Bird Conservation International (2021) 31:640-655. © The Author(s), 2020. Published by Cambridge University Press on
behalf of BirdLife International. This is an Open Access article, distributed under the terms of the Creative Commons
Attribution licence (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted re-use, distribution, and
reproduction in any medium, provided the original work is properly cited.

doi:10.1017/50959270920000611

Negros Bleeding-heart Gallicolumba keayi
prefers dense understorey vegetation and dense
canopy cover, and species distribution modelling
shows little remaining suitable habitat

HOLLY MYNOTT! @, MARK ABRAHAMS? and DAPHNE KERHOAS?

*University of the West of England, Stoke Gifford, Bristol BS16 1QY, UK.
®Bristol Zoological Society, Clifton, Bristol BSS 3HA, UK.

*Author for correspondence; email: hollymynott@hotmail.co.uk

(Received 28 January 2020; revision accepted 29 October 2020)

Summary

The Philippines is a global biodiversity hotspot, with a large number of threatened bird species, one
of which is the ‘Critically Endangered’ Negros Bleeding-heart Gallicolumba keayi. The aim of this
study was to investigate the habitat preference of the Negros Bleeding-heart and undertake species
distribution modelling to locate areas of conservation importance based on identified suitable
habitat. A survey of 94 point-counts was undertaken and eight camera traps were deployed from
May to August 2018 in the Northwest Panay Peninsula Natural Park, Panay, Philippines. Habitat
variables (canopy cover, understorey cover, ground cover, elevation, presence of rattan Calamus or
Daemonorops spp. and pandan Pandanus sp., tree diameter at breast height, and branching
architecture were measured in 5 m-radius quadrats. To identify areas of potentially suitable habitat
for the Negros Bleeding-heart, species distribution was modelled in MaxEnt using tree cover and
elevation data on Panay and Negros. Using a Generalised Linear Model, Negros Bleeding-heart
presence was found to be significantly positively associated with dense understorey cover and
dense canopy cover. Species distribution modelling showed that the Northwest Panay Peninsula
Natural Park is currently the most suitably located protected area for Negros Bleeding-heart
conservation, while protected areas in Negros require further law enforcement. It is imperative
that protection is continued in the Northwest Panay Peninsula Natural Park, and more survey
effort is needed to identify other critical Negros Bleeding-heart populations, around which defor-
estation and hunting ban enforcement is strongly recommended.

Keywords: Avifauna, conservation, Columbidae, Critically Endangered, generalised linear
modelling, habitat use, maximum entropy modelling, protected areas

Introduction

The Philippines is one of the top five global biodiversity hotspots, with 46 % species endemism (Lee
et al. 2012). However, forest cover has fallen from 90% in 1521 to 27% at present and only 11 % of
what remains is primary forest (Food and Agriculture Organisation of the United Nations 2015).
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This has been a contributing factor to bird species declines and the country now has the 8" highest
number of globally threatened bird species in the world (BirdLife International 2020a). The
Philippines is therefore a priority area for global conservation (Paz et al. 2013).

The Negros Bleeding-heart Gallicolumba keayi is a ‘Critically Endangered’ colombid, found
only on the islands of Panay and Negros in the Philippines. The most recent population estimate is
from 2001, when 70-370 individuals were thought to remain in the wild (BirdLife International
2017). The species is threatened by habitat loss through forest conversion to agriculture or
clearance for timber extraction and charcoal production. From the 1500s to 1988, forest cover on
Panay and Negros was reduced by 92% and 96%, respectively, and very little primary forest
remains (BirdLife International 2017, 2018b). The dove is also threatened by poaching, as it is
trapped and hunted for food, or caught to keep as a pet (Carifio 2007, BirdLife International 2017).
Some conservation measures are in place, e.g. patrols by forest rangers to dismantle traps and stop
illegal logging in the Northwest Panay Peninsula Natural Park and northern Central Panay
Mountain Range (Arkive 2007, PhilinCon 2018). Due to its small population and ongoing threats,
the Negros Bleeding-heart urgently requires extensive conservation action (Bristol Zoo Gardens
2017, Gaworecki 2018).

