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Abstract 
Erckel’s Francolin Pternistis erckelii and Harwood’s Francolin Pternistis 
harwoodi are pheasant bird species which inhabit in dryland ecosystems along 
vast areas of the Nile Basin. They are poorly known however, about the extent of 
anthropogenic disturbance on the species within their geographical locations. The 
present study was carried out during wet and dry seasons in 2016. Field data 
were collected from a total of 20 line transects ranging from 0.5–1.2 km, each 
150–400 m far apart. Line transect distance sampling was used to determine the 
encounter rate of the species against the human induced threats. Threats for both 
species were gauged by placing 10m circular plot along prearranged line 
transects. These plots were spaced systematically at an equal distance of 100m 
which gives a total of 1,064 circular plots during seven months. Various 
disturbance indices were analyzed by multiple linear regression and Spearman’s 
correlation test. The estimated value of the entire multiple linear regression 
coefficients (R2) of various identified threats to the encounter rate of Erckel’s 
Francolin and Harwood’s Francolinwere R2 = 0.87 and R2= 0.77, respectively. 
Based on Akaike’s Information Criterion (AIC), the fittest variables against the 
detection of Erckel’s Francolin were cutting, mining and debarking (P<0.05) 
whereas cutting, mining, hunting, firewood collection and debarking were 
important variables in relation to the observation of Harwood’s Francolin 
(P<0.05). Many avifauna species show higher detectability in untouched 
ecosystems and avoids disturbance. The finding of this study could be used to 
improve the conservation of the species, their habitats and thereby to promote 
ecotourism development in the area. The disturbance factors should be reduced 
by awareness creation and appropriate land use practices in particular for mining 
areas.  

 

1. Introduction  
The Harwood’s Francolin is the only endemic 
Galliformes species found in Ethiopia. Before a 
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few decades, the most conducive habitat of the 
species was limited at Typha (bulrush) reed beds 
that grow along the Jemma River (Ash 1978; Ash 
& Gullick 1989). However, after 1996, the 
species has often seen in low number with 
uniform population distribution along massive 

valley areas of Blue Nile catchments (Robertson 
et al. 1997). It is believed that the species is 
extant within an area of 200,000km2 at an 
elevation varying between 1200– 2600 m 
(Wondafrash 2005 unpubl. report). The 
population of the Erckel’s Francolin is constant 

 

Fig. 1. Map of the study area with line transect placements.  
 

 
Fig. 2. Schematic representation of circular plots placement along line transects.  
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and distributed over 220,000km2 that includes 
Ethiopia (central to northern part of the country), 
Eritrea and Sudan (Fuller et al. 2000).  
 Since both species are exclusively restricted to 
valley areas, the impact of humans in the habitat 
is inevitable. Bewket & Abebe (2013) reported 
that the most important human induced factors for 
the decreasing of biodiversity in Blue Nile 
catchments are expansion of settlements in rural 
and urban areas and conversion of intact habitats 
for agricultural lands, grazing, mining, cutting, 
firewood collection and livestock production. 
 The Harwood’s Francolin is listed as 
vulnerable to extinction in the category of 
threatened bird species of the world (Collar et al. 
1994;BirdLife International 2017) where as 
Erckel’s Francolin is least concern (BirdLife 
International 2017). The major assessed human 
pressures posed on the Harwood’s Francolin are 
habitat loss due to agricultural practices such as 
removal of thorn scrub, hunting and egg 
collection for subsistence purposes (Ash 1978; 
Ash & Gullick 1989; Robertson et al. 1997; 
Wondafrash 2005 unpubl report). Moreover, the 
indigenous communities have been using the 
meat of this species for economical and 
traditional medicinal values (Robertson et al. 
1997; Abadi et al. 2016 unpubl. data). On the 
contrary, there is lack of existing literature about 
the threats posed to the Erckel’s Francolin. 
 Generally, there is an immense gap between 
conservation threats and the existence of these 
francolin species in the study area. Given this 
consideration, the current knowledge about the 
interaction of the target species with the local 
community in the area is poorly addressed. This 
paper, therefore, discusses whether human 
pressures can be associated with the target species 
and their habitats viz. scrubland, forestland, 
farmland and wetland. Hence, the aim of the 
present study is to assess the synergistichuman 
derived impacts on two sympatric francolin 
species and their habitat in Jemma and Jara 
valleys in Ethiopia.  
 
