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Abstract: This paper investigates the abundance, density and habitat preference of Harwood’s Francolin, and considers threats posed to
this species at Merhabete District, Ethiopia. A total of 20 line transects ranging from 0.5—-1.2 km, each 150-400 m apart, were placed in
four study blocks. Habitat preferences were evaluated by digital elevation model (DEM) analysis and slope. Human pressures were also
quantified based on circular plot placements along each line transect. Hence, distance sampling survey was used to count population data.
The estimated population size and density were 184+26.46 birds and 43.4816.25 birds/km2, respectively, with an overall encounter rate of
8.52 birds/km in Jema and Jara valleys. This species mainly preferred dry evergreen scrublands mixed with grassy, rock areas and dispersed
acacia woodlands. However, based on stepwise regression model, the main threats to this species were burning, cutting, firewood
collection and grazing. Generally, only cutting and firewood collection were the most important predictors that affected the focal species.
This finding could be used to plan conservation of the species with the joint contribution of scientists, government and local communities.
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Ecology of Harwood'’s Francolin

Abrha & Nigus

INTRODUCTION

The study of population size and density of bird species
is fundamental to successful conservation, management
and monitoring purposes (Conroy & Noon 1996; Bibby
et al. 1998; Braun 2005; Ramesh et al. 2011; Sekercioglu
2011). Itis also used for management decisions on the
loss of tropical biodiversity decisive to quantify the loss
of tropical biodiversity (Sekercioglu 2011). Bird species
are key indicators of the environment (Getachew et al.
2012), biological diversity (BirdLife International 2008,
2013) as well as conditions of habitats (Bhattacharya et
al. 2009).

Avifauna is currently categorized into 36 orders,
with the majority of species recorded in order
Passeriformes (BirdLife International 2014). A total
of 16 bird species are endemic to Ethiopia, and 14 are
near endemic to Ethiopia and Eritrea (EWNHS 1996; Pol
2004). In Ethiopia, there are approximately 10 species
of francolins identified to date (Ash & Atkins 2009;
Redman et al. 2009). The Phasianidae family commonly
referred to as “pheasants” includes bird species such as
francolins, quails and stone partridge in the region (Ash
& Atkins 2009; Redman et al. 2009). Of these Harwood’s
Francolin, Pternistis harwoodi (BirdLife International
2014; del Hoyo et al. 2014; IUCN 2015) is the only
endemic francolin species. This species was formerly
categorized in Fracolinus, which was recently replaced
by Pternistis (BirdLife International 2014; del Hoyo et al.
2014), hence the older designation Francolinus harwoodi
(Blundell & Lovett 1899).

Harwood’s Francolin (Image 1) is a poorly-known
pheasant restricted to dryland ecosystems of the Central
Highlands of Ethiopia (Ash 1978; Wondafrash unpubl.
report. 2005). There are 73 important bird areas (IBAs)
identified so far, of which Jema and Jara valleys are
recognized as IBA and endemic bird areas (EBAs; EWNHS
1996) in the Central Highlands. Harwood’s Francolin
displays gregarious behavior intermittently and has
a polygamous mating system in the area (Robertson
et al. 1999). It shows habitat overlapping with other
pheasant species. For instance, it is reported that the
species shares similar habitat with Helmeted Guineafowl
Numida meleagris in lowlands and highlands of Jema
and Jara Valleys and forages on seeds and invertebrates
(Robertson et al. 1999). There is little information
available concerning the abundance, distribution,
habitat preferences and human-induced threats to
Harwood'’s Francolin in its natural habitats. The aims of
this study were to: (a) investigate population abundance
and density in various habitat types; (b) establish habitat

preference and identify human pressures on this species
in the Jema and Jara valleys.

MATERIALS AND METHODS

Study area

The study area is located c. 180km away from
Addis Ababa in Merhabete District at 9.91527778-
10.13444444 N & 38.94416667-39.07333333 E. The
most important rivers in the area are the Jema and
Jara rivers, associated with their respective valleys.
The larger Jema is fed by the Jara and empties into the
Blue Nile River (Abbay River). The study area included
the entire Jema Valley and the western Jara Valley at
Werkamba tabia. These valleys have been identified as
the most important sites for this species over the past
four decades (Ash 1978; Ash & Gullick 1989; Collar et
al. 1994; Robertson et al. 1997; EWNHS 1996; BirdLife
International 2008).