Little is known about the biology and resource requirements of the Negros Bleeding-heart, as is
the case for most species in its genus, Gallicolumba (Walker 2007). It seems to spend most of its
time on the forest floor, to only use understorey plants to roost, take cover, or breed (Slade et al.
2005). It is cryptic and difficult to observe (Slade et al. 2005, Carifio 2007). Its diet consists of seeds,
berries, and invertebrates (Slade et al. 2005, Carifio 2007), including fruit from Ficus and Pinanga
species (Carifio 2007). It is thought to prefer lowland forest at 300-1,000 m (BirdLife International
2017) but it has also been reported at > 1,000 m on Negros, where all forest < 800 m has been cleared
(Curio 2001), aside from some fragments at 300-9oo m around Ban-Ban in the south-east
(Biodiversity Management Bureau and Philippines Biodiversity Conservation Foundation Inc
2018). It is thought to prefer primary forest, but its ability to use secondary forest remains unclear;
although reportedly detected in secondary forest on Panay, it has not been recorded in secondary
forest on Negros (BirdLife International 2017). Understanding more about the species’ resource
requirements and habitat preference is key to implementing relevant conservation measures
(Bibby et al. 2000, Begehold et al. 2015). Species presence and environmental data can be used
in species distribution modelling to map where a species is most probably present (Morales et al.
2017), such that priority areas for conservation action can be identified (De Carvalho et al. 2017).
The most recent study of the Negros Bleeding-heart was commissioned by Bristol Zoological
Society and undertaken by the Center for Conservation Innovation (CCI), investigating its pop-
ulation size and habitat preference in south Negros (Bristol Zoological Society pers. comm.). Based
on nine observations of this highly cryptic species in March 2016, occupancy modelling found that
the dove prefers sites with dense ground vegetation coverage and high proportion of canopy cover.
Furthermore, bird-habitat association modelling suggested its preference for old growth forest is
likely to be influenced by the presence of ferns, fruiting and flowering trees and high ground and
mid-storey vegetation cover (CCI 2016).

The aim of the current study was to investigate the habitat preference of the Negros Bleeding-
heart in the Northwest Panay Peninsula Natural Park and to model species distribution across its
range to identify the best potential areas for conservation action. Objectives therefore were to
(1) survey for the Negros Bleeding-heart using point counts, line transects, playback surveys
and camera traps, collect habitat variable measurements, and assess the influence of measured
habitat variables on this species’ presence using Generalised Linear Modelling (GLM); (2) iden-
tify areas of potentially suitable habitat across Panay and Negros using species distribution
modelling; and (3) compare Negros Bleeding-heart predicted distribution against current pro-
tected areas and Important Bird and Biodiversity Areas to identify focus areas for future
conservation action.
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Methods
Study site

The study was undertaken in the forest surrounding Sibaliw field station (latitude 121.9675°,
longitude 11.8195°) in the Northwest Panay Peninsula Natural Park, Panay, Philippines (Figure 1).
This 5,000-ha reserve encompasses the largest remaining contiguous low elevation forest across
Negros and Panay, and at least half is old growth (BirdLife International 2018a). It is a protected area,
where shifting cultivation, hunting, trapping or disturbing wild animals, cutting timber or gathering
forest products are prohibited (Zabal 2014). Various threatened species have been observed there,
such as the Visayan Warty Pig Sus cebifrons (CR) (Meijaard et al. 2017), Visayan Hornbill Pene-
lopides panini (EN) (BirdLife International 2018a), White-throated Jungle Flycatcher Vauriella
albigularis (EN) and Yellow-faced Flameback Chrysocolaptes xanthocephalus (EN) (BirdLife Inter-
national 2020b). Deforestation, mining, hunting, and poaching have also been observed inside the
protected area (Foundation for the Philippine Environment 2018, PhilinCon 2018).

Surveying for birds

Two expeditions were undertaken in the same location within the Northwest Panay Peninsula
Natural Park to survey for the Negros Bleeding-heart. Due to the extreme rarity of the species, all
contacts with it, obtained using different methods, were used in this analysis to obtain information
about distribution and habitat association. The first expedition was from g to 22 May 2018 (total
13 days observation) by Mark Abrahams, Daphne Kerhoas and Jenny Poole from Bristol Zoological
Society with guides Arcel Dryden “Potpot” Fernandez and Benjamin “Jun” Tacud. Twenty
500 m-long line transects were surveyed, with 30 point-counts placed at the start and at the end
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Figure 1. The location of the study site, within the Northwest Panay Peninsula Natural Park,
Panay island, Philippines. Map inset shows the location of Sibaliw research station (white circle) on

