Informing decisions on an extremely data poor
species facing imminent extinction
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Abstract Some of the species that are believed to have the
highest probability of extinction are also amongst the
most poorly known, and this makes it extremely difficult
to decide how to spend scarce resources. Assessments of
conservation status made on the basis of loss or degradation
of habitat and lack of records may provide compelling indi-
cations of a decline in geographical range and population
size, but they do not help identify where conservation action
might be best targeted. Methods for assessing the probabil-
ity of extinction and for modelling species’ distributions
exist, but their data requirements often exceed the informa-
tion that is available for some of the most urgent conserva-
tion cases. Here we use all available information (localities,
expert information, climate and landcover) about a high-
priority Vietnamese bird species (Edwards’s pheasant
Lophura edwardsi) to assess objectively the probability of
its persistence, and where surveys or other conservation ac-
tion should be targeted. It is clear that the species is on the
threshold of extinction and there is an urgent need to survey
Bach Ma National Park (including the extension) and to
consider surveying Ke Go Nature Reserve. This approach
has potential to help identify where conservation action
should be targeted for other Critically Endangered species
for which there is an extreme scarcity of information.

Keywords Data, Edwards’s pheasant, extinction, Lophura
edwardsi, optimal linear estimator, Siamese fireback, silver
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Introduction

pecies that are considered to be close to extinction

are often a target for conservation action. This may in-
volve dedicated action by conservation organizations,
working nationally or internationally (e.g. the Alliance for
Zero Extinction, and BirdLife International through its
Preventing Extinctions Programme), or the establishment
of global policy targets, such as Aichi Target 12 of the
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Convention on Biological Diversity’s Strategic Plan for
Biodiversity 2012-2020 (Secretariat of the Convention on
Biological Diversity, 2010) and target 155 of the
UN’s Sustainable Development Goals (UN Sustainable
Development Knowledge Platform, 2016). Our understand-
ing of how high the probability of extinction is for individual
species is variable, as is our ability to identify places that
should be priorities for action. In some instances, species
are well known and easily detectable, meaning that there
is a sound basis for identifying where and how to act. For
other species, however, it is extremely difficult to be confi-
dent about their proximity to extinction, let alone decide
where searches should be focused or where conservation in-
terventions should be implemented. This variation in our
understanding is typically a result of variable information
about species, across both space and time, which, in turn,
is attributable to factors such as detectability (Bibby et al.,
2000), search effort (Boakes et al., 2016) and how well infor-
mation is documented and made accessible (Boakes et al.,
2010Db).

South-east Asia has been highlighted as a region where
there is both a high risk of extinction of many vertebrate
species (e.g. Hoffmann et al., 2010) and a severe lack of in-
formation on where and how to act to prevent their extinc-
tion (Duckworth et al., 2012). These concerns led to a call for
urgent action to address the threats facing tropical Asia’s
species, at the 2012 World Conservation Congress (IUCN,
2012), and the establishment of the Asian Species Action
Partnership (ASAP, 2016).

For many of these species the available data on location
or ecology are few, and they are often considered to be of
poor quality, which typically refers to old records for
which the date and location are uncertain. Using these re-
cords without critical appraisal of the nature of this uncer-
tainty could result in subjective assessments of where a
species may still occur, what its habitat is and where searches
should be focused.

Since Edwards’s pheasant Lophura edwardsi was recate-
gorized as Critically Endangered on the IUCN Red List in
2014 there has been increasing attention to its conservation.
It is vital, therefore, that as much information as possible,
even if of unknown quality, is used as the basis for defining
the species’ status and deciding what conservation action
should be undertaken. Here we make use of all available in-
formation to model the potential for extinction of Edwards’s
pheasant and compare this with the two other Lophura spe-
cies inhabiting the same area. We then examine the spatial
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uncertainty associated with the location data to determine if
a species distribution model could be produced to guide sur-
vey effort. Finally, we produce a Bayesian model to predict
current habitat availability and identify sites where the spe-
cies may still occur.

