961) serpAwg neqeursy| uo OOy o) #xP6CE x0061 S8E SLST snjououdtq [nqQ[ng JUSOSAAR ]
(‘wwoo s1od
‘010T'Inf IpuIayy ) Butiod ‘W Ogs " (W OgL
2q 0) e} f¢OOT IPUIY) oAED Jeq Ised (00T $q90)
Surod 18 om) {(SH9 9q 03 UdNe} {£00T ‘MOT) dABD
18q ($00T “Te 30 UOP[OYS) WISULIAG J& W 00T " (W 00
5q 0} UdE} ‘OO UOSIPPY) yonud [[eqio0y redu Suriod (6861 “euoisuyor) w (009-00S
{(T00T “008[TeA\ 29 99B[[BAN) 9AED Jeq 0} [Ten) uo (800T USIMIOQ QIOYMOWOS snjojna mqmmg
“[€ 30 QASYIBIN (1(0T ‘PeAISUDE 79 PEAISUDE) SULIO 6861°unf ut Sutiod je 00¢1 S¥9 0cs 0SS SnouoUdAq payovg-ffng
SLQUATUDAD
(¥00T "Te 10 UOP[OYS) WISULIdS J& W ()OT O 00¢1 SnououdSy mqng paijjaq-dain
(w s, 29q
0} uaye) {007 IpuIeyy) Aed jeq Ised (HOAr)
W $E6-916 (W 095 29 03 udxe {010 ‘doystgy) Sutiog
1 Aemyjrem Adoued {(wr /9 "0 9q 03 uaye) {£007 ‘MOT) (6661 ‘unig)
2Aed Jeq Ised {(w (OGS 2q 01 UL S[00T “DOB[[eA w (0, ‘(eyep Keoo] ou) snypupnbs nqng
29 90e[[BA\) [[BJI91em J1Sundry] 03 Aem uo JuLred[o ur SuLI0g pue neuey Ul papIoddx 0021 SL9 916 00L snjououdfg PaIseaIq-A[eog
(6661 “unig)
SPI0031 SULIOJ JUSJI OU dTe 91O} ey} Surjsorojur w 0L (1661 ‘To1yEyg) syuowt
(000 ‘uop[ays 2 d[L0y) dekes e w 000 1-006 ueynp, npung osje 0SS1-019 1901 00L SnIoUoUIA ] [nqng uesuiog
(w) (8007 () () () ()
‘uuepy) odurog urgarew uigarew urg.arew uigarew
Ul UOPBAJ[ Jaddn IIMO] Jaddn JIMO] Jweu
$9)0U JUdLIND $3)0U [BILIO)SIH WNWIXBIA JudLIND JUdLIND) Ised Ised dYNUING Jwreu ysisuy

"pauo) g xipuaddy

232



THE RAFFLES BULLETIN OF ZOOLOGY 2012

(‘wwod s1od NIV ‘110¢ ‘Surpaey) 91e3 uoyoduwr],
J& JOO[I2A0 e os[e A[qeqoid ‘(w G/ G| o) sioyenbpeay
yaed e udas {(w (oO§ 2q 03 uAe) ‘8007 ‘sqqo() Suriog

(w pogt o

9q 0} udye) {[66] Io[oydIRy)
861 Ul [90H [S]uesepunsy
‘neuey 9A0qe AJ[[eA nSemI|
Ut 00C¢ & paplodal

(w G261 2q 0y udE))

J10JISIA [BJUDPIOJE

snddsop uoyonaq

UTIEJA 9SNOL] UeISY

Je uowrtod ($00g “[e 30 UOP[AYS) WISULIdS J& W (T O s1oprenbpeay syred 0891 SLST 00§ SLST onyv) OpuniIpy MO[[eM§ d[Ided
(MIF ‘BuQ [ “IN 'S 1) 0T0TRO ‘W 096 (1661 “Io[oyoree)
0q 0y udde) ‘Kesyiem Adoues ((NV “[10T ‘TIHIDA) 68611dy  ‘n[eqeury
91e3 uoyodw], pue sidyuenbpeay yied usamieq uo 3y 0008 9 (W /G
QI9YMAWOS (007 T 30 UOPAYS) WISULIAS J& W ()07 O 9q 0} uaye}) siopenbpeay yred 001 1se9] 18 0) 09¢ Yre GLST DI1ISNA OPUNALET MO[[eMS uTeg
Sepiurpunity :SHINJOATIISSVd
(8L61 “eAIS op
29 sunyud( ur sdifryg
29 sdifiyd) Suriod 1e panou
(1661 “Io[oyored) 8861 9861
(000Z ‘uop[ays 2 9L0IN) uone)s 1omod je pue qren
deeg 18 w 0001006 “(B¥ep €[V) W 0S61-0SH1 s uo ‘6861 ([w £zL¢]
woly aIeI (8007 ‘Sqqod) W 0SS ‘siouenbpeay 33 0006 1S9 1e) dwed s .uosie)
aaoqe Juriod {(110g ‘deurey ‘€00z pueyy) QAOQE U3S ‘njeqeury] uo
Surod ¢(z00Z ‘uosIppy) SULIOg JOLIOIUT ISOI0F ¥ 0009—000€ WOIJ UOWUIOD 008Z moqe 03 dn «%0S6T 0SS LTLT 00S  Snadou1d SOXIUDL] [nqng snoaiour)
(10110 ue
10 JueISEA B 9q 0} PI0JAI J9)E|
AU} JOPISUOD IM ‘6] ‘unig)
'lep HO4d[ woly w OO[¢ I8 panau ‘wr 0L (erep
o3uer {($0g Te 10 UOp[eYS) WISULIAS J8 W )GH—(0ST Ky1eoo] ou) Suriod je popIodal 0021 916 €TS 00L S1SU2I0D]DUL SOX] nqung payeens
(V) W QS ‘9ouenus UL
‘uowrwiod {(payroads 2)ep 10 I9AIISQO OU ‘YOO ‘UUBIA)
Suwiod {(HOE() W 009 Butiod (0107 ‘SuoA % Hoquie]
‘010T ‘AsuInn 1007 ‘peaisuag 2 peaisuag) Juriod 056 1se9] 18 0) 009 00S D22DA1]O 2]0] ngng pajusa-fing
A231ULLD
elEp HOE[ woly a3ues (6661 ‘unig) w 0L 006 ¥se9] J& 0} 06 0€sS 00L 00S §2]52]0YILL], [nq[ng paxyoeq-A1eH
(6661 ‘unig) w oL “(w 00§ o
(HOED W S06—+68 ((NMV oq 0} uede) 19861 “sdif[iyd) snjvydasoovyd nqng
T10T “SutpIeH NIV ‘T10T ‘UMOIg) W 0S¢ "o ‘Sutiod  ¢86T ‘7861 ‘ssurdg 10y Sutiog 0591 S06 0SS 00L 00S snxioydoyy PRI[2q-MO[[PA
(HO4r)
W L2629 NIV “010T ‘U0SIEA) Wl 00§ "0 SuLiog 00ST #xLT6 00$ S8P1 00§  Se4q snxioydoy  Lnqing paxeayo-Aain
(000T ‘uop[aYS 29 S[AOIA)
dedeg 12 w 000 1-006 “(NIV ‘[10Z ‘UMOIg) W 00T "
ne[Isa {(NMV ‘10T “SutpIeH NV ‘110 TIHIA) d1es
uoyodwi] pue sioyenbpeay yred usomloq 219YmaUWOSs
(W Op61 0 0q 0} UE) V[ ‘IO ‘LOOT “Suory)
ne[Iso]N (1107 ‘derreq 8007 '8 10 QAN SNaODAYI0
100T “O9®[[EA 29 90B[[BA\) SULIO ‘eiep HOE[ WoIj d5uer (6661 ‘unig) w 0L 0897-50¢ #x08L1 494! 9¢9¢C 00L snxioydoyy AInqng snoaoeryoQ
(w) (8007 () () () ()
‘uuey) oduiog uisaew urgrew urgrew ursrew
ul UoneAd[d Jaddn JIMO] Jaddn eV | Jweu
$9)0U JU.LIND) $3)0U [BILI0ISIH WNWIXEA JuLIND JuLIND) Ised Ised RITILIETRIN Jwieu ysisuy