The study area was divided into four blocks A-D of
25km?, 40km?, 30km? and 5km? respectively (Fig. 1)
making a total sampled area of 100km?. The blocks
had a variety of vegetation assemblages and elevation
levels, and study sites were classified into four strata
based on habitat types (e.g., vegetation patterns) and
land usage. The first three blocks had the same strata

Image 1. Harwood’s Francolin Pternistis harwoodi
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Figure 1. Map of the study area and blocks.

including scrubland, forestland and farmland, while
Block D had mainly wetland strata and only two patches
of forest. Wetland stratum possessed mainly wetland
plant communities (commonly Broadleaf Cattail Typha
latifolia).

Field methods

There are many techniques for studying pheasants.
The combinations of line transect, circular plots and
digital elevation modeling (hereafter DEM) were
conducted to meet the aforementioned objectives. All
surveys were conducted within four months (February—
May) in 2015. |Initial identification of key habitats in
study areas was done via rapid assessment survey. Line
transect (e.g., Bibby et al. 1998, 2000; Buckland et al.
2004; Thomas et al. 2010) was then used for bird surveys
and subsequently sampling was conducted within four
study blocks over four months.

Atotal of 20 line transects ranging in length from 0.5—
1.2 km (150 —400 m spaced) were laid in the four strata
using Universal Transverse Mercator (UTM) gridlines
on 10x10 km? areas. Distance sampling was marked
with flagging tape or sheared vegetation. Surveys were
conducted three times per month during early morning
(06:00-09:00 hr) and evening (15:00-18:00 hr) time
blocks, and each study site had five line transects. Data
collection was not carried out during heavy rainfall, low

cloud and windy conditions due to low visibility and
difficult terrain.

Anthropogenic disturbances were assessed via 10m
radius circular plots spaced along each line transect at
100m intervals, within which potential threats were
measured once per month (i.e., 152 plots/month;
608 plots during the whole study period). The main
threats identified as affecting the target species habitat
directly or indirectly were burning, cutting, debarking,
firewood collection, grazing, hunting, mining, mowing
and thatching. The intensity of impacts was classified
as: no disturbance (0), low disturbance (less than 0.25),
moderate disturbance (0.25-0.5), high disturbance (0.5—
0.75) and very high disturbance (>0.75).

The distribution and habitat preference of the
species was recorded along the elevation gradient and
slope. A 30m spatial resolution of DEM was downloaded
from USGS to compare habitat association of the
species in relation to elevation. Bird counting along the
elevation gradient and slope were conducted during
ground truthing. The slope of study areas along the line
transects was gauged using clinometers.

Data analyses
Distance 7.0 alpha 1 release was used to analyze
detection function; encounter rate and cluster (i.e.,

group) size (Thomas et al. 2010). The conventional
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distance sampling (CDS) was chosen as an analysis engine
(Buckland et al. 2004; Thomas et al. 2010). Sightings
were recorded only in 146 line transects, and were
truncated at a constant width of 210m prior to analysis.
Thus, only 5.5% of detected birds were not considered
for additional analysis. The cluster size estimation
method used size bias regression method followed by
regression of In (cluster size) against estimated g (x).
This technique was applied to eliminate any effect of
size bias and to correct underestimation of cluster sizes
(Thomas et al. 2010). The g(x) refers to probability of
detection of a group of birds at perpendicular distance
x from the line transect (Buckland et al. 2004; Thomas
et al. 2014). Observations were also untruncated
to choose and compare the fittest model. Akaike’s
information criterion (hereafter AIC) values were used
to determine the best model by using four key function
models (Buckland et al. 1993) (Table 1). All data were
pooled for better estimation of detection function,
overall abundance and density (Buckland et al. 2004).
Data collected via distance sampling were used to
calculate encounter rate (ER), abundance (N), density of
the species (D) (Thomas et al. 2010) and human induced
impacts in relation to encounter rate of the species.

n
1. Encounter Rate, ER = R Equation 1

where, n = number of observed birds and; L = total
distance walked.

nE(s)
2. Abundance, N = T e Equation 2

where, E(s) = expected value of cluster size; p =
probability of observing a bird in a defined area.

3 Density (D nEts) E ion 3

. ensity ( )_ZWLP .......................... guation
where, W = width of line transect.

The data from all habitat types were combined and
nonparametric factorial ANOVA was performed on the
response variable (i.e., cluster size), considering habitat
type and time as independent variables. Wald type
statistic (WTS) and ANOVA type statistic (ATS) (Pauly et
al. 1995) was obtained to see the interaction effect of
time blocks and habitat types on cluster sizes of the focal
species. Pairwise multiple comparisons were conducted
using Dunn’s-test for cluster sizes recorded in habitat
types with bonferroni p value adjustment method. In
addition, Mann-Whitney test (U) was used to establish
comparisons of cluster size between morning and
evening time blocks.

