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Long-term changes in avian relative abundances in relation to human 
disturbance in a tropical dry forest in central Myanmar

Myint Myint Soe1, Daphawan Khamcha2, Dusit Ngoprasert1, Tommaso Savini1, Naruemon Tantipisanuh2 

& George A. Gale1*

Abstract. Tropical dry forests, including dry dipterocarp forests of Asia, are in jeopardy from increasing human 
pressures, especially agricultural encroachment, hunting, and probably climate change. Quantifying the impacts of 
these pressures and implementing effective management solutions have been hampered by a scarcity of regional 
long-term wildlife monitoring data. Our study examined long-term (22-year, 1999–2020) changes in the relative 
abundances of six avian guilds at a small-scale (30 survey points) in Chatthin Wildlife Sanctuary in Myanmar’s 
Central Dry Zone. We focused on common feeding guilds that have significant effects on ecosystem processes, 
including seed dispersal (frugivores), insect abundance regulation (bark-gleaning insectivores [woodpeckers], 
foliage-gleaning insectivores, sallying insectivores, and terrestrial insectivores), and seed predation (granivores). 
We also used data from five focal species within these guilds to further assess long-term trends. Trends in relative 
abundances were analysed in relation to time (survey year) and forest disturbance. Although the forest within a 300-m 
radius of the survey points appeared to be only moderately disturbed, relative abundances of frugivores, granivores, 
and terrestrial insectivores declined over the study period. Woodpeckers declined in response to specific forest 
disturbance incidents, but did not show long-term declines. Foliage-gleaning and sallying insectivore abundances 
did not change significantly. Among individual focal species, blossom-headed parakeet (Psittacula roseata) and 
white-browed fantail (Rhipidura aureola) abundances declined. The parakeet and fantail declines are particularly 
salient because these two species are typically associated with dry forest, although the parakeet was probably highly 
impacted by poaching. In contrast, relative abundances of the more generalist common woodshrike (Tephrodornis 
pondicerianus) increased over time, golden-fronted leafbird (Chloropsis aurifrons) likely also increased, while 
rufous treepie (Denmdrocitta vagabunda) did not show a clear trend. Although our monitoring data on human 
disturbance was limited, most declines were probably a consequence of increased human use inside the sanctuary 
rather than climate change, indicating significant cumulative effects of extensive local human use of the forest 
during the 22-year period.
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INTRODUCTION

Seasonally dry tropical forests occur in areas of the tropics 
where high temperatures and seasonal rainfall result in 
seasonal water stress (Miles et al., 2006), and although 
they once covered extensive areas, tropical dry forests 
are more threatened but less protected than less seasonal 
tropical forests (Songer et al., 2009). Dry forests are also 
less studied than tropical rainforests (Siyum, 2020). This is 
especially true for dry forests of Southeast Asia relative to 
other areas such as the Americas (Portillo-Quintero et al., 

2010; Wohlfart et al., 2014). In Southeast Asia, a prevalent 
forest type is the deciduous dipterocarp forest (DDF) (Nguyen 
& Baker, 2016). In addition to their adaptation to strongly 
seasonal environments, DDFs are unique among tropical 
forest types because of their characteristic open canopy and 
extensive grasslands, which support (or formerly supported) a 
particularly high mammalian biomass, including key browsers 
and grazers such as Asian elephant (Elephas maximus), 
banteng (Bos javanicus) and Eld’s deer (Rucervus eldii) 
(Gray et al., 2011), and as such hold a relatively unique, 
but highly threatened fauna (Ratnam et al., 2016).

Long-term monitoring of biodiversity is critical to assess 
threats to forests such as DDF, link conservation action to 
species outcomes, and facilitate improved management. Yet, 
rigorous long-term monitoring of wildlife is rare (Nuttall 
et al., 2022). In Southeast Asia, while there has been long-
term monitoring of waterbirds (Haq et al., 2018) there is 
little long-term wildlife monitoring of terrestrial birds. This 
makes trend assessments difficult not only for threatened 
species but also for more common species where, ideally, 
managers should be aware of declining trends long before 
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such species also become threatened. Here we focus on DDF 
in Southeast Asia where only about 156,000 km2 of the 
habitat remains in mainland Southeast Asia (Wohlfart et al., 
2014). Although mapping of DDF is particularly challenging, 
Myanmar is the country that appears to hold the largest area 
(~79,000 km2) of DDF in Southeast Asia (Wohlfart et al., 
2014). However, due to shifting cultivation and agricultural 
development projects, DDF in Myanmar suffered a 2.3% 
mean annual deforestation rate between 2001 and 2010, the 
second-largest net forest loss relative to mangroves (Wang 
& Myint, 2016). DDF is also important for the local human 
communities for food, fuel, medicine and livestock fodder 
(Khaing & Mitloehner, 2014). Currently, only about 2% of 
the remaining DDF in Myanmar is protected under existing 
laws (Wohlfart et al., 2014).

Bird communities are often a good indicator of the ecological 
status of ecosystems because they serve as important links 
to specific environmental changes (Bowler et al., 2019), 
making them a useful tool to monitor habitat over long 
periods of time (Şekercioğlu et al., 2019; Hendershot et al., 
2020). Declines in bird communities and/or bird abundance 
as a consequence of anthropogenic habitat degradation can 
affect ecosystem integrity and decrease vital ecological, 

evolutionary, and economic services (BirdLife International, 
2000; Inger et al., 2015). Furthermore, different feeding guilds 
are expected to respond differently to habitat degradation 
(Khamcha et al., 2018). However, to assess the impact of 
human disturbance on a dry forest bird community, long-
term datasets are needed (Rosenberg et al., 2019). Chatthin 
Wildlife Sanctuary (“Chatthin”) in Central Myanmar is 
probably the only DDF site in Myanmar (and likely the 
region) that has had its whole bird community repeatedly 
surveyed over a span of nearly 30 years. Surveys and 
ornithological research were initially conducted in 1994, 
1996, and 1997; more systematic surveys were done in 
1999, 2000, and 2001 (King & Rappole, 2001; Rappole et 
al., 2011). Follow-up surveys were conducted from 2015 to 
2020. Although the surveys were small in scale, they allow 
us to investigate changes in relative avian abundance and 
richness in different dry forest habitat subtypes (see below) 
inside Chatthin during a 22-year period (1999–2020). From 
the data collected we predicted that insectivore (which were 
subdivided into four additional foraging guilds), frugivore, 
granivore, and woodpecker relative abundances would 
decrease over time as the sanctuary became increasingly 
used for subsistence by people in the surrounding villages. 
Second, because DDF is maintained by a complex balance of 

Fig. 1. Map of Chatthin Wildlife Sanctuary with land-cover changes; flooded dipterocarp forest (FL), mixed deciduous forest (MD) and 
young dipterocarp forest (YI) in Chatthin Wildlife Sanctuary between 1999 and 2020 and locations of bird survey points.
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periodic fires and grazing (Ratnam et al., 2016), birds typically 
associated with DDF would probably decline because human 
pressures were also likely to significantly impact both fire 
and grazing regimes. The aim of this work was therefore to 
use this long-term dataset to study the changes in this bird 
community over time, particularly in response to increased 
human use inside the sanctuary.