2. Materials and Methods  
2.1. Study area 
The study area is found in the Southern Amhara 
Regional State, the Central Highlands of 

Ethiopia. It is approximately 180 km away from 
Addis Ababa, the capital of the country, situated 
in Merhabete district (9°54' to 10°08' N, 38°56' to 
39°04' E). It is entirely located within the 
extremely large highlands in Abay catchments 
between Lake Tana and its junction with the 
Jemma River (McGowan 1994, Robertson et al. 
1997).The altitudinal gradients of the study areas 
range from 1200 to 2700 m a.s.l. The elevation of 
the district ranged from 1221 m a.s.l in Jemma 
and Jara Rivers to 2700 m a.s.l in Zomay adjacent 
to Alem Ketema town. The area is characterized 
by highly rolled, rocky, rugged and variable steep 
mountainous terrains. The study area is dryland 
ecosystem classified into dry evergreen montane 
forest and evergreen scrub ecosystems. The agro-
climatic zone of the area is divided into Kola 
(semi-arid, warm to hot) that ranges a mean 
annual temperature from 20°–28°C and Woina 
Dega (warm to cool, semi- humid) ranges with a 
mean annual temperature from 16–20°C(Ash & 
Atkins 2009). The area is believed to possess 
bimodal rainfall distribution with mean annual 
rainfall of the area is ranging from 50 to 350 mm 
with main raining months in July and August 
(NMA 2016).  
 
2.2. Study design and ornithological field 
methods 
The study area was divided into four blocks, 
hereafter referred to as Blocks A, B, C and D. 
The total area surveyed in each block was 25 
km2, 40 km2, 30 km2 and 5 km2, respectively (Fig. 
1). Stratifying the habitat randomly was 
suggested (Bibby et al. 1998; Gregory et al. 
2004) because it could ensure covering all 
important habitat components of the Harwood’s 
Francolin. Four different strata (scrubland, 
forestland, farmland, and wetlands) were 
identified based on vegetation patterns. The first 
three blocks had similar strata including 
scrubland, forestland and farmland and Block D 
had wetland and forestland. 

To meet the stated objectives of this study, 
the researchers used combinations of line transect 
and circular plot. Line transect (Buckland et al. 
2004; Bibby et al. 2000; Thomas et al. 2010) was 
chosen for bird survey. A total of 20 line transects 
ranging in length from 0.5 to 1.2 km spaced 150 
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to 400 m were laid in the four study blocks (five 
transects per block). All surveys were conducted 
within dry (February to May) and wet seasons 
(June to August) in 2016. Bird counting was 
undertaken during the early morning (06:30 to 
08:30 am) and evening (16:00 to 18:00 pm). 
Some individual birds were flushing out while 
traversing across the line transects and were 
recorded separately. These observations were not 
included for analysis due to the difficulty of 
measuring distances. The encounter rate of each 
species was determined by dividing the total 
number of individual species counted in each line 
transect by the total length of transects. 
 
Table 1. The definitions of main identified 
anthropogenic disturbances in the habitat of co-
occurring pheasant species in Jemma and Jara 
valleys.  
No Threats 

(variables)  
Definitions of variables  

1 Burning Introduction of fire to the habitat of the 
species for agricultural activities and needs 
either intentional or unintentional.  

2 Cutting The complete removal of specific shrubs and 
trees using axe and sow for house and pen 
building, charcoaling, expansion of farmlands 
and fencing.  

