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ABSTRACT 
 

 
Transect data collected on sympatric population of the two species of Francolins 

from 23 strands established in Lal Suhanra National Park (LSNP) suggested that the 

South Persian Black Francolin (Francolinus francolinus henrici) was present in 6 and the 

Northern Grey Francolin (Francolinus pondicerianus interpositus) from 10 stands. The 

density figures developed from the calls and sightings revealed a variation in the 

estimated during different seasons and parts of the day, but its variation were much wider 

from calls. Call count technique appeared on yield reliable densities if carried out during 

winter and sighting data can reliably used if carried out simultaneously during the 

morning and the evening sessions. The Black Francolin was distributed with an overall 

crude density 8.40±1.39 birds per km², while the Grey Francolin with a crude density of 

6.20±1.52 birds per km². The population density of the Black Francolin was lowest in 

February (3.03±1.09 birds per km²) and the highest in July (7.28±1.72 birds per km²). 

The lowest density of the Grey Francolin was in December (4.13±0.83 birds per km²), 

while the highest in August (10.72±1.67 birds per km²). The population density of Black 

Francolin was low during drought years (4.03±1.02 birds per km²), as compared with 

high rainfall years (6.38±2.19 birds per km²). Population density of the Grey Francolin 

was on its lowest during 1996 (5.34±1.12) and the highest in 1999 (7.53±1.14) birds per 

km²). Their was preponderance of males (male: female ratio: Black = 1.31: 1, Grey 1.21: 

1) in both the sexes. There were 0.32±0.09 sub-adult per female (0.14±0.03 sub-adult per 

adult) in the Black Francolin, while 0.32±0.07 sub-adult per female (0.15±0.03 sub-adult 

per adult) in the Grey Francolins. The Population of Black (dispersion index 0.60±0.08 

and the Grey dispersion index 0.78±0.11) Francolins random tending toward a uniform 



 xix

dispersion was observed in the LSNP. The Black Francolin exhibited a more random in 

the morning (0.63±0.12) as compared with the evening (0.52±0.20) while the Grey 

exhibits a more uniform dispersion in morning (0.58±0.10) than in evening (0.98±0.18).  

A total of 102 species of plants were identified from francolins habitat in LSNP 

with absolute vegetation cover ranging between 8.35 and 13.75 percent in tropical thorn 

forest and between 40 and 60 percent in irrigated forest plantations. The Black and the 

Grey Francolin exhibited a negative yet non – significant correlation co-efficient (0.333, 

p = 0.35) in their distribution in different stands. The Black Francolin appeared in high 

densities (11 - 13 birds per km²) in the stands having a high vegetation cover (40 - 46 

percent) than (3 – 5 birds per km²) than with low vegetation cover (12 – 14 percent). The 

Grey Francolin had a lower population (4.66±0.96 birds per km²) in high vegetation 

cover than that of lower cover (10.08±2.12 birds per km²). No population was observed 

below 8 percent cover. Correlation and regression was calculated by applying the 

computer software MINITAB 15 and CANOCO 4.5. 

 

The average home range was smaller in the Black (0.51±0.14 km²), as compared 

with the Grey Francolin (0.61±0.16 km²).  

 

Sixty seven percent females of Black Francolins and seventy eight percent of the 

Grey Francolins laid their clutches between mid March to early May. Average clutch size 

of 6.56±1.40, the incubation period of 18.53±1.14 days and breeding success of 36±3.18 

percent was recorded for Black and clutch size of 7.22±1.23, incubation period, 



 xx

17.86±2.10 days and breeding success of 37±3.25 percent were recorded for Grey 

Francolin.   

 

The studies suggest that both the species are adapted to the environmental 

conditions and vigorously growing population, able to sustain all environmental odds. 



 1

Chapter 1 

INTRODUCTION 

1.1. BACKGROUND 

 Partridges (including francolins) share a group of relatively large and 

basically cursorial birds, with pheasants, quails, snowcocks and turkeys, which are 

all included in the family Phasianidae. This is an ecologically diverse group, and is 

represented by one or more species in almost all biomes of the world, except the 

polar region, boreal forests and extreme desert parts of the Saharan Africa (Fuller et 

al., 2000). Different species of this group have an important role in maintenance of 

the regional ecosystems and biodiversity. Apart from allowing the normal food 

chain (web) to proceed smoothly through trophic cascade, these species are mainly 

seed predators and help in their dispersal (IUCN, 2003; Santamaria and Franco, 

2000). These species have both positive and negative economic values. Some of 

these have been domesticated and reared to produce meat and eggs for human 

consumption, while others are becoming important for the ecotourism industry 

(McGowan, 2002). At place these are harmful to agricultural crops, causing 

damage to young seedlings and shoots in the cultivated fields and pick seeds to 

cause a preharvest loss (Dickinson, 2003;  Paralikidis et al., 2010). 