Using linear regression various disturbance indices
were analyzed. The regression analyses were used to
weigh the encounter rate against various important
anthropogenic factors. Forward stepwise regression
model was applied to select better predictors that
affected the species. In addition, we conducted
bivariate regression model to check the correlation of
the species against each disturbance factor. Unlike,
stepwise regression, only two predictors were selected
using Benjamini & Hochberg (1995) adjustment method.
This method was used to control the overall rate of false
positives without inflating the rate of false negatives in
bivariate regression model. The statistical significance
level was checked at a = 0.05. The analyses were done
by R Core Team 2017.

The application of GIS techniques with the help of
Arcinfo and Arcview software (version 10.1) was used for
spatial analysis. DEM was applied for the distribution
of the species and comparison of habitat preference in
relation to elevational level, sightings and slopes. Seven
slope classes were considered and identified using
clinometers in the study area. These classes included
flat (0-2 %), gentle sloping (2-5 %), sloping (5-8 %),
moderately steep (8—15 %), steep (15-30 %), very steep
(30-60 %) and extremely steep (>60%).

RESULTS

Abundance and density of Harwood’s Francolin

Four key functions such as uniform, half normal,
hazard rate and negative exponentials were run with
untruncated and truncated data adjusted with cosine,
simple polynomial and hermite polynomial. As depicted
inTable1, theminimum exploratory covariateis 1 whereas
the maximum is 3. Some models were disregarded
because the analysis engine showed unsuccessful
results. In addition, only negative exponential failed
during the entire analysis and it was ignored for further
statistical model selection (Table 1). Thus, the AIC
evaluates relative measure of fit among models and the
best fit is to be the lowest AIC. As a result, based on
AIC, the best-fitted model was half-normal with cosine
adjustment. Following the selected model (half normal
+ cos), the results of density, abundance and detection
function was calculated (Table 2).

The entire length of line transects (L) were 16.2km
within which 138 flocks of birds were detected (excluding
the truncated observations). So, the encounter rate (eq.
1) was 8.52 birds/km with percent of CV 11.85 (95% ClI
of 6.65 and 10.91).
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Table 1. Statistical model selection by CDS engine analysis in DISTANCE SOFTWARE. The P value was based on goodness of fit chi-square test.

Model (Key function + Adjustment) Parameter AlC AAIC D N GOF Chi-P values
Uniform + Cos 1 1450.72 0.29 44.4 188 0.886
Half Normal + Cos 1 1450.43 0 43.48 184 0.906
Uniform + Simple Poly 1 1451.7 1.27 39.25 166 0.798
Untrun Hazard rate + Cos 3 1588.5 138.1 44.81 190 0.708
Hazard rate + Cos 2 145331 2.88 46.59 197 0.792
Untrun Hazard rate + Herm Poly 2 1591.75 141.3 37.76 160 0.32
Untrun Half Normal+ Simple Poly 1 1585.65 135.2 43.83 185 0.787

Untrun - Untruncated; D - estimated density; N - estimated number of birds; GoF - Goodness of Fit.

Table 2. Population abundance, density and mean cluster size of Harwood’s Francolin in the study area.

95% of confidence interval
Parameter Point estimate Standard error % CV
Lower Upper
DS 32.05 4.48 13.97 24.18 42.50
E(S) 1.36 0.05 3.39 1.27 1.45
D 43.48 6.25 14.38 32.56 58.05
N 184.00 26.46 14.38 138.00 246.00

DS - Estimate of density of clusters; E(S) - Estimate of expected value of cluster size; D - Estimate of density of Harwood’s Francolin;

N - Estimate of number of Harwood’s Francolin in specified area.

WTE FSIVE AT

10°00°'N 030N 10°60N

FETON

FSION

Figure 2. The elevation, major road and rivers (Jema and Jara) of the
study area.

The mean number of the species counted during
ground truth estimation is tabulated below (Table 3) and
DEM analysis confirmed that the species was recorded
highly and distributed in the intermediate altitudinal
level (Fig. 2) and Small numbers of the target species
were also detected along the riverine vegetation (green
color) and at the steep slope elevations (red color). In

[ Morning Evening

Clusters recorded (mean+SE)
o
[=2]

Forestland Farmland Wetland

Habitat type

Scrubland

Figure 3. The total cluster sizes observed for each habitat type during
morning and evening sessions (mean £SE).

addition, the mean population decreased from higher
altitude to low altitude (Table 3).