3 Debarking The removal of barks of shrubs and trees for 
traditional medicine preparation, fastening 
the collected firewood, incense and souvenir 
products. 

4 Firewood 
collection 

The gathering of dead woods from the 
habitat of species. 

5 Grazing The introduction of livestock into herbaceous 
dominated scrubland for uncontrolled 
browsing or foraging reasons.  

6 Hunting Seasonal chasing of the target species for 
subsistence and medicinal values 
(Harwood’s Francolin).  

7 Mining The excavation of minerals within the study 
area. 

8 Mowing The cutting down of fully grown grasses 
using sickle for selling and hay making for 
harsh time. 

9 Thatching The mowing of grasses and Typha beds for 
roof wrap and mat construction. 

 
Following distance sampling, the placements of 
circular plots along each predetermined line 
transect was conducted. The number of circular 
plots laid within each transect varied as a function 
of the length of transect (Fig. 2). A 10 m radius 
circular plot was performed to measure different 
types of anthropogenic disturbances and each plot 
was systematically spaced at equidistanceof 100 
m. A total of 15 minutes were spent in each 

circular plot to quantify the disturbances and 
encounter rates of the target species.  Habitat 
conditions due to anthropogenic disturbances 
were included. Burning, cutting, debarking, 
firewood collection, grazing, hunting, mining, 
mowing and thatching activities (Table 1) were 
notedin each line transect against the encounter 
rate of the co-occurring species.Levels of each 
variable was ranked and categorized into no 
disturbance (0.0), low disturbance (less than 
0.25), moderate disturbance (0.25–0.5), high 
disturbance (0.5–0.75) and very high disturbance 
(greater than 0.75). For instance, hunting pressure 
was ranked based on the presence of dead parts, 
snares and trapped animal by hunters. Therefore, 
a total of 152 circular plots were surveyed in each 
month, making a total of 1,064 plots during the 
study period (Fig. 2). The level of ranking was 
based the severity and absence of disturbances. 

 
2.3. Data analysis 
The disturbance indices were analyzed by 
multiple linear regression and spearman’s rank 
correlation. The regression analyses were applied 
to weigh the encounter rate in relation to various 
important threats. Spearman’s rank correlation 
was used to analyze the measured variable against 
each ranked anthropogenic disturbance. The 
fittest predictor variables were selected in relation 
to the detection of each species per each line 
transect based on Akaike’s Information Criterion 
(AIC). The statistical significance level was at α 
0.05. The analysis was done by R software (R 
Core Team 2017). 
 
3. Results  
3.1. Anthropogenic disturbances on sympatric 
species 
The estimated value of the entire multiple linear 
regression coefficients (R2) of the threats in 
relation to the encounter rates of Erckel’s 
Francolin (EF) and Harwood’s Francolin (HF) 
were R2=0.77 and 0.87, respectively. The 
findings revealed that the most significant threats 
identified to both species were burning, cutting, 
debarking, hunting and mining. These variables 
were negatively correlated with the encounter rate 
of the bird along the line transects. In contrast, 
two variables firewood collection and thatching, 
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were positively associated 
with the counting of birds 
along the transect line. The 
Harwood’s Francolin was 
also positively correlated with 
grazing and mowing (Fig. 3). 
Based on AIC selection the 
best explanatory variables for 
Erckel’s Francolin were 
cutting, debarking and mining 
(P<0.05). Cutting, mining, 
hunting, firewood collection 
and debarking were also the 
fittest selected threats to the 
Harwood’s Francolin 
(P<0.05) (Table 2). 
 
 
3.2. Estimated mean of 
disturbance factors 
The highest three mean 
disturbance factors measured 
during both seasons for the 
Erckel’s Francolin encounter 
rates was burning (0.5±0.03), 
mowing (0.48±0.05) and 
cutting (0.45±0.05) whereas 
burning (0.48±0.06), grazing 
(0.46±0.03) and cutting 
(0.40±0.05) were the highest 
mean disturbance factors in 
relation to the encounter rate 
of the Harwood’s Francolin 
(Fig. 4). The lowest mean 
human pressure for both 
target species was recorded in 
scrubland habitat types (Fig. 
5). 
 