 

 Almost all the species included in this group have remained as prized game 

birds since time immemorial and have been attracting both the hunters and lovers 

of the nature. The populations of different Phasianid species amicably sustained the 

hunting pressure, when the human population was limited and the hunting aids 

were not very sophisticated. A gradual increase in the human population / hunters 
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and increasing approach of the human species to the previously unapproachable 

tracts, through the development of communication links, coupled with the 

increasing sophistication of the hunting gadgets during the last century, resulted in 

a gradual increase in the hunting pressure on all the different populations of these 

game birds (Fuller et al., 2000). The gradually increasing hunting pressure 

ultimately exceeded the recruitment potentials of almost all the different species, 

even though these species have prolific breeding potentials. This  resulted in a 

decline in all the different populations of these species, but the larger species and 

those living within an easy human access were more seriously affected by such a 

declining trend (Aebischer, 1997- b; Hagemeijer and Blair, 1997; DeLeo et al., 

2004). The group, therefore, now has a special concern for the genuine hunters, 

conservation biologists and wildlife enthusiasts (Fuller et al., 2000; Paralikidis et 

al., 2010).  

 

The interest of the hunters, conservation biologists and wildlife enthusiasts 

in this group of birds is reflected from the facts that at least 35 Phasianid species 

have been successfully introduced at different times and at different locations 

outside their natural ranges of distribution for different purposes, including, 

ornamental collection, recreation, sport and source of wild meat (Long, 1981; 

Paralikidis et al., 2010). The Red-Legged Partridge (Alectoris rufa) was introduced 

in to the Great Britain during the eighteenth century. The species successfully 

adapted its new habitat and established as  widespread and common bird in 

different parts of the country, due to its prolific breeding potentials (Gibbons et al., 

1993). The hunters claimed around  450,000 birds every year without adversely 
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affecting the population (Aebischer et al., 1993). The Grey Partridge (Perdix 

perdix) was successfully introduced South Dakota, USA, in 1920, and hunters 

claimed 69,170 birds in 1978 (Roth, 1977). The Black Francolin (Francolinus 

francolinus) and the Grey Francolin (Francolinus pondicerianus) was introduced in 

UAE in 1970’s and now the both species  breeding successfully (Aspinall, 1996;  

Khan et al., 2009). The Grey Francolin (Francolinus pondicerianus) was 

successfully introduced in to Oman in early part of the twentieth century (Gallagher 

and Woodcock, 1980; Lever, 1987), and the Black Francolin (Francolinus 

francolinus) in to Illinois and Hawaii, USA (Phillips, 1928; Islam, 1999). Gun 

shooting is a very popular sport in the Europe and the total number of hunters, 

present in different parts of the Europe, have been estimated to exceed nine 

millions (Aebischer et al., 1993). The major part of this hunting pressure is 

sustained by different Phasianids. The interest of the hunters in this group is 

reflected from the fact that the sustainable hunting programme developed for the 

Grey-Winged Francolin (Francolinus levaillantii) fetched around US$ 40 per bird 

to the farmers (Simiyu, 1998). Under a licensed hunting programme of the Chukar 

Partridge (Alectoris chukar) and the Grey-Winged Francolin (F. levaillantii) an 

annual revenue of around US$ 3 million have been collected and spent on the 

protection of game animals and other wildlife species in Cyprus since 1990 (Boye, 

1990; Fuller et al., 2000). 

 

Under the interest of hunters, the partridges and francolins are often 

subjected to very high harvest pressure. The effects of such hunting are difficult to 
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be quantified, but over-exploitation usually has negative effect on their populations 

(Aebischer, 1997- a). The wild populations of different species are declining in 

several areas since the early part of this century, mainly ascribed to a heavy hunting 

stress (Little and Crowe, 1993; Dranzoa et al., 1999). Under such stress, three 

species, i.e.,  Djibouti Francolin (Francolinus ochropectus), Himalayan quail 

(Ophrysia superciliosa) and Gorgeted Wood Quail (Odontophorus strophium), 

were pushed to critically endangered status while four others, i.e., Nahan’s 

Francolin (Francolinus nahani), Mount Cameroon (Francolinus camerunensis), 

Sichuan Hill Partridge (Arborophila davidi) and Chestnut-headed hill-partridge 

(Arborophila cambodiana) have attained endangered status (Fuller et al., 2000).  