MATERIAL AND METHODS

Study site. Chatthin covers an area of 268 km2 in the 
northern part of the central dry zone (95°24′E–95°40′E, 
23°30′N–23°42′N) in Myanmar (Fig. 1) and is mostly 
composed of DDF. It is listed as a Key Biodiversity Area 
(Myanmar Biodiversity Conservation Investment Vision, 
2013). During our study period (1999 to 2020) the average 
annual rainfall was 1,645 mm, with a minimum of 623 
mm and a maximum of 2,440 mm per year (Meteorology 
Department, Kalin Township (1999 to 2014) and Kabalu 
Township (2015 to 2020), unpublished data) (Fig. 2). Chatthin 
was established in 1941 to protect Eld’s deer (currently 
globally endangered) and its habitat (Khant et al., 2018), and 
is home to one of the world’s largest remaining Eld’s deer 
populations. Overall, Chatthin appears to resemble mostly 
deciduous dipterocarp savannah as described by Ratnam et 
al. (2016) although teak (Tectona grandis) is also present 
along with mixed deciduous savannah. Regular bird surveys 
were conducted in three rough subtypes of habitat within 
the sanctuary: (1) “Seasonally flooded deciduous” areas 
where the most common tree species were Dipterocarpus 
tuberculatus, Lophopetalum wallichii, Shorea oblongifolia, 
Dillenia parviflora, and Terminalia tomentosa and Eugenia 
species. Due to extensive flooding during the rainy season, 
all dominant trees were stunted and gnarled. (2) “Mixed 
deciduous” areas included Tectona grandis, Xylia xylocarpa, 
Mitragyna rotundifolia, and Cassia tora. Finally, (3) 
“young deciduous” areas commonly included Dipterocarpus 
tuberculatus, Shorea oblongifolia, Lophopetalum wallichii, 
Dillenia parviflora, Buchanania cochinchinensis, Celtis 
cinnamomea and Shorea siamensis, where the tree size 
was generally small, and more than two-thirds of trees 
had a diameter at breast height of 4–12 cm (Khant et al., 
2018). Chatthin and the area surrounding it have long been 
threatened by the encroachment of agricultural lands, the 
major cause of deforestation in Myanmar (Songer, 2006). 
Over time, Chatthin has become a forest island surrounded 
by agricultural lands and a large reservoir. Consequently, 
the number of villages depending on the remaining forest 
increased from 28 (2000) to 38 (2019) according to the 
available data (Forest Department, 2019). Based on sampling 
conducted in conjunction with annual Eld’s deer surveys 
performed by Chatthin staff, disturbance from local people is 
likely widespread within the sanctuary (Nature and Wildlife 
Conservation Division, 2020) (see below). 

Bird surveys. Using 50-m fixed-radius, 10-min point counts, 
with 10 points per transect per habitat subtype (see below), 
we conducted bird surveys monthly in the morning (between 
0600 and 1000 hours) for nine years in Chatthin during two 

discrete periods (1999–2001 and 2015–2020). We counted 
all birds detected within the sample radius (Shwe, 2014; 
Verga et al., 2017). During both survey periods, the same 
30 points were sampled across three DDF subtypes (ten per 
subtype) (seasonally flooded deciduous, mixed deciduous and 
young deciduous habitat) within the sanctuary (Shwe, 2014). 
These sampled subtypes were two kilometres apart (Fig. 1). 
Sample points were located 200 m apart to reduce the risk of 
double counting (Shwe, 2014). For the 2015–2020 surveys, 
distances between birds and observers were measured using 
a range finder. However, for the 1999–2001 surveys, range 
finders were not available and thus visual estimation was 
used. All point count surveys were conducted by the same 
person; the day of the month the surveys were conducted 
depended on logistical constraints and weather. The elevation 
and GPS coordinates were recorded at each point. 

Forest loss and forest disturbance. To assess forest loss over 
the course of the study period, land-use maps for 1998–2003 
and 2014–2020 were created using Landsat satellite images 
(Landsat 5 for 1998–2001, Landsat 7 for 2002–2003 and 
Landsat 8 for 2014–2020). All satellite images were acquired 
for the month of February for each of the years when surveys 
were conducted (roughly corresponding to the latter half of 
the dry season). The images were downloaded from http://
earthexplorer.usgs.gov/. We did not attempt to use more than 
one image per year because cloud-free images were typically 
limited to only the dry season (late October to early April). 
Supervised classification was performed using the ‘Maximum 
Likelihood Classification’ toolbox. For land-use map year 
2020, 300 points were generated (from ground-truth surveys 
and fine-scale satellite images in Google Earth) and split 
into two groups: 218 were training points (70%) and 82 
were assessed points (30%). Training points were used to 
perform the classification, while assessed points were used 
for assessing the map’s accuracy. The overall accuracy of 
the land-use map for 2020 was 99%. Forest cover in 2020 
was 246 km2 (87% of the Chatthin area). For land-use maps 
in other years, as ground-truth data were not available, we 
did not assess map accuracy.

A forest loss and forest disturbance index estimate for each 
year were determined for each survey point. Firstly, 300 
m buffers around survey points within each habitat were 
generated using the ‘Buffer’ toolbox (Fig. 1). A distance of 

Fig. 2. Annual rainfall measured adjacent to Chatthin Wildlife 
Sanctuary 1999–2020.
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300 m was chosen because a) our point counts were likely 
not effectively sampling habitat further than this and b) the 
majority of species in our study area were probably not 
ranging further than this. This ranging assumption was based 
on home range data from the black-headed woodpecker (Picus 
erythropygius) in dry dipterocarp/mixed deciduous forest in 
Huai Kha Khaeng Wildlife Sanctuary, Thailand (~195 m; 
D. Khamcha, pers. comm.), a bird with a relatively large
body size (average 124 g, range 112–155 g) (A. J. Pierce,
unpublished data).

The forest areas within the buffers were then calculated for 
each year using the ‘Intersect’ toolbox. To calculate forest loss 
each year, the forest extent of the former year was erased on 
the map of the assessed year using the ‘Erase’ toolbox, and 
the forest loss area within the buffer was calculated using 
the ‘Intersect’ toolbox. Because of the limitations of the 
spectral and spatial resolution of Landsat data, our measure 
of forest loss was able to quantify the abrupt transition from 
forest to non-forest shortly after cutting, but once scrubby 
regrowth occurred, our index was not able to distinguish 
different ages of regrowth. 

FRAGSTATS 4.2.1 was used to assess forest disturbance each 
year for each of the three buffered habitat subtype polygons 
(Fig. 3). Three metrics from the software were initially used 
to assess forest disturbance: the landscape division index, 
splitting index, and number of forest patches. However, due 
to the significant correlation (Spearman r > 0.5) among these 
three metrics, we only used the division index to assess 
disturbance. The division index ranged from 0 to 1, with 0 
indicating no fragmentation/disturbance (landscape is a single 

patch) and 1 indicating that the landscape consists of the 
maximum number of small, single-cell patches and is entirely 
fragmented (Table 1). Based on our visual inspection of the 
images and our ground-truthed data, the Landsat images 
were likely only identifying changes that were detectable for 
relatively short (≤ 3 years) periods. After about three years 
of regrowth, previously disturbed areas often could not be 
distinguished from areas which were classified as “forest”. 
Therefore, the division index was assumed to provide a 
short-term measure of forest disturbance and we refer to it 
hereafter as our “disturbance” index. This index was only 
used to assess rough changes in vegetation cover, it was 
not used as a proxy to estimate poaching or other human 
activities on the ground. All spatial analyses were conducted 
in ArcGIS 10.3 (Mahmon et al., 2015). 

Measures of human use of the forest. There was no specific 
data collection during 1999–2001 to monitor human use/
disturbance in Chatthin, but from 2015–2020, we counted all 
human detections and evidence of human activity within 100 
m of five two-kilometre transects (one transect for each of five 
habitat type/subtypes per month per year) (young deciduous, 
flooded deciduous, mixed deciduous, mature deciduous, and 
wetland). Surveys were conducted in the morning between 
0600 and 1000 hours. For each line transect, we also 
counted signs of human disturbance, such as tree cutting, 
wildlife poaching, non-timber forest product collection, 
etc. In addition, we compiled secondary information (i.e., 
unpublished reports from the Myanmar Forest Department, 
literature from the study area, and questionnaire surveys) 
on human disturbance in the study area to supplement our 
direct observations. There were several socio-economic 

Fig. 3. Forest cover within 300 meters of bird survey points in 1999 and 2020.
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Table 1. Climate and landscape habitat variables based on the 300 m radius around survey points.