"pauo) g xipuaddy

233



Harris et al.: Altitudinal range shifts of Bornean birds

(HO4r)
s1openbpeay neqIsoA ‘eyep HOE[ woly a8uel NIV

¥ 000S-00S€ Woij pajod[[od

I91qTBAN

‘10T “SutpIeH) [fex) JIWWNS Oy} UO W (J))T UBY) 108018 [RIOADS Y ()0 PAOQE UOWWIOD 0S¥2—9¢01 #*x991¢C 994! yTre 44! Syuowt sna4ao1ag PR1SeaIq-MmO[[2A
(9861 “sdud)
w ZI7—0L61 ‘meorerd
Teled TeIRIA J& OS[Y (W O0[¢ O
9q 0) uay®y) 6761 ut dnoid
WNASNJAl SOPFey oY Aq 9ALD
BB 1B PIJOI[[00 sudwoads uo
paseq A[oYI[ SI SIY], ‘Njeqeury]
uo 15 00001 03, s&es (LS61)
soIlAws (9661 “[e 10 sunjuor)
¥ 00001-000S (100T “Te 30 uop[RYS
(HD4r) s1ouenbpeay nejisajy wolj Pajod[[0d Aurw ‘JUIPISAL (LS61 ‘senpAug) Smp3.0141.43 12[qTeA\
(d[V) 10mo[ 10 W OS] 0} uMop ((HOH() W [TTe-T1S] ouBIUOW IOYSIY UOWILIOD 001¢ 03 *«1TTE 0S¥l 001¢€ SISIT sndoasojdiyd JeoT urejunoN
(MI€ ‘8U0 T IN °S “T) 01070
‘w (09§ 2q 03 udey ‘Kemyrem Adoued {(Fv[) 010TAON
‘s10)enbpeay] yred 18 ueds NIV ‘110T ‘umolig) 9)e3
uoyoduwir], pue siopenbpedy yred usomidq AIYMaWOSs s1pa.L0q
u0ds ([0 ‘peaIsudg 29 peaisudg) njeqeursy A e uoos 000¢ se21 & 0} #xSLST 09¢ 0L61 €0¢ sndossoj)diyd I9]qIeM S1AIY
(m19)
8007190 T ‘W (06T ‘wonels romod 1eou ‘saroads oy Yemeres
m oouonradxo ojdwe sey oym ‘[romayeq praeq £q Ul [0AQ] BOS WOIJ SeM smppuioul ]qIT4{
(uayey sojou pafrelap pue) paydeidojoyd [enpraipur [eooA pl10031 snoradxd Ajuo 0061 sndoosojjdy g Pan0Iq-m0]jax
aepidoosof[Ayd :SHNIOITYASSVd
(pordoooe ‘MIg 90T D) (9861 “SANINYL) W [TIT0L6]
6007°des ‘neisoN {(HOEr) W 8007051 “(‘wwods ‘siod ‘nedred rered rerejy je osfe SNInINONI paiqiofie],
NV ‘110 “SulpIeH) unf ur nefisojy 9A0qe W 0Q1¢ Y 0009-000% WO UOWII0d 05970001 #%800C Y0S1 9€9¢T cIct sorm3.2]] Y urejuno
(9661 ‘UINAWIAA)
Suriod 12 om) {(9661
(HDED) W €001-0€S *(600T “I8 32 UOP[AYS “d[V) “[e 12 supyuar) iy 0009 01 dn
s1oyrenbpeay yred {(w /1 oq 0) uayey S(8L61 ‘BAJIS Op 29 supjud[) su11242dns Liopqrepm
“800C 9ILO 7 uop[ays) sioenbpeay sjred je panou Y 000S—-000€ ‘nersy 1 s350 0€sl #xSLCT 0€s 8I8I 606 sndooso.tqy POI[2q-MO[[oA
(9861 “sdHud) W 1Z12-0L61
(HO4[) stouenbpeay ne[isolN (dV) 110T “010T ‘neaje(d 1ered [eIRIN JE OS[E R[qIem
ur unf—qo ‘wr OQg | ¥e Surpaaiq ((HOEr) W €59¢—L091 Y 00SS 03 umop suowoads 00LE-08€1 £59¢ 00ST 9€9¢ y9¢l DIUDIINA DHID)) ysng epung
(W 1€ "2 2q 03 ueey)
9ARD) BYed Je 7661°9°d 9
uo uossLuBH '], Aq Po3od[0d
WNAsNJA JemeleS ul uowroads
(V1) 010T'AON ME[ISSN ‘W OO 1T Y8 Udds ‘(HDEr) (9861 “sdiud) z861 ut  (100T “I 39 UOP[AYS) Ipvayaym
W ILZZH9ST {(NDIV “110T BUIpIeH) W 0061 0 NS stopenbpeay yred je Supsou 001€ 01 #1LTT ST 001€ Tzl vudydso.) [reIqIg uesuIog
9epINRD [SHINYOATIISSVd
(w) (8007 (ur) () () ()
‘uuey) oduiog urgarew uig.aew urg.arew uigrew
ul uoneAd[d Jaddn JIMO] Jaddn JIMO[ Jweu
$9)0U JUI.LIND $9)0U [BILIOISTH WNWIXEA JudLIND JUd.LIND) Ised Ised dYNUINS Jureu ysisug

"pauo) g xipuaddy

234



THE RAFFLES BULLETIN OF ZOOLOGY 2012

(MI€ “SuQ [ IN 'S 1) 01070 ‘W (095 2q 0} Ude} (w gt5) DpnIDUL [qqeg
‘Kemyrem Adoued paeay (G007 QPOnquioy) Juliod e om) 1 0081 1B SuLIog B PId3[[0d 0S6 09S SHS SLIAYoDIS padwni-nusay)
'IRp HOE[ Woly vpydadsorjod
95ueI (00T ‘& I UOP[OYS) WISULIOS 18 W (OSH—0ST ocel S06 CLS 114! 00S AR 1o[qqeg popeay-£aIn
(p91doooe ‘M1 ‘094 ‘L °S PUB 997 D) 800790
“nensay {(000C ‘UOpIYS ®ILOIN) dekeg e w 0001006 sdoori31u
‘elep HOG[ woly a8uel {(L00T ‘SPOOA)) Sutiod 06C€-50€ #%06€C 894! €LTE €0¢ SLdyovsg  19]qqeg payeoy)-AaIn
“(AVI “T10TA0N)
w ()06] @13 uoyodwili] e [[oM UdS U0 (V)
[[eI) MOIA NETY UO AI0)LLID) ‘Wl (OS] OF dIel (HDH() (100T e 32 uop[ys)
w ()¢S (W §H9 9q 0) Ude) £00T ‘MOT) SuLIod DALD nery[ je s330  Ipey SNIL, U0 ()QTT OF snupjuo 19]qqeq JeWIds
189 18 (00T “¢ 10 UOP[aYS) WISULIdS 1B W 0SH—0ST Y 00SS—00SE PIeay A[uowwod ‘NeqRULY U0 (OOLT 0 0061 0€s L991 9974 snutyLoppuiod pa3yoeq-nmsayy
seplifewl], :SHNJOATIASVd
(drv) w0S1-0SH1 “(Ww 00S 29 01
uoye) ‘800 ‘derieH) sioyrenbpedy Sutiog Jeau
‘(110 deirey 6007 ‘@SNOYpeoy ‘600T ‘soureq
1L00T ‘wequmaN) Sutiod (14O ‘L00T “09pqers) (NDIV ‘1661 ‘TepezoN)
LO0T KB JJ1ed [eUONEN N[EqRULY A, w G/6 "0 ‘Butog sdaoifini
“(¥00T “[e 10 UOP[AYS) WHSULISS 18 W 0Sy—0ST (6661 ‘unig) wr 0oL 0051 1940 03 #0081 00 SL6 €0¢€ SnUI010Y110 pIqioreL AYsy
(MmI1€ Bu0 T IN'S "D
0107190 ‘W (9G 9q 03 uaye) ‘Kemyem Adoued
*(800¢ 'sqqoq) Sutiod W 0SS ‘e1ep HOE( Woy uidiew (6661 ‘unig) Sn2oLLDS paiqiofre],
I0MO[ (00T “Te 10 UOP[AYS) WISULIDS J8 W ()07 O w ()L ‘3uLIod 18 popIodal 0021 1040 0} 09$ €IS 00L SNuI010Y110) Pa[IE)-snojny
(w 00L 0 2q 03 ude) {10 AduInn) [ren [ueuedue]
ay) Suofe Aem Jrey uey sso] A[qeqoid ‘uonejofoa
Iejiwis pue s1oSuid [[e1 yum punoid uado 210w dwos
IOAO MIIA B SEM JIIU} 9IOUM BAIR UE UI (/00T SPOOA)
S3uwids joy Suriod 03 35079,, {(5OOT SeuIRg) W ()9G O
Sunod (z00g UoSIppy) [1en ueue3uLT UO J[BUIdJ S1ADN30.0 pA1qiopny
“(800T 'T& 12 ARl ([00T 29B[[EA\ PUE 20E[[EA}) SULIO] 0001 00L Snuojoy1i0 payou-yivq
(000T ‘uopIaYS % AILON)
defeg 1e w 0001006 “(HOE[ ‘Pror neuey-njeqeuryy
BJ0Y] sso1oe) s1oprenbpeay yred mofeq ‘w 0OS| SLUIAIADY BIULIJ
pIeay (00T “I& 12 UOP[AYS) WISULIdS Je W ()OT O 0€ST 0051 1601 vrutid PaI[2Q-MO[[PA
9epLOdNSI) [SHINYOATIISSVd
3 0001 1B PR spuerdn S1SU2JOYI0 IO[qIeA\ Joddoyssern
Aq P10991 QUO ‘UIL}IDOUN SNJB)S Qe[ Ul 0O0T O} €0¢ D]]21SN20T S JJIOpPUAPPIA
(NDIV “L661 ‘ouog) o3
uoyodur], pue siojenbpeay
yied uaamiaq 21oyMawos (8007 ‘uuen
(V) T00Z un[ ‘ejey ueqe] dA0qe 0} W ()7 QAOQe Y 00TL 9A0QE SUONIJ[OJ [[B 100C “Te 32 uop[eys) A0JU220D I9[qIeAN
‘elep HOE[ woxy ouer (sown Auew gy[) e[S ¥ 000TI—0000[ WOL UOWwod 008€—0081 xx599€ 9CT 008€ 1zic snodipvag ysng Ajpuorry
SEPI[ISNI0T [SHINYOATIISSVd
(w) (8007 (ur) (ur) (ur) (ur)
‘uuey) oduiog urgaiew ursaew ursrew ursrew
ul UoneAd[d 19ddn IIMO] Jaddn JIMO] Jweu
$9J0U JUI.LIND $9)0U [BILIOISTH WNWIXEA Jud.LIND) JUA.LIND) Ised Ised dYNUIS dureu ysisug