The study species: Edwards’s pheasant

In 2014 Edwards’s pheasant was uplisted to Critically
Endangered (BirdLife International, 2014) because of the
lack of recent records (the last being a poached individual
in 2000; one record in 2009 is unconfirmed and another
is of a captive individual with an unknown history; S.P.
Mahood & J.C. Eames, pers. comm.), extremely high hunt-
ing pressure, and habitat fragmentation and degradation
throughout its known range (BirdLife International, 2015).
All of this led to increasing concern for the survival of the
species. Since 2011, searches have been conducted at some
potential sites but no evidence of the species’ existence has
been found, although other Galliformes species have been
recorded (Pham & Le, 2015). First described in 1896, records
of the species are restricted to central Vietnam (Ha Tinh,
Quang Binh, Quang Tri, Thua Thein Hue Provinces), an
area long considered to be of conservation concern because
of high endemism and the high level of threat to which spe-
cies are subjected (Eames et al., 2001). Two other forms of
Lophura were thought to be closely related species until re-
cently, but are now considered to be conspecific: the imper-
ial pheasant L. imperialis has been shown to be a naturally
occurring hybrid of Edwards’s pheasant and the silver
pheasant L. nycthemera (Hennache et al., 2003), and the
Vietnamese pheasant L. hatinhensis is now considered to
be an inbred form of Edwards’s pheasant (Hennache
et al.,, 2012). Henceforth we refer to all forms of the species
as Edwards’s pheasant. The species went unrecorded be-
tween the early 1960s and late 1980s, during which time
much of its suspected habitat was further defoliated and de-
graded (BirdLife International, 2015).

Methods

Location data

Geo-referenced location data for Edwards’s pheasant were
extracted from the Galliformes database of Boakes et al.
(2010a). As noted above, records previously ascribed to L.
hatinhensis and L. imperialis were extracted for inclusion
in the study, in addition to those of L. edwardsi. The records
consist of reported locations from historical notebooks,
peer-reviewed publications, books and specimen records
(Mahood & Eames (in press) provide a detailed assessment
of the records, including those without spatial locations).

Data poor species facing extinction

Modelling time to extinction

The optimal linear estimator (Cooke, 1980; Roberts & Solow,
2003; Solow, 2005), or Cooke’s estimator (Collen et al.,
2010), is a non-parametric extinction date estimator. The
approach is based on the Weibull distribution, a two-
parameter model that has its origin in engineering risk
analysis (Solow, 2005; Collen et al., 2010). The technique
is considered robust where the probability of observing a
species is low, and it does not assume that sighting effort
has been equal over time (Rivadeneira et al., 2009). Even
when the assumptions are not met fully because of the real-
ities of search effort and data availability, the optimal linear
estimator is broadly accurate (Collen et al., 2010; Clements
et al., 2013). Its prediction of time to extinction (Tg) based
on the k most recent sightings is described by Solow (2005).

There is uncertainty regarding how best to determine k.
In theory it should be only the most recent sightings (Solow,
2005), but Collen et al. (2010) showed that increasing the
number of sightings used (tested to a maximum of 18 sight-
ings) increases the accuracy of prediction. However, the
large gap in the sighting record of Edwards’s pheasant dur-
ing the First Indochina War and the subsequent Vietnam
War (1946-1975) invalidates the assumptions of the optimal
linear estimator if applied to a series of records that spans
this gap (C. Clements, pers. comm., 4 December 2013) and
so we used only the most recent records (1988 onwards). The
data for this analysis consisted of the year of each confirmed
observation and a test year (2016). We used the package
sExtinct (Clements, 2013) in R v. 3.0.3 (R Development
Core Team, 2013) to calculate the optimal linear estimator
for Edwards’s pheasant and two congeneric species, the sil-
ver pheasant and the Siamese fireback L. diardi, which are
extant in the region. Data for these other Lophura pheasants
were also extracted from Boakes et al. (2010a), with more re-
cent records extracted from the Global Biodiversity
Information Facility (GBIF, 2016).

Spatial uncertainty

We suspect that there is positional uncertainty associated
with some, if not all, of the location points and that for
some records this is up to 30 km (some locations were re-
ported as the nearest commune, village or district centre).
Positional uncertainty in species distribution models has
been evaluated for cases in which errors were known and
relatively small (<5 km), and found to have little effect
(Graham et al., 2008; Johnson & Gillingham, 2008).
Naimi et al. (2011, 2014) showed that high levels of spatial
heterogeneity in environmental predicator variables leads to
reduced model performance. We used a distance of 30 km
(the maximum suspected error in point locations) to deter-
mine the reference values (using the usdm package (Naimi,
2015) in R) and compared these to each of the 27 location
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points. K values > o imply that spatial similarity is lower
than expected (high spatial heterogeneity) and values < o
imply that spatial similarity is higher than expected (low
spatial heterogeneity).