Variable Data type Description

Sampling covariates
Time Continuous Time of day between 0600 hrs and 1000 hrs

Climate 
Rainfall Continuous Total monthly rainfall (mm) from Township Meteorology Department

Abundance covariates
Forest loss Continuous Forest loss area (m2) within a 300 m radius around survey points
Forest area Continuous Forest area (m2) within 300 m radius around survey points

Forest disturbance
Disturbance Continuous Index of forest disturbance within 300 m radius (ranges between 0–1) using the “landscape 

division index” FRAGSTATS Ver. 4. The higher the value the more disturbed the landscape. 
The index is 0 when the landscape consists of a single patch, and 1 when every cell is a 
separate patch.

surveys conducted on human use during our 22-year study 
period. These included 1) a study published by Allendorf 
et al. (2012) that looked at local people’s perceptions of 
Chatthin and its management in 1999 and 2003, 2) a 2017 
assessment within the sanctuary utilising 24 camera traps to 
survey wildlife in the core zone of Chatthin conducted by the 
Myanmar Forest Department, and 3) a 2018 questionnaire 
survey of local people from eight villages regarding where 
they go and what they collect in Chatthin, conducted by the 
Friends of Wildlife (unpublished data).

Data analysis. The seasonal status of all observed species 
was defined following Robson (2015). There were only 
sufficient data to analyse resident species and thus migrants 
had to be excluded. Since avian guilds respond differently to 
measured local habitat features and disturbance, birds were 
grouped into feeding guilds to streamline the assessments of 
the study (Atikah et al., 2021). Guilds with sufficient data 
for analysis included frugivores, granivores, bark-gleaning 
insectivores (woodpeckers), foliage-gleaning insectivores, 
sallying insectivores, and terrestrial insectivores (following 
Wilman et al., 2014; Khamcha et al., 2018); see below for a 
description of how we assessed whether there were sufficient 
data. Where possible, we further subdivided the guilds into 
species with small and large foraging ranges for analysis 
assuming that species with different-sized foraging ranges 
were likely to respond to habitat fragmentation differently 
(Watson et al., 2005; Toscano et al., 2016). Foraging 
range classification (small versus large) was based on our 
knowledge of the natural history and ecology of the species 
(size classifications are listed in Supplementary Table 1). 

For frugivores, flowerpeckers were excluded from further 
analysis because the number of detections was insufficient 
for analysis. For guilds with relatively similar-sized species, 
but insufficient data to analyse separately by foraging range 
size, we combined foraging ranges. This was the case for 
granivores, woodpeckers, and terrestrial insectivores. We 
did not have sufficient data on foliage-gleaning insectivores 
with large foraging ranges for analysis. We also determined 

that no large-foraging-range sallying insectivores were in our 
dataset. Among focal species with sufficient data, some of 
which were specifically associated with DDF, five species 
could be analysed: blossom-headed parakeet (Psittacula 
roseata), common woodshrike (Tephrodornis pondicerianus), 
golden-fronted leafbird (Chloropsis aurifrons), rufous 
treepie (Dendrocitta vagabunda) and white-browed fantail 
(Rhipidura aureola). Overall, most species in the study area 
were found in all three habitat subtypes (Supplementary 
Table 1). 

Changes in the relative abundances in the guilds and the focal 
species were assessed using generalised linear mixed models 
(GLMMs) (Zuur et al., 2009). GLMMs were appropriate for 
this analysis because they allow the inclusion of random 
effects (Gelman & Hill, 2006). In this case, we used the 
three habitat subtypes (seasonally flooded deciduous, mixed 
deciduous and young deciduous habitat) as a random intercept 
in all models to account for replicate surveys of each habitat 
over the nine survey years. In addition, rainfall may affect 
the abundance of birds through impacts on fruit and/or insect 
abundance (Chapman et al., 2005; França et al., 2020). We 
therefore tested for possible relationships between monthly 
rainfall and bird counts and found no correlation, even though 
based on our observed data rainfall may affect detectability. 
To account for variation in detectability in relation to rainfall 
patterns, four seasons were recognised, dry breeding (January 
to April), wet breeding (May to August), dry non-breeding 
(September to October), and wet non-breeding (October to 
December). Finally, we tested and then used either habitat 
subtype or season as random effects to best account for 
unexplained variation in detectability. 

We performed a preliminary analysis with predictor variables 
(fixed effects) including survey year, forest disturbance index, 
rainfall, forest area, and forest loss. After this preliminary 
analysis, forest area and forest loss were eliminated as 
typically there was relatively little forest that we could detect 
as permanently lost within a 300-m radius of the sample points 
(Figs. 1, 3). Prior to data analysis, all variables were subjected 
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Table 2. Coefficient estimates of feeding guild models and 95% 
lower confidence intervals (95% LCI) and upper confidence intervals 
(95% UCI) for variables in the best-fitted models. The sign (+/-) 
of coefficient estimates refers to the influence direction of that 
variable on abundance, while the number refers to the magnitude 
of the influence.

Guild Estimate 95%
LCI

95% 
UCI

Frugivores bs

Count model
year -0.60 -0.68 -0.51
forest disturbance 0.36 0.22 0.51
forest disturbance2 -0.10 -0.19 -0.01

Granivores ah

Count model
year -0.39 -0.45 -0.32
forest disturbance -0.18 -0.24 -0.11
Zero model
rain 0.29 0.26 0.48
rain2 -0.1 -0.2 -0.04

Foliage-gleaning insectivore bh

Null -1.87 -2.08 -1.66

Sallying insectivore ah

Count model
Null -1.98 -2.21 -1.75
Zero model
Null 1.95 0.80 0.46

Terrestrial Insectivore ah

Count model
year -0.17 -0.25 -0.09
forest disturbance -0.16 -0.27 -0.04
Zero model
Null 2.19 2.07 2.31

Woodpeckers ah

Count model
forest disturbance -0.29 -0.44 -0.15

Zero model
rain 0.2 0.37 0.04
rain2 -0.09 -0.15 -0.03

ah zero-inflated Poisson regression models with random habitat
bh negative binomial regression models with random habitat
as zero-inflated Poisson regression models with random season
bs negative binomial regression models with random season

to a Spearman correlation test to check for multicollinearity 
among variables. The same model did not include highly 
correlated variables (r >0.5) (Mag & Ódor, 2015). Data 
were evaluated for outliers, overdispersion and zero-inflation 
using the DHARMa package (Hartig, 2019). We used 
monthly rainfall and time of day in zero-inflated models 
as these variables were expected to influence detectability. 
For each model, bird counts from monthly surveys at each 
survey point were used as response variables. To make 

the beta coefficients of the models directly comparable, all 
continuous variables were standardised by subtracting the 
mean for each variable and dividing by its standard deviation 
(Z-scores) (Gelman & Hill, 2006). We fitted and checked 
model assumptions for Poisson and negative binomial models 
or both distributions for the zero-inflated models (Zuur & 
Ieno, 2016). For model selection, we used the differences 
in the Akaike information criteria (ΔAIC) and AIC weights 
(Burnham & Anderson, 2002). If more than one model was 
within 2 delta AIC units, we then chose the most parsimonious 
model. We considered the evidence of variables influencing 
the relative abundances within each avian guild and focal 
species using 95% confidence intervals that did not overlap 
zero (statistically significant coefficients). We used the 
package “glmmTMB” (Brooks et al., 2022) to construct the 
models. All statistical analysis was performed in program 
R (R Core Team, 2022). To graphically assess changes in 
the general trends in relative abundances of six guilds (large 
and small foraging range combined) analysed above, we 
used “heatmap” graphical representations generated in R.