Cheer Pheasant (Catreus wallichi), Western Tragopan (Tragopan melanocephalus), 

Swamp Francolin (Francolinus gularis) and Beareded Wood Partridge (Dentrortyx 

barbatus) have been reported as vulnerable (Islam, 1982; Dranzoa, 1998; Javed et 

al., 1999; Fuller and Garson, 2000;  Kalsi et al., 2001).   

 

Two species of partridges, usually called as francolins, i.e., the South 

Persian Black Partridge or the South Persian Black Francolin (Francolinus 

francolinus henrici) and the Northern Grey Partridge or the Northern Grey 

Francolin (F. pondicerianus interpositus), are widely distributed in the Indus Plains 

and associated hills in Pakistan (Whitehead, 1906; Whistler, 1930; Ali and Ripley, 

1987; Roberts, 1991). The Black Francolin has been reported to be present in high 

population densities in different ecological zones of the country (Hussain and 

Bhalla, 1937; Ali and Ripley, 1969 and Khan and Garson, 1997). The species is 

though reported to be present up to an altitude of 2,500 m above sea level (asl), yet 
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it is more frequent at altitudes below 1,550 m asl (Whitehead, 1911; Fin, 1911; 

Baker, 1932-1935; Ali, 1941; Whistler, 1941; Ali, 1961; Roberts, 1991; del Hoyo 

et al., 1994; and Grimmett et al., 1998). The Grey Francolin, on the other hand, is 

better adapted to arid conditions, when compared with the Black Francolin, and 

avoids ascending into the hills (Ali, 1961; Bump and Bump, 1964; Gill, 1967; 

Inskipp and Inskipp, 1985, Mian, 1985; Johnsgard, 1988; Roberts, 1991; del Hoyo 

et al., 1994; Islam, 1999). The Grey Francolin may roost on lower branches of 

trees/shrubs and have a camouflaging plumage to live in sparse vegetation, while 

the Black Francolin finds refuge in dense vegetation provided by tall grasses and 

roosts on ground (Roberts, 1991). This hints towards the separate ranges of 

distribution of two species and hence having separate ecological adaptations.  

 

The two francolin species have remained closely associated with the man 

throughout much of the history in different parts of the Indian Subcontinent. Being 

predominantly cursorial, the francolins can be easily trapped and are being kept as 

pet, their loud and grating calls consisting of several syllables allure their keepers 

(Fuller et al., 2000). The Black and the Grey Francolins have remained as the 

favourite game birds of the Subcontinent, and have ever been hunted for food and  

their white meat is considered as a great table delicacy, though these have ever 

provided a cheap source of white bush meat to the local human inhabitants since 

time immemorial (Long, 1981). These francolin species have also been considered 

as a source of entertainment, being used in cockfighting (Santiapillai et al., 2003). 

This practice is still wide spread and attracts crowds at village fairs, especially in 

the southern Punjab (Pakistan) and the North West Frontier Province (N.W.F.P.) 
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(Fuller et al., 2000). The hand-reared chicks are trained in Sri-Lanka to follow their 

masters (Santiapillai et al., 2003) and are a source of enjoyment.  Black Partridge 

chirping competition are held regularly throughout Pakistan and enjoyed by 

spectators of all the age groups. The birds chirp from sunrise to sunset and the most 

vocal of these is declared as the winner (Anonymous, 2007). Both these francolin 

species are also considered as the friends of the farmers, consuming a large number 

of insects, their eggs and larvae, which are harmful to crops, thence serving as 

biological control agents (Beg and Qureshi, 1972; Qureshi, 1972; Khan, 1989; 

Mian, 1995). In addition to such material benefits, these species have impact on 

cultural and social life of people of the region, and have become a part of the art, 

religions, customs and folklores of  different areas (Lum, 1986; Javed, 1999). 

These francolin species are not only required for maintenance of ecobalance of the 

area, but have a role to play in agriculture and the general traditions of the masses. 

 

The populations of the Black and the Grey Francolins have been regarded 

as stable and least concerned at the global level (del Hoyo et al., 1994; BirdLife 

International, 2000, 2007; Richards et al., 2002; IUCN, 2007). However the 

available information with del Hoyo et al. (1994) from Azerbaijan indicated a 

decline in the population of the Black Francolin (Francolinus francolinus) from 

663,000 to 23,300 birds between 1955 and 1990, which was attributed to excessive 

hunting. Like most other wildlife species of the area, concerns have been frequently 

expressed amongst hunters and wildlife enthusiasts about a gradual decline in the 

populations of these francolins species in all the different areas of their distribution 

in Pakistan; though no scientific data is available to support this concern. Both the 
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francolin species have been considered to be extremely plentiful in the Sindh 

(Pakistan) till recent past. The improvement in agricultural practices, including, 

leveling and clearing of land, cutting down of scrub jungles and recent extension of 

the canal irrigation, have resulted in sufficient habitat changes possibly leading to 

disappearance of these species from many of their previous strongholds. This trend 

appears to be equally followed in other parts of the country (Khan, 1989; Roberts, 

1991; Chaudhary and Bhatti, 1992- a; Islam, 1999; Akbar et al., 2005) which has 

resulted in population isolations and fragmentation (Anonymous, 1990; 

Charalambides, 1994) which can lead to unpredictable population changes under 

the bottle-neck effect.  