the island of Panay, Philippines.
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of transects. Point-counts (where an observer records all birds seen and heard from one location;
Lloyd et al. 2000) lasted for 15 minutes, including a 5-minute settling period. Sightings of Negros
Bleeding-heart were also recorded ad libitum, and three playback surveys were undertaken,
whereby the Negros Bleeding-heart call was played while walking the transect. The second survey
was from 12 July until 6 August 2018 (total 25 days observation) by Holly Mynott and the same
two guides, in which 64 10-minute point-counts with no settling period were undertaken, as
recommended for cryptic (Bibby et al. 2000) and terrestrial (Lee and Marsden 2008) bird species.
This totals 94 point-counts, of which 8o were laid out every 200 m along transect lines following
<1 m wide trails, and 14 were not located on trails but were laid out every 200 m along new routes.
Given the narrow width and infrequent human use of trails in this area, it is considered that this
would not have overly biased results (Cornils et al. 2015). The distance between each point count
location was at least 200 m, to minimise fly-between and double counting (Lloyd et al. 2000, Lee
and Marsden 2008). Point counts, when possible, were conducted within the first five hours after
dawn (Reid et al. 2012) and three hours before dusk (Cornils et al. 2015), when birds are most active
(Poulsen and Lambert 2000), and were not conducted in rain, fog or high winds, as this reduces bird
detectability and activity (Steadman and Freifeld 1998, Paz et al. 2013, Espafiola et al. 2016).

GPS co-ordinates of all Negros Bleeding-heart sightings from both expeditions were mapped
using ArcMap v.10.4 (ESRI 2016) along with the co-ordinates of habitat measurement points. The
Negros Bleeding-heart was marked as associated to any habitat data-points within 60 m of a
sighting’s co-ordinates, following protocol for the ground-foraging Grenada Dove Leptotila wellsi
(Rivera-Mildn et al. 2015).

Four camera traps (Bushnell 12 MP Trophy Low Glow Essential HD Trail Camera) were placed at
knee height above the ground from 21 June 2018 to 14 July 2018, and four more were added from
17 July until 6 August 2018. Camera traps were moved every 7—9 days (Rowcliffe et al. 2011) for a
total of 161 camera-days. Camera traps were placed using purposive sampling to evenly cover the
accessible areas and also focus on locations at which guides had seen the dove previously (Treves et al.
2010).

Measuring habitat

Ninety-three circular quadrats of 5-m radius (78.54 m?* area) were surveyed to measure habitat
variables, a figure assumed to be representative of surrounding rainforest habitat (Peh et al. 2006,
Posa and Sodhi 2006, Reid et al. 2012, Pangau-Adam et al. 2015). Sixty-four of these quadrats
overlapped with point count locations and 13 with camera trap locations (Figure 1). The remaining
16 did not coincide with another measurement point. All 93 quadrats were associated to any Negros
Bleeding-heart sightings recorded within 60 m of them (Rivera-Mildn et al. 2015), as stated in the
bird survey methods. At each quadrat, GPS co-ordinates and an elevation reading were taken using
a Garmin GPS unit (Garmin eTrex 30x), because altitude can be a major predictor of occurrence in
forest bird species (Bibby 2000, Dallimer and King 2007, Paz et al. 2013). Tree diameter at breast
height (DBH) was measured in three categories: o to < 25 cm (band 1), > 25 to < 50 cm (band 2), and
> 50 cm (band 3), following other bird-habitat studies (Paz et al. 2013, Zarones et al. 2013). Tree
height was measured using a protractor-clinometer and trigonometry (Flinn Scientific 2016).
Branching architecture was noted following the guidelines in Bibby et al. (2000) to indicate recent
forest disturbance levels, and proportion of trees with a closed and regenerating forest structure
was calculated. Canopy cover was estimated using a spherical densiometer (Forest Densiometers,
Rapid City, ND) (Peh et al. 2006, Posa and Sodhi 2006, Reid et al. 2012), by calculating the mean
canopy percentage cover from the north, east, south, and west value. Percentage vegetation cover at
ground level (< 1 m) (“percentage ground cover”) and understorey cover at 1.5 m above the ground
were estimated by eye by the first author (Posa and Sodhi 2006, Pangau-Adam et al. 2015). The
presence or absence of any species of pandan Pandanus sp. and rattan (Calamus or Daemonorops
spp.; Tesoro 2002) was noted, similar to a previous Negros Bleeding-heart study (CCI 2016).
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Distance to Sibaliw station was calculated using ArcMap, because it has been shown that species
diversity can be higher closer to field stations (Campbell 2011).