RESULTS

A total of 3,240 point counts were conducted in Chatthin 
during the nine survey years (1999–2001 and 2015–2020). 
During the study period, 8,765 detections were recorded for 
144 species including 128 species of resident birds. Despite 
the multiple years of data, only a limited number of guilds 
and focal species had sufficient numbers of detections to be 
analysed because of the relatively small number (~30) of 
survey points sampled per year. Based on the distributions 
of the data, the analyses were limited to resident birds 
with >53 detections per year per guild and >10 detections 
per year per focal species. These included large foraging 
range frugivores (943 detections, of which 409 (43%) 
were parakeets), granivores (combining species with small 
and large foraging ranges; 713 detections) such as doves; 
small foraging range sallying insectivores (650 detections) 
such as drongos; terrestrial insectivores (combined foraging 
ranges; 476 detections) such as babblers; small foraging 
range foliage-gleaning insectivores (2,740 detections) such 
as minivets; and woodpeckers (combined foraging ranges; 
556 detections), with 11 species of woodpecker included. 
One globally Vulnerable species was recorded, great slaty 
woodpecker (Mulleripicus pulverulentus) (Supplementary 
Table 1). In addition, three endemic species were recorded: 
Ayeyarwady bulbul (Pycnonotus conradi), white-throated 
babbler (Turdoides gularis), and Burmese bushlark (Mirafra 
microptera). Insectivores were the most diverse feeding guild 
with 85 species (Supplementary Tables 1). 

Bird abundance. A set of 5 negative binomial GLMM models 
was generated for the large foraging range frugivores, and a 
set of 19 zero-inflated Poisson GLMM models was generated 
for all granivores combined, all bark-gleaning insectivores 
combined, small foraging range sallying insectivores, and 
terrestrial insectivores combined, and a set of four negative 
binomial GLMM models was generated for small foraging 
range foliage-gleaning insectivores. The top-ranked models 
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For four of the five focal species, a set of 19 zero-inflated 
Poisson GLMM models was generated, while a set of 
four negative binomial GLMM models was generated for 
the remaining focal species (white-browed fantail). The 
top-ranked models for relative abundances of all focal 
species included year and/or level of forest disturbance 
(Supplementary Table 3). Estimated beta coefficients from 
the top models for all focal species indicated that blossom-
headed parakeet and white-browed fantail relative abundance 
declined over the study years, i.e., beta coefficients were 
negative and 95% confidence intervals (CI) did not overlap 
zero (Table 3). Common woodshrike significantly increased 
over the course of the study period while golden-fronted 
leafbird also likely increased over time, although the 95% 
CI marginally overlapped zero (Table 3). Rufous treepie 
abundance did not significantly change over the study period 
(Table 3). 

The relative abundance of frugivores fluctuated between 
1999–2001 and 2015–2016. However, they appeared to 
be notably lower from 2017 to 2020. Granivore relative 
abundance increased year by year in the first three years of 
the study period and then declined steadily from 2015 to 
2020. Woodpecker relative abundance increased in 2015 
compared to the first three years of the study (1999–2001) 
and then fluctuated between 2015 and 2020. Sallying 
insectivores increased slightly in 2015 and remained steady 
from 2017 to 2020. The relative abundance of the terrestrial 
insectivores did appear to slightly decline over time. However, 
foliage-gleaning insectivores appeared to increase in 2015– 
2020 compared to the first three years of the study (Fig. 4), 
although our statistical analysis still indicated an overall 
decline for this guild.

Forest loss and forest disturbance. From 1999 to 2020, 
approximately 27 km2 of the forest in Chatthin was lost 
(~10% of the forest cover present in 1999) (Fig. 1). The 
forest disturbance index increased during the first survey 
period from 1999 to 2001, and then fluctuated from 2015 
to 2020 (Supplementary Fig. 1). During the 22-year study 
period several forms of human disturbance were noted. 
As indicated below, these included a large increase in the 
number of villages surrounding the sanctuary from 1999 
to 2020 (Supplementary Fig. 2), frequent tree and branch 
cutting for fuelwood and charcoal, and non-timber forest 
product collection (Supplementary Fig. 3). 

The 2017 camera trap survey documented that local people, 
livestock, and domestic dogs were accessing the area in an 
unregulated manner (Supplementary Fig. 4). The surveys 
of villages around Chatthin indicated there was a variety of 
collection activities for forest products depending on market 
demand, including Celtis cinnamomea (fruit), Eugenia species 
(fruit, seeds and seedlings), and various orchids (Forest 
Department, 2019; Friends of Wildlife, unpublished data) 
(Supplementary Fig. 3, Supplementary Fig. 5). According 
to Allendorf et al. (2012), in 2003, 87% of the households 
relied on the sanctuary for fuelwood, while 40% of the 
households used it for cattle grazing (Khant et al., 2018). 
Data collected from Chatthin also found that the diversity 

Table 3. Coefficient estimates of five focal species models and 
95% lower confidence intervals (95% LCI) and upper confidence 
intervals (95% UCI) for variables in the best-fitted models. The 
sign (+/-) of coefficient estimates refers to the influence direction 
of that variable on abundance, while the number refers to the 
magnitude of the influence.

Focal Species Estimate 95% 
LCI

95% 
UCI

Blossom-headed parakeet as

Count model
year -0.36 -0.48 -0.23

Zero model
rain 0.70 0.34 1.06

Common woodshrike as

Count model
year 0.17 0.10 0.24

Zero model
Survey time -0.35 -0.48 -0.22

Golden-fronted leafbird ah

Count model
year 0.15 -0.001 0.31

Zero model
Survey time 0.17 0.03 0.31

Rufous treepie ah

Count model
forest disturbance -0.19 -0.42 0.04

Zero model
Survey time 0.24 0.08 0.40

White-browed fantail bh 
Count model
year -0.25 -0.36 -0.14

ah zero-inflated Poisson regression models with random habitat 
bh negative binomial regression models with random habitat
as zero-inflated Poisson regression models with random season

for abundances for each guild are listed in Supplementary 
Table 2, showing the best-supported candidate models for 
all tested avian guilds. The estimated beta coefficients from 
the top models are listed in Table 2. 

The models with the strongest trends for guilds were for 
frugivores, granivores, and terrestrial insectivores, which were 
affected by survey year and forest disturbance index, showing 
a lower abundance in areas of higher forest disturbance and 
in the later years of the study period compared to the earlier 
years. For bark-gleaning insectivores (woodpeckers) forest 
disturbance appeared to affect abundance: their abundances 
were lower with higher levels of forest disturbance, but did not 
show long-term declines across the study period. However, 
we found no evidence these factors affected foliage-gleaning 
insectivore and sallying insectivore abundance (Table 2).
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Fig 4. Seasonal (y-axis) and long-term trends of abundances of six avian guilds in Chatthin Wildlife Sanctuary from 1999 to 2020. Redder 
= higher abundances, white/paler = lower abundances, and grey = no data.

of tree and grass species has declined (Khant et al., 2018). 
We also observed bird poaching, extensive cattle grazing, 
and annual anthropogenic fires. In addition, there was a 
significant increase in flooding and flood-associated habitat 
(Khant et al., 2018) which may have affected as much as 
60% of the sanctuary due to the construction of a dam 
near the sanctuary in 2001 (Aung et al., 2004; Khant et al., 
2018). Earlier studies in Chatthin documented an increase 
in human use from the 1990s to early 2000s (Aung et al., 
2004; Songer, 2006), consistent with the increase in human 
use that we perceived at least during the last six years of 
the study for which we have direct observational data (Fig. 
5), suggesting that human use in the sanctuary has probably 
steadily increased over the past 30 years. 

DISCUSSION

In our study, changes in avian communities were monitored 
over a 22-year period and long-term declines in relative 
abundances were observed in three of the six targeted feeding 
guilds as well as in two of five focal species (blossom-headed 
parakeet and white-browed fantail). Overall, some of the 
declines were consistent with effects of human disturbance 
and likely emblematic of impacts on dry forests occurring in 
other parts of Southeast Asia where human use is minimally 
regulated. 

