
 

Addis Ababa University 

School of Graduate Studies 

College of Natural and Computational Sciences 

Department of Zoological Sciences 

(Ecological and Systematic Zoology) 

 

Galliform Species Composition, Relative Abundance and Ecological Studies of 

the Helmeted Guineafowl (Numida meleagris meleagris) in the Arjo-Didessa 

River Valley, southwestern Ethiopia 

By 

 

Yihenew Aynalem Berhanu 

 

A Thesis Submitted to the Department of Zoological Sciences of Addis Ababa 

University in Fulfillment of the Requirements for the Degree of Doctor of 

Philosophy in Zoological Sciences (Ecological and Systematic Zoology) 

 
 

Advisors: Afework Bekele (Professor) 

                   Bezawork Afework Bogale (PhD, Assoc. Professor) 

 

October 2023 



i 

 

Addis Ababa University 

School of Graduate Studies 

This is to certify that the dissertation presented by Yihenew Aynalem Berhanu, entitled: 

Galliform Species Composition, Relative Abundance and Ecological Studies of the 

Helmeted Guineafowl (Numida meleagris meleagris) in the Arjo-Didessa River Valley, 

southwestern Ethiopia, and submitted in Fulfillment of the requirements for the Degree of 

Doctor of Philosophy in Zoological Sciences (Ecological and Systematic Zoology) 

complies with the regulations of the University and meets the accepted standards with 

respect to originality and quality. 

 



ii 

DEDICATION 

This dissertation is dedicated to my late beloved mother, W/ro. Enatalem Mulusew, who 

suddenly lost her life to save mine, was an unfortunate motherly sacrifice. 

  

May the Almighty God grant eternal peace and rest to her soul. 

 



ABSTRACT 

A study was conducted to investigate Galliform species composition, population size, relative 

abundance and threats, and the feeding and breeding ecology of wild Helmeted Guineafowl (N. 

meleagris meleagris) in the Arjo-Didessa River Valley, southwestern Ethiopia. Data were 

collected from January 2018 to December 2020, covering both the dry and wet seasons. The study 

area was classified into four habitats: farmland, forest, grassland and riverine areas based on 

vegetation features. Point count methods and line transect surveys were employed in the dense 

and open habitats, respectively, to study Galliformes. The species composition and relative 

abundance of Galliformes were estimated by timed species count and encounter rates. The feeding 

ecology and habitat use of Helmeted Guineafowls were investigated using direct focal flock 

observation and scan sampling techniques. The breeding ecology of the species was studied by 

ground surveys and nest monitoring techniques. Egg morphometry parameters were determined 

using vernier caliper (range: 0–150 mm, accuracy: 0.001 mm) and digital balance (range: 2000 

g x 0.1 g). Direct inventories, questionnaire surveys and informal communications were employed 

to assess public knowledge and threats to Galliformes. Three Galliform bird species namely: 

Clapperton's Francolin (Pternistis clappertoni), Helmeted Guineafowl (N. m. meleagris) and 

Stone Partridge (Ptilopachus petrosus) were recorded in the area. Helmeted Guineafowl were 

abundant (66.83%) while Clapperton's Francolin was common (30.14%) and Stone Partridge was 

frequent (3.03%). The population size of Galliformes recorded in the study area was 461 during 

the dry and 365 during the wet season. The population size of Galliformes showed differences 

across habitats, and it was statistically significant (F=90.06, df=3, p<0.05). Helmeted 

Guineafowls were omnivorous with diets consisting of mainly insects (52%), and seeds (53%) 

during the wet and dry seasons, respectively. The active breeding period of Helmeted Guineafowls 

was from June through September where intensive egg-laying was observed. A total of 17 active 

nests comprising 207 eggs were located and monitored throughout the study period. Most of the 

nests were located in grassland (41.18%, n=7), followed by farmland (35.29%, n=6) and forest 

(23.53%, n=4) habitats. The mean clutch size of the species was 12.18±1.07 (range: 5-19). The 

eggs were pointed, with a mean egg-shape index value of 60.15±0.81 mm. The mean egg volume 

was 37.67 mm3. The breeding performance of Helmeted Guineafowl recorded in the present study 

was moderate with an overall breeding success of 64.71% (n=17) and egg-hatching rates of 

66.67% (n=207). The mean incubation period was 28.50±1.83 days (range: 25-32, n=6). The 

majority (86.36%, n=286) of residents have an awareness of Guineafowl and Francolin species 

and perceive the socio-economic attributes of these birds. Galliformes and their habits in the Arjo-

Didessa River Valley area are under immense anthropogenic pressure which needs immediate 

conservation actions. Further research efforts, community-based conservation interventions and 

threat reduction are, therefore, essential to understand the post-hatching successes. Thorough 

monitoring of the population trends of Galliformes and protection of their habitats is vital to 

enhance the breeding success of the species and hence its conservation in the region. 
 

Keywords: Breeding success, Diet composition, Foraging ecology, Galliform, Habitat use, 

 Helmeted Guineafowl, Population size, Relative abundance, Species composition.
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1. INTRODUCTION 

1.1 Background and justification 

Galliformes are a diverse group of heavy-bodied birds commonly referred to as 

gallinaceous or gamebirds (Keane et al., 2005). The group encompasses about 309 

recognized species categorized into 70 genera and five families namely the Phasianidae 

(chickens, quails, grouse, peafowls, pheasants, partridges and turkeys), Numididae 

(guineafowls), Cracidae (chachalacas, curassows and guans), Megapodiidae (brush 

turkeys, malleefowls, scrubfowls) and Odontophoridae (New World quails) (Sibley and 

Monroe, 1990; Dickinson, 2003; BirdLife International, 2022). Galliformes are mainly 

terrestrial and sedentary birds. They are gregarious and social groups may range from 

solitary dwellers to mated pairs and aggregations of large flocks that use dominance hier-

archies. Family groups of these birds often join together and establish flocks by the end of 

the breeding season (Madge et al., 2002). 

 

Galliformes are widespread (Payne, 2000; Conroy and Carroll, 2001). They inhabit a wide 

range of habitats including forests, farmlands, grasslands, bamboo thickets and riparian 

areas that offer necessary resources including food sources and protective cover (Zhang et 

al., 2015; del Hoyo et al., 2020). They are among the most remarkable avian groups and 

are renowned for their enduring ecological values. They are regarded as useful 

bioindicators of environmental and habitat quality since they are sensitive to ecological 

changes and human disturbances (Bhattacharya et al., 2009). They play a significant 

ecological role as seed dispersers, and predators and form prey bases (Santamaria and 

Franco, 2000; Case et al., 2022). They are also perceived for socio-cultural practices, 

aesthetic values and economic attributes (McGowan, 2002). 
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Specimens of Galliform species have been captured by naturalists and explorers since the 

19th century. They are also stated in ancient literature and artwork. Among Galliformes, 

different species such as partridges, quails, francolins, guineafowl and turkeys have been 

widely introduced, domesticated and reared in common farmyard poultry and captive 

breeding programmes, and usually hunted as gamebirds and used for food due to their 

prized meat, both for flavour and medicinal values, recreational sports, ornamental 

collections, plumage and trade (Ash and Gullick, 1989; Fuller and Garson, 2000; Tian et 

al., 2018). 

 

Galliformes are placed in a unique position as a model for scientific study to advance 

knowledge of avian studies, wildlife research techniques, and threatened species 

conservation and management strategies owing to their widespread distribution across 

diverse habitats, ecological attributes and importance to humans, long-standing history of 

research and management practices and threat status (McGowan and Garson, 2002; 

McGowan et al., 2012; del Hoyo et al., 2014). However, they received less research 

attention and conservation efforts globally. 

 

Despite being diverse and widespread, Galliformes are among the most threatened avian 

groups (Keane et al., 2005; Brickle et al., 2008; McGowan et al., 2012). About 26.4% of 

Galliformes have declined globally, and are on the brink of extinction in the IUCN RedList 

category (Fuller et al., 2000; Tian et al., 2018; BirdLife International, 2022). 

Anthropogenic threats including habitat destruction and loss, excessive hunting, 

agricultural intensification, livestock encroachment, invasive species, predation, disease 
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and climate change coupled with overexploitation, cultural practices, trade, recreational 

and sport hunting caused a rapid population decline of Galliformes (McGowan and Garson, 

2002; Tian et al., 2018; Wang et al., 2023). Further, urbanization, mining and infrastructure 

development also impact the habitats of Galliformes which in turn reduces food 

availability, shelter and nesting sites exposing them to predation, competition and 

disturbance (Keane et al., 2005; Zhou et al., 2014). 

 

Among the different Galliform species, the Helmeted Guineafowl (Numida meleagris) is a 

large (53-58 cm) terrestrial gamebird in the family Numididae, order Galliformes (Payne, 

1990; Annor et al., 2012). It is among the well-known Guineafowl species and the sole 

member of the genus Numida. The species is gregarious and flocks vary in size and 

composition. It consists of breeding pairs and family groups during the breeding season, 

and mixed groups during the non-breeding season. The flocks have a complex social 

structure, with dominant pecking orders. Helmeted Guineafowl use visual and vocal cues 

to communicate and maintain potential mates. 

 

Helmeted Guineafowl is one of the most widely recognized and predominantly hunted 

game bird species in Africa, particularly in the sub-Saharan regions (Crowe, 2000; del 

Hoyet al., 2014). In addition, they are raised on a large scale due to their high egg 

production capacity and tender meat (Crowe, 1978; Ayeni, 1980; Embury, 2001). Between 

15 to 20 eggs per clutch per year are recorded in the wild while 40 to 100 eggs per female 

per year are recorded in improved stocks (Chrappa et al., 1978; Ayeni, 1980; Embury, 

2001). Egg production of the species commences at 28-42 weeks in the wild, and 28-32 
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weeks in captivity (Ayorinde, 1990, 1991), whereas egg-laying may continue for seven or 

more years. As a result, there is an increased and growing venture into Guineafowl farming 

as alternative poultry in many African countries. Helmeted Guineafowl is listed as Least 

Concern (LC) in the IUCN RedList (BirdLife International, 2022). However, studies 

reported a population decline of the species in parts of its range owing to threats including 

habitat destruction and loss, persecution, hunting and overexploitation for food 

consumption (Church and Taylor, 1992; Ratcliffe and Crowe, 2001). 

 

In Ethiopia, Helmeted Guineafowls (N. meleagris) are the most abundant and widespread 

Galliform bird species. It is a resident and a predominantly hunted game bird in the country. 

Among the six extant Guineafowl species, and nine recognized sub-species of Helmeted 

Guineafowls, two of them including the N. m. meleagris (Linnaeus, 1758) and N. m. 

somaliensis (Neumann, 1899) is confirmed to exist in the country (Urban et al., 1986; Ash 

and Atkins 2009; Redman et al. 2009). Numida m. meleagris occurs along the western and 

northern parts of the Great Rift Valley, while N. m. somaliensis exists in the northeastern 

regions and is considered nearly endemic to Ethiopia with offshoots into Somalia (Ash and 

Atkins, 2009; Redman et al., 2009). 

 

Knowledge and up-to-date information about the population status, distribution, habitat use 

and threats to the species and its native habitats are essential ecological attributes to better 

understand bird ecology and stem the gap in knowledge about ecology and conservation of 

species. Understanding the public attitude and perception of local communities towards 

species could support the development of an effective and sustainable management strategy 
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to mitigate threats and maintain human-wildlife co-existence (Kideghesho et al., 2007; 

Kideghesho, 2008; Dowle and Deane, 2009). It also supports enhancing public knowledge 

and positively influences their attitude which in turn motivates local communities to 

engage and create a sense of ownership toward the sustainability of conservation 

interventions (Kideghesho et al., 2007; Reed, 2008; Selebatso et al., 2008). Consequently, 

there is a need to study the population status, trends and habitat use of Galliform birds 

throughout their ranges in the country. Hence, the present study aims to assess the species 

composition, abundance, population size, public knowledge and threats to Galliform birds 

in the Arjo-Didessa River Valley, southwestern Ethiopia, and investigate the feeding 

ecology and breeding biology of the abundant Galliform bird species, the wild Helmeted 

Guineafowl (N. m. meleagris) in the study area. 
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1. 2 OBJECTIVES OF THE STUDY 

1.2.1 General objective 

The present study aims to assess the species composition, abundance, population size and 

threats to Galliform birds and investigate the feeding and breeding ecology of wild 

Helmeted Guineafowl (Numida m. meleagris, Linnaeus 1758) in the Arjo-Didessa River 

Valley, southwestern Ethiopia. 

1.2.2 Specific objectives 

 To assess the species composition of Galliformes 

 To assess the relative abundance and flock size of Galliformes 

 To examine the diet composition, foraging habitat use and active foraging time of 

Helmeted Guineafowl. 

 To study the breeding biology of Helmeted Guineafowl 

 To determine the conservation threats to Galliformes and their habitats in the Arjo-

Didessa River Valley area 

 To assess public knowledge and attitude towards the conservation significance of 

Galliform birds in the study area 
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1.3 STATEMENT OF THE PROBLEM 

Galliformes are among the most recognized groups of birds globally. They are diverse and 

widely distributed. They have been an integral part of the people and are perceived for their 

ecological, aesthetic values, and socio-cultural and economic attributes. In Ethiopia, 

Galliformes are among the most widely recognized birds with about 16 species of which 

three endemic francolin species including the Black-fronted Francolin 

(Pternistis atrifrons), Harwood's Francolin (Pternistis harwoodi) and Moorland Francolin 

(Scleroptila psilolaema) exist. These birds are predominantly hunted as gamebirds and 

valued as a source of food, income, and socio-cultural and medicinal practices practically 

in rural areas. However, they are among the most threatened groups of birds owing to a 

wide array of interrelated anthropogenic pressures including habitat destruction and loss, 

and hunting activities that influence the population of Galliformes at large. Moreover, 

Galliformes are among the less-studied groups of birds in Ethiopia. They received less 

research attention and conservation efforts in many parts of the country including the 

Didessa River Valley. Consequently, there is inadequate quantitative information about the 

ecology, population status, trends, distribution and behaviours of the species throughout 

their range in Ethiopia. Hence, there is a pressing need for research and conservation 

actions to conserve Galliformes and protect their habitats in Ethiopia. Assessment of 

Galliform population status and conservation threats, therefore, could provide significant 

ecological information to develop further research and conservation interventions to 

maintain the species and protect their native habitats in the region. 
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1.4 SIGNIFICANCES OF THE STUDY 

The significance of this study includes:  

 Knowledge and ecological information about the abundance, population status 

estimates, distribution and habitat use of Galliformes. These will have crucial long-

term contributions to attain essential insight into the Galliform assemblage, and fill 

the gap of knowledge about the species. 

 Studies on the diet composition, foraging habitat use and active foraging time of 

Helmeted Guineafowls have crucial contributions to better understanding the 

feeding ecology and foraging habitat preference of Helmeted Guineafowls. 

 Ecological knowledge about the breeding season, survival rates, breeding success 

estimates, factors influencing nest survival and causes of breeding failure of 

Helmeted Guineafowl has fundamental contributions to enriching our knowledge 

of the breeding biology, nesting habitat requirements and reproductive performance 

of the species. 

 Assessment of local communities’ attitudes toward Galliformes provides up-to-date 

information to ascertain conservation gaps and communities’ interests and enhance 

public understanding of the conservation significance of species which in turn has 

crucial impacts to precisely define actions, and strengthen conservation efforts to 

develop species conservation and management decisions in the area. 
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1.5 RESEARCH QUESTIONS 

 What type of Galliform bird species exist in the Arjo-Didessa River Valley? 

 What are the factors influencing the population status of Galliformes in the area? 

 Which Galliform species is abundant in the Arjo-Didessa River Valley? 

 What are the food items of Helmeted Guineafowls? 

 Which habitats and foraging period is preferred by Helmeted Guineafowl in the 

area? 

 What are the factors that affect the foraging ecology of Helmeted Guineafowls? 

 What is the breeding season of Helmeted Guineafowl in the Arjo-Didessa River 

Valley area? 

 Which breeding sites are preferred by Helmeted Guineafowls? 

 What are the nesting materials used by Helmeted Guineafowl in the study area? 

 What is the clutch size and egg morphometry of Helmeted Guineafowls? 

 What are the major factors influencing the breeding success and egg-hatching rates 

of Helmeted Guineafowls in the study area? 

 What are the threats and potential conservation challenges that affect the population 

of Galliformes and their habitats in the Arjo-Didessa River Valley area? 

 What is the attitude of local communities towards the conservation significance of 

Galliform birds in the study area? 
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2. LITERATURE REVIEW 

2.1 Galliform diversity 

Galliformes are diverse and chicken-like birds. They are mainly characterized by medium-

to-large bodies, short blunt wings, small heads, short legs, slightly down-curved thick bills, 

and strong four-toed feet (Gill, 1990). Some species also have distinct, bright, and colourful 

plumage, and elaborate head and neck ornamentation, including feathers, wattles, and 

casques. They are widespread and inhabit a wide range of habitats including dense and 

open forests, grasslands, scrub, and riparian areas (del Hoyo et al., 2014; Zhang et al., 

2015). They are also commonly spotted in barnyards, and a modest commercial market 

exists in many areas for their meat and eggs. 

 

Galliformes are gregarious and social groups ranging from mated pairs to flocks of various 

individuals (Madge et al., 2002). Each flock is socially complex and may establish 

dominance hierarchies within their groups with distinct pecking orders retaining their 

territories. The flock size of Galliformes is dependent on population density. Family groups 

often aggregate during the non-breeding season (Johnsgard, 1999). 

 

Guineafowls are among the oldest Galliformes and are endemic to Africa (del Hoyo, 2014; 

Crowe et al., 2006). The first scientifically recognized Guineafowl was believed to have 

been recognized from the Guinea savanna in West Africa. They are branched off from the 

core Galliformes between the Cracidae and the Odontophoridae. It evolved from a 

francolin-like Asiatic ancestor (Crowe, 1978; Crowe et al., 2006). They are identified by 

their naked head with bony crowns on top and dark grey feathers with tiny white patches. 
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Guineafowls are widely distributed across the continent, mainly in Sub-Saharan regions, 

and inhabit a wide range of habitats including open woodland forest habitats, savanna 

grasslands, and semi-desert regions (del Hoyo, 2014; Fuller et al., 2000). Guineafowls are 

sexually monomorphic (Madge et al., 2002). Males are usually slightly larger and adults 

weigh up to 2.5 kg (Aire et al., 1979; Nwagu and Alawa, 1995). 

 

Guineafowls are classified into four genera and six extant species that occur in Africa and 

Arabia (Urban et al., 1986) (Table 1): 

Table 1. Taxonomy of Guineafowl species. 

Subfamily Image Genus Extant species 

 

 

Agelastinae 

 

Agelastes 

(Bonaparte, 1850) 

i. White-breasted Guineafowl (Agelastes 

meleagrides) 

ii. Black Guineafowl (Agelastes niger) 

 

 

Acryllium 

(Gray, 1840) 

i. Vulturine Guineafowl (Acryllium 

vulturinum) 

 

Numidinae 

 

 

Numida  

(Linnaeus, 1764) 

i. Helmeted Guineafowl (Numida meleagris) 

 

Guttera 

(Wagler, 1832) 

i. Plumed Guineafowl (Guttera plumifera) 

ii. Crested Guineafowl (Guttera pucherani) 
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Helmeted Guineafowl (N. meleagris) was first described by Linnaeus in 1758 as Phasianus 

meleagris, and later moved to the genus Numida in 1764 (Linnaeus, 1758). The species is 

easily identified by the upright, conspicuous horny helmet/casque on the top of their naked 

and brightly coloured plumage on the head and neck, a white featherless face, short and 

rounded wings, short tail, dull yellow and reddish bony knob, wattle which is often larger 

on males, and grey-black body plumage spangled with white-spotted dots (Ash and Atkins, 

2009; Redman et al., 2009). Adults weigh about 1.3 kg and have rounded medium-sized 

wingspan (150-180 cm). 

 

Helmeted Guineafowls are abundant and widely distributed across different habitats 

throughout the continent, mainly in sub-Saharan regions. It inhabits a wide range of 

habitats from arid savannas to moist woodlands (Embury, 2001; Annor et al., 2012). The 

species has large distribution ranges that extend over much of Africa (Fig. 1). Its 

widespread distribution is partly due to the morphological and physiological adaptation of 

the species to varying ecological conditions (Chapin, 1932; Crowe, 1978). 

 
Figure 1. Global distribution ranges of Helmeted Guineafowl. 
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There are three varieties of Guineafowls including lavender, pearl and white (Nalubama et 

al., 2014) with nine recognized subspecies (Table 2). 

Table 2. Sub-species of Helmeted Guineafowls. 

Sub-species Common name Distribution Description 

N. m. coronata 

(Gurney, 1868) 

Gurney’s Helmeted 

Guineafowl 

Eastern and central 

South Africa and 

western Eswatini 

Has a large red casque 

and blue facial skin. 

N. m. galeatus 

(Pallas, 1767) 

West African 

Guineafowl 

Western Africa to 

southern Chad, 

central Zaire, and 

northern Angola 

Has a small red casque 

and white facial skin. 

N. m. marungensis 

(Schalow, 1884) 

Marungu Helmeted 

Guineafowl 

South Congo Basin to 

western Angola and 

Zambia 

Has a small red casque 

and blue facial skin. 

N. m. meleagris 

(Linnaeus, 1758) 

Saharan Helmeted 

Guineafowl 

Eastern Chad, 

Ethiopia, northern 

Zaire, Senegal, 

Uganda and northern 

Kenya 

Has a small red casque 

and white facial skin. 

N. m. mitrata 

(Pallas, 1764) 

Tufted Guineafowl Tanzania, Zambia, 

Botswana, Somalia, 

northern South 

Africa, eastern 

Eswatini and 

Mozambique 

Has a large black casque 

and blue facial skin. 