The table showed that both time and habitat type
had a significant effect on the cluster sizes of the species
independently. The interaction, however, revealed no
significant difference on the detected groups (cluster
sizes) of Harwood'’s Francolin in the area (Table 4).

The pairwise comparison showed mean significant
differences between habitat types except Wetland vs
Farmland (Table 5).

In all habitat types, the encounter rate of Harwood’s
Francolin was higher in the morning than in the evening,
however, it was not statistically significant different

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 September 2017 | 9(9): 10633-10641
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Table 3. The average number of Harwood’s Francolin counted (mean # SE) in association with elevation and slope.

Surveyed Block A Block B Block C Block D

sites s F Fa s F Fa s F Fa w F

ME 2053.9 2023 1913.4 21123 2103 1778.2 2103 2120 1969.7 1371.8 1257.2

(m) +3.1 £33 +785 +16.3 +22 +49.7 +22 +16.8 +44.1 +77.9 +58.8

P 2.88 1.83 1.08 2.96 1.08 121 2.25 2.25 0.96 0.77 1.42

+0.4 £03 +0.4 £0.2 0.4 £0.3 £0.2 +0.4 +0.3 £0.2 +0.5

WS (degree) 203 6.7 43 24.8 15.6 2.4 15.6 18 16 03 7.5

8 +1.7 £0.9 +0.8 +23 +0.9 +0.7 +0.9 +1.1 +05 £0.2 +13

ME - mean elevation; MP - mean population; MS - mean slope; S - scrubland; F - forestland; Fa - farmland; W - wetland

Table 4. Nonparametric statistical test for the habitat type, time and
their interaction

Table 5. Pairwise comparisons of cluster sizes based on habitat
types. Values in parenthesis describe p values

Pairwise comparisons
Habitat types
Farmland Forestland Scrubland
Forestland 0.078 (0.021) - -
Scrubland 0.181 (<0.001) 0.103 (0.001) -
Wetland -0.033 (1.000) -0.111 (0.001) -0.214 (0.001)

Wald Type Statistic ANOVA type
(WTS) Statistic(ATS)
statistic p-Value statistic p-Value
Habitat Type 89.923 <0.001 30.133 <0.001
Time 13.375 <0.001 13.374 <0.001
Time * Habitat Type 5.828 0.120 1.972 0.123

Table 6. Estimation of total area coverage of various types of ecosystems in four study sites based on GIS and remote sensing techniques

(http://earthpoint.us).

Type of Block A Block B Block C Block D
ecosystems Area/ha % Area/ha % Area/ha % Area/ha %
Agriculture 2097.9 83.9 3355.35 83.88 2205 73.5 436.5 87.3
Forest 47.94 191 132.4 331 116.7 3.89 18.5 3.7
RV 4.4 0.2 10.1 0.25 26.5 0.88 0.175 0.04
Wetland - - - - - - 44.8 8.96
SA 200 8 135.5 3.39 253.2 8.44 - -
Scrubland 149.77 5.99 366.7 9.17 398.6 13.29 - -
Total 2500 100 4000 100 3000 100 500 100

RV - riparian vegetation; SA - settlements and agriculture

between time blocks (Mann-Whitney test, U= 4; d.f =
1; p = 0.343). Mean cluster size computation showed
that habitat association of the species was strongly
associated with scrubland dominated vegetation (Fig. 3).

Measuring human disturbances within line transects

The habitat of the species was dominated by
agricultural lands and settlements (Table 6). The
coefficient of determination of the entire multiple linear
regression identified threats against to the encounter
rate of the species was R?=0.83 (ng 0= 559, P =0.006).
After conducting, stepwise regression model, the best
explanatory variables were burning, cutting, firewood
collection and grazing (FQ, s =15.46,p<0.001), explaining
80 % of the variance for the encounter rate variable (R?
=0.80).

Therefore, the equation of the model is:

ER =42.43 -20.98b — 37.02c — 8.95fc + 10.54g ............
........................................................................ Equation 4
Where, ER represents encounter rate and b= burning,

c= cutting, fc= firewood collection and g=grazing.

However, based on bivariate regression model,
Harwood'’s Francolin was highly disturbed by cutting and
firewood collection during the study period (P<0.05).
Although the target species was negatively associated
with burning, grazing and mining, there was not
statistical justification for the correlations in the multiple
tests.