"pauo) g xipuaddy

235



Harris et al.: Altitudinal range shifts of Bornean birds

'lep HO4Al (erep A11e00] OU) wn1p1dos
wolj o3uer {($)Qg “Te 30 UopJoyS) WISULIAS Je W ()T 9 SuLod e papou 00L1 0€S 01S D]OUID0IDIDIN w[qqeq S.pleYsIoH
(‘wwood s1ad) 1109qD
uosuryoIny Y Aq sioyrenbpeay Suriod je SPI0AI JUOAI 0011 00S D]OUIDOIDIDIN 42]qqng S, 3309qy
(6661 ‘unig) w 0oL
Je panau (W G/ G ISe9 Je
(w o8 0 9q 0] UdYe} {966 ] ‘UINAULIDA )
0q 0} UdXE} 1¢OOT IPUIYY) ooquieq Sutod (d(V) [[eD) MOIA NETY 10 NE[IS
600C Ul W QST Je papueq ‘(unf ‘gOQT ‘UOSUIYIINY)  MNE[IS UO Udds (YL6T “BA[IS oPp pjopidojido 1[qqeg
Sutiod (00T ‘1013 % [[BH) [1el) Ne[ig nefig 29 SUD[U[) W GTST-6E6 0SLI-0LE 00ST SLST 00L paayrodoN UDIA\ POMOIQIA
(9861 ‘sdijryd)
w ZI7-0L61 ‘neoerd
Teled IeleJA Je os[e Rowmﬁ
‘sdifiyd) 861 [ ‘[ren nefrs
NE[IS U0 1SAU )Y 0SLL—001€
Aﬁoaawoow mk:m nood Uv oOON.Qum J‘Emmvz Pa3a9[j0d Auewr J.w 0076—0059 DSSDAD I9[qqegq
{(HOEI) W 081-19+1 (drV) 11071dV ‘W 0L 18 1sou WOy uods A[UOWWod 006T 1SB9] J& 01 G 6 #:0VLT 19%1 878 6€6 vadi10doN USIA\ UTEJUNOy
S1ADINSLID Jqqeqg UdIA\
SPI0J3T JUIAI OU Ik AIA) Jey) SunsoIdIul (6661 ‘unig) w 00, 1 papou 0€ST 00L va2y10dDPN pajeoay)-yoerqg
(6661 ‘unig)
w 0L (9661 “Te 10 sunjuaf
‘8L61 BAIIS 9P % Sumuo[)
w 909-00S (W OOST 158 18 2q
AV W 0S6-00S “(HOEl) W LT6-0ES 0} UAE) (G86[ BUOK 79 [[EA) ppnpoIdULNIG
(00T “'[€ 10 UOP[OYS) WISULIdS J& W OSH—0ST [[BX) MOTA NEIY] UO UJS (434! #%0S6 00$ 00ST 00$ addioyy Lenean umorg
9BPIOUIOd :SHINIOATIASSVd
(w 095 0q 03 udE)
'800T $9q0(1) Aemy[em Adoued (w69 oq 0} UdNe) (6661 ‘unig)
€00 puIoyY) dABd J8q (10T ‘deirey) Sutiod (W §9g w 0L “(8L61 ‘BA[IS 9p
9q 0} udE) 10T MOT) [[ej10Yem ySundry (wr 0O, 0 29 SUDUD[ UL PEOYINYM )
9q 0} uaye) {1007 QIB[[BA\ 29 0B[[BA)) [1B) [[BJIotem dn nreqeury] jo sinds oy snsojnd nqqeg-1L,
Kemyrey (00T “& 1o UOP[AYS) WISULIdS JE W OSH—0ST dn 300§ parpuny moj e,, os[e 0L01 095 00L 00S SHOUOIDIY padorq-APng
(MI€ Bu0 [ IN'S ")
0102790 ‘W (95 2q 0} ude} ‘Aemy[em
Adoued {(HOE() w 0¢1 Suesepunyy (0107 “Suox ¥
MAqUIET 600T “SOUIEd L00T ‘SPOOM ‘L00T WEYUMON) SISUDUIOG [qqeg-iL
SuLiod (00T “[e 10 UOP[OYS) WISULIOS JE W ()T O (s880) nery| 00€1 Isea] 1e 0} 095 00S €0€ SHOUOODIY padins-pjog
(9661 “1e 10 sunjuap suo.fifi 1o[qqeg
(Inf ‘8007 ‘uosuryony) Juriod ur SHJ) 21e1 2q 0} sieadde 0€ST 00S s1sdopridyonig PpajuoIg-snoyny
(w 008 29
Blep HOAl 0} uayel wmw@ﬁ mwﬁo.% » :@Bv Ek&ﬁ@\fbm 9[qqeq
woljy oguel Rvoom Jm 19 ﬁoﬂ:osmv WISULIdS 18 W ()0¢ O wﬁtom JO SUoneAdd 1oddn 0Tl 0€6 (0149 008 00S h.E\QUEW Uowﬁ\sézﬁamoao
SH]01S1U [qqeq
SPI0OAT JUDAI OU Ik I} Jey) SunsaIojur (1661 ‘1019ydeg) 6861 ‘SuLiogd 061 00S SLIAYODIS pajeoay-yoerg
(W 69 2q 03 UNeE} (EQOT IPUIAYY) syoonaj sqqed
04v0 Jeq {(HOE[) W 818 (V) W Q0L 03 Umop (6661 ‘UNIE) W 0L J¢ popou 0L0T 818 00L 00L SHADIS PONIIU-IYM
(ur) (8007 (ur) (ur) (ur) (ur)
‘uue]y) odurog urgarew uig.aew urg.arew uigrew
ul uoneAd[d Jaddn JIMO] Jaddn JIMO[ Jweu
$9)0U JUA.LIND) $9)0U [BILIOISTH WNWIXBA JUdLIND Jud.LIND) i1sed ised dYNUINS Jwreu ysisuy

"pauo) g xipuaddy

236



THE RAFFLES BULLETIN OF ZOOLOGY 2012

(oo 's1ad ‘O[O N[ WPUIOYY ) SULIod W GL6 ™D
(000z ‘voprays 29 o[LoN) dedeg ye wr 0001006 (HOEI)

(NTV *8861 ‘U0s12q0Y)
91e3 uoyoduir], pue
s1o)enbpeay yred usomiaq
21YMIWOS UdIS {(w G/ G
9q 0} uaye)) s1eyenbpeay

W syl ((NAL *Grv) W 0061-0981 ¥ 110T Pue 0107 Ut Jred 1 U23s 1Y 0007—000€ saoeyd swos ut sduao.idd
1S9U QU0 ‘(6 O 03 AIBI ‘W ()SY[—(SH | UOWWOD A[ITR] uowrwod AJrey ((s339) nery| 10MO[ Iq 0SS 1068 <0061 SL6 SIST 00S wnau10]]aJ Io[qqeq S Youruma],
(uopjoys paxg)
Uuo1BI0qOII0D
SpPaou pI093I ‘BIep AI[EI0[ OU
L LmqupeT pue yomiag,,
Aq SuL0{ 18 POpI0AI 00C] 1se9] 1& 0} pioLys vidouay  19[qqeq uaIp pading
(d199)
LLOTTRIN UL  nfeqeury N,
e (Wnasnjy Apoqead
KJISIOATU[) 9[BA) USPUSIA [ [
£Aq pa199]]00 suawrdads
(wrwos s1od ‘ypurery ) SuLiod ¥ 0107 Unf T om {(sdrypryd 2 sdipryd) 10]021q
uo ‘(007 “Te 30 UOp[eYS) WISULIAS J& W ()7 O 1 0091 Suuod ye payou 00€] 19A0 0} 00S DPUIOISDYILL] 19[qqeq snoursnioj
(6661 ‘unig) w g0 Sutiod 1e
panau {(SHJ) uoneI0qoLI0d
(1007 “@9e[[epy 29 0B[[BA\) spaau {(eyep A1[ed0] ou) WnID.43Sod 1919qeg
I} 919M 9m SABD ¢ 9} JO INO ¢ UO,, SULIOJ I8 UddS Suriod e udos 0011 1se9] I8 0} 00L DULOISDYIILT PISAYO-AIY A
(6661 ‘unig)
w 0L ‘(1661 “o[Rydee)
[11ey101eM URURSURT
10 §3undry] 03 SI9JAI SIY)
JuIegpoun] Jrejiorem Suliod,,
pue  Juwod,, {(w 008 o
9q 0] udye) GRG| ‘Tuox 2%
11eAr) SuLIod JO SUOIBAJ[D
elep HO4[ 12ddn (eyep Apeoo] ou) wnusput 1919qeg
woly d3uel (007 <8 30 UOP[AYS) WISULIdS J8 W ()7 O 3uLod Je papI0dal 0001 68 0€s 008 00L uo0.421doov]ppy POUMOID-SNOFY
eep HOd[ wna.Lou1d 191qqeg
woly o3uel {($(0T “[E 19 UOP[OYS) WISULIdS J& Ul (T O (6661 ‘unig) ur 0L 056 S¥9 0€s 00L 00$ uo.2)dosv poumOI-A[e0g
(6661 “unig)
(AVI) TTOTAON UI W oG/ 0} BULIOg (W 0SL "0 9q w QL (W 00 "0 2q 0}
0} Ud¥e) ‘70T ‘UOSIPPY) [Iel) ueuRIULRT UO NJew uny G| uaye) {1661 JoPyded) 8861 autffv 191qqeg
Ieou ‘Funiod (007 “Te 12 UOP[OYS) WISULIAS JB W ()07 O ‘s3unids joy Suriod 03 2ouLnUD 0SS 0SL 00S 00L 00S uo.21dodvppy paddeo-£1009
(w 0§ "0 9q 031 UL ‘800T ‘sqqoq) a415041U3DVUL 191qqeg
Suriog Je eare sroprenbpeay {(HOE() W 998—+8L 0TTl 998 00S 1901 00S uo.2ydodvppy POYORISNOIN
(110 ‘dexrer 0102
‘uorey {£007 ‘WeYUMAN 1007 QIB[[BA 2 20B[[BA\) S1SU2OD]DU n[qqeq
SuLiod (00T “I& 10 UOP[OYS) WISULIOS I8 W ()T O (6661 ‘unig) ur 0L 056 00L 00¢ DJoULL0IDID Ppa[rel-1oys
(w) (8007 (w) (w) (w) (ur)
‘uuey) oduiog urgaiew ursaew ursrew ursrew
ul UoneAd[d Jaddn JIMO] Jaddn JIMO[ Jweu
$9J0U JUI.LIND $9)0U [BILIOISTH WNWIXEA Jud.LIND) JUA.LIND) Ised Ised dYNUIS dureu ysisug

"pauo) g xipuaddy

237



Harris et al.: Altitudinal range shifts of Bornean birds

(gV) 1oyeam Apuim 10 AIp Ul G/G[ 03 UmMop {(30D0AV
‘uassnwisey] D ‘d) 01073y ‘W (g8 ‘Surplodar orpne
(perdaooe g 04 I 'S PUB 997 D) 80092 ME[ISAN
((110T LB ‘I “09X "L "D) W /ST 0 2q 0} ude) ‘[rexn
Suruedwd {(NSIV “T10T ‘TIHRN NIV ‘1107 ‘UOSLLIeH
NDIV ‘1102 ‘SurpreH) 9e3 uoyodwi] pue sioyenbpeay
yred ueomiaq aroymowos {((0[0g ‘SUox 29 }oqueT)
2reunxoxdde uoneas(?,, ‘w (99| 03 umop pajtodar
‘(suoneA1dsqo ([#961] T961) SOIYIWS 0} JSLNUOD UI)

‘NJIQNOP JBYMIWOS 3q 0}
uIdiew w (00t I91Ied oY}
JIOPISUOD 9M 0S W ()fY¢ dA0QR
uone)o3oA NI AI9A SI 1Y,
(6661 ‘unig) w 001¢-0091
(9861 ‘sdiyd) w 1Z1Z-0L61
‘nedjerd rereq rerejy je os[e

Y 000T1-00SH woy sudwroads
9ysnoip ¢g61 SuLmp
s1o)enbpeay 18 papIodal
“(8L61 “BAJIS 9p 2% sumjuaf)