Avian feeding guilds. Among the six guilds, frugivores and 
granivores showed long-term declines. In the frugivores, 
five out of seven species were parakeets; in the granivores, 
doves (Columbidae) were the most dominant family 
(Supplementary Table 1). It is likely that the declines in 
parakeets were associated with capture for the local and 
regional cage bird trade (Khaing, 2019), whereas for the 
granivores, declines may be attributable to the hunting of 
doves, which is a common practice in Myanmar (Platt et 

al., 2012; Pritchard et al., 2019). One of our focal species, 
the blossom-headed parakeet, is also known to be declining 
in Shwesettaw Wildlife Area, central Myanmar (Khaing, 
2019) presumably because of similar factors as observed in 
our study (Supplementary Fig. 3). In addition to hunting, 
granivore declines could be directly related to the decrease 
in grassy habitat recorded in the study area along with a 
simultaneous loss of ground cover and increased flooding 
(Khant et al., 2018). 

Two guilds of insectivores (woodpeckers and terrestrial) were 
negatively associated with the forest disturbance index during 
the study period although only the terrestrial insectivores 
showed long-term declines. While it is unclear as to whether 
the fire regime has significantly changed in Chatthin over 
the study period (Khant et al., 2018), there appeared to be 
more evidence for increased wet season flooding, impacting 
as much as 60% of the sanctuary (Songer, 2006; Khant et 
al., 2018), combined with reduced amounts of ground cover 
(Khant et al., 2018). Interestingly, relative woodpecker 
abundances declined in response to the forest disturbance 
index (Supplementary Fig. 4) but did not decline across the 
study period (Fig. 4), suggesting a possible short-term effect 
of habitat disturbance on woodpeckers, whose populations 
may be capable of returning relatively quickly even if the 
habitat had been degraded. Therefore, it is possible that the 
disturbance captured by our forest disturbance index may 
have caused woodpeckers to temporarily move away from 
sites of disturbance (e.g., areas affected by tree cutting), but 
that these disturbances did not lead to permanent emigration 
or reduced survival of woodpeckers as a whole. In contrast, 
terrestrial insectivores declined over the course of our 
study (Table 2). We are limited in our understanding of 
the specific habitat requirements of terrestrial insectivores. 
However, it is likely that increased cattle grazing and 
flooding (leading to increased seasonally flooded deciduous 
vegetation) would change the understory structure, leading to 
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Fig. 5. Human detections along five, two-kilometre transects, one each in five habitats/subtypes (young dipterocarp forest, flooded 
dipterocarp forest, mixed deciduous forest, mature dipterocarp forest, and wetlands) per month in Chatthin Wildlife Sanctuary. Effort = 
number of habitat subtypes * total months sampled per year * 2 km, X-axis= year, Y-axis= human disturbance index (number of human 
detections per one unit of effort).

decreases in shrubs and grasses as documented in Chatthin 
(Khant et al., 2018). Our observational data and previous 
data from Chatthin indicate that grazing occurred in >50% 
of the sanctuary (Songer, 2006) and likely increased over 
the course of our 22-year study period. Although in dry 
forests in other continents grazing impacts on birds were 
shown to be negative (Dardanelli et al., 2022) or complex, 
species-specific, and scale dependent (Neilly & Schwarzkopf, 
2019), these dynamics may well be different in Myanmar. 
In summary, while it is likely that overgrazing would have 
been detrimental to terrestrial insectivores in Chatthin, we 
were unable to effectively assess the intensity of grazing 
and its effects on the bird community, which remains an 
urgent topic for further research.

The abundances of foliage-gleaning insectivores and sallying 
insectivores did not change significantly over the course of 
our study period. Foliage-gleaning insectivores appeared 
to be largely unaffected or even increased, as is the case 
with the common woodshrike, while sallying insectivores 
such as drongos also appeared to be unaffected as they are 
relatively well adapted to a variety of open canopy habitats. 
Qualitative examination of some other common DDF 
generalist insectivores also suggested no declines. These 
included species such as common hoopoe, ashy drongo, 
Asian paradise flycatcher, black-naped monarch, common 
flameback, chestnut-bellied nuthatch, common iora, common 
tailorbird, and small minivet (see Supplementary Table 1 
for scientific names). 

Focal species. Two of the focal species showed decreases, 
blossom-headed parakeet and white-browed fantail. While 
the parakeet decline is most likely linked to the cage bird 
trade, the decline through time of the white-browed fantail, 
a foliage-gleaning insectivore, was not seemingly associated 
with any particular habitat variable. The species might have 
particularly narrow habitat preferences. Patterns explaining 
the presence and abundance of these two declining species 
might need to be investigated over larger time scales, perhaps 
utilising multiple sites with a gradient of different vegetation 
conditions. Finally, the rufous treepie abundance did not 
change significantly during our study period. This treepie 
was noted as being able to persist in a variety of forest types 
(Khan et al., 2021) which may at least partly account for its 
lack of a decline in Chatthin.

SUPPLEMENTARY MATERIAL

The bird species list for the study area, candidate models 
for predicting guilds, and candidate models for predicting 
focal species are provided in Supplementary Tables S1 to 
S3 respectively. A figure showing the amount of forest loss 
within 300 meters of survey points based on remote sensing, a 
map showing the location of villages that depend on Chatthin 
Wildlife Sanctuary for forest products, photos showing 
examples of human impacts observed in Chatthin, a map 
of observations of people and domestic animals in Chatthin 
based on a camera trap survey, and a map highlighting areas 
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of local use within Chatthin are provided in Supplementary 
Figs. 1 to 5 respectively. 

All supplementary material is provided as an attachment 
within this PDF document. They can be accessed via 
the Attachment panel (the ‘paperclip’ icon; accessed by 
View>Show/Hide>Navigation Pane>Attachments). For 
optimal compatibility, please use the Adobe Acrobat Reader 
(free-to-use; download here).
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Supplementary Fig. 1:  Area of disturbed habitat (forest loss) within 300 meters of bird survey points from 1999 to 2001 and 
2015 to 2020. 
 


 
 


Supplementary Fig. 2: Villages located in three townships that depend on Chatthin Wildlife Sanctuary for various forest products 
(see text). The Nyaung Kone Buffer Zone is a protected public forest with an area (5,261 ha) bordered by the sanctuary.  
 
 







 
 


Supplementary Fig. 3: Examples of human impacts observed during 2015–2020 in Chatthin Wildlife Sanctuary.  
 







 
 


Supplementary Fig. 4. Observations of people, domestic cattle, and domestic dogs in Chatthin Wildlife Sanctuary based on a 
camera trap survey in 2017 (Chatthin Management Plan, 2019). 
 







 
 


Supplementary Fig. 5: Examples of areas of local use within Chatthin Wildlife Sanctuary; large dots with different colors indicate 
different villages and shaded areas and smaller dots indicate areas of use around the selected villages based on a questionnaire 
survey (Friends of Wildlife, unpublished data). 
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Supplementary Table 1. Avian species (Young deciduous, Flooded deciduous, and Mixed deciduous) recorded from 1999 to 2001 and 
2015 to 2020 by point count at Chatthin Wildlife Sanctuary, Myanmar. S= small, L= large, R= resident, M= migrant, LC= Least 
Concern, NT= Near Threatened, VU= Vulnerable. 