N. m. damarensis 

(Roberts, 1917) 

Damara Helmeted 

Guineafowl 

Arid southern Angola, 

northern Namibia and 

Botswana north of 

26°S 

Has a large black casque 

and white facial skin. 
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N. m. reichenowi 

(Grant, 1894) 

Reichenow’s Helmeted 

Guineafowl 

Kenya and Central 

Tanzania 

Has a small black casque 

and blue facial skin. 

N. m. sabyi 

(Hartert, 1919) 

Moroccan helmeted 

guineafowl (extinct) 

Northwestern 

Morocco 

Had a small red casque 

and white facial skin. 

N. m. somaliensis 

(Neumann, 1899) 

Somali Helmeted 

Guineafowl 

Endemic to Somalia 

and northeastern 

Ethiopia 

Has a small red casque 

and white facial skin. 

 

Among these, two sub-species including the N. m meleagris (Linnaeus, 1758) and N. m. 

somaliensis (Neumann, 1899), are confirmed to exist in Ethiopia (Urban et al., 1986, 

Redman et al., 2009). N.  m. meleagris occurs in the western and northern parts of the Great 

Rift Valley, while N. m. somaliensis exists in the northeastern regions and is nearly 

endemic to Ethiopia with offshoots into Somalia (Ash and Atkins, 2009; Redman et al., 

2009). 

 

In Ethiopia, about 16 species of Galliform birds are categorized under three families, i.e. 

the Numididae, Odontophoridae, and Phasianidae, and eight Genera including the 

Acryllium, Campocolinus, Coturnix, Numida, Ortygornis, Ptilopachus, Pternistis and 

Scleroptila. Among these, two of them are Guineafowl species which include the Helmeted 

Guineafowl (Numida meleagris), and Vulturine Guineafowl (Acryllium vulturinum) while 

the remaining are Francolin, Partridge and Quill species (Table 3). 
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Table 3. Galliform Diversity and Distribution in Ethiopia (Source: Ash and Atkins, 2009; 

Redman et al., 2009; Gedeon et al., 2022). 

Family Genus Species Subspecies, Status and Distribution 

Numididae 
 

Numida 

 

Helmeted 

Guineafowl 

(Numida 

meleagris) 

Two of nine subspecies occur in 

Ethiopia. 

a. N. m. meleagris (Linnaeus, 1758). 

Common all-year resident; breeding. 

Found along the Rift Valley and to the 

west and north. 

b. N. m. somaliensis (Neumann, 1899). 

Common all-year resident; breeding. 

East of Rift Valley. Nearly endemic to 

Ethiopia, with offshoots into Somalia. 

Acryllium Vulturine 

Guineafowl 

(Acryllium 

vulturinum) 

Monotypic. Common all-year resident; 

breeding. South and southeast (mainly 

south of 9°N). 

Odontophoridae 

(New World 

Quails) 

 

Ptilopachus 

 

Stone Partridge 

(Ptilopachus 

petrosus) 

Tetrao petrosus (Gmelin, 1789). 

Formerly placed in Phasianidae. Two of 

the four subspecies occur in Ethiopia. 

● P. p. petrosus (Gmelin, 1789). Locally 

common all-year resident; breeding. 

Central west and south, patchily 

distributed. 

● P. p. major (Neumann, 1908). 

Uncommon all-year resident; breeding 

assumed. Few occupied tetrads in the 

extreme northwest. 
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Phasianidae 

 

Ortygornis 

 

Crested 

Francolin 

(Ortygornis 

sephaena) 

Two of five subspecies in Ethiopia. 

● O. s. grantii (Hartlaub, 1866).  

Resident, and common all year mainly 

along the Rift Valley and to the east. 

However, the division line between the 

two subspecies is unclear (Ash and 

Atkins, 2009). 

● O. s. spilogaster (Salvadori, 1888). 

Common all-year resident; breeding. 

East and south-east. 

 

Campocolinus 

Coqui 

Francolin 

(Campocolinus 

coqui) 

One of four subspecies in Ethiopia. C. c. 

maharao (Sclater, 1927). Uncommon 

all-year resident; breeding. Confined to 

the central south. Few occupied tetrads. 

 

Scleroptila 

 

Moorland 

Francolin 

(Scleroptila 

psilolaema) * 

● Francolinus psilolaemus (Gray, 1867). 

The subspecies psilolaema and 

elgonensis are sometimes treated as 

separate species. One of two subspecies 

in Ethiopia. 

● S. p. psilolaema (Gray, 1867). 

Uncommon all-year resident; breeding. 

Central Western Highlands (between 

Blue Nile and Awash) and Arsi/Bale 

Mountain range (Eastern Highlands). 

Endemic to Ethiopia. 

 

Orange River 

Francolin 

(Scleroptila 

gutturalis) 

● Perdix gutturalis (Rüppell, 1835). 

Located in Halai, Aksum and Temben in 

Tigray, Ethiopia. Subspecies archeri are 

sometimes included in lorti. Three of the 

six subspecies occur in Ethiopia. 
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● S. g. gutturalis (Rüppell, 1835). 

Uncommon all-year resident; breeding 

assumed. Extreme north (two occupied 

tetrads). 

● S. g. archeri (Sclater 1927). 

Uncommon all-year resident; breeding. 

Central-south (but collected in 

Somaliland). 

● S. g. lorti (Sharpe, 1897). Few 

occupied tetrads from Bale towards 

northern Somalia. 

 

Coturnix 

 

Common Quail 

(Coturnix 

coturnix) 

Tetrao Coturnix (Linnaeus, 1758). Two 

of the five subspecies occur in Ethiopia. 

● C. c. coturnix (Linnaeus, 1758). 

Common Palearctic visitor. Records 

scattered widely throughout Ethiopia, 

except in the east. 

● C. c. erlangeri (Zedlitz, 1912). Locally 

common Afrotropical visitor; breeding. 

As far north as 10°30´N. 

 

Harlequin 

Quail 

(Coturnix 

delegorguei) 

Tetrao Coturnix (Linnaeus, 1758). One 

of three subspecies in Ethiopia. 

● C. d. delegorguei (Delegorgue, 1847). 

Generally uncommon all-year resident 

and Afrotropical visitor (February to 

August); breeding. Records are scattered 

widely throughout Ethiopia. 
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Pternistis Chestnut-

naped spurfowl 

(Pternistis 

castaneicollis) 

Francolinus castaneicollis (Salvadori, 

1888). Located in the Lake Chercher, 

Hararghe, Ethiopia. Formerly divided 

into different subspecies, as by Ash and 

Atkins (2009). 

Monotypic. Common all-year resident; 

breeding. Mainly western and central 

Highlands, in the North up to 11°30´. 

Nearly endemic to Ethiopia, with a small 

part of the range in Somalia. 

Black-fronted 

Francolin 

(Pternistis 

atrifrons) * 

Francolinus atrifrons (Conover, 1930). 

Confined in Mega, Boran, Ethiopia. 

Long treated as a subspecies of P. 

castaneicollis. Monotypic. Uncommon 

all-year resident; breeding. Confined to a 

small area in the south (Borana zone), 

beside one single old record near Moyale 

in adjacent Kenya. Endemic to Ethiopia. 

Erckel's 

Francolin 

(Pternistis 

erckelii) 

Perdix erckelli (Rüppell, 1835). 

Monotypic. Common all-year resident; 

breeding.  Located in the Central and 

northern parts of the Western Highlands. 

Nearly Endemic to Ethiopia, with a range 

of parts in Eritrea and Sudan. 

Scaly 

Francolin 

(Pternistis 

squamatus) 

Francolinus squamatus Cassin, 1857. 

One of three subspecies in Ethiopia. 

● P. s. schuetti (Cabanis, 1880). Locally 

common all-year resident; breeding. In 

the south through the Rift Valley and 

adjoining areas, and also in the west 

(south of 10°30´N). 
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Clapperton's 

Francolin 

(Pternistis 

clappertoni) 

Pternistis clappertoni (Children and 

Vigors, 1826). Monotypic. Common all-

year resident; breeding. central, western, 

and north-western Ethiopia. 

Harwood's 

Francolin 

(Pternistis 

harwoodi) * 

Pternistis harwoodi (Blundell and Lovat, 

1899).  Endemic to Ethiopia. Confined in 

Aheafeg, Shoa.  Monotypic. Locally 

common all-year resident; breeding. 

Restricted to a small area in the Western 

Highlands (valleys of the Blue Nile 

tributaries). 

 

Yellow-necked 

Francolin 

(Pternistis 

leucoscepus) 

Pternistis leucoscepus (Gray, 1867). 

Often treated as monotypic, as by Ash 

and Atkins 2009. Two subspecies in 

Ethiopia. 

● P. l. leucoscepus (Gray, 1867). All-

year resident in Northern Ethiopia. 

● P. l. infuscatus (Cabanis, 1868).  

Mainly located in the south and east, 

including Rift Valley. Few occupied 

tetrads in the extreme west (Gambella 

area). 

*Endemic to Ethiopia. 
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The Clapperton’s Francolin, also known as Clapperton’s Spurfowl (Pternistis clappertoni) 

is a species of bird in the family Phasianidae.  It is a medium-sized, pale francolin with 

large patches of red bare skin around the eyes. Heavily marked with black and pale buff on 

the back, neck, and underparts (del Hoyo et al., 2014). Found locally in a variety of savanna 

habitats and adjacent agricultural areas, often in pairs or small groups. Separated from most 

other francolins by the red facial skin (Redman et al., 2009). It is similar to Harwood’s 

Francolin, but much paler overall, with a mostly black rather than red bill. The call is a 

rough “kreeya” that is repeated several times. The Stone Partridge (Ptilopachus petrosus) 

is a bird of the New World quail family. This largely brown bird, which commonly holds 

its tail raised, is found in scrubland and lightly wooded habitats, often near rocks 

from Kenya and Ethiopia to Gambia (Redman et al., 2009; del Hoyo et al., 2014). 

2.2 Feeding Ecology of Galliformes 

The foraging behaviour of birds is an essential ecological attribute that describes the way 

they exploit resources, interact, and fit and respond to their environment. Foraging guilds 

show the way species obtain food items and the foraging substrates (Mac Nally, 1994). 

Ecological studies about food acquisition, diet selection and its composition, foraging 

strategies, and seasonal shifts of birds are fundamental pursuits to understand the feeding 

ecology, interactions, ecological functions, and ecosystem services of species (Sutherland, 

2004; Sekercioglu, 2012). It also has crucial effects on the survival and reproductive fitness 

of birds (Davies and Deviche, 2014; Hanspach et al., 2015). 

 

Information about the foraging habitat characteristics and foraging habits of the species has 

an essential role in determining niches. It is associated with crucial life history traits 

including the breeding and migration of species and hence influences species survival. The 
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foraging behaviour of birds is highly plastic. It is influenced by both intrinsic and extrinsic 

factors (Lewis et al., 2002). Diverse food and feeding strategies, often resolve the use of 

diverse foraging opportunities in space and time (Gill, 2007). Food limitation is the 

underlying variation in the life history of birds since seasonal variation in food availability 

influences the population dynamics and behaviour patterns of avian species (Martin, 1987). 

Galliformes are omnivores. They feed on a variety of plant and animal matter consisting 

of seeds, leaves, fruits, shoots, flowers, twigs, tubers, roots, worms, insects and other 

invertebrates (Johnsgard, 1999; Santamaria and Franco, 2000). 

 

The feeding strategies of Galliformes evolved various morphological and behavioural 

adaptations to exploit resources optimize their foraging efficiency, and energy intake and 

reduce predation risk. They have different ways of searching for and accessing food. They 

often use visual, olfactory and tactile cues to detect, locate and probe for food items. 

However, structural and behavioural features, habitat types, seasonality, food availability 

and quality, predation risk, social structure, competition, and human disturbance such as 

hunting and poaching activities affect the foraging ecology of Galliform birds (Tian et al., 

2016). As a result, they might deal with shifts in food items across seasons and habitats. 

For instance, forest-dwelling species such as pheasants and partridges have long tails, 

strong legs and curved beaks, and claws that enable them to scratch the forest floor for 

seeds and invertebrates as well as climb and balance on branches in dense vegetation (Hill 

and Robertson, 1988). Grassland-dwelling species, such as quails and francolins, have 

short tails that reduce effort and increase running speed. They also have cryptic plumage 

to camouflage and escape from predators. Some species, such as turkeys, have wattles to 
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manipulate food items. Chachalacas, brush turkeys and pheasants feed communally and 

benefit from increased vigilance and communication. Helmeted Guineafowls feed mainly 

on seeds, fruits, tubers, roots, insects, worms, snails, spiders, frogs, lizards, snakes, eggs 

and small mammals. They often feed in flocks, and sometimes associate with other bird 

species such as francolins and spurfowls (Hill and Robertson, 1988; Johnsgard, 1999).  

2.3 Breeding Biology 

Breeding ecology includes a breeding chronology, nesting behaviours, clutch sizes, nest 

success, and survival rates. Avian reproduction has a series of events including mate 

formation, courtship, nest site selection, egg-laying, incubation and nestling feeding. 

Breeding is cyclical and usually seasonal in birds which are essentially allied with 

favourable environmental conditions (Nussey et al., 2005; Parmesan, 2007; Charmantier 

et al., 2008). It varies across species, climatic conditions and geographic locations related 

to factors including food resource availability, vegetation features and habitat quality and 

competition (Pigliucci, 2001). 

 

The timing of reproduction is a phenotypically plastic life-history trait. It has crucial effects 

on the breeding fitness of species, fluctuating environmental conditions, and allows a 

virtuous overlap between energy requirements and peaks in food accessibility (Nager and 

van Noordwijk, 1995; Durant et al., 2013). Galliformes are sexually dimorphic and exhibit 

divers mating systems dominantly polygamous (Lack, 1968; Madge et al., 2002). 

However, species including quail and partridge are monogamous. Galliformes are seasonal 

breeders whose breeding chronology often relies on local climatic conditions. The large 

majority of Galliformes are ground-nesting although, some species nest in trees and on 

cliffs. Galliformes have precocial young (Jones et al., 1995; Madge et al., 2002). 
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Galliformes often use acoustic signaling and visual courtship displays such as agonistic 

interactions, submissive posturing, territoriality and brooding (Stiles and Skutch, 1991; 

Jones et al., 1995). Courtship entails elaborate displays including strutting, tail fluffing, 

and plumage and behavioural traits like posture movements and sounds as signals to 

communicate and attract potential mates, territory defence, alarm calling, group formation 

and individual recognition. Males often display their plumage, vocalizing and aggressive 

displays like pecking, chasing and fighting to compete for mates and establish and maintain 

flocking rank which sometimes entails dominant hierarchies with high-ranking males 

(Johnsgard, 1999; Madge et al., 2002). 

2.3.1 Nest site selection 

Avian reproduction mainly relies on the selection of appropriate breeding seasons and 

nesting habitats (Martin, 1995). The habitat use of birds is a hierarchical process where 

they select specific sites to settle and cover (Hagan and Meehan, 2002). The habitat 

preference, territory formation, and nest-site selection of birds operate at spatial-temporal 

scales (Chalfoun and Martin, 2007; Ruth and Skagen, 2017). Nest site selection is a vital 

component of avian habitat selection (Cody, 1985; Burger, 1985). It influences nesting 

material selection, predation risks, parasite infection, and nest success in ground-nesting 

species (Lima, 2009). It also has profound effects on the population status, distribution, 

survival and breeding performance of species through resource acquisition (Martin et 

al., 2000; Karakaya and Arikan, 2015; Mansouri et al., 2020). However, the nest-site 

selection of birds is often constrained by various factors including habitat vegetation 

features, food resource accessibility, parasitism, competition and predation pressure 

(Martin, 1995; Sosa and de Casenave, 2017). 
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Climatic factors such as weather conditions, nesting materials, anthropogenic disturbance, 

breeding experience and landscape effects including habitat loss and fragmentation 

influence the breeding phenology, nest site selection and breeding performance of birds 

(Hansell, 2000; Fu et al., 2016; Biddle et al., 2017; Reidy, 2018). Natural events such as 

flooding, drought, fire, windstorms, and heavy rains are also among the upsetting factors 

that determine nest-site selection, breeding success, and population dynamics of species 

(Hanane, 2015; Ringelman et al., 2018). As a result, breeding birds cautiously select 

suitable breeding seasons and appropriate nesting sites that possibly increase nest 

concealment to reduce predation risks, minimize breeding failure, and thereby optimize 

nest survival and ensure better breeding fitness (Hansell, 2000; Mainwaring et al., 2014; 

Jiang et al., 2017; Mansouri et al., 2020). They also consider the proximity of foraging 

niches and roosting sites during the selection of nest sites (Morris, 2011; Gibson et al., 

2016). 

 

The nest site selection of Helmeted Guineafowl is often influenced by breeding habitat 

features and vegetation structures. The species prefer nesting sites with low vegetation 

density, height, and cover, but high vegetation diversity and richness that provide essential 

protective cover to reduce predation risk. The species may reuse the same site to build new 

nests and also share nest sites with other birds, such as francolins and spurfowls (Little, 

2016). 

2.3.2 Nest building 

Nest-building is a principal phenomenon, and among the most fundamental and widespread 

behavioural activities in birds (Hansell and Deeming 2002; Deeming and Mainwaring, 

2015). It is costly in terms of time and energy (Mainwaring and Hartley, 2013). It 
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encompasses the selection and manipulation of suitable nesting sites and appropriate 

constituents into a typical structure for incubation and a receptacle for eggs and chicks 

(Collias and Collias, 1984; Deeming, 2016; Biddle et al., 2018). 

 

Nest architecture in birds is species-specific (Hansell, 2000; Biddle et al., 2018). They 

construct nests in a variety of forms which vary in size, structure, composition of contents 

and functions (Collias and Collias, 1984; Soleret al., 1988b; Hansell, 2000; Biddle et al., 

2018). It is often determined and highly associated with the location and breeding habitat 

vegetation features, clutch size, body condition, and parental involvement (Walsh et al., 

2011; Mainwaring et al., 2014; Heenan et al., 2015). 

 

Nests of birds have been recognized for their multifunctional roles, including incubation 

and chick-rearing (Biddle et al., 2015; Biddle et al., 2017), structural support as receptacles 

for eggs, chicks and breeding parents, insulation and camouflage (Amat et al., 2017; Biddle 

et al., 2018). They protect eggs and nestlings against predators, parasites, pathogens, and 

adverse weather conditions, and hence, have significant effects on the survival and 

breeding fitness of species (Dubiec et al., 2013; Wysocki et al., 2015; Soler et al., 2017). 

Nests of birds also have an extended phenotypic value and convey significant information 

to assess breeding habitats, mate quality and individual fitness, and sexual signalling 

including mate attraction, pair formation, courtship, competition as well as the evolutionary 

trends of species (Collias and Collias, 1984; Moreno, 2012; Mainwaring et al., 2015; 

Deeming, 2016). 
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Birds are selective in using nesting materials. They use a wide variety of nesting 

constituents, including dry and fresh green plants, animal matter, feathers, and artificial 

materials (Hansell, 2000; Deeming, 2016; Biddle et al., 2018). It often relies on the location 

of nests, vegetation features, and assemblage of available materials in the surrounding 

breeding environment (Mainwaring et al., 2014). Nesting materials selection and 

composition have decisive effects on nest quality. It consequently influences predation, 

nest survival and breeding success of species by enhancing nest concealment (Deeming 

and Mainwaring, 2015; Mulder et al., 2021). Helmeted Guineafowls build nests, which are 

usually shallow scraps scantily lined with soft grass, dry leaves and feathers. However, no 

detailed information is available on the nesting ecology and nesting materials of the species 

across its ranges in the region. 

2.3.3 Clutch size and egg morphometry 

Clutch size and incubation rhythms are crucial life-history traits in avian reproduction 

(Perrins and McCleery, 1989; Wiebe and Martin, 2000). It has critical effects on avian 

reproductive fitness (Winkler and Walters, 1983; Stearns, 1992). The clutch size of birds 

markedly varies across taxonomic groups and species. It depends on mating parents during 

the three distinct phases including egg production, incubation and brood-rearing (Mølleret 

al., 2014). Clutch size is often constrained by several factors including environmental 

gradients, weather conditions and breeding season, which depends on food abundance and 

diet composition. It is also affected by the age, health and body condition, breeding 

experiences, nest predation and behaviours of breeding parents (Webb et al., 2012; Brussee 

et al., 2016). 
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Nesting habitat features vary in savanna species with larger clutches than other species. 

The clutch size of birds and its trends are also associated with latitude, as species in the 

southern have smaller clutches compared to equivalent northern regions (Lack and Moreau, 

1965; Ricklefs, 1980; Perrins and McCleery, 1989). The difference in the clutch size also 

represents variations in the reproductive strategies of species (Martin et al., 2000; 

Christians, 2002). Most members of the order Galliformes are indeterminate layers which 

makes them exploited for egg production. The clutch size of precocial birds including 

Galliformes is not predetermined (Erikstad et al., 1993; Milonoff, 1993; Milonoff and 

Paananen, 1993; Møller et al., 2014). It is ultimately determined at the egg-laying stage by 

the ability of the parents to rear young (Beˆty et al., 2001). As a result, precocial birds have 

larger clutches (Winkler and Walters, 1983). However, there is great variation in the clutch 

size among Galliform species. 

 

Helmeted Guineafowls have a high egg production capacity that produces between 15 and 

20 eggs per clutch per year in the wild, and 40 to 100 eggs per female per year in improved 

stocks (Crowe, 1978; Ayeni, 1980; Embury, 2001). However, the clutch size of the species 

varies. Age, body condition, breeding experiences and environmental factors including 

food source availability and predation pressure are the main constraints that influence the 

clutch size of the species. 