Y 00001 dA0qe pue

([¥961] 2961 “sorpAws)
o5pry Jseq S, n[eqeury uo

(100T “Te 32 uop[ays)
000t 03

*(800T ‘WUBIN ‘LS61
‘sorpAws) JyInop

W ()G8Z 2A0QE AJUO PIIQ UOWIOD JSOW I} USYJO Sem (wr 88—2991) ¥ 00v6—00SS Sunmp 10mo] INd20 v
so10ads sty yey) punoy HOE( “(HOE) W 8¢8€—0681 wol} pIIq }SUouUIuIod ued Inq 000y—59¢l 8¢€8¢ SLST 006¢€ o€l SLDY20401Y) akaxor|g UrEIUNON
(AVI) T10TA0N
SYO1YO Pagpay Apuedal g Surpagy red ‘Suesepuny|
{(HOE[ “d1V) W Q0ET 18 ‘T10T “010T (w0681
‘Suesepuny] (1107 ‘deurefy) nreqeurs] YA (8002 9q 0] UYL} {966 ] ‘UINAULIDA ) suo.fiuvnbs
‘sqqo() [rexn Jrwwns (L00g ‘PIoF[NoeYS) Sutiog [ren) nSemry jo puo 0S12-0S F414 81 DI2UID0INI0) uoqq Awdkq
(pardaooe ‘m1d 9971 D)
8002920 Me[ISAN (MId “SuQ [ “IN 'S 1) 0102100
‘(pardodoe “MId 99T D) 6007 dos ‘W 095 2q 03 udYE)
‘Kemyrem Adoues ¢(000z ‘uoploys 2 o]40JN) dedeg je nery 1e s339 9 00S8—000¢
w 0001006 (drv) w01 0} (HOEl) W L981-916 woyy sueurrdads Kuewr euIyng
“(#00T “'[e 19 UOP[AYS) WISULIDS J& W (€ O} UMOP Y 00S8—0091 WO UOWWOd  ()0YT OF [9AJ] BIS JBIU #x001C 09¢ 9LST 00$ 21242 puryng PajsaId-nmsayy
oeprdorolsoy :SHNIOATIASS Vd
@avr)
901e0s 210w Jurwodaq sdeyrad {000z ‘UOP[AYS 29 [AOIN) (NDIV ‘L661 ‘ouog
dekeg 16 w 0001-006 “(HOEl) W 0SST NIV ‘8861 ‘U0s12qOy)
‘(erep (V) W (00L1—00S] Wwolj ‘eare siduenbpeay ayy ur 91e3 uoyodwi], pue
pueq [eUONBA[Q UIY} B A[SUIuads {(w 006 29 03 uoye) s1o)renbpeay yred usomiaq
£600C ‘seureg) 91e3 uoyoduwi], je yooy ysniypSuryIne| QIYMAWOS 3 0009—000% ysnayp3uygne|
POXIW Ul [RIOAIS (00T ‘WequmaN)) SuLlo je ouo woIj uowwod A[irey SE81-061 0061 00S1 3181 00S SnAJPO XD]NLIDL) papeay-areq
(pardoooe ‘Mg 00T D)
6007 dos ‘nefIsajN (00T “UOP[RYS % F[LOIN) nery 1e s339 35 00S01-000€ L12Y2D2.4) ysnpSurySne|
defeg 12 w 000 1-006 “&Iep HOE[ Woly aFuer wolyy uowwod Aprenoned 05€€-00C #*x9L1¢ 90S1 £eee [4¥4 XDInLDL Papooy-Inmsay?
(100 “Te 30 UOpP[YS)
0061-0001
(AV) 600T AB ‘storrenbpeay (6661 ‘unig) 00170091 (8961 “e10D) snpljpd ysnapBurysne
NEB[ISIA 2A0QE W () ‘erep HOE[ wolj d3uel ‘s1oyrenbpeay yaed je uowwod yeqes ur 747 01 wx 1261 0SST 0012 606 XDJNLIDL) epuUNg
QePIYOLIOIST :SHINYOATIISSVd
(av[) Sutiog ‘ooquieq ut (ur gog 299
w g/ (pardasde MId 99T D) 600 des ‘W 095 oq 03 0] UaYE} (G861 “TUOX 29 [[EM)
uaye) ‘Kemyjem Adoued {(w 69 oq 03 UL ¢/ 00T MOT) SuLI0d JO SUONBA[d
uriod ‘9Aed Jeq 2U) 1B (1007 ‘peAISuUdy 29 pedsudq) 1oddn S(NDIV ‘1661 ‘TepezaN) wnyp.4ps1dno
SuLiod (00T “Ie 0 UOP[OYS) WISULIOS Je W ()T O W G/6 " “FuLog 0lvl 0SL 09¢ SL6 €0¢ umautojjpd  10]qqeq paddeo-yoerg
(w) (8007 (w) (ur) (ur) (u)
‘aue]y) oduiog uigrewr urdaew urdew urdaew
ul UOHEBAI[ Jaddn JIMO[ Jaddn JIMO] Jweu
$9)0U JUI.LIND $9)0U [EILI0ISIH WNWIXeA JUdLIND JUd.LIND) Ised Iseq YNUIS Jureu ysisuy

"pauo) ‘g xipuaddy

238



THE RAFFLES BULLETIN OF ZOOLOGY 2012

(pardadoe Mg ‘@271 D) (soroyd (800 uuep
600z dos ‘nepisaly (A4 “Sunoy) "N) 900T TN ou ‘6661 ‘unig) 001¢ pue 100" 12 UopJays) SISu22U.L0q ysnagp
‘W GH9 2q 01 ude) AL Jeq ((HOE[) W $95T-808 009C U39S ‘00 1Z-00L panou 0SLT O} §9sc 808 0sLT 909 snuoydodyy SuIpsIyp ueauIog
SepIpIng, :SHNJOATIISSVd
(MI4 BuQ ' IN S "1) 0100 W 09 (w 009 029 0
9q 03 uaye) ‘Kemyjem Adoued preay {(HOE[) 010Z1dy uoye) (G861 ‘SUOA 2 [1eA\)
‘W ¢/ ‘SuLI0d dA0qe pIedy (4007 ‘B 30 uop[oys) Sul10d JO SUONBAJ[D
WISULIdG Je W 007 0 (1007 “Te 10 uop[oys) Suriog IOMOJ Je sAep om) Uo pIedy 0021 1€L 09S 009  psoidijal bjnov.iL vudpy g vouwio)
(NDIV “L661 ‘ouog) a1es
uoyodui ] pue siopenbpesy
yaed uoamIaq 219YMIAWOS
woJj pI0d2I [NJIqnop
“(8L6T ‘BA[IS 9p % supuof)
(opmnje umouun)
njeqeury] A pue sisuadpund Surpeyg
(1107 ‘dewreq ¢£00Z ‘pIoj[odoeys) Suriog neuey je popIoodr UQAIS duou soydy KssO[D) URISY
QepIInS {SHNJYOATIASSVd
(w op61 2 (9661 ‘ue[nouiIop)
9q 0] uaye) paydodde ‘MIg ‘09X 'L 'S pue 297 D) uriod 18 om) ‘siopenbpeay LyoreyinN
800T 990 “NMe[ISON (V) W 0SLI-00ST “(HOEl) W TYLT sjred ye uoos uoyjo 001¢ noqe 0} *xC9L1 00ST 0L6l 606 sipiuoLf viisg PIIUOII-I9A[A
SBPIIIS :SHINIYOATIISSVd
(NIV ‘1661 ‘TepezeN)
eyep HOd[ woij a5uer w G/ 6 "0 ‘Suniog
(#00T e 32 UOP[eYS) WISULIdS 18 W (T O (¥ 00¢t) Suesepuny] je osfe 0061 026 195 SL6 €0¢€ vjjond vua.y parqanq-Aire,[ ueisy
SBPIURI] :SHINYOATIISSVd
(pardoooe ‘Mg ‘0L, ~¥)
900z 1dVy ‘neisajy 93poT s, uyor IS
‘woly p109a1 [njiqnop Ajqissod (W G/ 6T 9
aq 03 uddye) paydedoe ‘MIF TURYSqY N) 800T ABN
s1oprenbpeay yred {(paydasoe ‘Mg ‘03 ) 9007 AV (NDIV ‘8861 ‘uosioqoy) ojed
IOMO) SUOIBIIUNWILIOID[A) Jedu s1d)enbpedy yred uoyoduwir], pue siopenbpeay
{(w 09¢ 2q 03 udye) Swwod ‘s1d ypureyy 4) 0107 10f yaed uoamiaq 219YMIAWOS
‘Kemem Adoued ((HOEL) W 0TS ((drV) W QO€T (6661 ‘serpAwS)
18 110C ‘Suesepuny] {(L007 ‘WeYUMIN]) [1e]) [[e}1ojem U0 Sunog ‘(SuL], wnasnjy 00L1 2A0qe
00quIeq Ul U0 (007 [0y 29 [[eH) sionrenbpeay syred KIOISTH [ermjeN) W GO§ 0] [9AQ] BAS 0] ISO[O GLST 01S L991 S0E 4242 sdodjsoz K-y M\ S, 110I0AT
(6661 ‘unig)
w 001¢—0091 ‘(oroyd ou)
w (L e PI00a1 WYSIS (N
(HD4[) s1aenbpeay ‘886 UOSIOQOY) [Ie1} JWwns
NI (AVI) 600C120 [Fel) NEISI U0 W OSTT o) UO W (00T Uey) 107813
01 dn “(w 05O "2 2q 0} udE) NIV ‘[10T ‘Surprey) “(8L61 ‘BAJIS 9p % SUDU[)
[Teq) Jruwns uo w )00z uey) IoreaIs {(HOdr) w [Z12-606 vj1dpoLyp 9K0-)IY M\
w [£81-90S1 (V) W 0007—0SH [ Woxy uowwod  ‘siaprenbpeay yjred je uowWwod 0S17-$88 #0002 (IS4 121e 606 sdota1507 paddeo-syoerg
(w) (8007 (w) (ur) (ur) (ur)
‘uue]y) oduiog uigrewr urgaew urgaew urdaew
ul UoNeBAJ[d Jaddn BB | 1addn REI | Jureu
$9)0U JUILIND $9)0U [EILI0ISIH WNWIXeA JUdLIND) JUdLIND Iseq Ised YNUIS Jureu ysisuy