  

 
Fig. 3. Spearman’s rank correlation coefficient values in relation to encounter 
rates of both species observed along the line transects (months and seasons 
pooled). 

 
Fig. 4. The values of estimated mean anthropogenic disturbances (Mean±SE) in 
relation to encounter rates of each species detected along the line transects 
during dry and wet seasons in 2016. 

 
Fig. 5. The mean estimation of anthropogenic pressures (Mean±SE) on both 
species within in their habitat types during dry and wet seasons in 2016. 
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Table 2. Statistics of using multiple linear regression of important habitat variables in association with the encounter 
rate of both francolin species. 

Species  Important variables  R
2
 AIC P value 

EF Cutting, mining and debarking  0.85 –77.38 <0.05 
HF Cutting, mining, hunting, firewood collection and 

debarking 
0.75 –68.26 

 
<0.05 

 

4. Discussion  
The disappearance of habitat leads to the 
extinction of species (Brooks et al. 2002; Pullin 
2002). Habitat loss is the most prevalent threat to 
Galliformes (Fuller et al. 2000) and other tropical 
bird communities (Andren 1994; Durães et al. 
2013). This study revealed that the habitat of the 
francolin species are underpressure such as 
overexploitations of forest resources, mining, 
extraction sand, overgrazing and destruction of 
dry evergreen scrubland and mountainous 
forest.These manifold factors may progressively 
produce habitat loss of the preferred and potential 
habitat of both sympatric species in the study 
area. Hence, the species were negatively affected 
by synergistic impacts posed by humans and 
other indirectly evolved impacts. The expansion 
of shifting agriculture, settlements and other 
related intensive land uses might be worsening 
the habitat of the focal species. Bewket & Abebe 
(2013) reported that Blue Nile watershed areas 
change over time due to highhuman population 
density. This human dominated landscape is 
exacerbating habitat loss through agricultural 
expansion as well as vegetation clearance for 
multiple advantages in central highlands of 
Ethiopia. Anthropogenic disturbance causes 
reducing abundance and distribution bird 
communities (Martin & Blackburn 2010; Bibi & 
Ali 2013) mainly the endemic bird species in the 
tropics (Pimm et al. 2006; Durães et al. 2013; 
Narasimmarajan et al. 2013). Similarly, in 
western Uganda, the population of Handsome 
Francolin Pternistis nobilis is also on the verge 
of declining due to human influences 
(Ssemmanda & Fuller 2005).  

Habitat disturbance factorsincluding cutting, 
grazing and other human derived pressures affect 
bird species (Mellanby et al. 2008; Bibi & Ali 
2013; Durães et al. 2013), especially to the 
pheasant species (Bhattacharya et al. 2009; 
Kidwai 2013). These factors were also negatively 
correlated with the encounter rate of the target 

species along the line transects. Livestock 
pressure has lead to the extinction of several 
endemic species in Ethiopia (Mellanby et al. 
2008; Spottiswoode et al. 2009). Moreover, 
mining was negatively correlated with the 
encounter rates of the francolin species because 
the species are jeopardized and displaced to the 
intact habitat, as reported by other studies 
(Alvarez-Cordero et al. 1994; McGowan et al. 
2012; Gajera et al. 2013). In the previous studies, 
thatching, agricultural expansions and firewood 
collection were also identified as the main threats 
to the sympatric species mentioned so far in 
Jemma and Jara valleys (EWNHS 1996; 
Robertson et al. 1997; Ash & Atkins 2009). All 
Galliformes species are naturally ground dwelling 
(Sathyakumar & Kalsi 2007), and therefore 
burning and mowing of the herbaceous 
plantscould threatened the species severely. 