 

The eggs of Galliformes vary in size and shape across families and species. It is often 

influenced by ontogenetic and environmental features, age, body size, breeding season, 

breeding experience and clutch size (Christians, 2002). The external (egg weight, egg 

length, egg width, egg shape index, shell weight and shell thickness), and internal (albumen 
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height, albumen weight, yolk weight) egg morphometry features are crucial egg quality 

traits of bird's egg.  It has critical long-term effects on the breeding success, offspring 

survival and nestling growth of species (Pinowska et al., 2004; Rita et al., 2005; Asci and 

Durmus, 2015). However, factors governing egg size variation are less clear among 

different birds including Guineafowls (Williams, 1994). Knowledge of the clutch size of 

birds, therefore, helps to understand the life-history traits and reproductive strategies of 

species (Conway and Martin, 2000). 

2.3.4 Breeding success 

Breeding performance is a critical feature of avian reproduction. Nest survival has a 

substantial effect on the breeding success of species (Martin, 1995). It influences the 

reproductive outputs and individuals' fitness and has direct consequences on population 

dynamics (Johnson et al., 2007; Cresswell, 2011). Breeding success usually reports the 

percentage of nest (nest success) and egg (egg success) successful in producing young or 

offspring that leave the nest. The breeding success of birds is often associated with 

nutritional, vegetation features, disturbance and predation risk (Lack, 1968; Gilg et al., 

2006; Smith and Wilson, 2010). 

 

The breeding and the subsequent growth of birds depend on the acquisition of high-protein 

food (Jones and Ward, 1976; Woodall, 1994). Age, sex ratio, nutrition and predation often 

influence the breeding performance of birds (Monaghan et al., 1992; Greenwood et al., 

1995; Martin, 1995). Factors including age and breeding experience, body condition, 

predation pressure and nest defence behaviours of breeding parents also influence the nest 
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survival and breeding success of birds (Beˆty et al., 2001; Beckmann and McDonald, 2016; 

Brussee et al., 2016; Burr et al., 2017). Climatic factors and environmental features such 

as weather conditions also influence breeding success in birds (Telleria and Diaz, 1995). 

 

Nest habitat vegetation, nest constancy, proximity to habitat edges, breeding season and 

human disturbance impact avian breeding performance (Smith and Wilson, 2010; Webb et 

al., 2012; Borgmann and Conway, 2015). Older nests may have greater breeding success 

rates than nests in the early stages since nest age influences nest survival probabilities 

related to incubating parents that may leave their nests fewer times and leave fewer cues to 

predators about nest locations (Dinsmore et al., 2002; Zhao et al., 2020). 

 

Factors including food availability, habitat quality, predation pressure, weather conditions, 

predation risk, human disturbance and hunting influence the survival and breeding 

performance of Helmeted Guineafowl. Galliformes face high predation risk from various 

predators such as raptors, mammals and reptiles (Jones et al., 1995; Johnsgard, 1999). It is 

also reported that mammals (mongooses, civets, jackals, genets, wildcats, dogs, rodents), 

raptors including eagles, hawks, falcons, owls, kites, and reptiles such as snakes and 

monitor lizards are the main predators of Helmeted Guineafowls. However, they have 

developed numerous anti-predator strategies including camouflage, vigilance and escape 

to reduce their vulnerability to predators and increase their survival. Estimating the 

breeding success of precocial birds is often difficult since chicks leave the nest immediately 

after hatching. 
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2.4 Conservation Status and Threats to Galliformes 

Galliformes are diverse and widespread. However, they are among the most threatened 

birds due to their essential ecological, socio-cultural and economic attributes (Keane et al., 

2005; Brickle et al., 2008; Ramesh and McGowan, 2009; McGowan et al., 2012). 

According to the IUCN RedList, over 26.4% of species are classified as threatened and on 

the verge of extinction (BirdLife International, 2022). In comparison to about 13% of all 

threatened birds, the number is high (McGowan, 2002; Fuller et al., 2000; Tian et al., 2018; 

BirdLife International, 2022). Different Galliform species have declined globally (Fuller 

and Garson, 2000; Tian et al., 2018). As a result, around 57 species of Galliform birds are 

globally threatened and 17 are critically endangered (Fig. 2). The Double-banded Argus 

(Argusianus bipunctatus) and New Zealand Quail (Coturnix novaezelandiae) are extinct. 

Moreover, the Alagoas Curassow (Mitu mitu) has been extinct in the wild since 1987 

(BirdLife International, 2022). Moreover, about 21 of the 50 species of the Phasianidae 

are on the verge of extinction (McGowan and Garson, 2002; Zhou et al., 2014; Tian et al., 

2018). 
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Figure 2. Conservation status of Galliform birds (Source: IUCN, 2018, BirdLife 

International, 2022). 

Galliformes are threatened owing to excessive hunting and overexploitation for food 

(Fuller and Garson, 2000; Ramesh, 2003; Garson and Zheng, 2006; Tian et al., 2018), 

recreational and sport hunting, plumage, trade and cultural practices (McGowan and 

Garson, 2002; Ramesh and McGowan, 2009; Ali et al., 2015), and habitat destruction and 

loss (Zhouet al., 2014; Tian et al., 2018), human disturbance (Storch, 2013). Poaching and 

overhunting hugely impact habitat-specific and range-restricted Galliformes, leading to 

population decline and extinction of species. Human population growth, settlement 

expansion, agricultural intensification, urbanization, logging, livestock encroachment, and 

depredation by exotic species are the main causes of population decline (Garson and 
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Zheng, 2006; Zhou et al., 2014; Tian et al., 2018). Predation, habitat alteration by invasive 

species and disease also impact the abundance and distribution of Galliformes by altering 

food resources and breeding seasons (Keane et al., 2005; Garson and Zheng, 2006; Khalil 

et al., 2015; Tian et al., 2018). 

Galliformes play important ecological roles. They perceived socio-cultural and economic 

interest in humans as domesticated animals or game birds (McGowan et al., 1998; Ramesh, 

2003). Different species of Galliformes including pheasants and guineafowl have a long 

history of domestication across the globe. They have been widely reared and persistently 

hunted mainly for human consumption as sources of food due to their prized meat, 

distinctive flavour, sources of protein and medicinal values, source of income, recreational 

hunting, entertainment, trade and cultural practices as well as ornamental collection (Ash, 

1978; Ash and Gullick, 1989; Ayorinde, 1991; Viljoen, 2005; Persons et al., 2016). Other 

species such as cracids, are mainly frugivorous and act as keystone species that influence 

germination and forest community structure. They also have vital ecotourism contributions 

(Santamaria and Franco, 2000; Peters et al., 2016). However, some Galliform species are 

considered pests and may cause agricultural crop damage (Jones et al., 1995). As a result, 

humans have a significant influence on the Galliformes population and take immediate 

measures to conserve and manage them sustainably. 

 

Climate change and drought cause a devastating effect on the population of Galliformes. It 

also significantly impacts the populations of francolins through its effect on habitat 

destruction. Crops, hunting and trapping, logging and wood harvesting immensely 

contribute to the population decline of several species (Ayanda and Ayeni, 1980). 
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Residential and commercial development, energy production and mining, transportation 

and service corridors, biological resource use, natural system modifications, invasive 

species and climate change are the main threats to Galliformes (IUCN, 2016). Moreover, 

they are usually sensitive to habitat destruction, degradation and fragmentation since many 

Galliformes are mainly ground-feeding and nesting (Garson and Zheng, 2006; Zhou et al., 

2014).  
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3. MATERIALS AND METHODS 

3.1 Study area 

The study was conducted in the Arjo-Didessa River Valley, southwestern Ethiopia. It is 

located in the Bedelle Zuriya and Jimma-Arjo districts along the East Wollega and Buno 

Bedelle Administrative Zones of the Oromia Regional State, Ethiopia, at a distance of 395 

km from Addis Ababa at 36°39'60.0" E and 8°40'00.0" N (Fig. 3). The river basin is part 

of the lowland plains of the Sudan-Guinea savannah biome and occupies parts of the 

western regions of the country. The Didessa River basin encompasses four administrative 

zones of the Oromia Regional State, including Eastern and Western Wollega, Jimma, Illu 

Aba Bora, Buno Bedelle, and Kemash from the Benishangul Gumuz Regional State, 

Ethiopia. Its catchment area is estimated to cover an area of 27,000 km2 (Muluneh and 

Mamo, 2014). 

 

The Jima-Arjo district is bordered by Nunu Qumba in the east, Dabo Hana in the west, 

Leka Dulecha in the north, and Bedelle in the southeast. It covers an estimated area of 

741.41 km2. It is considered highland, except for the Didessa River valley sub-basin. The 

total population of the district was 86,329, of whom 42,093 were men and 44,236 were 

women households (CSA, 2007). Bedelle-Zuria district is bounded by the Chora district in 

the southwest, Dabo Hanna in the north and Gachi District in the east. The district covers 

an estimated area of 745.0 km², and the population size of the district is about 77,687 

consisting of 38,654 male, and 39,033 female households (CSA, 2007). The administrative 

kebeles including Ambelta, Bekelcha Beftu, Chefe Jalela, Haro Tatesa and Kolosere from 

Bedelle Zuria district, and Bedasa Dedesa, Bedasa Dedesa Sefera Tabia, Gudeya, Luguma 

Sefera Tabia and Meta from Jimma-Arjo districts were the specific areas encompassed to 
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select participants and assess the public attitude and awareness towards the conservation 

significance of these birds in the study area. The topography of the study area is 

characterized as terrain with features consisting of plateau, slope and valley consisting of 

the Weyna Dega and Kola agroecology. The habitat features of Bedelle Zuria district 

consist of agricultural farmlands (4,719.57 hectares), grazing land (9,848.45 hectares), 

forest (10,682.7 hectares) and other (724 hectares) land-uses categorized under Dega 

(16%), Woina-Dega (64%) and Kola (20%) climatic condition. The study site covers an 

estimated area of 1,486 km2 with an altitude elevation ranging from 1280 and 2524 m asl. 

 
Figure 3. Map of the Arjo-Didessa River Valley area in the southwestern Ethiopia. 

The annual maximum and minimum temperature range between 16.8 and 33.5 ◦C (Fig. 4). 

The area is characterized by a humid tropical climate with a mean annual rainfall of 

1,905.07 mm (range: 41.35 – 3,768.80), during which the peak rainy season spans from 

May to October (Fig. 4). 
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Figure 4. Temperature and rainfall of the Arjo-Didessa River Valley (2011 - 2020). 

 

The habitat features of the study area consisted of woodland forest, savannah grassland, 

agricultural farmlands, settlement areas, riverine areas, rangelands and fragmented 

mountains interspersed with high steep-sided gorges and precipices. The land-use of the 

area comprises croplands (56%), forest (19.6%), shrubland (12.4%), savannah grassland 

(6%), settlement (5%) and riverine areas (0.2%) (Feyissa, 2009; Chimdessa et al., 2018). 

Agriculture represents the main practice in the area in which more than 88% of the 

surrounding communities depend on mixed (crop production and livestock rearing) 

farming systems. Maize, sorghum, coffee and teff are the main cash crops of the area. 
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The area is rich in biodiversity resources (flora and fauna), and known to support a diversity 

of wildlife species including mammals, birds, reptiles and amphibians, and other diverse 

animal species such as buffalo (Syncerus caffer), common warthog (Phacochoerus 

africanus), bushpig (Potamocherus larvatus) and giant forest hog (Hylochoerus 

meinertzhageni). Bamboo, Acacia, Gravilia robista, Cordia africana, Croton 

macrostachyus, and Ficus are the dominant plant species in the area. However, settlement 

expansion and agricultural intensification in the area increased the continuous conversion 

of forests and grassland habitats to farmlands. 

3.2 Preliminary survey 

A preliminary survey was carried out from November to December 2017 to assess the 

habitat features of the study areas. Indirect evidence such as moulted feathers and calls 

were used to confirm the presence of Galliform birds in the area (Plate 1). Information 

about the occurrence of these birds was also solicited through interviews and formal 

communications with local inhabitants. 

     

Plate 1. Galliformes surveys and species identification, feather of Helmeted Guineafowls 

(©Yihenew A., 2017). 
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3.3 Materials 

Field materials and equipment including pairs of binoculars (Vortex-Optics Diamondback-

8x42), handheld GPS navigator (Garmin eTrex-30), digital camera recorder (Canon Rebel 

T6), vernier caliper (range: 0–150 mm, and 0.001mm, accuracy), digital Scale (range: 

2,000 x 0.1 g), forceps, hand lens, disposable gloves, aerial insect net, insect spread board, 

insect pins, insect-killing jar, 70% alcohol, stopwatch, bird identification guide books (Ash 

and Atkins, 2009; Redman et al., 2009) were used throughout the study period to aid data 

field collection, counting and further species identifications. Field data sheets were used 

throughout the study period to record the necessary ecological data during the fieldwork. 

3.4 Data collection 

3.4.1 Species composition, abundance and population size of Galliformes 

After the occurrence of Galliformes was confirmed, field inventory and data collection 

were carried out from January 2018 to December 2020, during both the dry (October to 

April) and wet (June to August) seasons. The study area was classified into four habitat 

categories: farmland, forest, grassland, and riverine areas based on vegetation features to 

collect Galliform data from these habitats. A total of 74 point count routes were located 

and used in the forest habitats. The distance between count stations was between 50 and 

250 m radius based on the vegetation features and accessibility of counting stations. Point-

count surveys were employed by moving across a pre-determined counting route to 

standardized data collection following Bibby et al. (2000) and Sutherland (2004). About 

68 line transects ranging between 2 to 5 km in length were established and employed 

considering the habitat features of the areas, following Bibby et al. (2000) and Sutherland 

(2004), to estimate the species composition, relative abundance and population size of 

Galliformes. The distance spacing between the transects was in the range between 125 to 
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500 m. It was carried out at a walking speed rate of 1.5 km/hr in bushy areas and 2.5 km/hr 

in open habitats. The sighting distances were set at 50 to 100 m in the dense forest and 

riverine areas and extended up to 250 m in the open farmland and grassland habitats. Field 

surveys and data collection were carried out once per month for 14 to 22 days. Four 

individuals were involved in the fieldwork and data collection activities. 

 

Galliform survey and field data collection were carried out twice a day during the morning 

from 06:00-10:00 am. and afternoon hours from 14:00-18:00 pm. when most birds were 

prominently active (Bibby, 2000). A waiting period of three to five minutes before counting 

was applied to minimize disturbance. A pair of binoculars and a digital camera recorder 

were used to aid in counting and further identification. For each species of Galliformes 

encountered, the number of individuals and their habitat features were recorded to 

determine the species abundance and species composition across habitats. Galliform 

species identification and taxonomic classifications were executed based on bird guide 

books including Ash and Atkins (2009), and Redman et al. (2009). Morphometric 

parameters including plumage pattern, body size and shape and calls were used to aid the 

species identification. The maximum number of individuals per survey was considered as 

the population size of the species in the particular counting routes to avoid bias in 

population estimation. 

3.4.2 Foraging ecology of Helmeted Guineafowl 

The foraging ecology and habitat use of Helmeted Guineafowl was studied by direct 

observation methods including focal flock observation and scan sampling techniques when 

birds were actively searching, scratching and picking food items following Morrison et al. 
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(1988) and Sutherland et al. (2004). Randomly selected individuals were cautiously 

observed with the aid of Binoculars for about five to 10 minutes by using a stopwatch and 

by walking along all the study sites, following Bhatt and Kumar (2001) to investigate the 

food items, foraging habitat use and active foraging time of the species following 

Sutherland et al. (2004). The distance of observation varies from 10 to 30 m depending on 

the topography of habitat. Furthermore, the foraging times were categorized into three-time 

slots, including morning (06:00–10:00 a.m.), mid-day (11:00 a.m.–2:00 p.m.) and 

afternoon (3:00–7:00 p.m.) hours to determine the active foraging time of the species. To 

determine the invertebrate food items consumed, a 2 x 2 m radius plot was established in 

the area where the species was consistently recorded foraging following Gibb and Oseto 

(2019) (Plate 2). 

     

Plate 2. Invertebrate sample collection in the Arjo-Didessa River Valley (© Ambessaye 

T., 2019). 

3.4.3 Breeding biology of Helmeted Guineafowl 

The breeding ecology of Helmeted Guineafowl was studied by using active nest monitoring 

techniques. Breeding data were collected during the 2018 and 2019 breeding periods of the 
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species. Nest searches were carried out through intensive ground surveys using possible 

behavioural cues such as following breeding pairs exhibited nesting attempts, carrying 

nesting materials to the nest sites and alarming calls, following Klett et al. (1986), DeSante 

and Geupel (1987), and Winter et al. (2003), and systematic transect plots aided with 

binoculars. Information about the breeding areas and nest locations was also solicited from 

public inquiries associated with habitat features of previous breeding sites following Martin 

(1995). 

 

After nests were located, the sites of active nets were photographed and marked with a 

handheld GPS navigator. It was also marked with removable reflective tags, placed ~5 m 

from the nest, and natural markers such as big stones and tall trees to aid relocation during 

monitoring and egg measurements. Specific numbers were allotted for each active nest for 

further monitoring, egg measurement activities and to assess the location and breeding 

habitat types. Breeding habitat vegetation characteristics, nest structure and building 

materials of each nest were recorded to determine the breeding habitat features and nest-

site selection of the species. Nesting materials were recorded immediately after the 

hatching or predation of eggs by dismantling and tallying the contents of each nests 

(Appendice 3.3). The contents and proportion of each nesting material were determined by 

following Tomás et al. (2013) and Biddle et al. (2018). The types of nesting materials were 

identified by using Hedberg and Edwards (1989) and Hedberg et al. (2003). 

 

The clutch size of the Helmeted Guineafowl was determined by counting the number of 

eggs located in the active nests of the species. Egg-laying date of active nests found with 

eggs was defined via back dating assuming one egg is laid per day (Halupka et al., 2020). 
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The external egg morphometric parameters including egg length/mm, and egg breadth/mm 

were measured by a portable vernier caliper (range: 0–150 mm, and 0.001 mm, accuracy) 

(Plate 3). And, a digital scale (range: 2000 × 0.1 g) was also used to measure the egg weight 

of the species with maximum caution to the contents of eggs following Hoyt (1979). 

  

Plate 3. Egg morphometric measurements of Helmeted Guineafowl in the Arjo-Didessa 

River Valley (©Yihenew Aynalem, 2019). 

Active nests monitoring was carried out continuously between 2 to 3 days intervals until 

egg laying was completed or lost due to various constraints and then monitored every 3 to 

5 days until hatching or egg loss due to predation/abandonment following Hazler (2004). 

Nest checks were made from 5 to 10 m distance with the aid of binoculars and a digital 

camera recorder by taking maximum caution when approaching them from different 

directions on consecutive visits to minimize observer-induced interference. Eggs were 

placed in the same location and direction after recording to minimize potential egg 

rejection. 

 

Standard protocols following Martin and Geupel (2016) were pursued during nest 

monitoring and egg measurement activities to minimize and avert probable observer-

induced interference and nest predation. For instance, gloves were used consistently 

throughout the examination and handling of eggs. During the nest monitoring activities, 
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changes in clutch size of nests, nest status, hatching attempts and presence of unhatched 

eggs along with possible evidence of nest predation and disturbance pressure were assessed 

and recorded to estimate nest survival and determine the possible causes of breeding failure 

of the species. Individual eggs from each nest were measured and recorded on separate 

data sheets to avoid measurement bias (Appendice 3.2). 

 

The egg shape index (ESI) and egg volume (EV) of Helmeted Guineafowl were analyzed 

using freshly laid eggs according to Hoyt (1979) and Narushin and Romanov (2002), as 

follows: 

ESI=B/L*100                                                                                                         (1) 

Where, 

ESE = Egg Shape Index, L= length of eggs, B = width of eggs. 

Egg volume was determined from the egg's length and width measurements following Hoyt 

(1979), as follows: 

V = 0.51*LB2                                                                                                         (2) 

Where, V = egg volume, 

L = egg length, 

B = egg width, and 0.51 = scaling constant which was calculated by Hoyt (1979) where the 

eggs of most birds have values very close to this average. 

 

The breeding success of Helmeted Guineafowl was estimated as the percentage of 

successful nests per number of nests located with eggs that produce young and leave the 

nest, following Mayfield (1975), Johnson (1979) and Streby et al. (2014). The egg-

hatching success rate of the species was also determined by the percentage proportion of 
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hatched eggs by the number of eggs before hatching in the active nests of the species 

following Koenig (1982) and Skutch (1985). Six active nests of Helmeted Guineafowl from 

the 17 nests located were randomly selected to assess the incubation periods of the species. 

The predation risk and possible causes of breeding failure of the species were assessed and 

determined through direct inventories of possible clues and signs of predation attempts and 

evidence such as the presence of damaged eggshell fragments and body part remains 

surrounding the nesting sites and abandoned nests, following Hazler (2004). 

3.4.4 Public Knowledge, Attitude and Threats to Galliformes 

Direct inventories, questionnaire-based surveys (Appendice 1), focus group discussions, 

structured key informant interviews and informal communications were employed to 

assess public knowledge, attitudes of local communities and possible conservation threats 

to Galliformes. Study participants were selected from eight adjacent Kebeles, i.e. the 

smallest administrative unit in Ethiopia, through systematic random and purposive 

sampling techniques following Yamane (1967) (Equation 3). 

𝑛 =
𝑁

1 +  𝑁(𝑒)2
  =

5,820

1 +  5,820(0.08)2
    = 152                                                           (3) 

Where, n = sample size, N = population size, e = precession level (±8%), at a 95% 

confidence interval and p < 0.05. 

 

In addition, 134 participants were selected using a purposive sampling technique. Hence, 

a total of 286 participants were involved in the study. Furthermore, the key informant 

interviewees were selected from the adjacent villages based on their proximity to the 

escarpment areas through purposive sampling methods targeting community elders, farmer 

households and agriculture and forest management officers based on management 
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experience, hunting practices and participation in farming activities. Participants who had 

prior knowledge about these groups of birds were principally included to assess the 

attitudes of local communities and whether they perceived these birds as negative, positive 

or neutral thoughts. Informal communications were also conducted to solicit information 

about Galliformes' hunting and egg collection practices in the area. 