Feeding guild Foraging 
range 


Status IUCN 
status 


Common name Scientific name 


aerial feeder S R LC Ashy woodswallow Artamus fuscus 


aerial feeder S R LC Barn swallow Hirundo rustica 


aerial feeder S R LC Crested treeswift Hemiprocne coronata 


aerial feeder L R LC Great eared nightjar Lyncornis macrotis 


aerial feeder L R LC Savanna nightjar Caprimulgus affinis 


bark-gleaning 
insectivore 


S R LC Common flameback Dinopium javanense 


bark-gleaning 
insectivore 


S R LC Fulvous-breasted woodpecker Dendrocopos macei 


bark-gleaning 
insectivore 


L R VU Great slaty woodpecker Mulleripicus pulverulentus 


bark-gleaning 
insectivore 


S R LC Greater flameback Chrysocolaptes guttacristatus 


bark-gleaning 
insectivore 


S R LC Grey-capped pygmy woodpecker Dendrocopus canicapillus 


bark-gleaning 
insectivore 


S R LC Grey-headed woodpecker Picus canus 


bark-gleaning 
insectivore 


S R LC Rufous woodpecker Micropternus brachyurus 


bark-gleaning 
insectivore 


S R LC Streak-breasted woodpecker Picus viridanus 


bark-gleaning 
insectivore 


S R LC Streak-throated woodpecker Picus xanthopygaeus 


bark-gleaning 
insectivore 


L R LC White-bellied woodpecker Dryocopus javensis 


bark-gleaning 
insectivore 


S R LC Yellow-crowned woodpecker Leiopicus mahrattensis 


foliage-gleaning 
insectivore 


S M LC Arctic warbler Phylloscopus borealis 


foliage-gleaning 
insectivore 


L R LC Bar-bellied cuckooshrike Coracina striata 


foliage-gleaning 
insectivore 


S M LC Black redstart Phoenicurus ochruros 


foliage-gleaning 
insectivore 


S R LC Black-hooded oriole Oriolus xanthornus 


foliage-gleaning 
insectivore 


S R LC Black-naped monarch Hypothymis azurea 


foliage-gleaning 
insectivore 


S R LC Black-naped oriole Oriolus chinensis 


foliage-gleaning 
insectivore 


L M LC Black-winged cuckooshrike Lalage melaschistos 


foliage-gleaning 
insectivore 


S R LC Chestnut-bellied nuthatch Sitta cinnamoventris 


foliage-gleaning 
insectivore 


S R LC Common iora Aegithina tiphia 


foliage-gleaning 
insectivore 


S R LC Common tailorbird Orthotomus sutorius 


foliage-gleaning 
insectivore 


S R LC Common woodshrike Tephrodornis pondicerianus 


foliage-gleaning 
insectivore 


S M LC Daurian redstart Phoenicurus auroreus 


foliage-gleaning 
insectivore 


S M LC Dusky warbler Phylloscopus fuscatus 


foliage-gleaning 
insectivore 


L M LC Eurasian cuckoo Cuculus canorus 


foliage-gleaning 
insectivore 


S M LC Eurasian wryneck Jynx torquilla 


foliage-gleaning 
insectivore 


S R LC Fiery minivet Pericrocotus igneus 
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foliage-gleaning 
insectivore 


S R LC Golden-fronted leafbird Chloropsis aurifrons 


foliage-gleaning 
insectivore 


S R LC Great tit Parus major 


foliage-gleaning 
insectivore 


S R LC Grey-breasted prinia Prinia hodgsonii 


foliage-gleaning 
insectivore 


S R LC Hair-crested drongo Dicrurus hottentottus 


foliage-gleaning 
insectivore 


L R LC Indian cuckoo Coracias benghalensis 


foliage-gleaning 
insectivore 


L R LC Indochinese cuckooshrike Coracina macei 


foliage-gleaning 
insectivore 


L R LC Large cuckooshrike Coracina macei 


foliage-gleaning 
insectivore 


S R LC Large woodshrike Tephrodornis virgatus 


foliage-gleaning 
insectivore 


L R LC Large-tailed nightjar Caprimulgus macrurus 


foliage-gleaning 
insectivore 


L R LC Lesser cuckooshrike Lalage fimbriata 


foliage-gleaning 
insectivore 


S R LC Long-tailed minivet Pericrocotus ethologus 


foliage-gleaning 
insectivore 


L M LC Oriental cuckoo Cuculus saturatus 


foliage-gleaning 
insectivore 


L R LC Oriental dollarbird Eurystomus orientalis 


foliage-gleaning 
insectivore 


S R LC Pied bushchat Saxicola caprata 


foliage-gleaning 
insectivore 


S R LC Plain prinia Prinia inornata 


foliage-gleaning 
insectivore 


L R LC Plaintive cuckoo Cacomantis merulinus 


foliage-gleaning 
insectivore 


S R LC Rosy minivet Pericrocotus roseus 


foliage-gleaning 
insectivore 


S R LC Rufescent prinia Prinia rufescens 


foliage-gleaning 
insectivore 


S R LC Rufous treepie Dendrocitta vagabunda 


foliage-gleaning 
insectivore 


S R LC Scarlet minivet Pericrocotus speciosus 


foliage-gleaning 
insectivore 


S R LC Slender-billed oriole Oriolus tenuirostris 


foliage-gleaning 
insectivore 


S R LC Small minivet Pericrocotus cinnamomeus 


foliage-gleaning 
insectivore 


S M LC Yellow-browed warbler Phylloscopus inornatus 


foliage-gleaning 
insectivore 


S M LC Yellow-streaked warbler Phylloscopus armandii 


foliage-gleaning 
insectivore 


S R LC Zitting cisticola Cisticola juncidis 


foliage-gleaning 
insectivore 


S R LC White-browed fantail Rhipidura aureola 


frugivore L R NT Alexandrine parakeet Psittacula eupatria 


frugivore L R NT Blossom-headed parakeet Psittacula roseata 


frugivore L R NT Grey-headed parakeet Psittacula finschii 


frugivore L R LC Lineated barbet Psilopogon lineatus 


frugivore L R LC Orange-breasted pigeon Treron bicinctus 


frugivore S R LC Plain flowerpecker Dicaeum minullum 


frugivore L R NT Red-breasted parakeet Psittacula alexandri 


frugivore L R LC Rose-ringed parakeet Psittacula krameri 


frugivore S R LC Scarlet-backed flowerpecker Dicaeum cruentatum 


frugivore L R LC Yellow-footed green pigeon Treron phoenicoptera 


frugivore S R LC Yellow-vented flowerpecker Dicaeum chrysorrheum 
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granivore L R LC Eastern spotted dove Spilopelia chinensis 