The study area is gradually degraded by 
multiple factors which are frequently attributed 
by the people. The Typha coverage of wetland 
areas of the Jemma river was 1.2 km2 (Robertson 
et al. 1997) but duringthis study, the coverage 
remained only 0.45 km2. This suggests that the 
conversion of wetland to agricultural lands had a 
major impact to the Harwood’s Francolin as well 
as to the habitats at large. Importantly, the 
clearance of Typha beds effect on Harwood’s 
Francolin was also reported by Ash & Atkins 
(2009). Unfortunately, the population of Erckel’s 
Francolin was not observed in the wetland 
habitat. The wetland and its terrestrial vicinity 
was important site for the restricted range species 
(Ash & Gullick 1989; Collar et al. 1994) because 
wetland areas are specific sites for nesting 
(Hansen et al. 2005), roosting (Ash 1978; Ash & 
Atkins 2009) and feeding ground (Ash & Atkins 
2009). Nevertheless, many avian species have 
been affected by agricultural activities and other 
interlinked appropriation of land use within the 
Blue Nile catchment (Robertson et al. 1997; 
Aynalem & Bekele 2008; Ash &Atkins 2009).  
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 Hunting practices affect the Galliformes bird 
communities, as showed by other studies (Roberts 
1991, Aebischer 1997a; Bhattacharya et al. 2009; 
Dohling & Sathyakumar 2011). This biological 
disturbance was negatively correlated with both 
species but it was positively associated with the 
Harwood’ Francolin during dry season (Abrha & 
Nigus 2016). This was because hunting and egg 
collection was practiced during the high crop 
availability and the richness of invertebrates in 
wet season (EWNHS 1996). Many francolin 
species are also suffered by hunting activities 
(Roberts 1991; Ssemmanda & Fuller 2005; 
Mahmood et al. 2010).  

The fragmented scrubland habitats of Jemma 
and Jarasites have been cleared owing to 
agriculture (EWNHS 1996). The intensity of 
habitat disturbances for both species in this 
habitat type was classified in low disturbance 
(less than 0.25). In scrubland habitat type, the 
Harwood’s Francolin to avoid human disturbance 
move and prefer to occupyintermediate and 
inaccessible elevational levelsin the gorges of 
Jemma and Jara sites (Abrha & Nigus 2016). In 
line with this, other Galliformes such as the Red 
Jungle Fowl has a marked preference to slopes 
combined with plains in Pakistan (Subhani et al. 
2010). In addition, the Grey Francolin in India 
showed highest habitat utilization in scrubland 
habitat (Kidwai et al. 2011). In general, 
Galliformes species positively associate with 
specific habitat types (Kidwai et al. 2011; 
Ramesh et al. 2011; Chávez-leόn et al. 2004) and, 
in return, birds play a pivotal role for 
conservation, education, ecotourism and income 
generation (Şekercioğlu 2012). 

 
Conclusion  
Results of the study showed that the encounter 
rate of the two sympatric species were negatively 
associated with most identified threats. Human 
pressures such as cutting, debarking and mining 
were the most important habitat destruction types 
of variables that affected both species in 
common. Furthermore, the detectability of the 
species is higher during the flowering period and 
ripening of various crops or fruits in the region. 
This conspicuousness of the bird attracts many 
birdwatchers and researchers. There is an ongoing 

ecotourism importance of the habitat because the 
area possesses various avian, fish and crocodile 
species and fascinating terrain. Consequently, this 
growing industry should empower and enhance 
the income of the local community by sustainable 
management of the biological diversity and other 
natural resources. 
 In general, this study suggests that 
maintaining the habitat of these francolin species 
may sustain and conserve the biological diversity 
of the area at large scale. Awareness creation for 
the local community should be undertaken to 
decrease the anthropogenic disturbances that 
resulted in the destruction of biodiversity in 
particular for the francolin species. Further 
research on potential threats to the species would 
be worthwhile along the vast area of Blue Nile 
Catchment. 
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