The species was positively associated with debarking,
hunting, mowing and thatching in the area. However,
there were no significant differences between the
bivariate regression models (P>0.05) (Fig. 4).
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0.00 0.20 0.40 0.60 Figure 4. The encounter rates of birds in relation to each threat based on
i X i bivariate linear regression models. The left column (A, C, E, G & 1) shows negative
Mining correlations and the right column (B, D, F & H) shows positive correlations.
DISCUSSION past published work (Robertson et al. 1997) indicates

Population size and distribution of Harwood’s Francolin

The abundance and population density of Harwood'’s
Francolin in the Jema Valley and its vicinities were
determined from cluster sizes and pooled data. The
observed abundance and density during the study
period were 184+26.46 and 43.48+6.25, respectively.
The highest detection of the species was recorded
in scrubland habitat types. These comparisons with

a decrease for this species, although differences
in population estimates may also be influenced by
differences in replications, sampled sites, habitat loss
and time of study.

In most sites where birds were observed, shrubs
and acacia provided a thorny, thick canopy for roosting,
hiding and nesting, while utilized herbaceous vegetation
was used for foraging, sheltering and laying eggs. The
largest mean cluster sizes were observed in scrubland,
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followed by forestland and farmland habitats, indicating
a preference for areas allowing birds to avoid predators
and human disturbance. Elsewhere in Asia, francolin
species also favour trees, shrubs and herbs for nesting,
foraging and hiding (Mahmood et al. 2010), and Estades
(1997) also reported that various neotropical bird
species are dependent on vegetation gradients.

Bird habitats are located mainly in gently sloping to
steep areas, while most settlements in the study sites
are on flat areas. Thus the impact of human pressure
tends to decrease with increasing slope and elevation.
Findings in other areas indicate a similar relationship
between species richness and potential anthropogenic
disturbance (Nogues-Bravo et al. 2008). High elevation
is not necessarily a decisive factor for the distribution of
the target species. Because there are flat, less vegetation
diversity and settlements at the plateau of the areas in
which any sightings were not recorded. But based on
DEM analysis, the species showed a marked preference
at mid elevation level, such as Block A, Block B and Block
C. This finding agrees with Acharya et al. (2011) and
Pan et al. (2016) that bird richness in the eastern and
central Himalaya region was higher at middle elevation
gradients.

Anthropogenic disturbances

The area is gradually degraded by multiple factors,
which are frequently attributed by the people. For
example, the Typha coverage of the wetlands of the
Jema River was 1.2km? (Robertson et al. 1997) and this
study reported that the area coverage is remained with
0.45km?. This indicates that the conversion of wetland
habitat to cultivable lands may have a certain influence
to the species as well as to the habitats at large. It
was observed that highland villagers were partitioning
the land and encroaching by introducing fire to the
aquatic vegetations and scattered riverine fig trees. The
species was severely affected by cutting and firewood
collection during the study period. Most of the local
communities have no other alternative income and
complete dependence on forest, shrub and wetland
ecosystems for various needs were observed (Abrha &
Gebremikael unpubl. report. 2017). Cutting trees for
fuel wood collection, settlement, agricultural expansion,
fence construction, charcoal extraction and so forth
affected the detectability of the species mainly at the
bottom and plateau of the mountains. On the other
hand, hunting is exceptionally positively correlated with
the species in the whole study site. This is because
hunting and egg collection is practiced during wet
season but it is identified as a possible threat. In the

earlier study, however, hunting time was limited from
June to September in the area (Robertson et al. 1997).
This suggests that the environmental factors like habitat
components and other climatic factors may be changing
the breeding season of the species.

All threats identified within line transects were
categorized under habitat destruction, deforestation and
hunting. Agricultural expansions, settlements and other
connected human needs are undergoing in expense of
vegetations, fishes, birds, mammals (mainly antelope
species) and other biological resources. For instance,
mining activity affects several birds (Smith et al. 2005).
Moreover, mining is currently undergoing along the
river and hillsides of the study area. This activity is also
expected in aggravation of the current situation in the
areas.

Implications for conservation

Central highlands of Ethiopia harbors diverse
flora and fauna species along different environmental
gradients (Ash & Atkins 2009). Important and endemic
bird areas like Jema and Jara valleys (EWNHS 1996) are
the key biodiversity indicator in tropics (Stattersfield
et al. 2000). There is an ongoing human disturbance
(mining activity, overexploitation, firewood collection,
etc.,), however, in the habitats of the focal species
(Abrha et al. in press). The government, the NGOs in
association with the local communities can establish
critical legislation to minimize the steadily increasing
threats in Jema and Jara valleys. If not, the values of the
grass root destination will be plummeted and gradually
terminated. The conservation of scrubland ecosystems
along the gorges of the area may help the survival of the
species. Therefore, this study pays particular attention
towards conservation of Harwood’s Francolin which in
return may foster the management and conservation of
the habitats of the species. The current poor land use
practices, however, must be given special emphasis to
dissolve the problems that affects the species directly
and indirectly.