granivore S R LC Eurasian treesparrow Passer montanus 


granivore L R LC Eurasian-collared dove Streptopelia decaocto 


granivore S R LC House sparrow Passer domesticus 


granivore S R LC Plain-backed sparrow Passer flaveolus 


granivore S R LC Red-collared dove Streptopelia tranquebarica 


granivore S R LC Scaly-breasted munia Lonchura punctulata 


nectarivore S R LC Olive-backed sunbird Cinnyris jugularis 


nectarivore S R LC Purple sunbird Cinnyris asiaticus 


nectarivore S R LC Ruby-cheeked sunbird Chalcoparia singalensis 


omnivore L R LC Asian koel Eudynamys scolopaceus 


omnivore S R LC Ayeyarwady bulbul Pycnonotus conradi 


omnivore S R LC Barred buttonquail Turnix suscitator 


omnivore L R LC Chestnut-tailed starling Sturnia malabarica 


omnivore S R LC Chinese francolin Francolinus pintadeanus 


omnivore L R LC Common myna Acridotheres tristis 


omnivore L R LC Great myna Acridotheres grandis 


omnivore L R LC Greater coucal Centropus sinensis 


omnivore L R LC Jungle myna Acridotheres fuscus 


omnivore L R LC Red junglefowl Gallus gallus 


omnivore L R LC Red-billed blue magpie Urocissa erythroryncha 


omnivore S R LC Red-vented Bulbul Pycnonotus cafer 


omnivore L R LC Southern jungle crow Corvus macrorhynchos 


omnivore L R LC Vinous-breasted starling Acridotheres burmannicus 


piscivore/molluscivore L R LC Asian openbill Anastomus oscitans 


piscivore/molluscivore L M LC Black stork Ciconia nigra 


piscivore/molluscivore S R LC Common kingfisher Alcedo atthis 


piscivore/molluscivore L R LC Eastern cattle egret Bubulcus coromandus 


piscivore/molluscivore L R LC Glossy ibis Plegadis falcinellus 


piscivore/molluscivore L R LC Intermediate egret Ardea intermedia 


piscivore/molluscivore L R LC Little egret Egretta garzetta 


piscivore/molluscivore L R LC White-throated kingfisher Halcyon smyrnensis 


raptor L R LC Indian roller Lalage polioptera 


raptor S M LC Brown shrike Lanius cristatus 


raptor S R LC Burmese shrike Lanius collurioides 


raptor S R LC Long-tailed shrike Lanius schach 


raptor L R LC Black-shouldered kite Elanus axillaris 


raptor L R LC Changeable hawk-eagle Nisaetus cirrhatus 


raptor L R LC Collared falconet Microhierax caerulescens 


raptor L R LC Crested goshawk Accipiter trivirgatus 


raptor L R LC Crested serpent eagle Spilornis cheela 


raptor L M LC Eurasian sparrowhawk Accipiter nisus 


raptor L R LC Oriental honey buzzard Pernis ptilorhynchus 


raptor L R LC Pied harrier Circus melanoleucos 


raptor L R LC Rufous-winged buzzard Butastur liventer 


raptor L R LC Shikra Accipiter badius 


raptor L R LC Tawny fish owl Ketupa flavipes 


raptor L R LC White-eyed buzzard Butastur teesa 
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raptor L R NT White-rumped falcon Polihierax insignis 


sallying insectivore S R LC Ashy drongo Dicrurus leucophaeus 


sallying insectivore S R LC Asian paradise flycatcher Terpsiphone paradisi 


sallying insectivore S R LC Black drongo Dicrurus macrocercus 


sallying insectivore S R LC Bronzed drongo Dicrurus aeneus 


sallying insectivore S R LC Chestnut-headed bee-eater Merops leschenaulti 


sallying insectivore S R LC Greater racket-tailed drongo Dicrurus paradiseus 


sallying insectivore S R LC Grey-headed canary flycatcher Culicicapa ceylonensis 


sallying insectivore L R LC Lesser racket-tailed drongo Dicrurus remifer 


sallying insectivore S R LC Little green bee-eater Merops orientalis 


sallying insectivore S R LC Little pied flycatcher Ficedula westermanni 


sallying insectivore S M LC Red-throated flycatcher Ficedula parva 


sallying insectivore S R LC Sapphire flycatcher Ficedula sapphira 


terrestrial insectivore S M LC Forest wagtail Dendronanthus indicus 


terrestrial insectivore L R LC Red-wattled fapwing Vanellus indicus 


terrestrial insectivore S M LC White wagtail Motacilla alba 


terrestrial insectivore S R LC White-rumped shama Copsychus malabaricus 


terrestrial insectivore S R LC Australasian bushlark Mirafra javanica 


terrestrial insectivore S R LC Burmese bushlark Mirafra microptera 


terrestrial insectivore S R LC Common hoopoe Upupa epops 


terrestrial insectivore S R LC Greater necklaced laughingthrush Pterorhinus pectoralis 


terrestrial insectivore S R LC Lesser necklaced laughingthrush Garrulax monileger 


terrestrial insectivore S R LC Olive-backed pipit Anthus hodgsoni 


terrestrial insectivore S R LC Oriental magpie robin Copsychus saularis 


terrestrial insectivore S R LC Puff-throated babbler Pellorneum ruficeps 


terrestrial insectivore S R LC White-throated babbler Argya gularis 


terrestrial insectivore S R LC Yellow-eyed babbler Chrysomma sinense 
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Supplementary Table 2. Candidate model selection for predicting changes in bird abundance of each guild based on generalized liner 
mixed models for the effects of year and landscape at Chatthin Wildlife Sanctuary, Myanmar, from 1999 – 2001 and 2015 – 2020. 
The most parsimonious models are in bold. The null model is only the intercept of both the count and zero parts (~1|~1). 


Guild K AIC ΔAIC wi 


Frugivores bs     
year+ forest disturbance2 6 5934 0.00 0.80 
year+ forest disturbance 5 5937 2.82 0.20 
year 4 5969 35.10 0.00 
disturbance 4 6102 167.96 0.00 
Null 3 6120 185.60 0.00 


     
Granivores ah     
year+ disturbance| rain+ rain2 7 4629 0 0.51 
year+ disturbance| survey time+ rain+ rain2 8 4629 0.37 0.43 
year+ disturbance|~1 5 4635 6.6 0.02 
year+ disturbance| Survey time 6 4635 6.76 0.02 
year+ disturbance| rain 6 4636 7.24 0.01 
year+ disturbance| Survey time+ rain 7 4636 7.43 0.01 
year| rain+ rain2 6 4653 24.89 0.00 
year| Survey time+ rain+ rain2 7 4654 25.29 0.00 
Year|~1 4 4661 32.17 0.00 
year| survey time 5 4661 32.37 0.00 
year| rain 5 4662 32.97 0.00 
year| Survey time+ rain 6 4662 33.2 0.00 
disturbance| survey time+ rain+ rain2 7 4768 139.65 0.00 
disturbance| rain+ rain2 6 4772 143.48 0.00 
disturbance| Survey time 5 4775 146.91 0.00 
disturbance| Survey time+ rain 6 4777 148.63 0.00 
disturbance|~1 4 4783 154.46 0.00 
disturbance| rain 5 4785 155.94 0.00 
Null 3 4804 175.26 0.00 


     
Foliage-gleaning insectivore bh     
disturbance 4 9707 0.00 0.40 
Null  3 9708 0.94 0.25 
year + disturbance 5 9708 1.07 0.23 
year 4 9710 2.31 0.16 


     
Sallying Insectivore ah     
Null  3 5013 0.00 0.25 
year|~1 4 5015 1.54 0.11 
disturbance|~1 4 5015 1.88 0.10 
year| Survey time 5 5016 2.09 0.09 
disturbance| Survey time 5 5016 2.42 0.07 
year| rain 5 5016 2.89 0.06 
disturbance| rain 6 5017 3.24 0.05 
year + disturbance|~1 5 5017 3.46 0.04 
disturbance| Survey time+ rain  6 5017 3.60 0.04 
year| Survey time + rain  7 5017 3.92 0.03 
year + disturbance| Survey time  6 5017 3.99 0.03 
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year| rain + rain2  6 5018 4.39 0.03 
disturbance| rain + rain2  7 5018 4.40 0.03 
disturbance| Survey time + rain + rain2 6 5018 4.41 0.03 
year| Survey time + rain + rain2 7 5018 4.68 0.02 
year + disturbance| rain 8 5019 5.91 0.01 
year + disturbance| Survey time + rain 7 5019 5.95 0.01 
year + disturbance| rain + rain2 5 5345 331.90 0.00 
year+ disturbance| Survey time + rain + rain2 6 5347 333.32 0.00 


     
Terrestrial Insectivore ah     
year + disturbance|~1     5 3916 0.00 0.27 
year + disturbance| rain   6 3916 0.21 0.24 
year + disturbance| Survey time 6 3918 1.53 0.13 
year + disturbance| rain + rain2    7 3918 1.59 0.12 
year + disturbance| Survey time + rain   7 3918 1.88 0.11 
year + disturbance| Survey time + rain + rain2   8 3919 3.36 0.05 
year| rain 5 3921 5.02 0.02 
year|~1  4 3921 5.12 0.02 
year| rain + rain2           6 3922 6.16 0.01 
year| Survey time       5 3923 6.58 0.01 
year| Survey time + rain            6 3923 6.62 0.01 
year| Survey time + rain + rain2           7 3924 7.90 0.01 
disturbance| rain 5 3928 12.17 0.00 
disturbance| Survey time + rain      6 3928 12.47 0.00 
disturbance| rain + rain2     6 3929 13.13 0.00 
disturbance| Survey time      5 3930 13.60 0.00 
disturbance| Survey time + rain + rain2     7 3930 13.76 0.00 
disturbance|~1  4 3930 13.83 0.00 
Null 3 3933 17.08 0.00 