Data Analysis

Habitat preference: Data were analysed with a Binomial Generalised Linear Model (Zuur et al.
2013)in Rv.3.6.1 (R Core Team 2019), in which the dependent variable was presence/absence of the
Negros Bleeding-heart. Following Zuur et al. (2013), no outliers were found in the dataset.
Multicollinearity was tested for using variance inflation factor (Zuur et al. 2013). Tree height
was found to be highly correlated with DBH (R = 0.67) using a pair plot (Zuur et al. 2013), hence it
was dropped from the model (O’Brien 2007, Zuur et al. 2010). All the explanatory variables were
scaled to enable model convergence and effect size comparisons (Zuur et al. 2013, Abrahams et al.
2017). A full model incorporating all variables was created using the R function glm, following
which automated model creation was conducted using the R function dredge, in the R package
“MuMIn” version 1.43.6 (Bartori 2015). Models with AAIC < 2 were averaged using the R function
model.avg, as described in Feld et al. (2016) and used in other bird-habitat studies (e.g. Xu et al.
2017, Lewis et al. 2018). The GLM was run using the following covariates: ground cover, under-
storey cover, canopy cover, elevation, proportion of trees with a closed forest branching structure,
proportion of trees with a regenerating forest branching structure, presence of pandan, presence of
rattan, distance to Sibaliw research station, and the number of trees in each of DBH band 1, 2 and
3 at each site.

Species distribution modelling: Negros Bleeding-heart distribution was modelled in MaxEnt
v.3.4.1 (Phillips et al. 2017) for maximum entropy species distribution modelling (Merow et al.
2013, Morales et al. 2017). Two environmental predictor inputs were used. The first was a map of
tree cover, which is defined as canopy closure for all vegetation taller than 5 m, and encoded as a
percentage output per grid cell, at 30-m resolution (Hansen et al. 2013). The second was an
elevation map at 9o m resolution (PhilGIS 2007), as the Negros Bleeding-heart has been reported
to occur in lowland forests up to 1,000 m (BirdLife International 2017). While the co-ordinates of
all 31 Negros Bleeding-heart sightings were included in the model, due to the tree cover and
elevation map resolutions, 17 presence records were used for training and five were used for
testing. Feature types, selected automatically by MaxEnt, as is the program default, were hinge,
linear and quadratic. The regularization parameter on MaxEnt was set to 1.5, which is a suitable
figure to reduce over-fitting compared to the default setting of 1 (Radosavljevic and Anderson
2014); lower settings risk loss of predictive ability with independent test data, and higher settings
can falsely mark areas as suitable (Radosavljevic and Anderson 2014). The threshold rule applied
was “maximum test sensitivity plus specificity” (Liu et al. 2005), and the true skill statistic was
calculated in Excel. The background was cropped to include only the islands of the species’” known
range (Merow et al. 2013), Panay and Negros. The model was run with 10,000 background points,
which has been evaluated as high-performing number (Phillips and Dudik 2008) and used in
studies on cryptic insect species (Zhao et al. 2019). Finally, the locations of Important Bird and
Biodiversity Areas (IBAs) (BirdLife International 2008) were mapped over the species distribution
modelling results to enable informed conservation actions.

Results

The Negros Bleeding-heart was recorded 31 times in total. Camera traps recorded the Negros
Bleeding-heart on three separate occasions out of 161 camera-days (21, 22 and 24 June 2018) at the
same location. Hunters were also recorded on two occasions at the same location by the camera
traps.
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Figure 2. Coefficients and 95% confidence intervals of explanatory variables from Generalised
Linear Model.

Habitat preference

All Negros Bleeding-heart sightings were associated with habitat plots measured (i.e. 31 out of the
93 quadrats). The full averaged GLM results (Tables S1 and S2 in the online supplementary
material) showed that understorey cover at 1.5 m above the ground had significant impact on
Negros Bleeding-heart presence (P = 0.001), showing a positive association with dense understorey
cover. Canopy cover was also found significant (P = 0.003), showing that Negros Bleeding-heart
presence had a positive association with dense canopy cover. Coefficients and 95% confidence
intervals of the explanatory variables in the GLM were graphed (Figure 2). The predicted effect
sizes of significant habitat variables on Negros Bleeding-heart presence for the top-performing
model within the AAIC < 2 averaged model were graphed (Figure 3), and found to be similar to the
other top-performing models of AAIC < 1 in the set (Figure S1).