CONCLUSIONS

The result of the study showed that that population
abundance and density of Harwood’s Francolin is
decreasing in the area. The main causes for the
reduction of the species are habitat loss in virtue of
burning, cutting, firewood collection and grazing. The
encounter rates of the species were higher in scrublands
and forestlands. So, the species prefers grassy steep
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slope and rocky slopes at the intermediate elevation of
dry evergreen scrub and dry evergreen montane forest
ecosystems. In these sites human encroachments are
limited because of the inaccessibility of the habitats.

Since most of the biological importance ecosystems
of the country are in danger, a special conservation
action should be formulated (Pol 2004). Responsible
organizations such as EWCA, EWNHS and other
stakeholders should work in cooperation to conserve
and mange the habitat of this species in the country,
in particular the existing and potential habitats of the
species.

REFERENCES

Abrha, A.M., H.K. Nigus, B.G. Weldetnsae, M. Tilahun, A.G. Nigusse
& K.T. Deribew (in press). Effects of human disturbances on two
sympatric francolin species in the Central Highlands of Ethiopia.
Podoces.

Acharya, B.K., N.J. Sanders, L. Vijayan & B. Chettri (2011). Elevational
Gradients in Bird Diversity in the Eastern Himalaya: An Evaluation of
Distribution Patterns and Their Underlying Mechanisms. PLoS ONE
6(12): €29097; http://doi.org/10.1371/journal.pone.0029097

Ash, J.S. (1978). The undescribed female of Harwood’s Francolin
Francolinus harwoodi and other observations on the species. Bull
Bulletin of the British Ornithologists’ Club 98: 1-15.

Ash, J.S. & J.D. Atkins (2009). Birds of Ethiopia and Eritrea. An Atlas of
Distribution. Christopher Helm, London, 463pp.

Ash, J.S & T.M. Gullick (1989). The present situation regarding the
endemic breeding birds of Ethiopia. Scopus 13: 90-96.

Benjamini, Y & Y. Hochberg (1995). Controlling the false discovery
rate: a practical and powerful approach to multiple testing. Journal
of the Royal Statistical Society 57: 289-300.

Bibby, C.J., M. Jones & S. Marsden (1998). Expedition Field Techniques.
Royal Geographical Society, London, 137pp.

Bibby, C.J., N.D. Burgess, D.A. Hill & S.H. Mustoe (Eds) (2000). Bird
Census Techniques. 2" Edition. Academic Press, London, 302pp.

BirdLife International (2008). State of The World’s Birds: Indicators for
Our Changing World. BirdLife International, Cambridge, UK.

BirdLife International (2013). State of Africa’s Birds: Outlook for Our
Changing Environment. BirdLife International Africa Partnership,
Nairobi, Kenya.

BirdLife International (2014). The BirdLife Checklist of The Birds Of The
world: Version 7. Downloaded http://www.birdlife.org/datazone/
userfiles/file/Species/Taxonomy/BirdLife_Checklist_Version_70.zip

Blundell, A. & C. Lovett (1899). A new species of Francolin from
Abyssinia. Bull Bulletin of the British Ornithologists’ Club 10: 22.

Braun, C.E. (2005). Techniques for Wildlife Investigations and
Management. Wildlife Society, Bethesda.

Buckland, S.T., D.R. Anderson, K.P. Burnham & J.L. Laake (1993).
Distance Sampling: Estimating Abundance of Biological Populations.
Chapman & Hall, London, 446pp.

Buckland, S.T., D.R. Anderson, K.P. Burnham, J.L. Laake, D.L. Borchers
& L. Thomas (2004). Advanced Distance Sampling. Oxford University
Press, London, England, 416pp.

Collar, N.J., M.J. Crosby & A.J. Stattersfield (1994). Birds to Watch 2:
The World List of Threatened Birds. BirdLife International (BirdLife
Conservation Series no. 4), Cambridge, U.K.

Conroy, M.J & B.R. Noon (1996). Mapping of species richness for
conservation of biological diversity: Conceptual and methodological
issues. Ecological Application 6: 763-773.

del Hoyo, J., N.J. Collar, D.A. Christie, A. Elliott & L.D.C. Fishpool
(2014). HBW and BirdLife International lllustrated Checklist of the
Birds of the World. Lynx Edicions BirdLife International, 904pp.

Estades, C.F. (1997). Bird-habitat relationships in a vegetational
gradient in the Andes of central Chile. Condor 99: 719-727.