The ability of the model to discriminate between occu-
pied and unoccupied areas was estimated from the area
under the curve (AUC) of the receiver operating character-
istics (Phillips et al., 2006). We used 1,000 random points
within the BirdLife-NatureServe shapefile for Edwards’s
pheasant and the Vietnamese pheasant (a single shapefile
for the species has not yet been produced) as background
points. We executed the MaxEnt procedure in the dismo
package (Hijmans et al., 2016) in R.

Belief network

We developed a Bayesian belief network to account for
the suspected uncertainty in the spatial locations. The re-
sulting Bayesian model provides a logical expert (IUCN
Red List) derived map of potential Edwards’s pheasant
habitat, albeit one that cannot be evaluated empirically,
based on the habitat description in the account of the spe-
cies on the JTUCN Red List (BirdLife International, 2015),
namely:

Tt was said to inhabit exceedingly damp mountain forests up to an es-
timated 600 m, favouring thick underbrush and lianas. However, all
early collecting localities were in the forested level lowlands, and
there is no evidence that it can live above 300 m. It is most abundant
in areas with thick undergrowth and liana covered hillsides (N. Brickle,
in litt., 2004). Records in the 1990s came from lowland areas which
have been selectively logged (N. Brickle, in litt., 2004).

We interpreted this as increased probability of habitat suit-
ability for Edwards’s pheasant in areas that were forest, in
areas that were at low elevation and had high monthly rain-
fall (Table 1). A review of published literature and assess-
ment of the substantial body of grey literature generated
since ecological fieldwork restarted in Indochina in the
late 1980s (Brickle et al., 2008) has provided no information
on habitat suitability that altered this understanding.

To parameterize the model we extracted monthly rainfall
values from the WorldClim climatic dataset (WorldClim,
2016) version 1.4, which has a spatial resolution of 1 km?*
(for more details see Hijmans et al., 2005) and to this
added an elevation and forest coverage layer using the
Raster package in R (Hijmans, 2015).

A raster dataset at 1 km resolution combining data on the
precipitation of the driest month (WorldClim, 2016), eleva-
tion and forest cover was developed in R using the Raster
package. Values for each layer at each raster pixel in the re-
gion were then exported to be used as a case-file in Netica 5.2
(Norsys Corp, 2016). The case-file was then run through the
belief network and the probability of high habitat suitability
calculated. This was then converted back into a raster in
R and displayed graphically in ArcGIS 10.2.1 (ESRI,
Redlands, USA).

TasLe 1 Conditional probabilities of habitat suitability for
Edwards’s pheasant Lophura edwardsi, based on the IUCN Red
List account of the species (BirdLife International, 2015).

Probability of habitat

suitability (%)
Elevation Low Medium High
Forest cover; monthly rainfall never < 30 mm
<100 m 20 40 40
100-300 m 50 20 30
300-500 m 70 20 10
500-700 m 80 10 10
>700 m 90 5 5
Forest cover; monthly rainfall never <40 mm
<100 m 10 40 50
100-300 m 20 40 40
300-500 m 50 20 30
500-700 m 70 20 10
>700 m 80 10 10
Forest cover; monthly rainfall never < 50 mm
<100 m 10 30 60
100-300 m 20 30 50
300-500 m 20 40 40
500-700 m 50 20 30
> 700 m 70 20 10
Forest cover; monthly rainfall never < 60 mm
<100 m 10 20 70
100-300 m 10 20 70
300-500 m 10 30 60
500-700 m 20 30 50
>700 m 50 30 20
No forest; monthly rainfall never < 30 mm
<100 m 70 20 10
100-300 m 70 20 10
300-500 m 70 20 10
500-700 m 70 20 10
> 700 m 70 20 10
No forest; monthly rainfall never < 40 mm
<100 m 70 20 10
100-300 m 70 20 10
300-500 m 70 20 10
500-700 m 70 20 10
>700 m 70 20 10
No forest; monthly rainfall never < 50 mm
<100 m 70 20 10
100-300 m 70 20 10
300-500 m 70 20 10
500-700 m 70 20 10
> 700 m 70 20 10
No forest; monthly rainfall never < 60 mm
<100 m 70 20 10
100-300 m 70 20 10
300-500 m 70 20 10
500-700 m 70 20 10
>700 m 70 20 10
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Results