"pauo) ‘g xipuaddy

239



Harris et al.: Altitudinal range shifts of Bornean birds

(100T “Te 12 uopays) punjuoUt Suimyioys
(HOHr) s1oprenbpeay] ne[IsojA ‘eiep HOE[ Woly o3uer njeqeursy uo w 0p9¢ o3 009€—588 #%x908¢C Sorl 009¢€ 1901 Xdo1ddyon1g PoMOIq-a M
(w 0oLZ 2 2q 01
uayel ‘8007 ‘sqqo() SuekeT SuekeT oaoqe uonoun( [ren
910J0q W ()07 O ‘(W (6 O ‘wwod ‘siod uosuryoInH )
2007 Ut [ren ueuesue jo doy (grv) W 00€Z-0SyT  (100T “T8 12 UOPIAYS) W 0OTE 1taffol
wouy arer (00T “99B[[EA % 29B[[EAN) NEJIS NE[IS UO )sou 01 :(6661 ‘Unig) W 0097—00L 00C€—00L #x00LC (11941 00C¢ 00L  p4avyd0pdutvyy) Jojunynig
elep HOd[r (6661) unig uLoy oguer
woly a3uer {(pardoode ‘Mg ‘091 ) 9007 1AV ‘Ne[IsoN ‘(1661 ‘10]9yoreg) Suesepunyy
“(#00T ‘11013 2% [1eH) SueAe Suede Je uowwoo ‘J 0008 01 dn nynuord 06C¢ L6ST €es 001¢€ 00L  snn2sqo snpany ST T, POMOIQIAT
(s11e3S [req) Jruuwuns oIoyMm SI SIy)
asnedeq w ()G 9q 03 udye)
1661 “IoyoIed) 0661 UT
(W 818T) Jren ywwns ay) uo
Y 0009 03 UMOp,, (W GLGT D
9q 0} udYE) JYSNOIP ¢861 Ul
jyodwouo], pue sidyenbpeay
(AVI) 0107 AON s1duenbpeay neisajy (0107 ‘doysig) yred {(oyewnrxoxdde
w (0gz 01 dn [OH e 9q 01 udye)] NE[ISAI\ WoLJ {(W GG9| 2q AJuo ueop s1yy nq
2q 0) uaye) ‘8007 ‘sqqod (peydeiSojoyd) MIIA nersyje  w )QLE O 9 0) UR)) JWWNS
(HO4Er) W $Z97 03 umop preay Ajqeqoid ‘W 049¢—9¢0¢€ qy) Jeau Furpaalq punoy snppydasorjod
‘('unwoo “s1ed nng jorpeuag) w 08¢ 03 dn Apueoar pue  uonejedaA jo jwiy,, 0 0S9€—SLY1 0%9¢€ $991 00LE SLST Snpang ysniy, puejsy
(W /ST 9q 0) uOXE) GO “UOSSOLIY)
5007 1dy g o ‘sioprenbpeay yred seau Sunydis auo UQAIS ouou DaUND D.12YJ007
(W §£$T 0q 0} uaE))
s1oyrenbpeoy y1ed je [enprarpur
peop pue [len nejl§ nejig
(HOdr) w 0g81 (dry) (SuIpaaiq) w 0061—00S| “drel (9661 “Te 19 sunua[) drer oric 0061 0081 SLST  M1a4242 Di2Y]007 UsnIy T s.poloay
(8007 ‘uuey
ur 8661 “U0SQOY) W (0S|
(W 0881 "0 AVIL) 0107-000T (9661 “T& 10 SURUS[) (W §/GT
‘opispeol 1e[n g (0007 ‘Uopeys 2 dJLojN) dekeg 9q 0} uaye)) s1eyenbpeay UL ysnayJ,
12 W 0001-006 (V) (SuIpasiq) w 0061-00ST “d1er yred 03y 000€ ‘el 0081 0 #0061 0051 0081 606 DJY21402) papeay-ogueiQ
(10110 ue
10 JueISEA B 9q 0} Jo)E] oY)
I9PISUOD M {6661 ‘Unig)
@vr) wosL “(w 09 o w ()09Z Pue Q0L 1e
oq 03 uayey ‘1107 ‘derreq) . [oMIY [[ejIorem woIf ponou ‘peol neuey-njeqeurs
s1oyrenbpeay Suriod 03] yoeq 1sowre,, ‘eyep O Wolj ©)03] UO PIIq peap
Krepunoq 10moJ ‘(W ()9S 9q 01 UdNe} ‘()07 ‘PeoIsuog) 9ueSw JySu e se w )¢
Kemyjem Adoueo oy} Jeou QU0 MBS JOPIJUIID) ‘erep A)1[eO0] OU YIM 696
M (V) 8661730V ‘(W 00F—0S7) IPATY WISULIDS ur urod 18 p10921 Junsau saad.iayu1 ysnayJ,
18 unsau ‘(4007 ‘e 19 UOP[AYS) WISULIdS J& W ()07 O pue njeqeurs] uo udwIodds 00€1 0SL €S D]Y21y02L) paddeo-nusay)
(w) (8007 () () () ()
‘uuegA) oduiog urdaew uidaew uidaew urdrew
ul UONEBAJ[d 1ddn I9MO[ Jaddn JIMO] Jureu
$9)0U JUILIND) $9)0U [BILIO)STH WNWIXEA Jud.LIND) Jud.LIND) Ised Ised AYNUINS ureu ysisuy

‘pauo) g xipuaddy

240



THE RAFFLES BULLETIN OF ZOOLOGY 2012

nedjerd ynsourd
uo 1J 000 18 Os[e :(PeayNY A

(V) L00T IO “900T Uunf Y 000L SPIEMO)) SUOEAS[D sLpn3 1o10)eATf oSuny
‘s1011enbpeay nefisojy {(Suipaaiq) eiep gy woiy aguel 10yS1Y J& uUOWWod 10U 062€-S16 %0561 0SP1 €LTE 606 so1wounyyy PamoIqaky
(9661 ‘uo[noULIA)
Suriod 18 Aemyjem Adoueo ppnpoifin I0421eOAT ] 9[3uns
(000 ‘uopays 2 dK0N) dedes e w 00O1-006  WoLj p10dar [nyiqnop Ajqrssod 0€ST 606 sordwoutyy pajrel-snoymy
(HO4r) W 668088 0TTI 0 SuDAqUNn 1010edAT,] oSuny
S(AV) W QY O} 90UBNUD WO} ‘SULIOJ ‘UOWUOD (6661 ‘unig) w 0L A[TeU0ISEI00 005 0} 668 00S 00L €0¢€ so1wounyy PaIsayo-£o10)
(MI9 BuQ ' IN 'S "D (6661 ‘unig)
010273190 ‘W 96 9q 03 uaye) Kemyem Adoued {(HOL[() w ()0, ‘nJeqeury] uo Ajeoo| SN22DA1]0 19UdIeOAL] 9[3uny
w 0€S—01S (00T Te 10 Uop[oYS) WISULIdS Je W )07 O UMOUNUN WOJJ udwIodds 006 Moqe 0} 09S 01S 00L so1wounyyy Pa)SaYO-SNOA[N]
(1661 “10[oyorEg)
7861799 11-01 OSI® €861 SnLiD}1]OS
ur Suesepunyy e popI0ody 001¢ 0SST bjosnuopn USIGL 3P0y dn[g
(pardodoe “MId 9T D) 600T doS
NB[ISIIN <HJnvuadYydsa] "5 10 SISUULOG "5 ST SIY) J1 (NDIV ‘8861 ‘U0S12q0Y)
Ieapoun (000 ‘uoplays 29 91LojA) dekes 1e w 0001006 91eS uoyodwi], pue
wo1y uduwdads (5007 “Te 12 JAOIN) ynvudYyIsa) i s1openbpeay sred usamiaq
JO wisuLeg woij (HNIAY) suswroads aaIy 1oymowos (9861 ‘sdrifiyd)
{(@VI) LO0OT 1eye w 006 Sutiod (d(V) W 0$81-0SH1 G861 ul siauenbpesy
uowrtod {(HOE[) W 6091—0ST (wnvuayosay red Jeou InorAByeq
Jo Anpiqissod 9jeurwar[2 0) papadu Jurou-isiu diysymnos ¢ 3uLiod 2a0qe,,
nq ‘[[Z'UNf ‘BULIOJ 1B W G/ 609 WOIJ Uas sor0ads w 6e61 (19611 2961) S1SU22UL0G
SIY) Se POYNUOP! SPIIq) LIep €[V Pue HOE[ Wol dFuel soIAWS woyy dFuel §S61—50¢ 0581 006 6€61 €0¢ SnAno1Usy [1e)10,] ueawIog
(W §L6 2 2 03 UNe} 800T $990Q) (e3ep Kyreoor ou) snjpdvoyfins TTeppIoq
[TeJ1o)em ueue3URT 910J0q/MO[0q WEALS UO ‘TULIOJ Suriod 1e papou 021 SL6 SIANDIUS] padeu-nusay)
(800 “Te 30 2A9Y3eIN)) SuLIOd ‘PIEAY (00T “UUBIN QAI[D)
paygroadsun 1ea£ ‘Furiod {(w 009 "9 9q 0} UdNe}
£€00C purayy) [rerrem usundry] ised {(zoog ‘vosIppy) sn3ddoridd vueys
w ()06 IS Je 9q 0} UYE) JNq Jed[oun ‘Suriof (6661 ‘unig) w (0. e papau 00L SOXIYOLI] pafre)-snoyny
(NMIV 1661 ‘TePezoN)
'lep HOA[ SuLod 18 W G/ 6 O ‘BIEp neqeury 1pUDIYOLLS N
woliy o3uer {($0Qg “Te 1 Uop[eyS) WISULIS Je W () O Ayireo0] ou yim udwroads uo ()ZZ1 2A0qe 0} 8 01S SL6 00S snyodsdo) PAUMOIO-A)TYA\
®IEp HOF[ Wolj urdrewr
IoMO[ {(w G/ GT 9q 03 uaye) {110 deureH ¢£00T
WeYUMIN 500T ‘OPonquioH) siopenbpedy sred SLDINDS u1qoy-o1d3en
‘(00T “'[€ 19 UOP[OYS) WISULIdS & W (0T O ueynp, npung 1e 3 0081 0€sT *SLST €S 6£6 00s snyodsdo) [BUSLIO
(@vr) Sutod ‘w059 (MId 800710
‘[lomaeg “(1) W 0S8 "0 2q 0) usde) Te[ Ivng (Fvr)
600T'AON 8000 ‘W 0S8 "0 Ie[n Iyng (W o5 0
9q 0} UdE} ‘OO UOSIPPY) [Ie1) UeULSUET UO W §'[ (6661 ‘wnig) w 0oL
MO[2q {(£00T ¢ 39 UOPIOYS) WISULIDS Je W (0T “(¥ 008t) Suesepuny] ‘neuy 0891 0S81 059 00L €0€  oupdo puyosny  UIGOY dNIg UBMAQIS
seprdeotosniyl :SHNIOATIASS Vd
(w) (8007 () (ur) (ur) (wr)
‘uueyy) oduiog urd.rew ursaew ursaew urdaew
ur UoNeAJ[d Jaddn JIMO] 1addn JIMO[ Jureu
$9J0U JUILIND $9)0U [BILIOISTH WNWIXEJA JUd.LIND) JUdLIND Ised Ised QYPUIS Jureu ysisuy

"puo) g xipuaddy

241



Harris et al.: Altitudinal range shifts of Bornean birds

(pardaooe ‘MId “0al ") 9007 1dV Me[IsaN (HOMS)

w (¢] Suesepuny 010z SUOX 29 HOqUIET “BYOOT
‘ueSue[IULINy ], % SUNUD[EA) YIed n[eqeury (190 ‘1107
‘LIOIMBIRWIES) N[EqRUTY JUNOIA (0107 ‘SUOX 29 1Hoquie]