EWNHS (Ethiopian Wildlife & Natural History Society). (1996).
Important Bird Areas of Ethiopia. A First Inventory. Addis Ababa,
300pp.

Getachew, M., A. Ambelu, S. Tiku, W. Legesse, A. Adugna & H.
Kloos (2012). Ecological assessment of Cheffa Wetland in the
Borkena Valley, northeast Ethiopia: Macroinvertebrate and bird
communities. Ecological Indicators 15: 63-71.

IUCN (2015). The IUCN Red List of Threatened Species. Version 2015.2.
<www.iucnredlist.org>. Downloaded on 11 July 2015.

Mahmood, S., T. Mahmood, M. Rais, I.Z. Qureshi & M.S. Nadeem
(2010). A Comparative Study on the Populations and Habitats of the
Grey Francolin Francolinus pondicerianus and the Black Francolin
Francolinus francolinus in Lehri Nature Park, Punjab, Pakistan.
Podoces 5(1): 42-53.

Nogues-Bravo, D., M.B. Araujo, T. Romdal & C. Rahbek (2008). Scale
effects and human impact on the elevational species richness
gradients. Nature 453: 216-218.

Pan, X., Z. Ding, Y. Hu, J. Liang, Y. Wu, X. Si, M. Guo, H. Hu & K. Jin
(2016). Elevational pattern of bird species richness and its causes
along a central Himalaya gradient, China. PeerJ 4: e2636; http://doi.
org/10.7717/peerj.2636

Pol, J.LV. (2004). A Guide to Endemic Birds of Ethiopia and Eritrea. 2™
Edition. Shama Books, Addis Ababa.

R Core Team. (2017). R: A language and environment for statistical
computing. R Foundation for statistical Computing, Vienna, Austria.
URL https://www.R-project.org/

Ramesh, N., M.C. Sathyanarayana & H. Lloyd (2011). Abundance
of Grey Junglefowl Gallus sonneratii at Theni Forest Division,
Western Ghats, India: implications for monitoring and conservation.
International Journal of Galliformes Conservation 2: 14-21.

Redman, C.J., M. Johnes & S. Marsden (2009). Princeton Field Guides:
Birds of the Horn of Africa: Ethiopia, Eritrea, Djibouti, Somalia and
Socotra. Christopher Helm, London, 496pp.

Robertson, P.A., D. Yilma, D. Sileshi, S. Anteneh, W. Tadesse & A.
Million (1997). Harwood'’s Francolin Francolinus harwoodi: recent
observations on its status, distribution, habitat requirements,
behaviour and threats. Bird Consecration International 7: 275-282;
http://doi.org/10.1017/5095927090000157X

Sekercioglu, C.H. (2011). Promoting community-based bird monitoring
in the tropics: Conservation, research, environmental education,
capacity-building, and local incomes. Biological Conservation 151:
69-73.

Smith, A.C., J.A. Virgl, D. Panayi & A.R. Armstrong (2005). Effects of a
diamond mine on tundra breeding birds. Arctic 58: 295-304.

Stattersfield, A.J., M.J. Crosby, A.J. Long & D.C. Wege (2000). Endemic
bird areas of the world: priorities for biodiversity conservation. The
Wilson Bulletin 112(1): 157-157.

Thomas, L., S.T Buckland, E.A. Rexstad, J.L. Laake, S. Strindberg,
S.L. Hedley, J.R.B. Bishop, T.A. Marques & K.P. Burnham (2010).
Distance software: design and analysis of distance sampling surveys
for estimating population size. Journal of Applied Ecology 47: 5-14.

Wondafrash, M. (2005). The globally threatened Harwood’s
Francolin Francolinus harwoodi: range, ecology, threats and
conservation measures. Project Terminal Report Submitted to
Research Program on Sustainable Use of Dryland Biodiversity
(RPSUD). Ethiopian Wildlife & Natural History Society (EWNHS)

Addis Ababa, Ethiopia, 36pp.