3.5 Data analyses 

Data analyses were carried out using descriptive statistics in an Excel spreadsheet (version 

19) and SPSS software (version 26.0). Data sets were tested for normality using the 

Shapiro-Wilk test, which is highly recommended due to its higher power in the measure of 

the value of test normality (Ghasemi and Zahediasl, 2012). Data sets which comprehend 

the standard normal distribution were subjected to parametric tests. Descriptive statistics 

were used to determine the population size and threats to Galliformes. The relative 

abundance of Galliform species was determined by using encounter rates that give crude 

ordinal scales of abundance following Bibby et al. (1998). The encounter rate for each 

species was calculated by dividing the number of Galliformes recorded by 100 field hours, 

as follows: 

Encounter rate = 
Total number of individual birds observed

Period of observation in hours
 x 100                        (4) 

 

The encounter rate values were used to categorize each species under five abundance score 

categories, i.e. <0.1 for rare, 0.1-2.0 uncommon, 2.1-10.0 frequent, 10.1-40.0 common, and 

> 40 for abundant species following Bibby et al. (2000) (Table 4). 
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Table 4. Encounter rates and ordinal scale of species abundance. 

Abundance Category Abundance score Ordinal scale 

<0.1 1 Rare 

0.1–2.0 2 Uncommon 

2.1–10.0 3 Frequent 

10.1–40.0 4 Common 

>40.0 5 Abundant 

 

The breeding success of the species was estimated as the percentage of active nests (nest 

success) and eggs (egg-hatching rate) in a population that successfully produced 

hatchlings. Chi-square test and one-way ANOVA were used to determine the association 

between Galliform population size, diet composition, foraging habitat use and clutch size 

of Helmeted Guineafowl across spatial-temporal gradients. Independent t-test and one-way 

ANOVA were employed to infer the associations between Galliform abundance and nest 

site location of the species across spatiotemporal gradients. 

 

Chi-square test was used to assess the associations between the clutch size of the species 

and nesting habitats. It was also used to determine the associations between public 

knowledge, awareness and attitude of respondents towards Galliformes across the gender, 

age, levels of education and occupational status of participants. While non-normally 

distributed data sets were analyzed using non-parametric statistical tests. 

 

Pearson Correlation Coefficient (r) was used to infer the associations between active 

foraging time and foraging habitat use of Helmeted Guineafowls across seasons. It was 
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also used to measure the associations between the external egg morphometry features of 

the species. Nest success estimates were made as a percentage of active nests and eggs (egg 

hatching success rate) in a population sample that successfully produced young/offspring. 

Data sets and measurement values were presented as Mean ± SE. Variables tested with a 

level of difference at p<0.05 in a 95% confidence interval were retained as statistically 

significant. Field data sheets were consistently used to record the necessary ecological 

information.  
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4. RESULTS 

4.1 Species composition and relative abundance of Galliformes 

Galliform birds belonging to three species grouped under three distinct families were: 

Clapperton's Francolin, Pternistis clappertoni (Phasianidae), Helmeted Guineafowl, 

Numida meleagris (Numididae) (Plate 4), and Stone Partridge, Ptilopachus petrosus 

(Odontophoridae) were recorded. Among these species, Helmeted Guineafowl were 

abundant and Clapperton's Francolins were common while the Stone Partridges were 

frequent species in the area (Table 5). 

Table 5. Species composition and relative abundance of Galliformes in the Arjo-Didessa 

River Valley (*RA = relative abundance). 

 

Species 

 

Family 

Abundance 

Dry Wet Mean ± SE *RA (%) Frequency 

Clapperton's Francolin 

(Pternistis clappertoni) 

 

Phasianidae 

 

136 

 

113 

 

124.5 ± 11.5 

 

30.14 

 

Common 

Helmeted Guineafowl 

(Numida meleagris) 

 

Numididae 

 

309 

 

243 

 

276 ± 33 

 

66.83 

 

Abundant 

Stone Partridge 

(Ptilopachus petrosus) 

 

Odontophoridae 

 

16 

 

9 

 

12.5 ± 3.5 

 

3.03 

 

Frequent 

Total 461 365 413 ± 48 100  
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Plate 4. Flocks of Helmeted Guineafowls in the Arjo-Didessa River Valley (©Yihenew 

A., 2020). 

4.2 Population size 

The total number of Galliform individuals recorded in the Arjo-Didessa River Valley area 

was 413 ± 48 (Mean ± SE) with a record of 461 individuals during the dry season and 365 

individuals during the wet season. However, there was no statistically significant difference 

in the number of individuals recorded between dry and wet seasons (χ2 = 64.80, df = 1, p 

> 0.05). Among the three species, the species with the highest population size record was 

Helmeted Guineafowl, both during the dry and wet seasons, with 309 and 243 individuals, 

respectively. However, the Stone Partridge population record was the lowest during both 

the dry (16 individuals) and wet (nine individuals) seasons. The wet and dry season 

population counts showed statistically significant differences in Clapperton’s Francolin (F 

= 9.68, df = 1, p < 0.05), and Helmeted Guineafowl (F = 31.634, df = 1, p < 0.05), but not 

in Stone Partridge (p > 0.05). In the present study, the flock size of Galliformes ranged 
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from one to 22 individuals per flock during the dry season and one to 13 individuals during 

the wet season. Among the three species, Helmeted Guineafowls recorded the highest flock 

size during the dry season (22 individuals per flock) and Clapperton’s Francolin (13 

individuals per flock) during the wet season (Table 6). 

 

Table 6. Group size range of Galliform bird species in the Arjo-Didessa River Valley. 

Season 

Galliform Species 

Clapperton’s 

Francolins 

Helmeted 

Guineafowl 

Stone  

partridges 

Dry 1.00 –12.00 4.00 – 22.00 1.00 – 6.00 

Wet 3.00 – 13.00 1.00 – 7.00 1.00 – 5.00 

Combined 1.00 – 13.00 1.00 – 22.00 1.00 – 6.00 

 

The flock size of Helmeted Guineafowl varied across seasons, with the dry season having 

the highest mean flock size of 13 ± 9 individuals (range: 4.00 - 22.00) and the wet season 

with the lowest mean flock size of 4.5 ± 3 individuals (range: 1.00 - 7.00). During the dry 

season, the highest flock size of the species was recorded in April (13.5 ± 8.5; range: 5 - 

22). During the wet season, the highest flock size of Helmeted Guineafowls recorded was 

in July (4 ± 2; range: 2 - 6). Flock size was low in the months from June to September (Fig. 

5). 



51 

Figure 5. Group size of Helmeted Guineafowl across months in the Arjo-Didessa River 

Valley. 

4.3 Galliform habitat use 

All three Galliform species were recorded in the four habitat types in the study area. 

However, the Stone partridge is only in the forest areas. The population size of the species 

varied across the spatiotemporal gradients, with the highest mean Galliform abundance 

recorded in the farmland (141.5 ± 7.5) and the lowest in the riverine (61.5 ± 43.5) habitats 

(Table 7). There were statistically significant differences in Galliform abundance between 

the different habitats (F = 90.06, df = 3, p < 0.05). The study also showed significant 

differences in habitat use of Galliformes recorded in the farmland habitat both during the 

dry (134 ± 18) and wet (149 ± 57) seasons, and it was statistically significant (p < 0.05). 

Among the three Galliform species found in the area, Stone Partridge was recorded only in 

the forest habitat during both dry (16 ± 4) and wet (9 ± 2) seasons, while Clapperton's 

Francolin and Helmeted Guineafowl were recorded in all four habitats with varying 

numbers (Table 7). 
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Table 7. Galliform abundance across habitats and seasons in the Arjo-Didessa River 

Valley. 

 

Habitats 

 

Season 

Galliform Species  

(Mean ± SE) 

 

Total 

 

F 

 

df 

 

p 

Clapperton's 

Francolin 

Helmeted 

Guineafowl 

Stone 

partridge 

Farmland 
Dry 58 ± 6 76 ± 21  134 ± 18  

90.06 

 

3 

 

0.001 Wet 46 ± 7 103 ± 19  149 ± 57 

Forest 
Dry 22 ± 4 93 ± 17 16 ± 4 131 ± 55 

Wet 40 ± 9 65 ± 7 9 ± 2 114 ± 16 

Grassland 
Dry 20 ± 7 71 ± 16  91 ± 51 

Wet 22 ± 3 62 ± 6  84 ± 40 

Riverine 
Dry 36 ± 11 69 ± 19  105 ± 33 

Wet 5 ± 2 13 ± 2  18.5± 8.5 

 

4.4 Feeding Ecology of Helmeted Guineafowl 

4.4.1 Diet composition 

Helmeted Guineafowls are omnivorous and feed on a wide range of animal and plant 

matters. Their diets consisted of seeds (53%) followed by leaves (36%) and other food 

items (11%) during the dry season and insects (52%), leaves (26%), worms (14%) and 

other food items (8%) during the wet season (Fig. 6). There was a difference in the diet 

composition of the species between the dry and wet seasons, and it was statistically 

significant (χ2 = 64.79, df = 1, p < 0.05). 
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Figure 6. Diet composition of Helmeted Guineafowl in the Arjo-Didessa River Valley. 

4.4.2 Habitat use 

In the study area, Helmeted Guineafowls were recorded foraging across the four habitat 

types but they were predominantly observed foraging in the forest habitats during the dry 

(39.59%, n = 59) and wet (34.33%, n = 46) seasons. The lowest foraging frequency of the 

species was recorded in the farmland (14.76%, n = 22) during the dry and riverine forest 

(2.24%, n = 3) habitats during the wet season (Table 8). There was a difference in the 

foraging habitat use of Helmeted Guineafowls between the dry and wet seasons, and it was 

statistically significant (χ2 = 32.18, df = 1, p < 0.05). 

Table 8. Foraging habitat use of Helmeted Guineafowl in the Arjo-Didessa River Valley. 

 

Season 
Foraging frequency across habitats (%) 

 

Sum 

 

χ2 

 

df 

 

p 
Farmland Forest Grassland Riverine 

Dry 14.76 39.59 24.16 21.48 149  

32.18 

 

1 

 

0.001 
Wet 32.09 34.33 31.34 2.24 134 

Total 22.97 37.10 27.56 12.37 283 
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Helmeted Guineafowls predominantly foraged in the grassland and farmland habitats 

during the morning hours and forests and farmland habitats during the mid-days. The 

species spent late afternoon hours in the forest and grassland areas. However, the lowest 

habitat utilization intensity of the species was recorded in the riverine areas during the 

morning and late afternoon hours, and in grassland areas during the mid-day hours (Table 

9). There was a positive correlation in the habitat use of the species between the active 

foraging time slots (r = 0.34, df = 4, p > 0.05). 

Table 9. Foraging habitat use of Helmeted Guineafowl in different time slots. 

Foraging 

habitats 

Frequency of occurrence 

Sum 

 

r 

 

df 

 

p Morning Mid-day Afternoon 

Farmland 24 13 28 65  

0.34 

 

4 

 

0.06 Forest 16 41 48 105 

Grassland 33 8 37 78 

Riverine 6 11 18 35 

Total 79 73 131 283 

 

4.5 Breeding Ecology of Helmeted Guineafowls 

4.5.1 Breeding season 

The active breeding period of Helmeted Guineafowl in the Arjo-Didessa River Valley was 

from June through September when intensive egg-laying was observed. A total of 17 active 

nests consisting of 207 eggs were located throughout the study periods. Among these, six 

nests (35.29%) with 79 eggs (38.16%) were recorded in 2018, and 11 nests (64.71%) with 

128 eggs (61.84%) were monitored during the 2019 breeding season. Peak breeding was 

recorded during July with seven active nests (41.18%) and 73 eggs (35.27%). August 
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recorded five nests (29.41%) with 72 eggs (34.78%) and the month of September recorded 

three nests (17.65%) with 44 eggs (21.26%). The lowest number of nests was observed 

during June when two active nests (11.76%) with 18 eggs (8.69%) were recorded (Table 

10). During the 2018 breeding season, two nests of the species had their first clutch in July, 

three nests during August and one nest in September. During the 2019 breeding season, 

two nests initiated their first clutch from 2 to 26 June, five nests from 3rd to 24th July, two 

active nests during August, and two nests initiated their nests from 7th to 25th September. 

Hence the breeding period of the Helmeted Guineafowls in the Arjo-Didessa River Valley 

area was from early June to early September. 

Table 10. Breeding seasons of Helmeted Guineafowls in Arjo-Didessa River Valley. 

Breeding 

attributes 

Breeding years Breeding period  

Total 2018 2019 June July August September 

Nests 

Located 

6 

(35.29%) 

11 

(64.71%) 

2 

(11.76%) 

7 

(41.18%) 

5 

(29.41%) 

3 

(17.65%) 

17 

(100%) 

Eggs 

monitored 

79 

(38.16%) 

128 

(61.84%) 

18 

(8.69%) 

73 

(35.27%) 

72 

(34.78%) 

44 

(21.26%) 

207 

(100%) 

 

4.5.2 Nest location 

Active nests of Helmeted Guineafowls were located in the grassland (41.18%, n=7), 

farmland (35.29%, n=6), and forest habitats (23.53%, n=4). No nests were located in the 

riverine areas (Fig. 7). All nests located were on the ground. Nests of Helmeted 

Guineafowls were located in areas lined with proper vegetation cover with the high 

possibility of concealing the nests and eggs (Plate 5). 
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Figure 7. Nest location and breeding habitat characteristics of Helmeted Guineafowls. 

 

Nests of Helmeted Guineafowls were located at different altitudes ranging between 1295 

and 1836 m asl (1565.50 ± 270.50 m). The four nests monitored in the forest habitats were 

at a relatively higher altitude (1,685 ± 109.27 m) than those six nests constructed in the 

farmland areas (1491.43 ± 144.31 m), and seven nests recorded in the grassland habitats 

(1427.83 ± 96.31 m) (Table 11). 

Table 11. Nest location of Helmeted Guineafowls across different habitats in the Arjo-

Didessa River Valley. 

Breeding 

habitats 

n 
Range of Altitude 

(m a s l) 

Mean 

Altitude 

SE SD 

Farmland 6 1356 – 1796 1491.43 54.54 144.31 

Grassland 7 1295 – 1583 1427.83 39.32 96.31 

Forest 4 1593 – 1836 1685.00 54.63 109.27 

Total 17 1295 – 1836 1514.53 36.99 152.53 
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Plate 5. Active nests of Helmeted Guineafowl in the Arjo-Didessa River Valley 

(©Yihenew A., 2019). 

4.5.3 Composition of nesting materials 

Helmeted Guineafowls build nests with dry grass (45.39%), leaves (27.82%), feathers 

(11.46%), straws (8.95%), and other nest-building materials (6.38%) such as dry weeds, 

twigs, and lianas (Fig. 8). Poaceae and Combretaceae plants were the most commonly 

used nesting materials by the species. 
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Figure 8. Nest building material composition of Helmeted Guineafowl in the Arjo-

Didessa River Valley. 

4.5.4 Clutch size 

The mean clutch size of Helmeted Guineafowl recorded in the present study was 12.18 ± 

1.07 (range: 5–19, n = 207). The clutch size of the species varied across breeding habitats 

where forests recorded the highest clutch size (14.00 ± 1.41) and farmland areas had the 

lowest (10.00 ± 4.38). There was a statistically significant difference in clutch size across 

the breeding months, i.e. July (χ2 = 7.53, df = 2, p = 0.01), August (χ2 = 5.98, df = 2, p = 

0.04), and September (χ2 = 10.06, df = 2, p = 0.01). However, it was not statistically 

significant during June (χ2 = 2.98, df = 2, p > 0.05) (Table 12). 
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Table 12. Clutch size of Helmeted Guineafowls across the breeding habitats and seasons 

in the Arjo-Didessa River Valley area. 

Parameters Variables n Range Mean ± SE SD χ2 df P 

 

Habitats 

 

Grassland 91.00 6.00 – 19.00 13.00 ± 1.96 5.19 6.62 2 0.01 

Farmland 60.00 5.00 – 17.00 10.00 ± 1.78 4.38 5.59 2 0.03 

Forest 56.00 12.00–15.00 14.00 ± 0.71 1.41 19.79 2 0.01 

Sum 207.00 5.00 – 19.00 12.18 ± 0.07 4.40 11.39 2 0.01 

 

Months 

June 18.00 6.00 – 12.00 9.00 ± 3.00 4.24 2.98 3 0.06 

July 73.00 5.00 – 15.00 10.43 ± 1.37 3.64 7.53 3 0.01 

August 72.00 6.00 – 19.00 14.40 ± 2.40 5.36 5.98 3 0.04 

September 44.00 12.00–17.00 14.66 ± 1.45 2.52 10.06 3 0.01 

 

3.5.5 Egg morphometry 

The mean egg length (cm), egg width (cm), and egg weight (g) of Helmeted Guineafowls 

in the Arjo-Didessa River Valley were 27.33 ± 0.19 mm, (range: 19.73–33.37, n = 207), 

16.44 ± 0.11 mm (range: 12.29 – 20.18, n = 207) and 43.42 ± 0.34 g, (range: 28.36 – 48.71, 

n = 207), respectively (Table 13). The eggs were white creamy and sharp shaped with a 

mean Egg Shape Index of 60.15± 0.83 mm. Its mean egg volume was 37.67mm3. The mean 

difference in external egg morphometric parameters between the 2018 and 2019 breeding 

seasons was egg length: 27.91 ± 0.33 and 26.96 ± 0.24, egg width:17.08 ± 0.20 and 16.05 

± 0.11, and egg weight: 43.81 ± 0.36 and 43.42 ± 0.34. The egg shape index (ESI) of the 

species was 61.19 cm during the 2018 and 59.53 cm in the 2019 during the breeding 

seasons. While its egg volume was 41.52 mm3, and 35.42 mm3 during the 2018 and 2019 

breeding seasons, respectively. 
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Table 13. Egg morphometric measurements of Helmeted Guineafowls in the Arjo-

Didessa River Valley area (*ESI: egg shape index; EV: egg volume). 

Breeding 

season 

Morphometric 

parameters 

 

Sum Range Mean±SE 

ESI* 

(cm) 

EV* 

(mm3) 

 

2018 

Egg length (mm) 2205.19 22.79 – 33.37 27.91 ± 0.33  

61.19 

 

41.52 Egg width (mm) 1332.23 14.02 – 20.18 17.08 ± 0.20 

Egg weight (g) 3461.38 36.80 – 48.10 43.81 ± 0.36 

 

2019 

Egg length (mm) 3424.03 19.73 – 32.17 26.96 ± 0.24  

59.53 

 

35.42 Egg width (mm) 2038.44 12.29 – 18.59 16.05 ± 0.11 

Egg weight (g) 5482.81 28.36 –48.71 43.17 ± 0.51 

 

Total 

Egg length (mm) 5629.22 19.73 – 33.37 27.33 ± 0.19  

60.15 

 

37.67 Egg width (mm) 3370.67 12.29 – 20.18 16.44± 0.11 

Egg weight (g) 8944.19 28.36 – 48.71 43.42 ± 0.34 

 

There was a positive association and moderate correlation between egg length and egg 

width (r = 0.69, n = 207), and between egg length and egg weight of the species (r = 0.62, 

n = 207), and it was not statistically significant (p > 0.05). Similarly, its clutch size was 

negatively correlated with egg length (t =138.72, df = 206, r = -0.04, p = 0.08, n = 207) 

and egg width (t = 153.28, df = 206, r = -0.12, p = 0.06, n=207). However, there was a 

positive correlation but weak association between the egg weight and clutch size of the 

species (t = 126.80, df = 206, r = 0.04, p = 0.08, n = 206). There was no statistically 

significant difference between the external egg morphometric parameters and clutch size 

(p > 0.05) (Table 14). 
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Table 14. External egg morphometry analyses of Helmeted Guineafowls in the Arjo-

Didessa River Valley area. 

 

Parameters 

 

t 

 

df 

Pearson correlations (r)  

p Egg 

length 

Egg 

width 

Egg 

weight 

Clutch 

size 

Egg length (mm) 138.72 206 - 0.69 0.62 -0.04 0.08 

Egg width (mm) 153.28 206 0.69 - 0.04 -0.12 0.06 

Egg weight (g) 126.80 206 0.62 0.04 - 0.04 0.08 

 

4.5.6 Breeding success 

A total of six active nests consisting of 79 eggs, and 11 nests encompassing 128 eggs of 

Helmeted Guineafowls were monitored during the 2018 and 2019 breeding seasons, 

respectively. During the 2018 breeding season, four nests (66.66%) consisting of 55 

(69.62%) eggs were successfully hatched. Seven (63.64%) nests with 83 (60.14%) eggs 

were successfully hatched during the 2019 breeding season of the species. Hence, the 

overall breeding success of the observed nests was 64.71% (n = 11) while the egg-hatching 

rate of the species was 66.67% (n=138) (Table 15). The mean incubation period of 

Helmeted Guineafowls in the Arjo-Didessa River Valley was 28.50±1.83 days (range: 25 

–32). However, among the 17 nests and 207 eggs of the species monitored throughout the 

breeding seasons, six nests (35.29%) and 69 eggs (33.33%) failed to hatch due to 

constraints including human disturbance, abandonment, predation, and illegal egg 

collection activities. 
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Table 15. Breeding performances of Helmeted Guineafowls in the Arjo-Didessa River 

Valley. 