 

The two francolin species are important wildlife resources of the Indus 

Plains and its associated low hills. These constitute an essential part of the 

ecosystem of the area and are essentially required for the maintenance of the 

ecosystem and as an agent of the biological control of insect pests. These are 

beauty of the area and can attract tourists, a constant source of bush meat and 

hunting pleasure, providing the local population with a source of income to help in 

poverty alleviation and a source of animal protein to fight malnutrition. These 

francolin species can generate associated economic activities in the area, if hunting 

and tourism is managed on scientific footings. However, though the continuous 

maintenance of these species requires a sound understanding of their biology; yet 

relatively little supportive research is available on these species with reference to 

the areas under Pakistan (Mian, 1995). This demands a serious effort if these 

species are to be saved for the future generations.  
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Two species of francolins, i.e., South Persian Black Francolin (Francolinus 

francolinus henrici) and Northern Grey Francolin (F. pondicerianus interpositus), 

are distributed over a sympatric tract of the Lal Suhanra National Park (LSNP) 

under reasonably protected conditions of their wild natural habitats. The presence 

of the two francolin species in same area provides an opportunity to analyse 

variation in their habitat selection, food habits, breeding potentials and other 

behavioural patterns. The administrative set up and the protection available at 

LSNP provides the conditions of a field laboratory, where field studies can be 

performed under reasonably controlled but wild conditions.  These conditions can 

be exploited to understand the basic biology of these two species. The species 

biology, thus developed, can be applied with certain modifications to other parts of 

their distribution ranges, and for future development and monitoring of the 

management strategy aimed at saving these species for the benefit of the future 

generations. The present report presents the results of the an ecological study 

undertaken on the populations of these two francolin species undertaken during 

1993-2004 period.   

 

1.2. FRANCOLINS 

1.2.1. Taxonomy 

The francolins belong to the order Galliformes, which includes the true 

terrestrial land game birds. The order is characterized by having strong well-built 

legs, a chicken-like heavy body with comparatively long legs having spurs, all 

suited for efficient movement on the ground, and blunt and rounded tail and wings 

(Baker, 1921; Ali and Ripley, 1983; Pomeroy and Abe, 1992). The order represents 
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a large and diverse group, comprising of 70 genera and 250 species (Payne, 2000; 

Dickinson, 2003), which have been  grouped into six families, viz., Numididae 

(guineafowl), Phasianoidae (pheasants, quails), Odontophoridae (New world 

quails), Cracidae (chachalacas, curassows and grouse), Megapodiidae (megapodes) 

and Phasianidae  (Johnsgard,1983; Johnsgard, 1999; Dickinson, 2003). 

 

The family Phasianidae includes a group of birds commonly known as 

grouses, turkeys, pheasants, partridges, francolins and quails (Howard and Moore, 

1980; Ali and Ripley, 1983; Campbell and Lack, 1985; Dickinson, 2003). This is a 

large family comprised of 58 genera and 185 species (Johns, 1980). The members 

of the family are distributed in diverse habitats, like, rainforests, scrub forests, 

deserts, woodlands, bamboo thickets, cultivated lands, alpine meadows, tundra and 

forest edges. The members of the family have short toes with blunt claws, the 

raised hallux and crest or bare skin on the head (Madge and McGowan, 2002). The 

Phasianids are mainly cursorial, depending mainly on walking, through some can 

fly efficiently for short distances. They find their food by digging or scratching the 

ground and use dust bathing (Johnsgard, 1999; Islam, 1999).  

 

Perdicinae is one of the subfamily of families Phasianidea, which includes 

partridges, francolins and Old World quails. The subfamily is represented by 22 

genera and is characterized by the permanent moult, in adults, on the feathers of the 

tail which commences within the central pair of the outermost (Baker, 1935). The 

quails are characterized by having a shorter tail. Partridges and francolins are 

difficult to be separated. The term partridge has a world wide use to include 
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medium-sized game birds represented by 53 species (Viljoen et al., 2004; Crowe et 

al., 1992). The term francolin has been frequently used to separate a group of birds 

having slimmer body and relatively upright body posture, to separate these from 

the partridges (Crowe and Little, 2004).  