Species distribution modelling

The AUC value of the training and test datasets were 0.969 and 0.984, respectively, and the true
skill statistic value was 0.9609, indicating a high level of accuracy in the model prediction (Fielding
and Bell 1997). Response curves showed a positive effect of increasing tree cover on habitat
suitability and an optimal elevation peaking around 600 m (figure 4).

The species distribution modelling in MaxEnt produced relative habitat suitability probabilities
ranging from o to 1, with the most suitable habitat on Panay located around the Northwest Panay
Peninsula Natural Park and the Central Panay Mountain Range, and the most suitable habitat in
Negros found in the North Negros Natural Park, on the slopes of an area just outside the Mt Kanla-
on Natural Park, and in an area to the south half-covered by Cuernos de Negros IBA (Figure 5).
Most areas seem fragmented and few are highly suitable, particularly on Negros. Furthermore,
there are large unsuitable patches in high elevation areas due to this species’ preference for lower
elevation forest at the centres of the North Negros Natural Park, Mount Kanla-on Natural Park,
Cuernos de Negros and the Central Panay Mountain Range.
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Figure 3. Effect predictions for significant variables on Negros Bleeding-heart presence from the
top-performing Generalised Linear Model before averaging (AAIC = o). Shaded areas show upper
and lower confidence limits, and dots show data points from which predictions were calculated.
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Figure 4. Response curves of the two environmental variables, tree cover and elevation, in a
Maxent species distribution model for Negros Bleeding-heart.

Discussion

Habitat preference

Understorey cover, mostly by herbs, shrubs, and ferns, was significantly associated with Negros
Bleeding-heart presence. This association has been found for other bird species, postulated to be
because dense understorey provides a balance of both attractive food resources and cover to escape
from predators (Lima and Dill 1990, Reid et al. 2004, Smith et al. 2017). The Luzon Bleeding-heart
Gallicolumba luzonica, a close relative to the Negros Bleeding-heart, is reported to use thick
undergrowth to escape predators (Del Hoyo et al. 1997), and the Negros Bleeding-heart itself is
known to forage on the ground, tossing aside leaf litter in its search for food (Curio 2001). However,
understorey cover could also relate to forest quality. Dense shrub or herb cover can be characteristic
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Figure 5. Species distribution modelling of the Negros Bleeding-heart on Panay and Negros. Scale
is from white to dark grey, with relative suitability for Negros Bleeding-heart from 1 to o, indi-
cating high and low suitability respectively. Locations of Important Bird Areas are shown as black
outlines. On Panay: (A) Northwest Panay Peninsula Natural Park (BirdLife International 2018a),
(B) Central Panay Mountain Range (BirdLife International 2018b). On Negros: (C) North Negros
Natural Park (BirdLife International 2018c), (D) Mount Kanla-on Natural Park (BirdLife Inter-
national 2018d), (E) Ban-ban (BirdLife International 2018e), (F) Southwestern Negros (BirdLife
International 2018f), (G) Cuernos de Negros (BirdLife International 2018g).

of secondary forests (Cochard et al. 2018), therefore suggesting that the Negros Bleeding-heart
could be able to inhabit secondary forest, as found in other ground doves which also favour primary
forest (Blanvillain et al. 2002). However, the present study also identified a preference for closed
canopy forest, which is characteristic of primary forest (Shoo et al. 2016). A preference for primary
forest is supported by numerous other studies showing that terrestrial birds like the Negros
Bleeding-heart are often the species most affected by loss of primary forest (Sieving et al. 1996,
Newmark et al. 2010, Powell et al. 2013, Bradfer-Lawrence et al. 2018). Such species are often
unable to inhabit secondary forest (Peh et al. 2005, Stratford and Stouffer 2013), and even well-
developed secondary forest, which also has dense canopy cover, is often less biodiverse than its
primary counterparts (Chadzon et al. 2009). The ability of the Negros Bleeding-heart to use
secondary forest remains unclear (BirdLife International 2017). Some secondary forest patches
in this study have been recorded, but they were small and surrounded by primary forest, and
therefore the dove might move between patches of both forest types to exploit resources but rely
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mainly on primary forest, as postulated by Peh et al. (2005) for bird species in a Malaysian forest.
Potential inability to use exclusively secondary forest could therefore explain why the dove is not
found in some areas of secondary forest on Negros (BirdLife International 2017).