Breeding 

season 

Nests 

located 

Successfully 

hatched nests 

Breeding 

success (%) 

Eggs 

monitored 

Successfully 

hatched eggs (%) 

Egg hatching 

success rate 

2018 6 4 66.66% 79 55 69.62% 

2019 11 7 63.64% 128 83 64.84% 

Total 17 11 64.71% 207 138 66.67% 

 

The breeding success of Helmeted Guineafowls varied between nesting habitats. The 

highest breeding (100%, n=4) and hatching success (100%, n=56) were recorded in the 

forest habitats. The lowest breeding (50%) and egg-hatching success rates (36.67%) were 

recorded in farmland habitats (Table 16). There was a statistically significant difference in 

the breeding success of the species between the nesting habitats (χ2 = 2.93, df = 2, p < 0.05). 

Table 16. Breeding success of Helmeted Guineafowl across nesting habitats. 

Breeding 

habitats 

Nests 

located 

Successfully 

hatched nests (%) 

Number of 

eggs monitored 

Egg hatching 

success rate (%) 

Number of 

failed eggs (%) 

Grasslands 7 4 (57.14%) 91 65.93 (n=60) 31 (34.07) 

Farmlands 6 3 (50.00%) 60 36.67 (n=22) 38 (63.33) 

Forest 4 4 (100%) 56 100.00 (n=56) - 

 

Among the six unsuccessful nests and 69 eggs of Helmeted Guineafowls, three nests 

(50.00%) with 31 eggs (44.93%) failed due to abandonment and illegal egg collection 

activities. However, two nests (33.33%) comprising 29 eggs (42.03%) failed as a result of 

predation pressure including raptors, mammals and reptiles. One active nest (16.67%) of 

the species containing nine eggs (13.04%) was unsuccessful in hatching due to unidentified 

causes (Fig. 9). 
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Figure 9. Causes of breeding failure of Helmeted Guineafowl in the Arjo-Didessa River 

Valley. 

4.6 Public Knowledge and Threats 

4.6.1 Threats to Galliformes 

The present study described habitat destruction and loss (32.18%), agricultural 

intensification (19.93%), deforestation and overgrazing (14.34%), illegal hunting and eggs 

collection (11.18%), fire (11.88%) and firewood collection (6.29%) as the main threats 

affecting Galliformes and their habitats in the study area. The application of agrochemicals 

such as weed killers and insecticides was also affecting these birds in the area (Fig. 10). 

Deliberate fire and burning of farmland areas and adjacent forest patches were also 

commonly practised by farmers and landowners supposed to confiscate leftover straws, 

weed dumps and pests, which affect essential resources such as foraging niches and resting 

sites which in turn possibly alter the habitat use and distribution of species in the area since 

fires have potential effects on the biological, ecological and environmental features. 
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Figure 10. Conservation threats to Galliformes and their habitats in the Arjo-Didessa 

River Valley. 

 

  

   
Plate 6. Major conservation threats to Galliformes and their habitats in the Arjo-DIdessa 

River Valley (A&B = hunting practices through trapping and snaring; C = habitats 

destruction through deforestation; D = fuelwood collection, E = charcoal production) 

(©Yihenew A., 2020). 
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4.6.2 Public knowledge and attitude towards Galliformes 

A total of 286, consisting of 174 (60.84%) male and 112 (39.16%) female respondents have 

participated in the present study. The age category of the respondents was between ≤ 18 

(4.50%), 18-30 (31.10%), 31-45 (40.90%), and ≥ 45 years (23.40%). The educational status 

of the participants was illiterate (49.30%), elementary (16.10%), high school (21.00%), 

and college diploma and above (13.60%) (Table 17). Accordingly, the occupational status 

of participants includes farmers, unemployed, government employees, and others including 

private owners accounting for about 40.90%, 24.50, 21.30%, and 13.30%, respectively. 

Table 17. Socio-demographic characteristics of the studied participants. 

Parameters Variables Frequency Percentage (%) 

Gender 

(n = 286) 

Male 174 60.84 

Female 112 39.16 

Total 286 100.0 

Age  

(n = 286) 

≤18 13 4.54 

18-30 89 31.12 

31-45 117 40.91 

≥45 67 23.43 

Total 286 100 

Levels of education 

(n = 286) 

Illiterate 141 49.30 

Elementary grade 46 16.08 

High school grade 60 21.98 

College diploma and above 39 13.64 

Total 286 100 
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Occupational status 

(n = 286) 

Farmers 117 40.91 

Unemployed 70 24.47 

Government employee 61 21.33 

Other 38 13.29 

Total 286 100.0 

 

The majority (86.36%, n=286) of the participants in the study area have prior background 

knowledge and awareness about Galliform birds, particularly the Guineafowl and 

Francolin species. They usually encountered these birds in an expected flock size ranging 

from 6 to 10 (36.84%, n=91), less than five (25.51%, n=63), 11-15 (23.08%, n=57) and 

≥16 (14.57%, n=36) individuals. Local communities perceived these birds due to their 

socio-economic attributes as an important source of food, meat and egg consumption 

(55.06%, n=87), sales as a source of income (28.48%, n=45), and other purposes (16.45%, 

n=26) including enjoyment, foster rearing practices, medicine and related traditional values 

(Table 18). There was a statistically significant difference in public knowledge and 

awareness of respondents across the age (χ2 = 10.45, df = 3, p <0.05) and levels of 

education (χ2 = 13.08, df = 3, p <0.05) of participants. While gender and occupational 

status of respondents have no significant effect on the knowledge and awareness of the 

participants (p > 0.05) (Table 18). 

Table 18. Public knowledge and awareness of respondents towards Galliformes. 

          Parameters           Variables Frequency Percentage (%) 

Knowledge and awareness of 

Galliformes (n = 286) 

Yes 247 86.36 

No 39 13.64 

Total 286 100 
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Frequency of Galliformes 

occurrence (n = 247) 

Usually 64 25.91 

Often 102 41.30 

Sometimes 48 19.43 

Rarely 33 13.36 

Total 247 100 

 

Expected flock size of species 

encountered (n = 247) 

1-5 63 25.51 

6-10 91 36.84 

11-15 57 23.08 

≥16 36 14.57 

Total 247 100 

 

Attitude of local communities 

towards Galliformes (n = 247) 

Positive 178 72.07 

Negative 46 18.62 

Neutral 23 9.31 

Total 247 100 

 

Galliform hunting and/or eggs 

collection experiences (n = 247) 

Yes 158 63.97 

No 89 36.03 

Total 247 100 

 

Reasons for hunting Galliformes 

             (n = 158) 

Source of food 87 55.06 

Source of income 45 28.48 

Others 26 16.46 

Total 158 100 
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In the study area, about 72.06% (n = 178) of the respondents had positive attitudes towards 

Galliformes. However, about 18.62% (n = 46) of the participants had negative attitudes 

which were mainly allied with their perceptions as pests causing possible crop damage and 

loss they pose to farmyards through collecting seeds of crops mainly during the sowing 

seasons as well as causing possible destruction to the grains, leaves and fruits of irrigation 

crops such as the Allium, Pipper and Solanum species. Whereas, about 9.31% (n = 23) of 

the participants had neutral thoughts about the conservation significance of these birds 

(Table 19). There was a statistically significant difference in the attitude towards 

Galliformes across the age (χ2 = 14.49, df = 3, p <0.05) and occupational status (χ2 = 10.20, 

df = 3, p <0.05) of respondents. However, there were no significant differences in public 

attitude across the gender and levels of education (p>0.05). Though local communities 

have prior knowledge and exposure to Galliformes, illegal hunting and egg collection 

activities are commonly practised in the study area and potentially affect the populations 

of these birds. Among the study participants, 63.97% (n = 158) of respondents have such 

experiences in hunting and egg collection activities. Hunters commonly use traps and leg-

hold snares set near the foraging and roosting sites. 

Table 19. Attitude of local communities towards Galliformes in Arjo-Didessa River 

Valley. 

Parameters Variables 

Public attitude  

Sum 

 

χ2 

 

df 

 

p Positive Negative Neutral 

 

Gender 

Male 108 27 16 151  

10.82 

 

1 

 

0.06 Female 70 19 7 96 

Total 178 46 23 247 
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Age 

<18 6 2 0 8  

14.49 

 

3 

 

0.02 
18-30 46 19 12 77 

31-45 81 15 3 99 

>45 45 10 8 63 

Total 178 46 23 247 

 

Levels of 

education 

Illiterate 97 23 12 132  

13.08 

 

3 

 

0.08 
Elementary grade 26 7 4 37 

High school grade 34 7 5 46 

College diploma 

and above 

21 9 2 32 

Total 178 46 23 247 

 

Occupational 

status 

Farmer 77 19 6 102  

10.20 

 

3 

 

0.001 Gov. employee 34 13 4 51 

Unemployed 40 8 11 59 

Other 27 6 2 35 

Total 178 46 23 247 

 

Accordingly, farmers who perceived Galliformes as pests predominantly employed 

guarding (67.39%, n=31),  trapping and snaring (17.39, n=8), scarecrow (10.87, n=5), and 

other techniques (4.35, n=2) as a main crop raid measure to protect the possible damage by 

these birds (Fig. 11). 

Figure 11. Major crop raid protection techniques in the Arjo-Didessa River Valley area. 
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5. DISCUSSION 

Arjo-Didessa River Valley is an important potential area for the three species of Galliform 

birds namely, the Clapperton's Francolin (P. clappertoni), Helmeted Guineafowl (N. 

meleagris), and Stone Partridge (P. petrosus). These species have significant populations 

inhabiting diverse habitat types to fulfil their ecological requirements. However, the study 

showed significant differences in Galliform assemblage and populations across 

spatiotemporal gradients in which the maximum and minimum number of the species were 

recorded in the farmland and riverine habitats, respectively. The difference in the 

population size of Galliformes between habitats during the dry and wet seasons may be 

attributed to the seasonal variations in habitat vegetation features and anthropogenic 

disturbance pressure related to the intensive agricultural land-use practices in the area that 

impacts the accessibility of food sources and protective cover to Galliformes (Rands, 1988; 

Moreau et al., 2022). 

 

Helmeted Guineafowls were the abundant Galliform birds recorded in the Arjo-Didessa 

River Valley area with a mean population size of 276±33 individuals. The population size 

of the species in the study area was higher than the findings by Kumssa and Bekele (2013) 

who reported a mean population size of 216.5±5.43 individuals in the Abijata-Shalla Lakes 

National Park. However, it was lower than the results by Tamrat and Subramanian (2013), 

who reported a population density range between 7.14±1.96, and 2.02±0.51 in Gonder 

Woreda, Ethiopia. The difference in the population size of the species between study sites 

may be attributed to the variations in environmental conditions and habitat features that 

often impact the resource availability and hence determine the abundance, population size 

and distribution of species (Waterhouse et al., 2002). 
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In the Arjo-Didessa River Valley, Galliformes were recorded across the four habitat types 

throughout the study periods. The Helmeted Guineafowl were widely distributed in the 

forest habitats during the dry and farmland areas during the wet seasons. While the 

Caperton’s Francolins were commonly distributed in the agricultural farmland areas and 

riverine habitats during the dry and wet seasons, respectively. However, Stone Partridges 

were entirely restricted to the forest patches throughout the study period. Its consistent 

occurrence in forest areas may be ascribed to the accessibility of the necessary resources 

to meet the ecological requirements of the species. It is also reported that Stone Partridges 

prefer woodland forests and rocky hillside areas with bushes and Hyparrhenia grass at an 

elevation of 620-1400 m asl (BirdLife International, 2022). A strong association of the 

species with open forests and farmland habitats was also stated by Codjia et al. (2021). The 

variation in the occurrence of the species between habitats across seasons may be attributed 

to the differences in anthropogenic pressure, habitat size and vegetation features which 

provide more niches and essential resources including food sources, protective cover, 

resting areas, roosting areas, and breeding sites. However, a study by Ratcliffe and Crowe 

(2001) reported a thriving population status, abundance and distribution ranges of 

Helmeted Guineafowls in modified landscapes. It is also described that forest-restricted 

birds are less tolerant to habitat modification and hence have smaller distribution ranges 

(Westphal et al., 2003). 

 

The maximum flock size of Galliformes in the study area was recorded during the dry 

season which may be related to the fact that the dispersed breeding pairs might join other 

flocks during the dry non-breeding season. Additionally, several flocks of the species often 

aggregate together and form larger groups during the dry non-breeding seasons where a 
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high anthropogenic disturbance related to agricultural land preparation practices involves 

deliberate fire that potentially affects the availability of suitable foraging and resting sites. 

A study by Kumssa and Bekele (2013) also reported a comparable flock size of Helmeted 

Guineafowls which was in the ranges between one and 21 individuals per flock. The flock 

size of Helmeted Guineafowls depends on population density and breeding status 

(Maclean, 1993; Van Niekerk, 2010). 

 

The findings of the present study showed Helmeted Guineafowls were omnivorous with 

diets consisting of a variety of animal and plant matter. During the dry seasons, the species 

frequently feed on the seeds and leaves of grasses, grains and tubers while insects including 

termites (Isoptera), butterflies (Lepidoptera), ants (Hymenoptera) and grasshoppers 

(Orthoptera) were the main food sources of the species during the wet seasons. The 

difference in the diet composition of the species between seasons may be related to the 

variations in local climatic conditions such as temperature and rainfall patterns that 

essentially affect the availability and accessibility of food sources especially invertebrates 

and consequently insect prey abundance associated with the onset of rainy seasons, 

combined with the need of providing protein-rich food to the chicks. Similarly, the 

omnivorous mode of feeding and a high proportion of arthropod diets, mainly insects were 

also reported in previous studies (Mentis et al., 1975; Crowe et al., 1986; Little et al., 1995; 

Mwansat et al., 2015). 

The present study recorded a lower proportion of insects (52%) during the wet, and seed 

(53%) diets during the dry seasons compared to the study by Kumssa and Bekele (2013), 

who reported about 71.6% of insects, and 75.2% of nodes and seeds of grasses as the main 

food sources of the species during the wet and dry seasons, respectively, in the Abijata-
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Shalla Lakes National Park. A greater proportion of arthropod diets including insects such 

as beetles exceeding 80% of the food of the species was also reported during the wet 

seasons in South Africa (Mentis et al., 1975; Little et al., 1995). The differences in diet 

composition of the species between the study areas may be due to the differences in 

environmental conditions since seasonality in rainfall patterns, temperature variation and 

habitats affect the accessibility of food resources and vegetation cover (Cody, 1981). It 

may also be attributed to the variation in habitat features, disturbance pressure and the 

application of agrochemicals which may affect insect food abundance in the present study 

area compared to the Abijata-Shalla Lakes National Park which is a protected area. Habitat 

features, rainfall frequency and agrochemicals such as pesticides possibly impact the 

availability, abundance and diet composition of birds, and hence influence the population 

status and distribution of species including Galliformes (Ahmad et al., 2019; Moreau et al., 

2022). 

 

Helmeted Guineafowls were predominantly observed in the upland forest habitats during 

the dry and farmland areas during the wet seasons in the ArjoDidessa River Valley. The 

species used these areas as the main foraging sites throughout the study periods. The use 

and consistent existence of the species in these habitats may be attributed to the 

accessibility of basic resources such as food sources, subsequent protective cover and 

resting and nesting sites since forest patches and edge habitats have heterogeneous 

vegetation leading to vital effects on the population size and habitat uses of birds 

(Rotenberry and Wiens, 1998; Van Niekerk, 2013; Zhao et al., 2020; Ovat et al., 2022). 

Furthermore, the species were recorded intensively foraging in the grassland, forest and 

farmland habitats during the morning, mid-day and afternoon hours, respectively, which 
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might be related to the availability of necessary conditions such as food resources, and 

accessibility of vegetation features supporting them to hide and reduce exposures from 

anthropogenic disturbances since the habitat choice and foraging strategies of birds are 

correlated with food source availability (Zhao et al., 2020). Studies also reported that 

Helmeted Guineafowls preferred fragmented agricultural areas and adjacent savannah 

grassland habitats to access vital resources and were also attracted by weeds during the wet 

seasons (Grafton, 1969; Crowe et al., 1986; Van Niekerk (2013). The dispersion of 

essential resources across habitats often determines the daily and seasonal movements of 

Helmeted Guineafowls (Prinsloo et al., 2008). 

 

The breeding period of Helmeted Guineafowls in the Arjo-Didessa River Valley area was 

during the wet seasons between early June to late September which may be aligned with 

the local climatic and environmental conditions including rainfall patterns through their 

effects on the accessibility of resources such as food sources, nesting materials and proper 

cover. Other studies also state the breeding period of wild Helmeted Guineafowls occurs 

during the rainy seasons in Nigeria (Aire et al., 1979; Ayeni, 1980). A comparable breeding 

period of the species from August to September during the peak rainy season was also 

reported by Njiforti (1997) in Cameroon. It is reported that the breeding biology of 

Helmeted Guineafowls is initiated and closely allied with non-photic cues such as rainfall 

frequency, temperature and accessibility and abundance of high-protein-rich insect food 

sources during the rainy season (Mentis et al., 1975; Crowe, 1978; Crowe and Siegfried, 

1978; Ayeni, 1980; Njiforti, 1997). Food abundance influences the timing of breeding in 

birds (Newton, 1998). Studies also stated that eggs of the species with low fertility could 

also be laid during wet off-season periods (Ayorinde et al., 1989). 
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In the present study, Helmeted Guineafowls were ground-nesting. Nests of the species were 

located in grassland, farmland and forest habitats with an altitude range between 1295 and 

1836 m asl. The sites where active nests of the species were located had tall grass scantly 

lined with adequate shrub vegetation cover to optimize nest concealment. Breeding in these 

habitats is possibly associated with the accessibility of essential conditions such as 

protective cover, nesting materials and the acquisition of necessary resources to maintain 

optimum nest temperature and sustain breeding fitness. However, Njiforti (1997) reported 

nests of Helmeted Guineafowls (Numida m. g.) under scrubs (76%) compared to isolated 

grass tufts (8%) and open areas (7%) which might be due to variations in ecological and 

environmental features of the breeding areas. It is reported that the species avoids nesting 

in dense vegetation, riverine habitats, and settlement areas (Little, 2016). 

 

The nest site selection of species often relies on resource availability, habitat features, 

competition, breeding experience, and nest predation risk (Martin, 1995; Cancellieri and 

Murphy, 2014; Fu et al., 2016). The nesting constituents of the species in the study areas 

consisted of grasses, leaves, feathers, straws, dry weeds and lianas since nest-building 

material composition is significantly associated with the vegetation features of surrounding 

breeding habitats (Biddle et al., 2018; Briggs et al., 2019). 

 

The mean clutch size of Helmeted Guineafowl in the Arjo-Didessa River Valley area was 

12.18 ± 1.07 which was higher than the findings by Njiforti (1997) who reported a mean 

clutch size of 7.4 ± 3.1, 9.4 ± 4.3, and 10.2 ± 5.0 (range: 1-20) between the 1992, 1993 and 

1994 breeding seasons of the species, respectively, in Cameroon. In the present study, the 
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species laid a comparably good number of eggs per nest. However, this result is 

comparably lower than those reported by Ayeni (1980) who recorded a clutch of 15 to 20 

eggs in Nigeria. A similar study by Clancey (1967), and McLachlan and Liversidge (1972) 

also reported a clutch size of N. meieagris in the ranges between 6 and 19 eggs in Southern 

Africa. The variation in the clutch size of the species between studies might be due to the 

differences in environmental conditions and resources supporting the breeding physiology 

of the species. Studies also stated the clutch size and breeding fitness of Helmeted 

Guineafowls are highly influenced by food resource accessibility, temperature and rainfall 

frequency (Crowe, 1978; Crowe and Siegfried, 1978). 

 

The eggs of the Helmeted Guineafowls observed in the present study were pointed-shape 

with an ESI value of 60.15 ± 0.83 mm. The highest egg length, egg width and egg weight 

recorded in this study were 33.37 mm, 20.18 mm, and 48.71 gm, respectively. A higher 

external egg morphometric value, i.e., egg length (47.00 mm), egg width (36.10 mm), and 

ESI (76.80 mm) of Helmeted Guineafowls were reported by Zeleke et al. (2020) under an 

intensive management system. However, the present study recorded a higher mean egg 

weight value (43.42 g) than reported by Zeleke et al. (2020) with values of 35.90 g. Egg 

size and weight are important egg quality parameters of the egg shape index which have 

vital effects on fertility and hatchability rates (Amat et al., 2001; Aciand Durmus, 2015). 

However, it is mostly determined by food abundance and composition, laying season, egg 

composition, body weight and anatomical structure (Summers and Leeson, 1983; Nol et 

al., 1997; King'ori, 2012). 
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The breeding success of Helmeted Guineafowl recorded in the present study was 64.71% 

which was lower than the study by Njiforti (1997) who reported a breeding success of 

greater than 90% in Cameroon. However, the findings of the present study presented a 

higher breeding performance of the species than reported by Ayeni (1980) who noted a 

28% breeding success in Nigeria. Such differences in the breeding performance of the 

species between breeding areas may be due to differences in predation and anthropogenic 

disturbance pressure. It is also stated that climatic and environmental conditions such as 

vegetation and rainfall patterns significantly influence the breeding success of Helmeted 

Guineafowl through their effect on food source availability (Mentis et al. 1975; Crowe, 

1978; Crowe and Siegfried, 1978; Njiforti, 1997). 

 

Egg-hatching rate of the species recorded in the present study was 66.67% which was 

higher than reported by Ayeni (1980) who noted a hatching success rate of 34% in Nigeria. 

The variations may be due to the differences in environmental features that support egg 

hatching, nest disturbance and predation risk. Studies also reported the significant effects 

of rainfall on the breeding activities of the species in Uganda (Fergin, 1964). Mentis et al. 

(1975) also reported a low guineafowl population and poor breeding success of the species 

as a result of low rainfall in South Africa. A similar study by Mentis et al. (1975) also 

reported the negative effects of low rainfall on the limited availability of high-protein insect 

food and associated effects on the poor breeding success of the species. 
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The breeding performance of Helmeted Guineafowl in the study area varied across nesting 

habitats which were higher (100%) in forest habitats than in grassland and farmland areas. 