Modelling time to extinction Using the optimal linear
estimator, Edwards’s pheasant is estimated to have gone
extinct in 2004, with a lower confidence interval (CI; i.e.
earliest estimated date of extinction) of 2000 and upper CI
(latest estimated date of extinction if no further sightings are
made) of 2023. With the upper interval falling post 2016 (the
test year), we can interpret this result as showing that it is
probable, given the nature of the historical records, that
Edwards’s pheasant is still extant in the wild (Rivadeneira
et al, 2009). Our low sample size may, however, have
inflated the value of the upper CI (Strauss & Sadler, 1989)
and thus our estimated date of extinction. The two
congeners known to be extant in the region had estimated
extinction dates post 2016, with an upper CI of 2024 and
2021 for the Siamese pheasant and silver pheasant, respectively.

Species distribution model ~Within the area bounded by the
BirdLife-NatureServe (2012) extent of occurrence for
Edwards’s pheasant the AUC was 0.3, meaning that the
model was worse than random in predicting the presence
of Edwards’s pheasant. Therefore, no further analyses
were conducted that sought to link locations of Edwards’s
pheasant to environmental variables.

Belief network Maximum habitat suitability values in
the belief network did not exceed o.7 (because of the
uncertainty expressed in the conditional probabilities).
Areas with probability of habitat suitability of > 0.63 were
found in Khe Net and Ke Go Nature Reserves in the
north, and there were few grid squares of high probability
of suitable habitat located in the south (Fig. 1).

Discussion

Edwards’s pheasant may still survive in the wild, but the
small number of records that exist for this species may
mean that our assessment is optimistic. Whether the latter
date for re-sighting (the upper CI, in this case 2023) is opti-
mistic or not, what is clear is that the existing records indi-
cate that Edwards’s pheasant is on the threshold of
extinction. The low detectability of the species offers hope
that it may exist but be recorded rarely, but our most pes-
simistic prediction is that the species went extinct in 2004.

Given the uncertainty in the spatial locations for the spe-
cies we could not be confident that we would produce a
meaningful species distribution model. The belief model,
which is based on the qualitative description given in the
IUCN Red List account, clearly suggests that the most suit-
able habitat will be in the northern part of the species’ range.
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FiG. 1 Spatial representation of the results of our belief network
based on the IUCN Red List habitat description for Edwards’s
pheasant Lophura edwardsi (see Methods). High probability of
occupancy based on altitude, climatic conditions (monthly
rainfall) and presence of forest is indicated in warmer colours.
The species’ range according to the BirdLife-NatureServe
shapefile (2012) is delineated in black.

There is very little suitable habitat remaining for the spe-
cies. Exceedingly damp forest falls into two blocks, which
largely coincide with the distribution of locality records of
Edwards’s pheasant. The form previously known as the
Vietnamese pheasant was reported mostly from the nor-
thern block and only during 1964-1999 (Hennache et al.,
2012), the only exception being a single record south of
Hue (Mahood & Eames, in press). As the Vietnamese pheas-
ant is now considered to be an inbred form of Edwards’s
pheasant, these few observations suggest that the population
has been declining for some time and is likely to have suf-
fered considerably from heavy deforestation in Central
Vietnam from the early 1970s (Miiller & Zeller, 2002).