The habitat preference findings of this study are preliminary and could be improved by a greater
quadrat size for habitat measurement and more accurate linkage of point count results to habitat
plots. While 60-m association distance has been used in other studies on similar species
(Rivera-Mildn et al. 2015), it adds uncertainty to the results. However, since little is known about
this highly threatened species, the findings are still potentially important in directing conservation
action (Huon et al. 2015). Research into the tolerance of secondary forest by Negros Bleeding-heart
is strongly recommended, particularly considering how little primary forest remains across its
range (BirdLife International 2017).

Species distribution modelling

Species distribution modelling shows that suitable habitat is found in forested, low-elevation areas.
Such areas have been reported in previous studies (BirdLife International 2017) to be Negros
Bleeding-heart requirements. The suitability of forested areas supports the findings of the GLM
in regard to the importance of understorey cover and canopy cover. However, elevation was found not
to be a significant variable in the GLM. This may be because the range measured was all suitably low
elevation habitat, ranging from 192 to 622 m. The species distribution model also highlights that
large proportions of the core areas inside many IBAs and protected areas may be less suitable than
previously thought. This is particularly so within the protected areas of the North Negros Natural
Park and Mt Kanla-on Natural Park, and the unprotected IBAs of the Central Panay Mountains and
Cuernos de Negros, with some edge areas appearing more suitable than within the core areas. This is
a particular concern, because the edges of reserves are often subject to abiotic and biotic edge effects
that can reduce habitat quality, particularly for understorey birds (Pohlman et al. 2007, Neate-Clegg
etal. 2016), and to greater human pressures, such as encroachment by agriculture, charcoal logging or
hunting by those living on the borders (Pedregosa-Hospodarsky et al. 2009).

The model shows a significant amount of potentially suitable habitat near the eastern border of
the North Negros Natural Park, which is one of the only remaining lowland forest sites on Negros,
although largely secondary (BirdLife International 2018c). The tree cover map does not distinguish
between primary and secondary forest (Hansen et al. 2013). The Negros Bleeding-heart has been
reported there (BirdLife International 2018c), but has not been found in bird surveys during the
past 20 years (Hamann 2002, Pedregosa-Hospodarsky et al. 2009), and the park is under pressure
from illegal logging and snare hunting (Pedregosa-Hospodarsky et al. 2009). Modelling also shows
asmall area of suitable habitat along the boundary of Mt Kanla-on Natural Park, where the Negros
Bleeding-heart was seen in 1991 (Brooks et al. 1992), but not since (Carifio 2007). Furthermore,
most of the park’s forest is >1,000 m asl. (Brooks et al. 1992), which exceeds the estimated
altitudinal limit of the dove based on previous surveys (BirdLife International 2017). Any popula-
tions just outside the boundary would be threatened by the continued deforestation on the lower
slopes (BirdLife International 2018d), demonstrating that the current boundaries of Mt Kanla-on
Natural Park may not be adequate to protect this species. Of the non-protected IBA sites, the largest
indicated suitable area is around the Cuernos de Negros IBA, half within the reserve and the rest
just outside the borders. Carifio (2007) recorded the dove several times near the border, and it was
reported inside the IBA in the CCI (2016). It has also been recorded on www.ebird.org by two
observers in 2019 at Sibulan, within the IBA. However, the CCI survey lasted only four days in
2016, and another nine-week survey in the same area in 2017 failed to encounter the dove
(Cantero-Sanchez 2018). Furthermore, Bristol Zoological Society studied the wider Cuernos de
Negros IBA in 2014—2017, obtaining a minimum of 347 camera trap days, and the Negros
Bleeding-heart was never sighted (Falcidia 2017). It is therefore possible that the dove may not
occur at high density or even be present in much of the Cuernos de Negros IBA, given the high
elevation of this area. Hence, this may not be a priority site in the conservation of Negros Bleeding-
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heart. As far as we are aware, there are no other recent sightings of this species in Negros, but the
recent publication of a conservation action plan for Negros (Biodiversity Management Bureau and
Philippines Biodiversity Conservation Foundation Inc 2018) shows promise for future collabora-
tion between NGOs to organise effective conservation initiatives.