This may be ascribed to the differences in vegetation features where forests provide high 

nest concealment. Furthermore, farmland and grassland areas in the Arjo-Didessa area have 

high anthropogenic pressure related to farming activities and overgrazing which results in 

cattle trampling and higher predation risks than forest habitats. A study by Martin (1995) 

and Kragten et al. (2008) reported inter-specific variations in the breeding success of 

ground-nesting birds between nesting habitats, where higher nest loss, clutch destruction 

rates and lower breeding success were documented in grassland and farmland areas due to 

farming operation activities. Insufficient reproductive success, clutch destruction and 

subsequent population decline of ground-nesting farmland birds due to farming operations 

were also stated by Kragten et al. (2008). It is reported that the breeding success and nest 

survival rates of birds are influenced by nesting habitat features, food abundance, nest age, 

disturbance, and predation pressure (Webb et al., 2012; Sandercock et al., 2015; Brussee 

et al., 2016). Environmental conditions and landscape effects such as habitat loss and 

fragmentation, nesting habitat quality and disturbance also potentially influence the nest 

survival and breeding success of species (Winter et al., 2003). Studies also stated elevated 

nest predation rates and nest loss in fragmented landscapes, small remnants, habitat 

boundaries and edges (Robinson et al., 1995; Herkert et al., 2003; Batary and Baldi, 2004). 

 

In the present study area, anthropogenic disturbances that led to abandonment and 

predation were the main causes of breeding failure of Helmeted Guineafowls. These 

findings were in line with the results by Njiforti (1997) who reported nest abandonment 
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(39.0%), predation by Monitor lizards and snakes (24.4%), flooding (19.5%) and cattle 

trampling (17.1%) as the main causes for the breeding failure of the species in Cameroon. 

Studies also reported ground-nesting birds including Galliformes are more susceptible to 

avian and mammalian predators, and sensitive to changes in land-use practices such as 

cultivation and grazing intensity (Collias and Collias, 1984; Guerrero et al., 2012). Nest 

predation exerts a substantial effect and significantly influences the habitat selection, 

breeding success, community structure and species coexistence of birds, mainly in ground-

nesting Galliformes, waterfowls and shorebirds (Martin, 1993; Caro, 2005; Ibáñez-Álamo 

et al., 2015). The mean incubation period of Helmeted Guineafowl in the study area was 

28.5 ± 1.83 days, which was in agreement with the findings by Ayeni (1980) who reported 

27 days in Nigeria. 

 

The findings of the present study described habitat destruction and loss, agricultural 

intensification, deforestation, overgrazing, deliberate fire, and fuelwood collection as the 

main threats to Galliform birds and their habitats. This might be due to the ever-increasing 

land needs and agricultural expansion which significantly impact the natural ecosystems 

of the area at large. The application of agrochemicals such as weed killers and pesticides 

and illegal hunting and egg collection activities were also commonly practised which affect 

Galliform birds in the study area. Land-use practices and agrochemicals remove arthropods 

and weeds which are essential food sources of the species and their nestling during the 

breeding season, and hence influence the egg-laying, chick survival, and breeding 

performance of Helmeted Guineafowls, resulting in species population decline (Malan and 

Benn, 1999). A study by Mateo et al. (2022) also stated that the habitat and dietary 



80 

preferences of Galliformes such as the Red-legged Partridge (Alectoris rufa) which practice 

granivorous feeding habits and their preferences in cropland areas exposed to several 

contaminants that make them vulnerable to agrochemicals such as insecticides and 

fungicides. A study by Gizachew (2021) reported farmland expansion (29.7%), charcoal 

production, and firewood collection (21.6%) as the main threats to the Arjo-Diga Forest 

ecosystem. Habitat alteration, deforestation, agriculture, logging and disturbance are the 

primary causes of habitat fragmentation and population decline of birds (Storch, 2013; 

Lalthanzara et al., 2014). Similarly, overgrazing, urbanization, settlement and agricultural 

expansion, habitat fragmentation and resource extraction were defined as the major threats 

to birds and their habitats in the Cheleleka Wetland (Gibru and Temesgen, 2020). 

 

In agreement with the findings of the present study, deforestation and clearance of trees 

and thorn scrub for cultivation, fuelwood collection, mining, hunting and egg collection 

for food and source of income were reported as the main threats to the survival of 

Harwood's Francolin (P. harwoodi) and Erckel's Francolin (P. erckelii) in the Central 

Highlands of Ethiopia (Robertson et al., 1997; Abrha et al., 2017). Studies also described 

habitat destruction and degradation, deforestation, loss of foraging and nesting areas, 

overgrazing, human disturbance and settlement expansion, agricultural intensification due 

to the increased farming and grazing land demands, firewood collection, overexploitation, 

hunting and predation activities as the main threats affecting the populations of Helmeted 

Guineafowl and their habitats in the Abijata Shala National Park, Ethiopia (Kumssa and 

Bekele, 2014). Overhunting and habitat degradation due to agricultural expansion and 

habitat conversion are also reported as the major threats causing the population decline of 

Clapperton's Francolin (del Hoyo et al., 2014). 
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In the study area, deliberate fire and consistent burning of farmland areas and adjacent 

forest patches were commonly practised and possibly resulted in habitat destruction and 

impacted vital resources like foraging niches and resting sites since fire has a substantial 

impact on the physical, biological, ecological, and environmental features, which in turn 

influences the population status, habitat use, and distribution of the species (Jaiswal et al., 

2002). The accessibility of resources supporting the ecological needs of birds, such as food 

sources, protective cover, roosting sites, competition, breeding sites, nesting materials, and 

predation pressure, is frequently influenced by environmental features, such as 

microclimate, habitat size and quality, and vegetation structure which in turn determines 

the abundance, species composition, habitat use and distribution patterns of the species 

(Rotenberry and Wiens, 1998; Lee and Rotenberry, 2005; Pandey et al., 2020). 

 

Studies also reported that anthropogenic intrusions including agricultural intensification, 

settlement expansion, and investment activities impact the habitat vegetation structure and 

ecological traits through its effect on habitat destruction and fragmentation that influence 

the availability of essential resources like food and protective cover, and hence potentially 

determine the abundance, distribution, habitat use as well as movement of species 

(Soldatini et al., 2010; Ntongani and Andrew, 2013; Ferger et al., 2014; Elsen et al., 2017). 

Population growth and settlement expansion, livestock encroachment, land clearing, 

logging and urbanization, climate change, fire, agrochemicals, habitat alteration by 

invasive species and disease were reported as the main causes of the population decline of 

Galliformes globally (Keane et al., 2005; Garson and Zheng, 2006; Storch, 2013). 

Anthropogenic disturbance related to agricultural intensification also results in the 
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destruction and loss of habitat, which in turn has profound effects on landscape 

modifications that deprive essential resources including the foraging, roosting and nesting 

sites of birds aggravating the decline of birds. Excessive hunting and overexploitation for 

food (Fuller and Garson, 2000; McGowan and Garson, 2002; Tian et al., 2018), habitat 

destruction and loss (Zhou et al., 2014), human disturbance (Storch, 2013), depredation 

(Garson and Zheng, 2006), and recreational sport, trade and cultural practices immensely 

threaten Galliformes population globally (Keane et al., 2005). A study by Ayanda and 

Ayeni (1980) also described habitat destruction, loss and fragmentation, illegal hunting, 

egg collection, human disturbance, and predation as the main causes of guineafowl 

population decimation. 

 

A survey of people's knowledge and attitude towards Galliformes showed that the majority 

(86.36%) of the participants in the study area have prior background knowledge and 

awareness about Guineafowls and Francolins. They perceived these birds as important due 

to their economic and socio-cultural attributes such as sources of food, income, enjoyment, 

foster rearing and medicinal values and related traditional practices, which are in line with 

the findings reported in Ghana (Issaka and Yeboah, 2016). Illegal hunting and egg 

collection activities are commonly practised in the study area and potentially affect the 

Galliform population. This is aggravated by snaring and trapping practices used to catch 

these birds, which can make them susceptible to predation risk during capture. It is also 

reported that Galliformes have been extensively hunted primarily for subsistence, sport and 

trade. Hunters commonly catch these birds through setting leg snaring and live trapping 

techniques. A study by Khalil et al. (2015) also reported gun shooting, and trapping through 

trained dogs and nets as the main hunting techniques for grey francolins in Pakistan. 
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In the study area, about 72.06% of people surveyed have a positive attitude towards 

Galliformes considering their socioeconomic attributes. However, it is less than the 

findings by Lentijo and Hostetler (2013) who reported a 96% public attitude toward 

farmland birds in Colombia. The difference in public attitude towards these birds might be 

attributed to the difference in exposure and conservation efforts between the study areas. 

The knowledge and awareness of respondents about Galliformes were primarily 

determined by their age and levels of education. However, there were no significant 

differences in public knowledge related to gender and occupational status. In contrast to 

the findings of the present study, Hummel et al. (2015) reported that girls have a greater 

interest than boys, which might be linked to differences in experiences and exposure to 

these birds and conservation efforts. Those who perceived Galliformes as pests were more 

likely to have negative attitudes towards these birds. Respondents' age and their levels of 

education have significant effects on public knowledge and awareness. But gender and 

occupation status does not impact public awareness towards Galliform birds in the area. 

Furthermore, it is age and occupational status but not gender and levels of education that 

influence the public attitude about the conservation significance of these birds in the study 

area. 

 

Crop-raiding techniques including guarding through stoning and sound production, snaring 

and trapping scarecrows, and related measures were predominantly employed by local 

farmers to protect against possible crop damage and disturbance by these birds in the area, 

which was in agreement with the findings reported by Tracey et al. (2007). Similarly, 

guarding, chasing, fencing, scarecrow, fencing, and smoking techniques were also reported 

by Kebede et al. (2016) in southern Ethiopia. 
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6. CONCLUSION AND RECOMMENDATIONS 

6.1 Conclusion 

The Arjo-Didessa River Valley area supported a significant population of three Galliform 

bird species including the Clapperton's Francolin (P. clappertoni), Helmeted Guineafowl 

(N. meleagris) and Stone Partridge (P. petrosus). However, the species and their habitats 

in the area are under immense anthropogenic pressure and need further research and 

conservation intervention to protect their native habitats and preserve these birds. The 

population size, foraging activity and habitat uses of Galliformes in the area are potentially 

influenced by the seasonal differences in environmental conditions, resource availability 

and anthropogenic pressure. It also resulted shifts in the diet composition of Helmeted 

Guineafowls across spatiotemporal gradients. The breeding ecology of Helmeted 

Guineafowls in the Arjo-Didessa River Valley area is aligned with the local climatic and 

environmental conditions that significantly impact the availability of food sources, 

protective cover, and nesting materials. The breeding success of the species was 

constrained by various factors including anthropogenic disturbance, abandonment, 

predation and illegal egg-collection activities. The consistent practices of burning 

farmlands and their adjacent habitats predominantly affect the foraging niches and resting 

sites of Galliformes, which in turn alters the habitat use and population size of Galliform 

in the area. Furthermore, the application of agrochemicals and illegal hunting are among 

the common practices that pose a threat to Galliformes and their habitats. The promising 

public understanding and positive attitude of local communities towards the conservation 

significance of Galliformes with support from the government can play a significant role 
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in the conservation and maintaining a stable population of Galliform birds and their native 

habitat in the region. 

6.2 Recommendations 

Galliformes and their habitats in the Arjo-Didessa River Valley area are under immense 

anthropogenic pressure owing to a wide array of interrelated threats that urge immediate 

conservation intervention. Hence, the following interventions are essential to safeguard the 

species and protect their habitats. 

 Further research efforts and conservation interventions are crucial to understand the 

post-hatching successes and consistently monitor the population trends of 

Galliform birds in the region. 

 Maintaining the foraging and breeding sites could enhance the breeding 

performance and hence support the conservation of the species in the region. 

 The possible impacts of agrochemicals such as insecticide utilization practices on 

arthropod population density and their probable effects on the distribution patterns, 

habitat uses and breeding phenology of Galliformes should be studied. 

 A community-based conservation intervention including community education and 

outreach is indispensable and should be strengthened to raise awareness and 

enhance public understanding of the conservation significance of Galliformes, 

sustainably maintain the ecosystems and promote human-Galliform co-existence. 

 Engagement of stakeholders and collaboration are exceedingly vital and need to be 

strengthened to mitigate threats in a way to maintain the population of these birds 

and sustainably protect their ecosystem in the region. 
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 Furthermore, conservation actions, habitat protection and management strategies 

should comprise increased legislation and law enforcement to control illegal 

hunting and logging activities. 

REFERENCES 

Abrha, A. M., Nigus, H. K., Weldetnsae, B. G., Tilahun, M., Nigusse, A. G. and Deribew, 

 K. T.  (2017). Effects of Human Disturbances on Two Sympatric Francolin 

 Species in the Central Highlands of Ethiopia. Podoces 12(1):13–21. 

Ahmad, B., Noor, F., Awan, M., Minhas, R. and Ali, U. (2019). Distribution and population 

status of Himalayan Monal pheasant (Lophophorus impejanus) in Salkhala game 

 reserve, Neelum valley Azad Jammu and Kashmir (Pakistan). Plant 

 Sci. 29(4):1150–1159. 

Aire, T., Ayen, J. and Ülowo-ükrun, M. (1979). The structure of the excurrent ducts of the 

 testis of the Guineafowl (N. meleagris). J. Anat. 129(3):633–643. 

Ali, M., Qureshi, A., Rehan, S., Akbar, S. and Manzoor, A. (2015). Seasonal variations in 

 histomorphology of testes and bursa, immune parameters and serum testosterone 

 concentration in male Guineafowl (Numida meleagris). Pakis. Veter. J. 35(1):88–

 92. 

Amat, J., Gómez, J., Liñán-Cembrano, G., Rendón, M. and Ramo, C. (2017). Incubating 

 terns modify risk-taking according to diurnal variations in egg camouflage and 

 ambient temperature. Behav.  Ecol.  Sociobiol 71:1–8. 

Amat, J., Fraga, R. and Arroyo, G. (2001). Intraclutch egg-size variation and offspring 

 survival in the Kentish plover (Charadrius alexandrines). Ibis 143:17–23. 

https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Pakistan+Veterinary+Journal%22


87 

Annor, S., Apiiga, S. and Ahiaba, J. (2012). A Handbook on Guineafowl Production in 

 Ghana. Quality Type Limited, Accra. 

Asci, F. and Durmus, I. (2015). Effect of Eggs Shape Index on Hatching Characteristics in 

 Hens. Turk. J. Agri. Food Scien. Techn. 3(7):583–587. 

Ash, J. S. and Atkins, J. (2009). (2009). Birds of Ethiopia and Eritrea: An Atlas of 

 Distribution. Christopher Helm, London, pp. 463. 

Ash, J. S. and Gullick, T. M. (1989). The present situation regarding the endemic breeding 

 birds of Ethiopia. Scopus 13:90–96. 

Ash, J. S. (1978). The undescribed female of Harwood’s Francolin (Francolinus harwoodi) 

 and other observations on the species. Bull. Br. Ornithol. Club 98:1–15. 

Ayanda, J. O. and Ayeni, J. S. O. (1980). The implications of studies of the husbandry 

 practices and social acceptability of guineafowl to Africa in the 1980s. A paper 

 presented at the 6th African Wildlife Conference, 13th-19th July, Nairobi, Kenya. 

Ayeni, J. S. (1980). The Biology and Utilization of Helmeted Guineafowl (Numida 

 meleagris galeataPallas) in Nigeria. PhD Thesis, University of Ibadan, Ibadan. 

Ayorinde, K. L. (1991). Guineafowl (Numida meleagris) as a protein supplement in 

 Nigeria. World’s Poult. Scie. J. 47:21–26. 

Ayorinde, K. L. (1990). Problems and prospects of guineafowl production in the rural areas 

 of Nigeria. Proceedings International Workshop held, Ife, Nigeria. pp. 106-115. 

Ayorinde, K., Ayeni, J. and Oluyemi, J. (1989). Laying characteristics and reproductive 

 performance of four indigenous helmeted guinea fowl varieties (Numida meleagris 

 galeataPallas) in Nigeria. Trop. Agric. 66(3):277–280. 



88 

Batary, P. and Baldi, A. (2004). Evidence of an edge effect on avian nest success. Conser. 

 Biol. 18(2):389–400. 

Beckmann, C. and McDonald, P. G. (2016). Placement of re-nests following predation: 

 are birds managing risk?. Emu 116(1):9–13. 

Bêty, J., Gauthier, G., Giroux, J. and Korpimäki, E. (2001). Are goose nesting success and 

 lemming cycles linked? Interplay between nest density and 

 predators. Oikos 93(3):388– 400. 

Belshaw, R. (1985). Guineafowl of the World. World of Ornithology. Minirod Book 

 Services, Hampshire, England. 

Bhattacharya, T., Sathyakuma, S. and Rawat, G. (2009). Distribution and Abundance of 

 Galliformes in Response to Anthropogenic Pressures in the Buffer Zone of Nanda 

 Devi Biosphere Reserve. Int. J. Galliformes Conserv. 1:78–84. 

Bhatt, D. and Kumar, A. (2001). Foraging Ecology of Red-vented Bulbul Pycnonotus cafer 

 in Haridwar, India. Forktail 17:109–110. 

Bibby, C., Burgess, N., Hill, D. and Mustoe, S. (2000). Bird Census Techniques. (2nd ed.). 

 Academic Press. London, UK. pp. 302. 

Bibby, C., Jones, M. and Marsden, S. (1998). Expedition Field Techniques: Bird Surveys. 

 Expedition Advisory Centre. Royal Geographical Society, London. 

Biddle, L., Broughton, R., Goodman, A. and Deeming, D. (2018). The composition of bird 

 nests is a species-specific characteristic. Avian Biol. Res. 11(2):132–153.  

Biddle, L., Goodman, A. and Deeming, D. (2017). Construction patterns of birds’ nests 

 provide insight into nest-building behaviours. PeerJ5:e3010. 



89 

Biddle, L., Deeming, D. and Goodman, A. (2015). Morphology and biomechanics of the 

 nests of the common blackbird Turdusmerula. Bird Study 62:87–95. 

BirdLife International (2022). Handbook of the Birds of the World and BirdLife

 International  digital checklist of the birds of the world. Version6b.

 http://datazone.birdlife.org/userfiles/file/Species/Taxonomy/HBWBirdLife_Chec

 klist_v6b_Jul22.zip. Accessed 26 February 2023. 

Borgmann, K. and Conway, C. (2015). The nest-concealment hypothesis: new insights 

 from a  comparative analysis. Wilson J. Ornithol. 127(4):646–660. 

Brickle, N., Duckworth, J., Tordoff, A., Poole, C., Timmins, R. and McGowan, P. (2008). 

 The status and conservation of Galliformes in Cambodia, Laos and Vietnam. 

 Biodiv. Conserv. 17(6):1393–1427. 

Briggs, K., Biddle, L. and Deeming, D. (2019). Geographical location affects size and 

 materials used in the construction of Pied Flycatcher (Ficedula hypoleuca) nests. 

 Avian Res. 10(1):1–15. 

Brussee, B., Coates, P., Hothem, R., Howe, K., Casazza, M. and Eadie, J. (2016).  Nest 

 survival is influenced by parental behaviour and heterospecifics in a mixed‐species 

 colony. Ibis 158(2):315–326. 

Burger, J. (1985). Habitat selection in temperate marsh nesting birds. In: Cody, M. (ed.) 

 Nest-site Selection in Birds. New York Academic Press. 

Burr, P., Robinson, A., Larsen, R., Newman, R. and Ellis-Felege, S. (2017). Sharp tailed 

 grouse  nest survival and nest predator habitat use in North Dakota’s Bakken oil 

 field. PloS One 12(1):e0170177. 

Cancellieri, S. and Murphy, M. (2014). Experimental analysis of nest-site choice and its 

 relationship to nest success in an open-cup–nesting passerine. Auk 131(4):539–548. 

http://datazone.birdlife.org/userfiles/file/Species/Taxonomy/HBWBirdLife_Checklist_v6%09b_Jul22.zip
http://datazone.birdlife.org/userfiles/file/Species/Taxonomy/HBWBirdLife_Checklist_v6%09b_Jul22.zip


90 

Case, S., Postelli, K., Drake, D., Vizentin-Bugoni, J., Foster, J., Sperry, J. and Tarwater, 

 C. (2022). Introduced Galliformes as seed predators and dispersers in Hawaiian 

 forests. Biol. Invasions 24(10):3083–3097. 

Caro, T. (2005). Antipredator Defenses in Birds and Mammals. Chicago, IL: 

 University of Chicago Press. 

Central Statistics Agency (CSA) (2007). National Population Statistics. Federal 

 Democratic Republic of Ethiopia, Central Statistical Authority, Addis Ababa. 

Chalfoun, A. and Martin, T. (2007). Latitudinal variation in avian incubation attentiveness 

 and a test of the food limitation hypothesis. Anim. Behav. 73(4):579–585. 

Chapin, J. P. (1932). The birds of the Belgian Congo. Part 1. Bu. An. Mus. Nat. Hist. 

 65:1–756. 

Charmantier, A., McCleery, R., Cole, L., Perrins, C., Kruuk, L. and Sheldon, B. (2008). 

 Adaptive phenotypic plasticity in response to climate change in a wild bird 

 population. Science 320(5877):800–803. 

Chimdessa, K., Quraishi, S., Kebede, A. and Alamirew, T. (2018). Effect of Land-Use and 

 Cover  and Climate Change on River Flow and Soil Loss in Didessa River Basin, 

 South West Blue Nile, Ethiopia. Hydrology 6(2):1–20. 