{010 “Aeump ‘[gO ‘800¢ “Suoryy) Sutiog {(wr 00g w /Gl oq pupjouoUDA> TOUOTEIATL
9q 0} uaye) ‘7007 ‘uosIppy) siduenbpeoy Suniod Iesu 0} uoye) s1d)enbpeay yied GE]l GLST €0¢€ vjdound) MUM-pue-an|g
(1002 “Te 32 uop[ayYSs)
n[eqeury] uo
w 0I€ 0 (6661 ‘Unig)
w 00970091 -sterenbpeay
(HD4r) yred je udas Ajrengar TUUDULIDISIM
s1aprenbpeay Ne[isajy ‘erep HOE[ Wolj d5uer ‘Y 0008-000S WO UOWWOd 001€-058 €19¢ 1394 001¢€ SIST ppnpact,]  19Y0YedK[] pald AN
(100Z “[e 30 uop[ays)
n[eqeury] uo
w 00LE 01 Y 00S6—-0009
(pardooae ‘Mg 99T D) SuLI0d 9A0QE UOWIOD v.yliadAy RElPILAINE|
600T dos ‘Me[ISAN ‘eyep HOE[ woly a3uel ‘Y 0008-000% [ynuad 00L£-0001 #x80SC syl 00L€ clcl bpnpasiq pamoIg-Amoug
(6661 ‘unig)
jueISeA € 9q 0} UdYe) ‘W (0] ¢
Je payu ISt [ ‘W 0091
pue (0L e SpI02aI SIS ypuNSnu Ly [PIsm
{(8007) uue £q [nyqnop PIsSNJuO0d udaq ALY
A1qissod paI1opIsuod sp1odar Kew sp10oax 1addn DLLOJUNY BElLAINE|
(000 ‘uoprays 2 S[A0N) deAes 1e w 0001006  1oddn Butiog e popioder osye mnq 0z91 10 0OTT 0 9091 00L DInpadL] PAISoY-snojny
(HOEr) W $5T€-679T *(600T ‘189D (6661 ‘unig)
‘2800 ‘UBSUR[IULINY], 79 SUNUS[EA) N[eqeury I NIV w001¢€ “(NMV “L661 ‘ouog)
‘10T ‘umolg) NeIsajy J& w 000z 2 (190 ‘600T ‘YSuIS) a3 uoyodur],
w £9¢G1 Je njeqeury] JUNoN (6007 <18 12 uop[ays) so0T pue s1ouenbpeay yred
Ul W ()L7€ 38 Ponau (007 ‘10T % [[eH) siouenbpeoy USIMIOq QIOYMOWOS ‘W G/ G ypunsnu
spred (100T “oor[[eAy 29 99B[[EA\) SULIO] PUE MOIA NETY 9q 0} uode) sionrenbpeay yred geee SSTE €961 001€ SLST bpnpasLy IOUBIAL DlewWsnA
(HO4r) w 0gS-126 “(BOT0T UoYeH) W 0061 DUISSIUDU
‘oreS uoyoduwi], pue (W G/ G '9) JueIne}sor ngemi| 0€ST 0061 12S €0€ DInpadL,] TUDJBOA[ ] SNSSTOTEN
(AVI) 110TA0N
ur (91e3 uoyodwl] WIO) UMOP W ()()]) W ()SY] O J& us
{(HOE() 10ARy NSeMIT U0 w 0§ T (W GG 0 0q 0} UdE)
3ny 0107 ‘S10AN) [ren Suruadwopy uo {(w 0001 9 Nreqeurs pauI3N.LIAf
9q 0} udYe) ‘ZOOT ‘UOSIPPY) [[ejIorem ueueSueT Jeau Jo sadoys 1omoy,, os[e 0€ST 0S81 00ST SIST pdpo1osnpy  TOUDJBOA[] SNOUTSNIIS,]
(MI9 BuQ T IN 'S 1)
0102190 ‘W 096 2q 0) uaye) ‘Kemjem Adoued (1007
‘peoisuag 29 peosudg) SULIOJ Je TS 1UOSUDIIIIN P I\
NIV ‘1107 ‘umoig) 91e3 uoyodwil], pue
s1openbpeay yred usomiaq 21aymawos {(L007 ‘WeyumaN)
uriod 1e 2uo {(w G/ G 2q 0} UdNE) {GOOT ‘UOSSOLIT)
s1o)renbpeay yred 18 (007 18 30 uop[ays) oLINNDY TOUDIBIA[]
WISULIdS J& W 00T "0 (Z0OT “UOSIPPY) N[eqeury 1A 0291 09¢ 9091 606 vdvosnpy umolg uelsy
(8L6T “BAJIS 9p 2% SUDUd[)
uef pue 990 ‘dog poLIGLS
ur g 00€s e Sp10dal 0291 9091 vdporosnyy  TOYOTEIAL] PIPIS-IEQ
(w) (8007 (ur) () () (ur)
‘aueyy) oduiog urdaew uidrew uidew urdew
ul uoneBAdd 1ddn JIMO[ Jaddn 19MO] Jureu
$9)0U JUI.LIND $9)0U [BILIOISTH WNWIXEA JudLIND JUd.LIND) Ised Ised dYNUINS Jureu ysisug

"pauo) g xipuaddy

242



THE RAFFLES BULLETIN OF ZOOLOGY 2012

(MI€ BuO T IN'S "D

0107790 ‘W ()9S 2q 0} UAE} ‘KB [EM

Adoues ¢(8007 ‘deireHy) Sunod ‘(W G9 9q 03 UL}
007 ‘M0T) Suliod 9Aed JBq {(W )96 9q 03 UE) (€007

(6661 ‘unig) w 0L

QpuIdYY 70T ‘Sewoy ], 2 uolke[)) Aemjem Adoued NIV ‘1661 ‘TepezaN) DA2UUOS paqjea
SuLiod (00T “I& 10 UOP[OYS) WISULIOS J& W ()T O w G/6 ' “Futiog 00€T ¥seaf je 0} S¥9 09¢ SL6 00s sisdo.oy) U321H I9jealn
aeprasdoloy) :SHNYOANIASS VA
(W 0681 0 9q
(HOED) W 9pgT “eiep 4V 0} UAE) 1966 ‘USNIULIOA) 1uosspoy
woyy a5uer (N)V ‘110¢ “SuIpIeH) Ne[Isa 18 W 006[ 2 [ren nSemIT Jo pud 002T—0S8 0581 0S¥1 0681 [414! vj12do1os1ny Toyoyeoh] Awskq
(800T “T& 12 2AIEIA)
AABD JBQ (W ()08 "0 9q O} UYE) ‘€007 IPUIY) 00quIEq
Suriog ‘epep gv[ woy afuer (10 ‘800T ‘[PHOYS
‘Inf ‘unf ‘00T UOSUIYIINE) FuLod (LOOT ‘WEYUMIN) 00T1-009 Afrensn L10y0180A] 4
[ren [[ejiorem {($00T OP[ONqUIOH) N[eqeury| Je duo (6661 ‘unig) w 0oL ‘0891 01 [9A9] O3S #%SL6 0€9 L991 00L  SMa.10u0d S104) Pa[lE)-Y M
Sunod woxy
SPI0O3I JUIIAI OU dJIB I Jey) SuNsIdIUI neuey os[e {(LL6] ‘UOP[AYS) 10U9)eoAT ]
{($00Z “Te 10 UOP[OYS) WISULIAS J& W ()07 O W GG 0 SuLod je papou 0001 SpS  snsoouny StLiod) ong uersKe[e]N
(drV) [1e) snoyn pey [eway ([0 unf
ur “yoeqAe[d owres 0y Surpuodsal ‘w (o[ O uoNAnquIL] (6661 ‘unig)
‘sIS3UOIA 9A0qE UQds pue pIedy (V) 6007 Unf 4 w )0/ e pandu (9661
uo ‘wr )9g "o ‘Aemyjem Adoueo je (Suos [eI13UIPI) “Ie 30 supua[) spundunq )
K9[TeA wnue( woxj sSUIpI0oar s, sprempy g 1M UOISNJUOD UQ0q SBY
Jo yoeqAeld o3 Surpuodsal ‘pieay pue udds aray) ey 9rqissod st 11 ‘ysiy
‘(W 0p9 "0 2q 03 uaYe) (800Z ‘Sqqo) dpew JurpIodal A[rensnun w (0G1—009 WOoIJ 10U0)e0A |
orpne ou ‘yoeqAe[d 01 Surpuodsal ‘9Aeo jeq 010J9q IS SpI0oaI (3ULIOJ pUB NEUEBY Os[e 0€S1 09 09§ SIS 909  snq.adns siu.104) onjg ueaulog
(s3urp1odax orpne
WM “HOE[) W 86918 (W 0001 0 :"wiiod ‘siod
Qpuidy ‘) Suod 18 (0107 unf g uo [[ejojem ueuedue]
Teau ((HV[) 600C ABJN PUe 800T100 W 006 03 dn
Souenud ULI0] WOl ‘Sowl) 91y} ‘Sutiod (000 ‘UOpP[AYS
7% 9[Lo) dekes 1e w 000 1-006 (600T “T& 10 UOP[YS) (6661 ‘unig) w (0L e pandu
w (00006 WoIJ [ISed] 18] Yeqes Ul 1S0I0J dUBUOWNS Ul ¢(s339) nery| {(eyep A1eoo| ou) spumndunq
uowrwod AJITey ST so10ads SIy) 03eorpul suowroads Jusdar nreqeury] woij uowroads 00Z] 10A0 0} 0001 00S 00L s1L104) 10703e0AT ] onjq [['H
(w095 2q 03 U3} Q0T IPUIAYY)
Kemyjem Adoues fwr g/ e 3urploodr oipne HOE[ IYeIA-oNn[g
{(S00T “OponquioH) SuLIOd Je SIOAIdSqO JOYI0 Aq Ud9S (6661 ‘unig) w (0QL 1 papou 00¥1 08L 00L  A0joo1un s1u.1047) ded
(6661 ‘unig) W 00970091
“(8L61 "BAJIS 9p 29SUDUSY)
SunysIs ouo woij pI0dal
(HO4r) s1anenbpeay ¥ 00L8 ¥ 0008-00LT
Ne[ISA] ‘erep HOE([ Woy a5uer (6007 ‘SIOAN) eSO woiy pajod[[od Auew 0597528 s 17T 494 9€9T 818 oSipur svidung 1oyo1eoA] 0Sipu]
(0007 ‘uop[aYS % S[LON)
dekeg 18 w 000 [—006 ‘BIep HOE[ Wol} A1epunoq Jamoj|
‘(1107 ‘desreqy) . njeqeury] Jeau,, uods {(padodoe ‘MIg
‘9007 1AV ‘021 ¥ INMV ‘1107 BUIpIEH) W Op6] 0
‘NEJISO] WOy sp10oa1 [njqnop Ajqissod (wr )9¢ (G861 ‘SUOX 29 [1eA) SnuISSDIDY]
2q 0} udye) {8007 ‘sqqo() Sutog e Aemyrem Adoueo [Teq} WS Uo pIedy 00€T 10 00ZT O3 09S 91§ €0¢ so1dumnzy IOUOYBOA ] IONPIOA
(w) (8007 () () () ()
‘uuey) oduiog urgaew urg.aew urg.arew urgarew
ul UoneAd[d 19ddn IIMO] Jaddn JIMO] Jweu
$9)0U JUILIND $9)0U [BILI0)STH WINWIXEA juaLIN) JuILIN) )sed Ised dYPUINS weu ysisuy

