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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from published checklists, recent field work, peer-reviewed literature, unpublished reports, birdwatchers’ trip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 200—4095 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., 20006).

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.

191



Harris et al.: Altitudinal range shifts of Bornean birds

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 c. 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 ¢. 500 m and Kinabalu Park; S. Brown, 2011,
Kinabalu Park, Poring ¢. 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 (4rachnothera) 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 20092011, 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-eagle
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 eagle-
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
K11 1780 6.02519°N, 116.54997°E
K 13 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
K16 2023 6.03297°N, 116.5495°E
K 17 2052 6.03504°N, 116.5503°E
K 18 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
K22 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
K29 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
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