Chrappa, V., Resovsky, S. and Repta, T. (1978). Guineafowl raising on deep litter and in 

 cages. Poolnohas. Podarstvo 24(11):1001–1013. 

Christians, J. K. (2002). Avian egg size: variation within species and inflexibility within 

 individuals. Biol. Rev. Camb. Philos. Soc.77(1):1–26. 

Church, K. and Taylor, J. (1992). Management and research of northern bobwhite Colinus 

 virginianus in North America: An overview. Gibie rFaune Sauvage 9:787–796. 



91 

Clancey, P. A. (1967). Gamebirds of Southern Africa. American Elsevier Publishing 

 Company, Inc., New York. 

Codjia, C. S, Onyimonyi, A. E., Lougbegnon, T. O. and Codjia, J. T. (2021). 

 Environmental factors influencing the presence of the Stone Partridge (Ptilopachus 

 petrosus) and phytoecological characterization of its habitat in Benin, Western 

 Africa. Afri. J. Agri. Res. 17(10):1308–1315. 

Cody, M. L. (1985). Habitat Selection in Birds. Academic Press, London. 

Cody, M. L. (1981). Habitat Selection in Birds: The Roles of Vegetation Structure, 

 Competitors and Productivity. Biol. Sci. 31(2):107–113. 

Collias, N. and Collias, E. (1984). Nest building and bird behaviour. Princeton (NJ): 

 Princeton University Press, Princeton, New Jersey. p. 336. 

Conroy, M. and Carroll, J. (2001). Estimating abundance of Galliformes: Tools and 

 Application. Papers in Natural Resources, International Galliformes Symposium. 

 pp. 204–211. 

Conway, C. and Martin, T. (2000). Evolution of passerine incubation behavior: influence 

 of food, temperature, and nest predation. Evol. 54(2):670–685. 

Cresswell, W. (2011). Predation in bird populations. J. Ornithol. 152(1):251–263. 

Crowe, T., Bowie, R., Bloomer, P., Mandiwana, T., Hedderson, T., Randi, E. and 

 Wakeling, J. (2006). Phylogenetics, biogeography and classification of, and 

 character evolution in, gamebirds (Aves: Galliformes): effects of character 

 exclusion, data partitioning and missing data. Cladistics 22(6):495–532. 

Crowe, T. M. (2000). Helmeted Guineafowl. In: Little, R. M. and Crowe, T. M. (Eds). 

 Gamebirds of Southern Africa, Struik, Cape Town. pp. 90–95. 



92 

Crowe, T., Keith, G. and Brown, C. (1986). Galliformes. In: The birds of Africa. Urban, 

 E., Fry, C. H. and Keith, S. (Eds) V2, Academic Press, London, p. 1–76. 

Crowe, T. and Siegfried, W. (1978). It's raining guineafowl in the northern Cape. S. Afr. J. 

 Sci.74:261–262. 

Crowe, T. M. (1978). Limitation of populations in the Helmeted Guineafowl. S. Afr. J. 

 Wildl. Res. 8:117–126. 

Davies, S. and Deviche P. (2014). At the crossroads of physiology and ecology: Food 

 supply and the timing of avian reproduction. Horm Behav. 66:41–55. 

Deeming, D. C. (2016). How does the bird-nest incubation unit work? Avian Biol. Res. 

 9(2):103–113. 

Deeming, D. and Mainwaring, M. (2015). Functional properties of nests. In: Deeming, D. 

 and Reynolds, S. J. (Eds). Nest, eggs, and incubation: new ideas about avian 

 reproduction. Oxford: Oxford University Press. pp. 29-49. 

del Hoyo, J. Elliott, A., Sargatal, J., Christie, D. and Juana, A. (2020). Birds of the World. 

 Cornell Lab of Ornithology, Ithaca, NY, USA. 

del Hoyo, J., Collar, N., Christie, D., Elliott, A. and Fishpool, L. (2014). HBW and BirdLife 

 International Illustrated Checklist of the Birds of the World. Lynx Edicions 

 BirdLife International, Barcelona, Spain and Cambridge, UK. 

DeSante, D. and Geupel, G. (1987). Land bird productivity in central coastal California: 

 the relationship to annual rainfall, and a reproductive failure. Condor 89(3):636–

 653. 

Dickinson, E. C. (2003). The Howard and Moore Complete Checklist of the Birds of the 

 World (3rd ed). Christopher Helm, London: pp.1–1039. 



93 

Dinsmore, S., White, G. and Knopf, F. (2002). Advanced techniques for modeling avian 

 nest survival. Ecology 83(12):3476–3488. 

Dowle, M. and Deane, E. (2009). Attitudes to native bandicoots in an urban 

 environment. Eur. J.  Wildl. Res. 55:45–52. 

Dubiec, A., Gózd´z, I. and Mazgajski, T. (2013). Green plant material inavian nests. Avian 

 Biol. Res. 6(2):133–146. 

Durant, S., Hopkins, W., Hepp, G. and Walters, J. (2013). Ecological, evolutionary, and 

 conservation implications of incubation temperature-dependent phenotypes in 

 birds. Biol. Rev. Camb. Philos. Soc. 88:499-509.  

Elsen, P., Kalyanaraman, R., Ramesh, K. and Wilcove, D. (2017). The importance of 

 agricultural lands for Himalayan birds in winter. Conserv. Biol. 31(2):416–426. 

Embury, I. (2001). Raising Guineafowl. Agfact A5.0.8. New South Wales Agriculture 

 Publications, New South Wales, Australia. 

Erikstad, K., Bustnes, J. and Moum, T. (1993). Clutch-size determination in precocial 

 birds: a study of the common eider.  Auk 110(3):623–628. 

Ferger, S., Schleuning, M., Hemp, A., Howell, K. and Böhning‐Gaese, K. (2014). Food 

 resources and vegetation structure mediate climatic effects on species richness of 

 birds. Glob. Ecol. Biogeogr. 23(5):541–549. 

Feyissa, M. E. (2009). Land-UseLand-Cover Dynamics and Soil Degradation Assessment 

 Using  Remote Sensing and GIS: A Case Study of Jima-Arjo District, Western 

 Ethiopia. MSc. Thesis, Addis Ababa  University, Ethiopia. 

Fergin, T. J. (1964). Reproductive behaviour of certain African birds. M.Sc. Thesis, 

 Washington State University. 



94 

Fuller, R., Carroll, J. and McGowan, P. (2000). Partridges, Quails, Francolins, 

 Snowcocks, Guineafowl, and Turkeys: Status Survey and Conservation Action 

 Plan, 2000-2004. In: IUCN and World Pheasant Association, Gland, Switzerland 

 and Cambridge, UK. 

Fuller, R., and Garson, P. (2000). Pheasants: Status Survey and Conservation Action Plan 

 2000-2004. In: IUCN. pp.1–23. 

Fu, Y., Chen, B., Dowell, S. and Zhang, Z. (2016). Nest predators, nest-site selection and 

 nest success of the Emei Shan Liocichla (Liocichlaomeiensis), a vulnerable babbler 

 endemic to southwestern China. Avian Res. 7(18):1–6. 

Garson, P. and Zheng, G. (2006). Forest management and conservation of 

 Galliformes. Acta Zool. Sin. 52:195–2006. 

Gedeon, K., Seyring, M., Zewdie, C. and Töpfer, T. (2022). Birds of Ethiopia Checklist 

 and range maps. V3, p.1042. Leibniz Institute for the Analysis of Biodiversity 

 Change, Museum Koenig Bonn, Germany. 

Ghasemi, A. and Zahediasl, S. (2012). Normality tests for statistical analysis: a guide for 

 non-statisticians. Int. J. Endocrinol. Metab. 10(2):486–489. 

Gibb, T. and Oseto, C. (2019). Insect Collection and Identification: Techniques for the 

 Field and Laboratory. Academic Press, UK. p.355. 

Gibson, D., Blomberg, E., Atamian, M. and Sedinger, J. (2016). Nesting habitat selection 

 influences nest and early offspring survival in Greater Sage-Grouse. Condor 

 118(4):689–702. 

Gibru, A. and Temesgen, Z. (2020). Diversity and Threats of Avifauna in Cheleleka 

 Wetland, Central Rift Valley of Ethiopia. Res. Ecol. 2(4):53–60. 



95 

Gilg, O., Sittler, B., Sabard, B., Hurstel, A., Sané, R., Delattre, P. and Hanski, I. (2006). 

 Functional and numerical responses of four lemming predators in high arctic 

 Greenland. Oikos 113(2):193–216. 

Gill, F. B. (2007). Ornithology (3rd ed.). New York: W.H. Freeman. 

Gill, F. B. (1990). Ornithology (3rd ed.). New York, W.H.  Freeman and Company, p 529. 

Gizachew, G. (2021). Local Community Perceptions and Attitudes Towards Biodiversity 

 Conservation: In the Case of Arjo-Diga ForestEcosystem, Western Ethiopia. IJNREM 

 6(4):176–185. 

Grafton, R. N. (1969). Winter food of Helmeted Guineafowl in Natal. Ostrich 40(1):475–

 485. 

Guerrero, I., Morales, M., Oñate, J., Geiger, F., Berendse, F., deSnoo, G. and Tscharntke, 

 T. (2012). Response of ground-nesting farmland birds to agricultural intensification 

 across Europe: landscape and field level management factors. Biol. Conser. 

 152:74–80. 

Hagan, J. and Meehan, A. (2002). The effectiveness of stand-level and landscape-level 

 variables for explaining bird occurrence in an industrial forest. For. Sci. 48(2):231–

 242. 

Halupka, L., Czyż, B. and Macias Dominguez, C. (2020). The effect of climate change on 

 laying dates, clutch size and productivity of Eurasian Coots Fulicaatra.  Int. J. 

 Biometeorol 64(11):1857–1863. 

Hazler, K. (2004). Mayfield Logistic Regression: A Practical Approach for Analysis of 

 Nest Survival. Auk 121(3):707–716. 

Hanane, S. (2015). Nest-niche differentiation in two sympatric Streptopelia species from a 

 North African agricultural area: the role of human presence. Ecol. Res. 30(4):573–580.  



96 

Hansell, M. H. and Deeming, C. (2002). Location, structure and function of incubation 

 sites. In: Deeming, D. C. Avian incubation: behaviour, environment and evolution 

 (Eds). Oxford University Press. pp. 8–27. 

Hansell, M. H. (2000). Bird nests and construction behaviour. Cambridge University 

 Press, Cambridge, UK. p. 280. 

Hanspach, J., Loos, J., Dorresteijn, I., von Wehrden, H., Moga, C. and David, A. (2015). 

 Functional Diversity and Trait Composition of Butterfly and Bird Communities in 

 Farmlands of Central Romania. Ecosyst. Health Sust. 1(10):1–8.  

Hedberg, I. and Edwards, S. (1989). Flora of Ethiopia and Eritrea. Pittosporaceae to 

 Araliaceae. Vol. 3, The National Herbarium, Addis Ababa, Ethiopia, and 

 Department of Systematic Botany, Uppsala, Sweden. 

Hedberg, I., Edwards, S. and Nemomissa, S. (2003). Flora of Ethiopia and Eritrea. 

 Apiaceae to  Dipsacaceae. Vol. 4. The National Herbarium, Biology Department, 

 Science Faculty, Addis Ababa University, Ethiopia. 

Heenan, C., Goodman, B. and White, C. (2015). The influence of climate on avian nest 

 construction across large geographical gradients. Glob. Ecol. Biogeogr. 24:1203–

 1211. 

Herkert, J., Reinking, D., Wiedenfeld, D., Winter, M., Zimmerman, J., Jensen, W. and 

 Robinson, S. (2003). Effects of prairie fragmentation on the nest success of 

 breeding birds in the  midcontinental United States. Conserv. Biol. 17(2):587–

 594. 

Hill, D. and Robertson, P. (1988). Breeding success of wild and hand-reared ring-necked 

 pheasants. J. Wildl. Manage. 52(3):446–450. 



97 

Hoyt, D. F. (1979). Practical methods of estimating volume and fresh weight of bird eggs. 

 Auk 96:73–77. 

Hummel, E., Ozel, M., Jerez, W., Usak, M., Prokop, P. and Randler, C. (2015). Interest in 

 Birds and its Relationship with Attitudes and Myths: A Cross cultural Study in 

 Countries with Different Levels of Economic Development. Educ. Sci.: Theory 

 Pract. 15(1):285–296. 

Ibáñez-Álamo, J., Magrath, R., Oteyza, J., Chalfoun, A., Haff, T., Schmidt, K. and Martin, 

 T. (2015). Nest predation research: recent findings and future perspectives. J. 

 Ornithol. 156:247–262. 

Issaka, B. Y. and Yeboah, N. Y. (2016). Socio-economic attributes of Guineafowl 

 production in  two districts in northern Ghana. Afr. J. Agri. Res.11(14):1209–

2017.Jaiswal, R., Mukherjee, S., Raju, K. and Saxena, R. (2002). Forest fire risk zone 

 mapping from  satellite imagery and GIS. Int. J. Appl. Earth Observ. 

 Geoinformation 4(1):1–10. 

Jiang, A., Jiang, D., Zhou, F. and Goodale, E. (2017). Nest-site selection and breeding 

 ecology of Streaked Wren-Babbler (Napothera brevicaudata) in a tropical 

 limestone forest of southern China. Avian Res. 8:1–8. 

Johnsgard, P. (1999). The Pheasants of the World Biology and Natural History. 

 Smithsonian  Institution Press. 

Johnson, D., Jones, S. and Geupel, G. (2007). Estimating nest success: A guide to the 

 methods. Stud. Avian Biol. 34:65. 

Johnson, D. (1979). Estimating Nest Success: The Mayfield Method and an Alternative. 

 Auk 96(4):651–661. 



98 

Jones, D., Dekker, R. and Roselaar, C. (1995). The Megapodes. New York: Oxford 

 University Press Inc.  

Jones, P. and Ward, P. (1976). The level of reserve protein as the proximate factor 

 controlling the timing of breeding and clutch size in the Red‐billed Quelea Quelea 

 quelea. Ibis 118(4):547–574. 

Karakaya, M. and Arikan, K. (2015). The nest-site characteristics of the forest population 

 of Common Blackbird (Turdusmerula) in Ekisehir, Turkey. Turk. J. Zool. 

 39(2):295–299. 

Keane, A., Brooke, M. D. L. and McGowan P. J. K. (2005). Correlates of extinction risk 

 and hunting pressure in gamebirds (Galliformes). Biol. Conserv. 126(2):216–233. 

Kebede, Y., Tekalign, W. and Menale, H. (2016). Conservation challenge: human 

 herbivore conflict in Sodo community managed conservation forest, Wolaita Sodo 

 zuriya district, southern Ethiopia. JCSD 18:7–16. 

Khalil, S., Anwar, M. and Hussain, I. (2015). Threats Affecting Grey Francolin 

 (Francolinus pondicerianus) Population in the Salt Range, Punjab, Pakistan. 

 IJSBAR 24(1):386–401. 

Kideghesho, J. R. (2008). Co-existence between the traditional societies and wildlife in 

 western Serengeti, Tanzania: its relevancy in contemporary wildlife conservation 

 efforts. Biodivers. Conserv. 17:1861–1881. 

Kideghesho, J., Røskaft, E. and Kaltenborn, B. (2007). Factors influencing conservation 

 attitudes of local people in Western Serengeti, Tanzania. Biodivers. Conserv. 

 16:2213–2230. 



99 

King'ori, A. M. (2012). Poultry Eggs External characteristics. Egg Weight, Shape and Shell 

 Color. Res. J. Poult. Sci. 5(2):14–17. 

Klett, A., Duebbert, H., Faanes, C. and Higgins, K. (1986). Techniques for studying nest 

 success of ducks in upland habitats in the prairie pothole region. U.S. Fish and 

 Wildlife Service. p.1–24. 

Koenig, W. D. (1982). Ecological and social factors affecting hatchability of eggs. Auk 

 99(3):526–536. 

Kragten, S., Nagel, J., De Snoo, G. (2008). The effectiveness of volunteer nest protection 

 on the  nest success of Northern Lapwings Vanellus vanellus on Dutch arable 

 farms. Ibis 150(4):667–673. 

Kumssa, T. and Bekele, A. (2014). Attitude and Perceptions of Local Residents toward the 

 Protected Area of Abijata-Shalla Lakes National Park, Ethiopia. J. Ecosyst. 

 Ecog.4(1):1-5. 

Kumssa, T. and Bekele, A. (2013). Population status, feeding ecology and Activity pattern 

 of Helmeted Guineafowl (Numidia meleagris) in Abijata-Shalla Lakes National 

 Park. AJEST 7(1):49–55. 

Lack, D. (1968). Ecological Adaptations for Breeding in Birds. Chapman and Hall, 

 London. 

Lack, D. and Moreau, R. (1965). Clutch-size in the tropical passerine birds of forest and 

 savanna. Oiseau and Revue Franc. Orn. 35:76–89. 

Lalthanzara, H., Sailo, L., Solanki, G. and Ramanujam, S. (2014). Galliformes and their 

 conservation issues in Mizoram, north east India. CJZ 3(1):42–48. 



100 

Lee, P. and Rotenberry, J. (2005). Relationships between bird species and tree species 

 assemblages in forested habitats of eastern North America. J. Biogeor. 32(7):1139–

 1150. 

Lentijo, G. and Hostetler, M. (2013). Effects of a participatory bird census project on 

 knowledge, attitudes and behaviors of coffee farmers in Colombia. Environ. Dev. 

 Sustain.15(1):199–223. 

Lewis, S., Benvenuti, S.,Antonia, L., Griffiths, R., Money, L., Sherratt, T. and Hamer, K. 

 (2002). Sex-specific foraging behaviour in amonomorphic seabird. Proc. R. Soc. 

 Lond. 269(1510):1687–1693. 

Lima, S. L. (2009).  Predators and the breeding bird: behavioral and reproductive flexibility 

 under the risk of predation. Biol. Rev. 84(3):485–513. 

Little, R. M. (2016). Helmeted Guineafowl (Numida meleagris). In: del Hoyo, J. et al (eds) 

 Handbook of the Birds of the World Alive. Lynx Edicions, Barcelona. 

Little, R., Perrings, S., Crowe, T. and Witt, A. (1995). Notes on the diet of Helmeted 

 Guineafowl (Numida meleagris) on deciduous fruit farms in the Western Cape 

 Province, South Africa. S. Afr. J. Wildl. Res. 25:144–146. 

MaClean, G. L. (1993). Roberts’ Birds of South Africa. John Voelcker Bird Book Fund, 

 Cape Town, South Africa. 

Madge, S., McGowan, P. and Kirwan, G. (2002). Pheasants, partridges and grouse: a 

 guide to the pheasants, partridges, quails, grouse, guineafowl, buttonquails and 

 sandgrouse of the world. Christopher Helm. 

Mainwaring, M., Reynolds, S. and Weidinger, K. (2015). The influence of predation on 

 the location and design of nests. In: Deeming, D.C., Reynolds, J.S. (Eds.). Nests, 



101 

 Eggs and Incubation: New Ideas About Avian Reproduction. Oxford University 

 Press, Oxford, pp. 50–64. 

Mainwaring, M., Hartley, I., Lambrechts, M. and Deeming, D. (2014). The design and 

 function of birds' nests. Ecol. Evol. 4(20):3909–3928. 

Mainwaring, M. and Hartley, I. (2013). The energetic costs of nest building in birds. Avian 

 Biol. Res. 6(1):12–17. 

Malan, G. and Benn, G. (1999). Agricultural land-use patterns and the decline of the 

 Helmeted Guineafowl (Numida meleagris, Linnaeus 1766) in the KwaZulu-Natal, 

 South Africa. Agric. Ecosys. Environ.73(1):29–40. 

Martin, T. Geupel, G. (2016). Nest-monitoring plots: Methods for Locating Nests and 

 Monitoring Success. J. Field Ornithol. 64(4):507–519. 

Martin, T., Scott, J. and Menge, C. (2000). Nest predation increases with parental activity: 

 separating nest site and parental activity effects. Proc. R. Soc. Biol. Sci. 267:2287–

 93. 

Martin, K. (1995). Patterns and mechanisms for age-dependent reproduction and survival 

 in birds. American Zool. 35:340–348. 

Martin, T. E. (1993). Nest predation among vegetation layers and habitat types: revising 

 the dogmas. Am. Nat. 141:897–913. 

Martin, T. E. (1987). Food as a limit on breeding birds: A life-history perspective. Ann. 

 Rev. Eco. Syst. 18(1):453–487. 

Mateo, R., Martinez-Haro, M., Ana López-Antia, A., Vallverdú-Coll, N., Fernández 

 Vizcaíno, E.,  Mougeot, F. and Ortiz-Santaliestra, M. (2022). Ecotoxicology 

 Relevant to the Red-Legged  Partridge and Other Galliformes. In: Casas, F., 

 García, J.T. (eds) The Future of the Red-legged Partridge. Wildl. Monogr. 6:175–

 224. 

https://link.springer.com/chapter/10.1007/978-3-030-96341-5_8#auth-Ana-L_pez_Antia
https://link.springer.com/chapter/10.1007/978-3-030-96341-5_8#auth-N_ria-Vallverd__Coll
https://link.springer.com/chapter/10.1007/978-3-030-96341-5_8#auth-Manuel_E_-Ortiz_Santaliestra


102 

Mayfield, H. F. (1975). Suggestions for Calculating Nest Success.WilsonBull.87(4):456–

 466. 

McGowan, P., Owens, L. and Grainger, M. (2012). Galliformes science and species 

 extinctions: What we know and what we need to know. Anim. Biodivers. Conserv. 

 35(2):321–331. 

McGowan, P., Zhang, Y. and Zhang, Z. (2009). Galliformes - barometers of the state of 

 applied ecology and wildlife conservation in China. J. Appl. Ecol. 46(3):524–526. 