Based on the number of sightings obtained in this study compared to other recent studies on
Negros, and from the species distribution modelling results, the Northwest Panay Peninsula
Natural Park appears to be the most effective currently protected area on Panay and Negros for
the Negros Bleeding-heart. It is therefore a critical stronghold for the species, requiring continued
conservation action, which is ongoing (PhilinCon 2018). Furthermore, there appear to be large
areas of potentially suitable habitat for the Negros Bleeding-heart around and within the Central
Panay Mountain Range, although this is not yet a formally protected area (Haribon Foundation
2016). The Negros Bleeding-heart has been reported there by several sources (De Soye 1997,
Pedregosa-Hospodarsky 2008, Masur 2010, Schwarz 2014), but to our knowledge, no population
survey has been undertaken. Therefore, this area is a priority for survey effort, particularly
considering the likely extreme rarity of the Negros Bleeding-heart on Negros.

Finally, species distribution modelling shows that the suitable habitat patches throughout Panay
and Negros are not well connected. Habitat connectivity is important for maintaining small
populations (Kramer et al. 2009, Spigler et al. 2017, Gomez-Sénchez et al. 2018) and therefore
the creation of forest corridors to connect fragments (Jansen 2005, Barzan et al. 2015) could benefit
the Negros Bleeding-heart, particularly considering that understorey birds are reluctant to cross
non-forested patches (Bradfer-Lawrence et al. 2018). However, certain fragments are very distant,
hence forest corridor creation may not be immediately practical at large scales, and work that can be
implemented more quickly may be required. To that end, an option which is increasingly used to
support in situ conservation of small animal populations is captive breeding, with the aim of future
reintroduction (Braverman 2014). Negros Bleeding-heart is currently bred in captivity at the
Centre for Tropical Conservation Studies (CENTROP) in Negros, and by Talarak Foundation
Incorporation, with an overall captive population of 88 individuals in June 2020 (Fernando ‘Dino’
Guttierez at Talarak, and Lou-Jean Cerial at CENTROP pers. comm.). We recommend that this
work continues alongside in situ conservation measures.

Model comparison

The GLM and species distribution modelling approaches respectively offer fine- and large-scale
explorations of Negros Bleeding-heart distribution. We selected tree cover and elevation as vari-
ables in the species distribution modelling because the Negros Bleeding-heart has been reported to
occur in lowland forests up to 1,000 m (BirdLife International 2017). Ideally, understorey cover, the
most significant variable in the GLM, would have been used in the species distribution modelling,
but large-scale datasets of understorey cover are not available. Elevation may act as a proxy for
other, unmapped, biotic, and abiotic variables, rather than directly impacting the Negros bleeding-
heart (Hof et al. 2012). In addition, the tree cover dataset used does not distinguish forest quality or
between primary and secondary forest (Hansen et al. 2013). Whilst it is unknown if the Negros
Bleeding-heart requires primary forest (BirdLife International 2017), if this is the case, then our
species distribution modelling maps (Figure s5), which already indicate very little remaining
suitable habitat, may be an optimistic overestimate.

Finally, this survey was designed for habitat preference assessment rather than an occupancy
type analysis. We therefore did not utilise repeated sampling in a way that would allow us to make
use of species distribution modelling approaches that use known absences (Lahoz-Monfort et al.
2014). The authors recognise that detection of the Negros Bleeding-heart is not perfect and are
conducting systematically repeated sampling as part of future research to enable modelling of the
detection function and use of occupancy detection modelling.
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Conclusion

The Negros Bleeding-heart has a preference for dense understorey vegetation and dense canopy
cover, and the largest area of suitable habitat currently seems to be in the Northwest Panay
Peninsula Natural Park on Panay. On Negros, Mt Kanla-on Natural Park may contain habitat
for the Negros Bleeding-heart, although the elevation is high, and further protection of the North
Negros Natural Park’s eastern border is needed. Though law enforcement in remote areas entails
logistical and security challenges, it is essential that laws against deforestation and hunting in all
remaining population refuges are strictly enforced in order to halt the decline in numbers. In
addition, we recommend that future research effort focuses on two areas: 1) to establish the degree
to which the Negros Bleeding-heart requires primary rather than secondary forest, and 2) to assess
its population status in the Central Panay Mountain Range and the North Negros Natural Park,
which may be suitable sites for Negros Bleeding-heart conservation.

Supplementary Material

To view supplementary material for this article, please visit http://dx.doi.org/10.1017/
50959270920000611.
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