Threatened Taxa

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 September 2017 | 9(9): 10633-10641

10641


http://doi.org/10.1371/journal.pone.0029097
http://doi.org/10.7717/peerj.2636
http://doi.org/10.1017/S095927090000157X

OPEN ACCESS The Journal of Threatened Taxa is dedicated to building evidence for conservation globally by publishing

peer-reviewed articles online every month at a reasonably rapid rate at www.threatenedtaxa.org. All articles

published in JoTT are registered under Creative Commons Attribution 4.0 International License unless
BY

otherwise mentioned. JoTT allows unrestricted use of articles in any medium, reproduction, and distribution

by providing adequate credit to the authors and the source of publication.
ISSN 0974-7907 (Online); ISSN 0974-7893 (Print)

September 2017 | Vol. 9 | No. 9 | Pages: 10633-10740
Date of Publication: 26 September 2017 (Online & Print)

DOI: 10.11609/jott.2017.9.9.10633-10740
www.threatenedtaxa.org

Articles

The ecology of Harwood’s Francolin Pternistis harwoodi
(Aves: Galliformes: Phasianidae) at Merhabete District,
central highlands of Ethiopia: implications for conservation
-- Abadi Mehari Abrha & Habtu Kiros Nigus, Pp. 10633-10641

Effects of the invasive Tilapia on the Common Spiny Loach
(Cypriniformes: Cobitidae: Lepidocephalichthys thermalis) -
implications for conservation

-- Sandip D. Tapkir, Sanjay S. Kharat, Pradeep Kumkar &
Sachin M. Gosavi, Pp. 10642-10648

Communications

Distribution and habitat use of the endangered Dhole
Cuon alpinus (Pallas, 1811) (Mammalia: Canidae) in
Jigme Dorji National Park, western Bhutan

-- Chhimi Namgyal & Phuntsho Thinley, Pp. 10649-10655

Winter food habits of the Golden Jackal Canis aureus
(Mammalia: Carnivora: Canidae) in Patna Bird Sanctuary,

Uttar Pradesh, India

-- Khursid A. Khan, Jamal A. Khan & Narendra Mohan, Pp. 10656—
10661

On the poorly-known White-spotted Skink Lygosoma
albopunctatum (Gray, 1846) (Reptilia: Scincidae) with further
topotypical records and notes on the type locality

-- S.R. Ganesh, Pp. 10662-10668

A study on the density, population structure and regeneration
of Red Sanders Pterocarpus santalinus (Fabales: Fabaceae)

in a protected natural habitat - Sri Lankamalleswara Wildlife
Sanctuary, Andhra Pradesh, India

-- Chenchu Ankalaiah, Thondaladinne Mastan &

Mullangi Sridhar Reddy, Pp. 10669-10674

Short Communications
First record and genetic affiliation of the Balkan Snow Vole

Dinaromys bogdanovi (Rodentia: Cricetidae) in Albania
-- lvan Stolarik & Daniel Jablonski, Pp. 10675-10678

Z0o/1!

Avifaunal diversity in the scrub forest of Sri Lankamalleswara
Wildlife Sanctuary, Andhra Pradesh, India

-- Sumant Mali, Chelmala Srinivasulu & Asad R. Rahmani,

Pp. 10679-10691

A second record of the Eastern Spadefoot Toad
(Amphibia: Anura: Megophryidae: Leptobrachium bompu
Sondhi & Ohler, 2011) with a note on its morphological
variations and natural history

-- Bhaskar Saikia, Bikramjit Sinha & Ilona J. Kharkongor,
Pp. 10692-10696

Spiders of Gujarat: a preliminary checklist
-- Archana Yadav, Reshma Solanki, Manju Siliwal & Dolly Kumar,
Pp. 10697-10716

An ethnomycological survey of Jaunsar, Chakrata, Dehradun,
India

-- Manoj Kumar, N.S.K. Harsh, Rajendra Prasad &

Vijay Vardhan Pandey, Pp. 10717-10725

Notes

First record of Rufous-tailed Scrub Robin Cercotrichas galactotes
(Aves: Passeriformes: Muscicapidae) from Jammu & Kashmir,
India

-- Neeraj Sharma, Pp. 10726-10728

Sightings of the Great White Pelican Pelecanus onocrotalus
(Linn. 1758) (Aves: Pelicaniformes: Pelicanidae) in Pallikaranai
Marshlands, Tamil Nadu, India

-- Kannan Thirunaranan, Samidurai Jayakumar, Sankaranathan
Sivaraman & Santhanakrishnan Babu, Pp. 10729-10732

A note on three interesting Heteroptera from Kolhapur,
Maharashtra, India
-- S.M. Gaikwad, Y.J. Koli & G.P. Bhawane, Pp. 10733-10737

Response & Reply
Response to article on Adventitious rooting of mature Cycas
micronesica

-- S. Suresh Ramanan, P. 10738

Best protocols for cycad propagation require more research
-- Thomas Edward Marler & Gil Naputi Cruz, Pp. 10738-10740

Thre.atened Taxa


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.threatenedtaxa.org
http://www.zoo.ch/xml_1/internet/en/intro.cfm
http://www.threatenedtaxa.org