McGowan, P. (2002). The conservation implications of the hunting of Galliformes and the 

 collection of their eggs. pp. 85-93 In: S. A. Mainka and M. Trivedi, eds. Links 

 between biodiversity conservation, livelihood and food security: the sustainable use 

 of wild species for meat. Gland, Switzerland and Cambridge, U.K. 

McGowan, P. and Garson, P. (2002). The Galliformes are Highly Threatened: Should we 

 care? Oryx 36(4):311–312. 

McLachlan, G. and Liversidge, R. (1972). Roberts Birds of South Africa. Cape Town. 

 Mac Nally, R. C. (1994). On characterizing foraging versatility, illustrated by using 

 birds. Oikos 95–106. 

Mentis, M., Poggenpoel, B. and Maguire, R. (1975). Food of the Helmeted Guineafowl in 

 highland Natal. S. Afr. J. Wildl. Res. 5(1):23–25. 

Milonoff, M. (1991). Re-nesting ability and clutch size in precocial birds. Oikos 

 62(2):189–194. 

Milonoff, M. and Paananen, P. (1993). Egg formation, brood survival, and cost of 

 reproduction as clutch-size-determining factors in common goldeneyes. Auk 

 110(4):943–946. 

https://www.researchgate.net/journal/Oryx-1365-3008


103 

Møller, A., Adriaensen, F., Artemyev, A., Bańbura, J., Barba, E., Biard, C. and 

 Lambrechts, M. (2014). Variation in clutch size in relation to nest size in 

 birds. Ecol. Evol. 4(18):3583–3595. 

Moreau, J., Rabdeau, J., Badenhausser, I., Giraudeau, M., Sepp, T., Crépin, M., Gaffard, 

 A., Bretagnolle, V. and Monceau, K. (2022). Pesticide impacts on avian species 

 with special reference to farmland birds: a review. Environ. Monit. Assess. 

 194(790):1–48. 

Morrison, M., Ralph, C., Verner, J. and Jehl, J. (1988). Avian Foraging: Theory, 

 Methodology  and Applications. (Eds). Proceedings of an International 

 Symposium of the Cooper Ornithological Society, Allen Press, Inc., Lawrence, 

 Kansas. pp. 526. 

Moreno, J. (2012). Avian Nests and Nest Building as Signals. Avian Biol. Res. 5(2):238–

 251. 

Morris, D. (2011). Adaptation and habitat selection in the eco-evolutionary 

 process. Proceedings  of the Royal Society B: Biol. Sci. 278(1717):2401–2411. 

Mulder, T., Campbell, C. and Ruxton, G. (2021). Evaluation of disruptive camouflage of 

 avian cup-nests. Ibis 163:150–158. 

Muluneh, T. and Mamo, W. (2014). Morphometric Analysis of Didessa River Catchment 

 in Blue Nile Basin, western Ethiopia. Sci. Technol. Arts Res. 3(3):191–197. 

Mwansat, G., Turshak, L. and Okoli, M. (2015). Insects as an important delicacy for birds: 

 Expanding our knowledge of insect food ecology of birds in the tropics. Ecol. Saf. 

 9:434– 440. 



104 

Nager, R. and van Noordwijk, A. (1995). Proximate and ultimate aspects of phenotypic 

 plasticity in timing of great tit breeding in a heterogeneous environment. Am. Nat. 

 146(3):454–474. 

Narushin, V. and Romanov, M. (2002). Egg physical characteristics and hatchability. 

 World's Poult. Scie. J. 58(3):297–303. 

Newton, I. (1998). Population Limitation in Birds. Academic press. 

Njiforti, H. L. (1997). The Breeding Performance of wild Helmeted Guineafowl (Numida 

 meleagrisgaleata Pallas) in the Waza National Park, north Cameroon. Revue 

 d’Ecologie 52(2):173–186. 

Nol, E., Blanken, M. and Flynn, L. (1997). Sources of variation in clutch size, egg size and 

 clutch  completion dates of Semipalmated Plovers in Churchill, Manitoba. Condor 

 99:389–396.  

Ntongani, W. and Andrew, S. (2013). Bird species composition and diversity in habitats 

 with different disturbance histories at Kilombero Wetland, Tanzania. Open J. Ecol. 

 3(7):482–488. 

Nussey, D., Postma, E., Gienapp, P. and Visser, M. (2005). Selection on heritable 

 phenotypic plasticity in a wild bird population. Science 310(5746):304–306. 

Nwagu, B. and Alawa, C. (1995). Guineafowl production in Nigeria. Worlds Poult. Sci. 

 J. 51(3):261-270. 

Ovat, O., Edet, D. and Iwara, I. (2022). Population Status, Feeding Behaviour and Habitat 

 Preference of Helmeted Guineafowl (Numida meleagris) in Surrounding 

 Vegetation of Cross River University Technology, Obubra Campus. AJRZ 5(1):48–

 54. 



105 

Pandey, N., Khanal, L. and Chalise, M. (2020). Correlates of avifaunal diversity along the 

 elevational gradient of Mardi Himal in Annapurna Conservation Area, Central 

 Nepal. Avian Res.11(1):1–14. 

Parmesan, C. (2007). Influences of species, latitudes and methodologies on estimates of 

 phenological response to global warming. Glob. Chang Biol. 13(9):1860-1872. 

Payne, R. (2000). Birds of the World, Biology 532, Recent Families. 

 http://www.ummz.lsa.umich.edu/birds/birddivresources/families.html. Accessed 

 22 February 2023. 

Payne, W. J. (1990). An Introduction to Animal Husbandry in the Tropics (4th Ed). 

 Longman, Singapore. 

Perrins, C. and McCleery, R. (1989). Laying dates and clutch size in the Great Tit. Wilson 

 Bull. 101:236–253. 

Pigliucci, M. (2001). Phenotypic plasticity: beyond nature and nurture. JHU Press. 

Pinowska, B., Barkowska, M., Pinowski, J., Bartha, A., Hahm, K. and Lebedeva, N. 

 (2004). The effect of egg size on growth and survival of the Tree Sparrow Passer 

 montanus nestlings. Acta Ornithol. 39:121–135. 

Prinsloo, H., Harley, V., Reilly, B. and Crowe, T. (2008). The diet of helmeted guineafowl 

 (Numida meleagris) in the Riemland of the northeastern Free State, South Africa. 

 S. Afr. J. Wildl. Res. 38(1):88–92. 

Ramesh, K. and McGowan, P. (2009). On the current status of Indian Peafowl, Pavo 

 cristatus (Aves: Galliformes: Phasianidae): keeping the common species common. 

 J. Threat. Taxa 1(2):106–108. 

http://www.ummz.lsa.umich.edu/birds/birddivresources/families.html


106 

Ramesh, K. (2003). An Ecological Study on Pheasants of the Great Himalayan 

 National Park, Western Himalaya. Dehradun, Wildlife Institute of India. 

Rands, M. R. (1988). The effect of nest site selection on nest predation in grey partridge 

 Perdix  perdix and red-legged partridge (Alectoris rufa). Ornis Scandinavica 35–

 40. 

Ratcliffe, C. and Crowe, T. (2001). Declining populations of helmeted guineafowl in the 

 Midlands of KwaZulu-Natal, South Africa: a review of causes and remedies. S. Afr. 

 J. Wildl. Res. 31(3):161–171. 

Redman, R., Stevenson, T. and Fanshawe, J. (2009). Birds of the Horn of Africa: Helm 

 Field Guides. Christopher Helm Press, London. pp.1–512. 

Reed, M. S. (2008). Stakeholder participation for environmental management: A literature 

 review. Biol. Conserv. 141(10):2417–2431. 

Reidy, J. L. (2018). Songbird nest survival in managed Oak savannas and woodlands in the 

 Missouri Ozarks. Am. Midl. Nat. Ezoic 180(2):189–206. 

Ricklefs, R. E. (1980). Geographical variation in clutch size among Passerine birds: 

 Ashmole’s hypothesis. Auk 97:38–49.  

Ringelman, K., Walker, J., Ringelman, J. and Stephens, S. (2018). Temporal and multi 

 spatial  environmental drivers of duck nest survival. Auk 135(3):486–494. 

Rita, T., Ja´nos, T. and Hegyi, G. (2005). Effects of environmental conditions and parental 

 quality on inter-and intra-clutch egg-size variation in the Collared Flycatcher 

 (Ficedula albicollis). Auk 122(2):509–522. 

Robertson, P., Dellelegn, Y., Dejene, S., Shimelis, A., Tadesse, W. and Million, A. (1997). 

 Harwood's Francolin (Francolinus harwoodi): recent observations on its status, 

 distribution, habitat requirements, behaviour and threats. Bird Conserv. Int. 7:275–

 282. 



107 

Robinson, S., Thompson, F., Donovan, T., Whitehead, D. and Faaborg, J. (1995). Regional 

 forest fragmentation and the nesting success of migratory birds. Science 

 267(5206):1987–1990. 

Rotenberry, J. and Wiens, J. (1998). Foraging patch selection by shrub steppe sparrows. 

 Ecology 79(4):1160–1173. 

Ruth, J. and Skagen, S. (2017). Territory and nest site selection patterns by Grasshopper 

 Sparrows in southeastern Arizona.  Condor 119(3):469–483. 

Sandercock, B., Alfaro-Barrios, M., Casey, A., Johnson, T., Mong, T., Odom, K. and 

 Winder, V. (2015). Effects of grazing and prescribed fire on resource selection and 

 nest survival of upland sandpipers in an experimental landscape. Landsc. Ecol. 

 30(2):325–337. 

Santamaria, M. and Franco, A. (2000). Frugivory of Salvin's curassow in a rainforest of 

 the Columbian Amazon. Wilson Bull. 112(4):473–481. 

Selebatso, M., Moe, S. and Swenson, J. (2008). Do farmers support cheetah Acinonyx 

 jubatus conservation in Botswana despite livestock depredation? Oryx 42(3):430–

 436. 

Sekercioglu, C. H. (2012). Bird functional diversity and ecosystem services in tropical 

 forests, agroforests and agricultural areas. J. Ornithol. 153(1):153–161. 

Sibley, C. and Monroe, B. (1990). Distribution and Taxonomy of Birds of the World. 

 Yale University Press. 

Skutch, A. F. (1985). Clutch size, nesting success, and predation on nests of tropical birds, 

 reviewed. Ornithol. Monogr. 3 6:575–594. 

Smith, P. and Wilson, S. (2010). Intra-seasonal patterns in shorebird nest survival are 

 related to nest age and defence behaviour. Oecologia 163(3):613–624. 



108 

Soldatini, C., Albores-Barajas, Y. and Pellizzi, B. (2010). Habitat preferences of high 

 altitude Galliformes in Sagarmatha National Park, Nepal. Ital. J. Zool. 77(3):347–

 353. 

Soler, J., Ruiz-Castellano, C., Figuerola, J., Martín-Vivaldi, M., Martínez-de la Puente, J., 

 Ruiz Rodríguez, M. and Tomás, G. (2017). Telomere length and dynamics of 

 spotless starling nestlings depend on nest-building materials used by parents. Anim. 

 Behav. 126:89–100. 

Soler, J., Møller, A. and Soler, M. (1998b). Nest building, sexual selection and parental 

 investment. Evol. Ecol. 12:427–441. 

Sosa, R. and de Casenave, L. (2017). Edge effect on bird nest predation in the fragmented 

 caldén  (Prosopis caldenia) forest of central Argentina: an experimental 

 analysis. Ecol. Res. 32:129–134. 

Stiles, G. and Skutch, A. (1991). A Guide to the Birds of Costa Rica. Ithaca: Cornell 

 University Press. 

Streby, H., Refsnider, J. and Andersen, D. (2014). Redefining reproductive success in 

 songbirds: moving beyond the nest success paradigm. Auk 131(4):718–726. 

Stearns, S. (1992). The Evolution of Life Histories. Oxford University Press. 

Storch, I. (2013). Human disturbance of grouse‐why and when?. Wildl. Biol. 19(4):390–

 403. 

Summers, J. and Leeson, S. (1983). Factors Influencing Early Egg Size. Poult. Sci. 

 62(7):1155–1159. 

Summers, J. and Leeson, S. (1983). Factors influencing early egg size. Poult. Sci. 

 62(7):1155–1159. 

Sutherland, W., Newton, I., and Green, R. (2004). Bird ecology and conservation: a 

 handbook of techniques. Oxford. 



109 

Tamrat, A. and Subramanian, C. (2013). Studies on helmeted Guineafowl (Numida 

 meleagris) population with reference to fragmented micro habitats in Gondar 

 woreda of Ethiopia. Glob. J. Biol. Agric. Health Sci. 2(3):24–27. 

Telleria, J. and Diaz, M. (1995). Avian Nest Predation in a Large Natural Gap of the 

 Amazonian Rainforest. J. Field Ornithol. 66(3)343-351. 

Tomás, G., Merino, S., Puente, M., Moreno, J., Morales, J., Aguilar, R. (2013). Nest size 

 and aromatic plants in the nest as sexually selected female traits in blue tits. Behav. 

 Ecol. 24(4):926–934. 

Tian, S., Xu, J., Li, J., Zhang, Z. and Wang, Y. (2018). Research advances of Galliformes 

 since 1990 and future prospects. Avian Res. 9(1):1–13. 

Tracey, J., Bomford, M., Hart, Q., Saunders, G. and Sinclair, R. (2007). Managing Bird 

 Damage to Fruit and Other Horticultural Crops. Bureau of Rural Sciences, 

 Canberra. pp. 288. 

Urban, E., Fry, C. and Keith, S. (1986). The Birds of Africa, Vol. III. Academic Press, 

 London. 

Van Niekerk, J. H. (2013). Habitat Preferences of Helmeted Guineafowl (Numida 

 meleagris) in  the Krugersdorp Game Reserve, Gauteng Province, South Africa. 

 Ostrich 84(2):153–156. 

Van Niekerk, J. H. (2010). Social organization of a flock of Helmeted Guineafowl (Numida 

 meleagris) at the Krugersdorp Game Reserve, South Africa. Avian Res. 1(1):22–

 29. 

Viljoen, P. J. (2005). AGRED’s gamebirds of South Africa, field identification and 

 management.  Houghton: African Gamebird Research Education and 

 Development Trust. 

https://www.tandfonline.com/author/van+Niekerk%2C+Johann+H


110 

Walsh, P., Hansell, M., Borello, W. and Healy, S. (2011). Individuality in nest building: 

 Do Southern masked weaver (Ploceusvelatus) males vary in their nest-building 

 behaviour? Behav. Processes 88(1):1–6. 

Wang, B., Ye, W., Xu, Y., Zhong, X., Zhang, J., Yang, N., Yang, B. and Zhou, C. (2023). 

 Climate change affects Galliformes taxonomic, phylogenetic and functional 

 diversity indexes, shifting conservation priority areas in China. Divers. Distrib. 

 29(3):409–422. 

Waterhouse, F., Mather, M. and Seip, D. (2002). Distribution and Abundance of birds 

 relative to elevation and biogeoclimatic zones in coastal old-growth forests in 

 southern British, Columbia. J. Ecos. Manag. 2(2):1–13. 

Webb, S., Olson, C., Dzialak, M., Harju, S., Winstead, J. and Lockman, D. (2012). 

 Landscape features and weather influence nest survival of a ground-nesting bird of 

 conservation concern, the greater sage-grouse, in human-altered 

 environments. Ecol. Processes 1(1):1–15. 

Westphal, M., Field, S., Tyre, A., Paton, D. and Possingham, H. (2003). Effects of 

 landscape pattern on bird species distribution in the Mt. Lofty Ranges, South 

 Australia. Landsc. Ecol. 18(4):413–426. 

Wiebe, K. and Martin, K. (2000). The use of incubation behaviour to adjust avian 

 reproductive costs after egg laying. Behav. Ecol. Sociobiol. 48:463–470.  

Williams, T. D. (1994). Intraspecific variation in egg size and egg composition in birds: 

 effects on offspring fitness. Biol. Rev. Cambridge Philos. Soc. 69(1):35–59. 

Winkler, D., and Walters, J. (1983). The determination of clutch size in precocial birds. 

 Curt. Ornithol. 1:33–68. 



111 

Winter, M., Hawks, S., Shaffer, J. and Johnson, D. (2003). Guidelines for Finding Nests 

 of Passerine Birds in Tallgrass Prairie. USGS Northern Prairie Wildlife Research 

 Center. 

Woodall, P. F. (1994). Breeding season and clutch size of the Noisy Pitta Pitta versicolor 

 in tropical and subtropical Australia. Emu 94(4):273–277. 

Wysocki, D., Jankowiak, Ł., Greño, José, J., Cichocka, A., Sondej, I. and Michalska, B. 

 (2015). Factors affecting nest size in a population of Blackbirds, Turdusmerula. 

 Bird Study 62(2):208–216. 

Yamane, T. (1967). Statistics: An introductory analysis (2nd Ed.). New York. 

Zeleke, G., Urge, M., Animut, G., Esatu, W. and Dessie, T. (2020). Comparative laying 

 performance, egg quality, fertility and hatchability of guineafowl with Tilili, Horro 

 and Potchefstroom Koekoek chicken breeds. Open J. Anim. Sci.10(4):665–682.  

Zhang, L., Dong, T., Xu, W. and Ouyang, Z. (2015). Assessment of habitat fragmentation 

 caused  by traffic networks and identifying key affected areas to facilitate rare 

 wildlife conservation in China. Wildl. Res. 42(3):266–279. 

Zhao, J., Yang, C., Lou, Y., Shi, M., Fang, Y. and Sun, Y. (2020). Nesting season, nest 

 age, and disturbance, but not habitat characteristics, affect the nest survival of 

 Chinese grouse. Curr. Zool. 66(1):29–37. 

Zhou, C., Xu, J. and Zhang, Z. (2014). Dramatic decline of the Vulnerable Reeves’s 

 pheasant (Syrmaticusreevesii) endemic to central China. Oryx 49(3):1–6. 



112 

APPENDICES 

APPENDICES 1. Questionnaire survey to assess the conservation threats, public 

knowledge and attitude towards Galliform birds. 

General directions: 

Dear respondent, the value of this research paper highly relies upon the truthfulness of your 

response. So, your sincere cooperation in attempting each question is highly important and 

you are kindly requested to fill each item properly. 

 No need to write your name. 

 Try to read each question carefully before going to answer. 

 Indicate your answer by marking “ ” or by writing in the space provided. 

 Do not forget to return.                                  

 

Thank you in advance for your cooperation!  

 

1. Socio-Demographic Status of Respondents 

i. Gender:   Male     Female 

ii. Age: below 18    between 18 and 30      between 31 and 45      above 45 

iii. Occupational status: Farmer   Student   Government Employee    Others 

iv. Level of Education:  Illiterate       Elementary               High School     

  College         University Graduate       

2. Do you know Galliform birds Yes          No 

     If yes, which species______________________________. 

3. How often do you see Galliformes? Always  Sometimes Only during farming 

seasons. 
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4. What is the expected flock size of Galliformes you watched? 

 between 2 and 5      between 6 and 10      between 11 and 15     More than 15 

6. Do you think that Galliformes are pests to farmlands? Yes       No      

    If yes, in what season do you experience them?  sowing season  harvesting season 

 other  

7. What type of seeds do these birds prefer in farmlands: sorghum millet maize rice      

 other __________________________________________________. 

8.  Have you ever hunted Galliformes/collected their eggs? Yes       No 

  If yes, which techniques did you use to catch them 

_______________________________________________________________. 

9. For what purpose did you hunt these birds? For food For sale    For recreation         

 Others if any ___________________________________________. 

10. What factors affect the population of Galliformes and their habitats? 

 Habitat destruction    Overgrazing    Fire  Hunting Egg collection 

Investment expansion  Agricultural activities  Agrochemicals 

Others _______________________________________________________________. 
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APPENDICES – 2 

Field data sheet used to study the feeding ecology of Helmeted Guineafowl (Numida meleagris). 

Date of data 

collection 

Field 

station/site 

Habitat 

type 

Survey 

year 

Season Weather 

condition 

Time of 

observation 

Food 

item 

Foraging 

habit  

Foraging 

interaction  

Remark 
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APPENDICES – 3 

Field data sheet used to study the breeding biology of Helmeted Guineafowl (Numida meleagris) 

3.1 Breeding habitat characteristics and nest status 

Nest No Nest site 

location 

Nest habitat 

characteristics 

Nest building 

materials  

Nest status Causes of breeding 

failure 

Remark 

1       

2       

3       

4       

5       

6       

7       

8       

9       

10       

11       

16       

17       

18       

19       
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3.2 Eggs morphometric measurements 

            Nest No: _____________________ 

 

Egg No Egg length/mm Egg width/mm Egg weight/gm Remark 

1     

2     

3     

4     

5     

6     

7     

8     

9     

10     

11     

12     

13     

14     

15     

16     

17     

18     
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3.3 Nest building materials 

Nest 

No. 

Nest building materials 

Grass  Leaves Feather  Straw Others Remark 

1       

2       

3       

5       

6       

7       

8       

9       

10       

11       

12       

13       

14       

15       

16       

17       

18       

19       

20       
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PLATES 

     

Plate 7. Nesting habitat features of Helmeted Guineafowl in Arjo-Didessa River Valley 

area (©Yihenew A., 2019). 

      
 

 

Plate 8. Egg morphometric measurements of Helmeted Guineafowl (A = Egg weight/g, B 

= Egg width/mm and C = Egg height/mm) (©Yihenew A., 2019). 
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Plate 9. Features of successfully hatched nests of Helmeted Guineafowl in the Arjo-

Didessa River Valley (©Yihenew A., 2020). 

     

Plate 10. Causes of breeding failure of Helmeted Guineafowl (A = nest predation, B = 

egg collection) (©Yihenew, 2019. 

   

Plate 11. Galliform hunting practices in the Arjo-Didessa River Vall area (A = live 

trapping, B = snaring) (©Yihenew A., 2020). 