Other ecological knowledge suggests that the survival
prospects of Edwards’s pheasant are very poor. Species
with small ranges tend to be scarce within those ranges
(Brown, 1984), making them more susceptible to hunting
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compared with sympatric, widely distributed species. The
congeneric silver pheasant and Siamese fireback both have
larger geographical ranges and would be expected to suffer
similar levels of hunting given that none are particular tar-
gets for poachers. Furthermore, narrow endemism in verte-
brate species is considered to be an indicator of limited
flexibility to habitat disturbance (Wijesinghe & Brooke,
2005), mainly as a result of edge effects of fragmented habi-
tat (Williams & Pearson, 1997; Brooks et al., 1999). The claim
that Edwards’s pheasant inhabits degraded habitat has not
been confirmed (Eames, 1996) and could be a misinterpret-
ation of its presence in bamboo patches in pristine habitat
with abundant palms and rattan understorey (Robson
et al., 1989). The Siamese fireback is commonly found
in heavily degraded acacia and eucalyptus plantation
(Suwanrat et al., 2015) and was found during the 2011 survey
in Central Vietnam when Edwards’s pheasant was not, sug-
gesting that the habitat may have been too degraded for
Edwards’s pheasants but not for its more tolerant congener.

Following our analysis, the fragments that should be
searched as a matter of urgency are Ke Go Nature Reserve,
Bach Ma National Park (site of the most recent confirmed
and unconfirmed records) and the extension to Bach Ma
National Park. Although camera-trap surveys for other spe-
cies have yielded little evidence of Galliformes at these sites
(Willcox, 2015), and at Ke Go the most recent records were
of the inbred Vietnamese form, these sites offer the best pro-
spects for conservation action because of the most recent re-
cords and the relative suitability of remaining habitat.

The approach that we have used to critically and object-
ively assess the data that exist on Edwards’s pheasant, a
poorly known and highly threatened species, has brought
temporal and spatial focus to the need for action. The spe-
cies may already be extinct, and if not it is surely close.
Historical records and remaining habitat that is thought to
be suitable make it clear where effort should be targeted.
Combining all available evidence within these temporal
and spatial frameworks provides direction for where
searches should be conducted and conservation action con-
sidered for this species. Given the crisis facing many similar-
ly poorly known species that are believed to be on the verge
of extinction, in South-east Asia and elsewhere, we believe
that this approach may prove useful in distilling conserva-
tion direction from limited data.

The modelling approaches we have used here have poten-
tial to be useful for other species in the region and across
other regions where data are scarce. All models are only as
good as the data on which they are based, and it is important
to recognize that the data available in this case and many
others (e.g. the saola Pseudoryx nghetinhensis) may not fit
well with the particular assumptions of any model. Despite
this limitation, conservation managers cannot afford to wait
until all of the desired data become available, particularly
when funds are in short supply. All data available at the

time a decision is to be made must be gathered, assessed
and, where possible, used to make inference. Bayesian net-
works have been shown to be effective in determining the
distribution of species when there is little available ecological
information (e.g. Smith et al., 2007) and few resources for
conservation planning (Tantipisanuh et al., 2014). The opti-
mal linear estimator has also been shown to be broadly ac-
curate in the face of data realities (poor search effort and data
availability; Collen et al., 2010; Clements et al., 2013).

Species distribution models based on MaxEnt have been
shown to be effective at determining distribution accurately
even when using few location records (14-25 records; van
Proosdij et al., 2016); however, there is some evidence that
models using fewer than 30 locations are less accurate,
and caution must be taken in using these (Wisz et al.,
2008). MaxEnt is probably better suited to species for
which there are more ecological data available and a greater
understanding of the most appropriate environmental vari-
ables than we have for Edwards’s pheasant at present.

Researchers and managers who are faced with making
decisions about what actions may be appropriate for a spe-
cies for which there is only low-quality and uncertain data
should consider taking the following approach to inform
their decision. Firstly, gather all available data on locations
from historical records, scientific sources, local communi-
ties, and any other available sources (i.e. from all stake-
holders). Secondly, assess critically this information to
identify potential biases and uncertainties, bearing in
mind that it may not be possible to address these through
modelling but they need to be highlighted. Thirdly, build
a Bayesian belief network (or networks) based on the avail-
able data and assess these critically, ideally involving all sta-
keholders in this step whenever possible. At the same time,
use an optimal linear estimator to assess the likelihood that
the species still survives. Fourthly, use the model and the op-
timal linear estimator prediction to determine whether a
survey should be conducted and, if so, at which sites.
Finally, either carry out the survey or propose another
course of action, such as categorization as Extinct (in the
Wild), reintroduction or other, as appropriate.
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