"pauo) g xipuaddy

243



Harris et al.: Altitudinal range shifts of Bornean birds

(1002 “Te 32 uop[ays)

8L61 210§0q woxy (W 7817)
43 00CL EOMQwHOn_E.mM: woty
QQE_oomm wnasnjn &d\sm‘am
{(NDIV ‘8861 ‘U0S10q0Y
NDIV ‘L661 ‘ouog) a1ed
uoyoduir], pue sio)enbpeay

('sqo 's1od SHA *861
‘slouel % UopJays)
IPEIA DL UO (ST O
{(wmasny yemeres

(pardooae ‘Mg 99T D) yred u0om)aq IOYMIWOS ‘1002 T 32 uop[ays) wnjodnUoUL 10300d10MO] |
6007 dog ‘nefIsopy ‘erep HOG[ woly oguel Y 000€ 9A0qQe UOWWoo n[eqeuly] uo gy Ic 01 #x910C [161 [4:3¥4 909 wunanolq papis-yoeg
(9661 ‘us[nauLIop)
(w 0os Sunod e om) {(s339) A0]O2U0D
9q 01 udye) ‘70T ‘UosIppy) youd [[eqiooy Suriog nery| ‘SuLod Je popIooal 0021 wnavd1q 1ox00d1omor ] ureq
(NIV ‘1661 ‘TepezoN)
eep HOdr w G/6 0 Suuod puL1so0u0314) 1o00d1omor |
woly dFueI (00T “[¢ 10 UOP[AYS) WISULIdS JE W ()T D Y 00€t ‘Suesepunyy os|e 00LT €001 SIS SL6 €0¢ wnaoolq par[[eq-a5ueI)
(W 0S$—00S "2 2q 03 ueye) :0[0g ‘detrer)
sodoys 3samo| pue eaze 93po] punoie ‘FuLod,,
S(w 0L "9 9q 03 e} {007 ‘MOT) A3PLI UO 9ABD Jeq Ised
(010 ‘Suoi 29 1oqueT Q00T Sq90d L00T ‘WEYUMON) wnaYy.L10SAL1yo 1o00d1omor
Sutiod (007 “[& 10 UOP[OYS) WISULIOS J& W ()T O 00LT 00L 00s 0L6 wnaoolq PIIUSA-MO[[2X
(w 096 2q 03 uaye; Swwod ‘s1ad
UMY ) 0107 1L €1-0T Aemyjem Adoueo ‘(jnf ‘300¢
‘uosuryoInH) SuLlod (W 0O 9 9q 03 ude) {1107 ‘derrey) day2ad1amo),]
s1o1enbpeay Suriod Jeau 0doosa[o) € Y3noIy) PoMoIA oM} 002 09S 00S 21130 wnavd1(J DPajg-yony |
(yueiSea e
0q 0} uaye) ‘6661 ‘UnIg)
(HO4D) W $86—79 (W 00§ 2 2q 0} W 009¢ ¥e papau pue W QL
uaye) 800z ‘derreq {800z ‘sqqoQ) sioprenbpeay Suriog (NDIV ‘1661 ‘TepezaN) sm3ddoyyupx Io00d1omo[ ]
1eau (00T “T& 12 UOP[AYS) WISULIdS Je W 0SH—(ST w G/6 " Sutiod 00LT 786 00s SL6 00S SH{IYOOUOLLT padwni-mof[ax
(T10T'10f “800T UN(
‘2007 ‘uosuryoiny) Juriod {(w gO] 0 29 03 snssnosad d2y22d19M0],]
udye) {7007 ‘UOSIPPY) SULIod I8  [[BJIoJeM O} Jedu OM],, 0021 189 8 0} SNJ1IYI0UOLLJ P2ISV24q-UOSUILL)
(AN ‘6007 ‘uojRy) [IB1) [[RJIojem SnIDnODUL I10300d10MO] |
uo SuLiod ($00¢ “¢ 10 UOP[oYS) WISULIdS JE W ()T ' (6661 ‘unig) w 0oL 0SCI Isea] J& 0} 00L 00S SnjIYI0uoLd PaISeaIq-MO[[PA
oeploedld ‘SHINYOATIISSVd
(yueiSea © oq 0)
(wrwod sxad ‘01z [N ‘Ipureny ) UE) 16661 “UNIg) W QL€ e
SuLIod ‘W /6 0 ((FV() W GL6—0S8 O PONAU U0 ((966] ‘USNIULIOA)
Sunog 1e ren3ar {000z ‘uopeys 2 9jLoN) deleg Juwod e duo ‘(w Oog O
1’ W 000 1-006 :(wwod siod NV ‘1107 ‘Sulprey 1) 2q 0) UYE} ([661 “Io[aydree) 006G 2A0qe
ydessojoyd yum ‘wr 0081 0 NIV ‘110T ‘[[HION) [S]uesepunyy osje f(w 009 0q  A[[e1OUST (n[EqEULY])
91e3 uoyodw], pue sidyenbpeay yied uoamieq 0) uUaY®) (GRA1 ‘SUOX 2 [[eA\) 0¥12-0SS s1suanIPgOULY
10UyMaW0s (g[V) W 0081 0} drer J(HOM[) W LT6 SULIOg JO SUOIBAJJD 10MO] ‘(IPBINL SMIL) 00TT O #x0081 058 1cIc 009 sisdo.opyD ApmqyedT uesuiog
(w 009 1sea]
Je 0q 0} uaye) {8007 ‘desreH) [ren ueuedue uo {(NIV
‘1107 ‘umolg) w (9¢ 9 ‘Suniod (4007 “Te 12 uopys) (6007 ‘unig) w Q. Juney| je uododoundd paqjea]
WISULIOS 18 W ()(7 O ‘ejep HOE[ Wolf A1epunoq Iomoj| P93109[[00 ‘SULIOJ J& PIPI0OAI 0S6 1S89] 18 0} 009 91§ 00L sisdo.ojy) UQQIN) IOSST
(w) (8007 (ur) () () (ur)
‘auepy) oduiog urdaew uidewr uidrew urdew
ul uoneBAd[d 1ddn JIMO[ Jaddn 19MO] Jureu
$9)0U JUI.LIND $9)0U [BILIOISTH WNWIXEA JudLIND JUd.LIND) Ised Ised dYNUIS Jureu ysisug

"pauo) g xipuaddy

244



THE RAFFLES BULLETIN OF ZOOLOGY 2012

(000 ‘uoprays % dK0IA) dekes e w 0001006

(NDIV “L661 “ouog])

91e3 uoyoduir], pue
s1oprenbpeay yred usamiaq
areyMatos J(NIV ‘1661
‘lepezaN) W G/6 O ‘Suriod
(8L61 “BA[IS 9p 29 sunyuor)
w 606 MO[eq suawrdads 2y
“(LL6T ‘uop[oys) w Qg " e

{(HOEN) W 196-0€S {(drV) 110T ABIN 010 Unf ‘W Q0S| Pa3oR[[0d foauIog Ul Y 00SH D4IS041810]
18 popueq (£00T “Te 12 UOP[eYS) WISULIdS 18 W (T 0 03 dn $003 et} 910D PaYIO 00ST %0051 0€s SL6 00S pi2yj0uYyon.Ly Toyunyropidg oy
(HO4r)
6581168 {(AV[ ‘SuIpIey ") W 0S6[ "2 sieuenbpeay
NB[ISIIA 1B Sp102a1 Auew {(g(V) 1107 TN ‘W 0061
Y& SuIpaaIq (W (0SOT 99 03 uede} NNV ‘[10T “SurpieH) (6661 ‘unig) w 001g
[re) JruuwIns uo w )00z uey) JoreaId {800z ‘sqqoq) JB U29S ‘W ()09 & Pandu 1NYOUIUUD)
Suriod ‘(00T “[& 19 UOP[OYS) WISULIOS J& W ()€ 0} UMOP Y 000 punore [nynuajd G861 01 [9A9] BIS 0S0C 768 0012 909 v3ddoyay pIIquUNG S, YOUIUWA],
(wors
9q 03 uaye) ‘110z ‘dewrey) sjood j0y Je {(Q[07 ‘AouInn)
Furod {(w opS 0 2q 03 uaye) ‘g0z ‘derey) Suriod e viv.avdis
191y 123U (00T “[€ 12 UOP[AYS) WISULIdS & W ()T O neuey osje 0611 01¢ 00s 909 v3ddoyay pIIqung UOSWLI?)
(6661 ‘unig) w 0oL
(NDIV ‘L661 ‘ouog) 91e3 (uoneaa[d siy SulAld
(AV) w Qo o ‘Suriod woij Suesepuny] spIemo) wy | uoyoduir], pue sio)enbpeay Se 8761 ‘BA[IS op
{(Surpaaiq) erep gy woiy Arepunoq Joddn (6007 ‘soureqg y1ed U0oMIaq IOYMIWOS 29 SUDJUS[ SOYO srpm3nl piqung
00T ‘WequMoN 10T P9B[[EA\ % 9O[[eAy) Suliod ‘s1openbpeay yred 18 )y 0T1S A[snoauoim) 6961 0SSl 00s 449! 00L suduui)y Po¥9BQ-9AIIO
punIISD.Aq
SPI0J21 JUII OU I I} Jey) Sunsarojul LL61 ul SuLod 18 pa3dd[[odo 0001 1sed[ 18 0} 00S pul0d03do7  pIQUNS S I[ISSEH UBA
(6661 ‘unig)
elep HOd( w 0L (1661 ‘TePezON) wnonuupSoddy paqung
woiy a3uel (007 “[e 39 UOP[oYS) WISULIdS J8 W ()7 O w G/6 "9 ‘Fuod 0001 1se9] 18 0} 86 01S SL6 00S putu.LSodAxy padeu-ajding
@vp wrs ‘sjood 104 (600 ‘sdureq)
Sutiod (8007 ‘dewier]) [1en [[ej1o1eM (B800T
‘ueSue[uINy [, 2 dunud[eA ) SULIOd I8 O[BW B JO SMIIA (9861 ‘sdifyqd) DUID]OPOY.L paiqung
Poo3 (00T “[e 3o UOP[PYS) WISULIOS 18 W (OSH—(ST 9861 ‘T861 SuLiog UDAIS duou 01S sodo.ayiuy Ppajeody)-poy
(mI1d BuO T IN'S 7T
01073190 ‘W (95 9q 03 udye) ‘Kemyrem Adoueos {(HOE[) S1SU20DDU plqung
W GEG—9TS (F0OT “e 12 UOP[RYS) WISULIDS 1B W (SH—0ST 0TCI 1se2] e 0) 098 91¢ 6€6 sojdo.ayyuy pojeodyy-umorg
(HO4Er) w916 18 A[qissod pue w [ZS (+00T
“[# 19 UOP[OYS) WISULIAG 18 W (0T " (€00T “ALON) (9861 “sdriud)
6661 UL W OOST "2 1e Payau (W ()9S 2q 0) Ude) G861 U99s ‘7861 xojduuts
Swwod 's1d ‘0107 Nl f€00T pureyy) Aemyem Adoueo ut 3ur8pay e Suipady :JuLiod 07zl 09S 128 saydaayyuy paiqung ure[d
'IRp HOE[ Wwoly urdiew
10ddn {(w g "0 9q 03 uae) ‘8007 ‘derrey) sieyrenbpeoy (9661 ‘UaINOULIOA ) s1sua|p3u1s paqung
Sunod 1eau (007 ‘e 10 UOP[AYS) WISULIdS J8 W ()7 O Sutiod je ouo 00C] 1se9] 1& 0} L6 00S €0¢ prLivdooypy) payeayo-Aqny
SBPIHULIEINN ‘SHINJOATIISSVd
WNIDIUDNLD Io00d10MmO[ ]
(100T “29[[EA\ % 9OT[[EA}) SULIO e A[Iep Uoos (6661 ‘unig) w 0oL 0SL1 2A0Qe 0} 00L €0¢ wnova1q Po39.Qq-19LIedS
(w) (8007 () () () ()
‘uue) oduiog uisaew ursrew urgrew ursrew
ul UOBAJ[D 19ddn I9MO] 1addn JIMO] Jweu
$9)0U JUdLIND) $3)0U [BILIO)SIH WNWIXEIA JudLIND JudLIND) Ised )sed dYNUING dwreu ysisuy