     
Woodpeckers ah     
disturbance| rain+ rain2 6 4079 0.00 0.40 
disturbance| survey time+ rain+ rain2    7 4080 1.51 0.19 
year+ disturbance| rain+ rain2  7 4081 1.78 0.16 
year+ disturbance| survey time+ rain+ rain2 8 4082 2.92 0.09 
disturbance|~1 4 4083 3.94 0.06 
disturbance| rain 5 4084 5.63 0.02 
year+ disturbance|~1 5 4084 5.64 0.02 
disturbance| survey time 5 4085 5.83 0.02 
year+ disturbance| rain 6 4086 7.14 0.01 
year+ disturbance| survey time 6 4086 7.30 0.01 
disturbance| survey time+ rain 6 4086 7.55 0.01 
year+ disturbance| survey time+ rain 7 4088 8.79 0.00 
year| rain+ rain2 6 4095 16.40 0.00 
year| survey time+ rain+ rain2 7 4096 17.03 0.00 
Null 3 4099 20.23 0.00 
year|~1 4 4100 21.68 0.00 
year| survey time 5 4102 23.09 0.00 
year| rain 5 4102 23.41 0.00 
year| survey time+ rain 6 4104 24.80 0.00 


 







7 
 


ah zero-inflated Poisson regression models with random habitat, bh negative binomial regression models with random habitat 


as zero-inflated Poisson regression models with random season, bs negative binomial regression models with random season 


K= Number of parameters, AIC = Akaike Information Criterion, wi = AIC weights, disturbance as quantified using the “landscape 


division index” FRAGSTATS Ver. 4  
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Supplementary Table 3. Candidate model selection for focal species abundance based on generalized linear mixed models on the 
effects of year and landscape changes at Chatthin Wildlife Sanctuary, Myanmar, from 1999–2001 and 2015–2020. The most 
parsimonious models in bold. The null model is only the intercept of both the count and zero parts (~1|~1). 


Common indicator species K AIC ΔAIC wi 


Blossom-headed Parakeet as     
year| rain 5 1266 0.00 0.37 
year| Survey time+ rain 6 1268 1.75 0.15 
year| rain+ rain2 6 1268 1.89 0.14 
year+ forest disturbance| rain 6 1268 1.90 0.14 
year+ forest disturbance| Survey time+ rain 7 1270 3.65 0.06 
year| Survey time+ rain+ rain2 7 1270 3.70 0.06 
year+ forest disturbance| rain+ rain2 7 1270 3.79 0.06 
year+ forest disturbance| Survey time+ rain+ rain2 8 1272 5.60 0.02 
year|~1 4 1285 19.19 0.00 
year| Survey time 5 1287 20.91 0.00 
year+ forest disturbance|~1 5 1287 21.10 0.00 
year+ forest disturbance| Time 6 1289 22.82 0.00 
forest disturbance| rain 5 1290 23.53 0.00 
forest disturbance| Survey time+ rain 6 1291 24.97 0.00 
forest disturbance| rain+ rain2 6 1291 25.32 0.00 
forest disturbance| Survey time+ rain+ rain2 7 1293 26.88 0.00 
forest disturbance|~1 4 1308 42.10 0.00 
forest disturbance| Survey time 5 1309 43.45 0.00 
Null 3 1310 44.32 0.00 


     


Common Woodshrike as     


year| Survey time 5 3003 0.00 0.40 
year| Survey time+ rain 6 3005 1.66 0.18 
year+ forest disturbance| Survey time 6 3005 1.89 0.16 
year| Survey time+rain+rain2 7 3005 2.09 0.14 
year+ forest disturbance| Survey time+ rain 7 3007 3.56 0.07 
year+ forest disturbance| Survey time+rain+rain2 8 3007 3.99 0.06 
forest disturbance| Survey time 5 3025 21.86 0.00 
forest disturbance| Survey time+ rain 6 3027 23.72 0.00 
forest disturbance| Survey time+ rain+ rain2 7 3028 24.26 0.00 
year| rain+ rain2 6 3029 25.82 0.00 
year|~1 4 3030 26.97 0.00 
year+ forest disturbance| rain+ rain2 7 3031 27.70 0.00 
year| rain 5 3031 27.91 0.00 
year+ forest disturbance|~1 5 3032 28.82 0.00 
year+ forest disturbance| rain 6 3033 29.76 0.00 
Null 3 3045 42.19 0.00 
forest disturbance| rain+ rain2 6 3047 43.87 0.00 
forest disturbance|~1 4 3047 44.17 0.00 
forest disturbance| rain 5 3049 45.43 0.00 


     


Golden-fronted Leafbird ah     


year| Survey time 5 2642 0.00 0.29 
year| Survey time+ rain 6 2643 1.44 0.14 
year+ forest disturbance| Survey time 6 2643 1.60 0.13 
year+ forest disturbance| Survey time+ rain 7 2645 2.98 0.07 
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year| Survey time+ rain+ rain2 7 2645 3.04 0.06 
forest disturbance| Survey time 5 2645 3.10 0.06 
year|~1 4 2645 3.30 0.06 
forest disturbance| Survey time+ rain 6 2645 3.76 0.05 
year+ forest disturbance| Survey time+ rain+ rain2 8 2646 4.53 0.03 
year| rain 5 2647 4.88 0.03 
year+ forest disturbance|~1 5 2647 4.97 0.02 
forest disturbance| Survey time+ rain+ rain2 7 2647 5.13 0.02 
year| rain+ rain2 6 2648 5.87 0.02 
year+ forest disturbance| rain 6 2648 6.51 0.01 
year+ forest disturbance| rain+ rain2 7 2649 7.41 0.01 
Null 3 2652 9.93 0.00 
forest disturbance|~1 4 2653 11.24 0.00 
forest disturbance| rain+ rain2 6 2653 11.42 0.00 
forest disturbance| rain 5 2653 11.42 0.00 


     


Rufous Treepie ah     


disturbance| Time 5 1894 0.00 0.27 
year+ forest disturbance| Survey time 6 1895 0.99 0.17 
year| Survey time 5 1896 1.93 0.10 
forest disturbance| Survey time+ rain 6 1896 2.00 0.10 
forest disturbance| Survey time+ rain+ rain2 7 1896 2.19 0.09 
year+ forest disturbance| Survey time+ rain 7 1897 2.95 0.06 
year+ forest disturbance| Survey time+ rain+ rain2 8 1897 3.25 0.05 
year| Survey time+ rain 6 1898 3.87 0.04 
year| Survey time+ rain+ rain2 7 1899 4.49 0.03 
year+ forest disturbance|~1 5 1899 4.95 0.02 
year+ forest disturbance| rain+ rain2 7 1900 6.10 0.01 
year|~1 4 1900 6.13 0.01 
year+ forest disturbance| rain 6 1901 6.88 0.01 
forest disturbance|~1 4 1901 7.15 0.01 
forest disturbance| rain+ rain2 6 1902 7.55 0.01 
year| rain+ rain2 6 1902 7.62 0.01 
Null 3 1902 7.75 0.01 
year| rain 5 1902 8.01 0.01 
forest disturbance| rain 5 1903 9.10 0.00 


     


White-browed Fantail bh  
   


year 4 3308 0.00 0.71 
year+ forest disturbance 5 3309 1.81 0.29 
Null 3 3326 18.17 0.00 
forest disturbance 4 3328 20.14 0.00 


 


ah zero-inflated Poisson regression models with random habitat, bh negative binomial regression models with random habitat 


as zero-inflated Poisson regression models with random season 


K= Number of parameters, AIC = Akaike Information Criterion, wi = AIC weights, disturbance as quantified using the “landscape 
division index” FRAGSTATS Ver. 4 


 