"pauo) g xipuaddy

245



Harris et al.: Altitudinal range shifts of Bornean birds

8861 W

s1ourenbpeoy yied woij p1ooax pursv.d youjoLe
M[eqeury Uo SP[OY JLI unsn(y UQAIS Quou GLST p.naf i pajre)-urg
(€00T puTay)
[ren yruwns 9)e3 uoyodwi], 9A0qe Uy 7—| (100T “Te 32 uopays)
(HOE[) s1onenbpeay] nefIsajy 9A0qe W (¢ 0oquieq w 00£€-00z1 Alqeqoxd
ut preay Ajqeqoxd (010 “KouInn) neqisajy e 21 (6661 ‘unig) w 001£-009T
((drv) 010T1dy—qo4 ‘W 0061-00S[ "> woiy SuIpdaiq (9661 “Te 10 sunjuar) ayitiaddy youtloe]
{(HOE[) w 88, 01 dn preay A[qrssod ‘ur gOG1 e udas w ¢/ 7e-8181 00£€-00% xx0061 00ST €LTE 0021 DRI pajseaiq-Aumey,
QepIP[ISH :SHINIOJTIASSVd
(drv) stoprenbpeay Je w (¢S T (HOEl) W £25-916 {(INMV
‘T10T ‘Supreq NIV ‘010T ‘uosiepy) a1es uoyoduury, pue
s1o)renbpeay yred uoamiaq (W 0gT ISLI] 1B 9q 0) UYL}
££00T ‘weyumaN) NejIsay 1e Jooy {($007 “1e 12 uop[ays) snupjuouL moLindg
WISULIdS 18 W ()07 0 (1007 “@e[[eA\ 29 d9B[[eAy) SuLiog 00¥1 1Se9] I8 0} 0SST 91§ 2SSO 20.4] uDISLANGT
QepLssed :SHNYOATIASSVd
(NIV “L661 ‘ouog
NIV ‘8861 U0SIQOY)
91e3 uoyodu], pue
s1openbpeay yred usomiaq (1peNl SniL, N
(HO4r) QIYMAWOS ‘s1d)enbpeay woly st 0017) avynl 1unyrepidg
w 8891-91S[ “(dIpewou pue dIel) elep g[Vy Woly d5uel Je paAIdsqo Apyuonbayy 001T—St6 +000C 0S¥l L991 [qya! p2ifjoulon.1y S,peAAUYM
(000 ‘uoplays 29 d[L0jN) dekes je w 000 1-006
(HO4r) w 96L1 01 A[qissod pue w [€S1-0€S
f(0jue) OUdY ‘6007 MAOH) W OGS SuLiog
“(800C *21L0A % uop[oys) Sutouonbos YN
Aq pouIguod ‘wl ()] ¥e PONAU 11124242 S1uLffp ' 1124242
(#00T “'[€ 10 UOP[OYS) WISULIdS J& Ul (T O (6661 ‘unig) ur 0L 0€s «001¢ 0€s SIS 00L padypouydpy  1eyunyiepidg uesutog
(w096 2q 01 udE) (NIV ‘1661 ‘TepezeN)
1€00T Iputoy) Aemyiem Adoued ((HOE[) W ¢ 1B udds SuLiod 1e w G/6 0 H(9661
{(200T ‘uosippy) . 3uLiod e 1S2I10J oY) Ul A[[BUOISEII0,, “Ie 19 SUD[UA[) PAjeIOqOIIod
ud9s (8007 ‘T8 10 QAIBIN [0 ‘PrAISUIY 2P PeoIsudy) 9Qq 0] SPIdU PIOIAI sdua3osdyd Ioyuny1opidg
SuLiod ‘(00T “'[€ 12 UOP[YS) WISULIAS & W OSH—0ST “(1€) SuLiod Je papIodal 0Tl 0rs SL6 baijouov.1y Pa1Ba-MO[[2A
(800¢ “Te 30 2adyIeIN) Sutiog
“(w 096 29 03 U 1E00T PUIAYY) Aeavyrem Adoued (6661 ‘unig) w 0L
NIV ‘110T ‘Suipreq) w ()9G 0 ‘Suniod {(z00g ‘UOSIppy ‘opmne umouun ‘nyeqeury| 42)sD314DY 1ounyropidg
$100T ‘peoIsuag 29 peajsuaq) sioyrenbpeay Suriod Jeau JO 9pIS UIA)SED PAPIOIAT 0891 189 J8 0} 09S 00L DARYIOUYIDAY paroeidadg
(800T ““T& 12 2AIEIA)
Sutiog (W (9¢ oq 0} uNe) :¢OOT IPUIPYY)
Kemyrem Adoued NIV ‘0107 ‘UOSIeA)) W (00S o ‘Suriod (6661 ‘unig) DIsSNGo.1 1unyrepidg
(00T ‘UOSIPPY) W (9 IS Je Ing Ied[oun ‘Futiog w QL ‘D] Mopurm SuLiog 00S T ¥sea[ je 0} 00¢ 00L 00¢ p.i2ifjoulon.1y paj[iq-Suorg
(w 0pS "0 2q 03 udyey ‘g7 ‘deirey) Suuog je suiqed
Ay Aq u9s AgaLlq (6007 ‘seured €007 PURYY 1007 SLASOA1SSDAD Junyaprdg
‘20B[[EA\ 7 OOP[[EA ‘100 ‘PERISURY 2% pERlsuaq) Sutiod (6661 ‘unig) w (0L 1e papou 00¢CI 3sea] J& 0} 00S 00L DA2YIOUYIDAY Palllg-3PIYL
(w) (8007 (ur) (ur) (ur) (ur)
‘aueyy) oduiog urdaew uidew uidrew urdew
ul UoneAJ[d 1ddn IIMO] Jaddn REI) | Jureu
$9)0U JUILIND $9)0U [BILI0)STH WINWIXEA judLIN) JuLIN) )sed )sed dYPUINS Jweu ysisuy

"pauo) g xipuaddy

246



THE RAFFLES BULLETIN OF ZOOLOGY 2012

(HO4r) w 0061
(NI ‘T10T ‘umorg) wr 09 "> ‘Suriod (010 ‘doysie)

(6661 ‘unig)
w O0T€-00L (1661 “Io[oydIEe)

NE[ISAIN (F00T “Te 12 UOP[eYS) WISULIdS 18 W (T 0 6861°904 8T ‘Sutiog 0081 noqe 0} #x0061 09¢ 001€ 00L padou1d
DIDION [TEISEA A01D)
CS61°9od Ul njeqeury uo snotput
w 606 Je dUO Mes  UOSLLIBYH,, 0001 noqe 0y dn 606 SNYIUDUOIPUI (] TTeISEAN 15910,
SBPI[IOBION :SHINJOATIHSSVd
(NDIV ‘8861 ‘U0SI10qOY)
91e3 uoyodur],
pue s1o1enbpeay UsaM)dq
'Iep HOE[ woly a3uer (O] AduInn QIYMAWIOS (S1019d AqQ 861 v)dvorgn
£q8007 UeSUEB[IUINY ] PUB dUIUS[EA ) SULIOJ I8 UddS 210399 ¥ (0SS 03 dn Pojaa[[0d 0891 01S 1991 00S DANYOUOT BIUNJA INWISIY))
(6661 “unig) w0091 “00L
(grv) sieyrenbpeay Iedu w (GG (9661 “Te 19 sunjuar) . SIedk
0y dn Surpeaiq {(HOA[r) 0£S—80S {(HDH[) SuLod ur (ss Ju29a1 ul Appuonbaiy arow suvosnf
18 3UIpaaIq {($00Z “Te 10 UOP[AYS) WISULIdS J& W ()07 O s1ouenbpeoy yied je uoos,, 0091 1sB9[ 1B 01 0SST 80S 0091 00S DANYOUOT erunjy A[sn(
(w) (8007 (w) (ur) (ur) (ur)
‘uuey) oduiog uisaew urgrew urgrew ursrew
ul UoneAd[d Jaddn JIMO] Jaddn eV | Jweu
$9J0U JUI.LIND $9)0U [BILIOISTH WNWIXEA Jud.LIND) JUA.LIND) Ised Ised dYNUINS Jureu ysisug

"pauo) g xipuaddy

247




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2540 2540]
  /PageSize [612.000 792.000]
>> setpagedevice