 

Genus Francolinus is represented by some 41 species (Dickinson, 2004) 

which are distributed in different parts of the world. Two species of the genus 

Francolinus i.e., the Black Francolin (Francolinus francolinus) and the Grey 

Francolin (Francolinus pondicerianus), are present in Pakistan and also in the Lal 

Suhanra National Park,  

 
 
1.2.2. Black Francolin 

Six subspecies of the Black Francolins, viz., Francolinus francolinus 

francolinus (Western Black Francolin: Asia Minor, Israel, Cyprus, east of Iraq to 

central Iran), F. f.  arabistanicus (Arabian Black Francolin: south-western Iran, 

Baghdad), F. f.  bogbanovi (Iranian Black Francolin: Seistan, Iranian Baluchistan), 

F. f. asiae (Indian Black Francolin: eastern Afghanistan, Indus valley, foothills of 

northern, southern and central India, central Nepal), F. f. melanontus (Southern 

Black Francolin: southern India)  and F. f.  henrici (South Persian Black Francolin: 

Indus Plains and its hills, Balochistan, southern Sindh, north of Kandhar to 

southern Afghanistan), are distributed in different parts of Asia (Figure 1.1), each  
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Figure 1.1: Map showing the distribution of Black Francolins in Asia. 
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having its own range of distribution (Inayatullah, 1970; Johnsgard, 1988). The 

Black Francolin exhibits  clinal variations, the size gradually decreasing from the 

largest birds in the Middle East and the smallest in Assam (India). The birds are the 

palest in Balochistan (Pakistan) and become darker as one moves towards east or 

west diversions (Islam, 1999)  

 

The male of the Black Francolin (F. f. henrici) has a size of a half grown 

village hen, weighing around 400 g and measuring some 33 cm in length. The 

female is of some 10 percent smaller than the male (Inayatullah, 1970). The species 

has a pronounced sexual dimorphism. The male is handsomely patterned, being 

largely jet black with a glistering white patch on the ear coverts (Plate 1.1). Whole 

of the breast is black scalloped, spotted and barred above with white and fulvous 

(Ali and Ripley, 1983; Kaul and Howman, 1991; Roberts, 1991 Grimmett et al., 

1998). The wings and their coverts are dark brown with sub-terminal tawny-buff 

bands and pale edges. The quills also have tawny-buff transverse spots on each web 

forming imperfect bars. The lower plumage is chestnut-coloured deep black on the 

lower  abdomen.   Thighs  are  stippled  with  white,  growing  darker  under the tail 

(Hume and Oats, 1880; Ali and Ripley, 1983). The females are more cryptically 

coloured, with crown and back rufous buff, spotted and streaked with blackish 

centers to the feathers (Plate 1.2). The white cheek patches are absent in females, 

but the throat is white with the breast creamy buff and heavily barred with black on 

the upper breast and broader black scale-like patterns on the flanks (Ali and Ripley, 

1983; Roberts, 1991). 
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Plate 1.1: Male: South Persian Black Francolin (Francolinus francolinus henrici) 
 
(adapted from wikimidea.org) 
 

 

 

 

 

 

 

 

 

 

 

Plate 1.2: Female: South Persian Black Francolin (Francolinus francolinus   
 
henrici). (adopted from wikimidea.org) 
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The prominent male has a protective character for more camouflaged 

females and juveniles, trying to drag away the predator and offering his sacrifice 

for the ultimate benefit of the species. The juveniles are like the females, but 

smaller in size and without very distinct black breast markings (Plate 1.3), the 

chicks are light greish in colouration with light longitudional bands on the back  

(Plate 1.4).  (Whitehead, 1906; Ali and Ripley, 1983; Roberts, 1991). 

 

The Black Francolins live in thicker vegetative cover, but come to 

cultivated crops and grassland to feed, chiefly in the morning and the late afternoon 

(Baker, 1932-1935; Whistler, 1941; Craft, 1966; Cramp ans Simmons, 1980; 

Johnsgard, 1988; Roberts, 1991; Charalambides, 1994; Mian and Wajid, 1994). 

The bird species is resident in the area (Islam, 1999), and may show local 

seasonally movements upto 65 km (Walker, 1963; Bump and Bump, 1964; 

Johnsgard, 1988; del Hayo et al. 1994).  The species rests and roosts on ground in 

the thick cover of tall grasses, though often mount up on the branches of trees for 

calling (Bump and Bump, 1964; Ali and Ripley, 1983; Roberts, 1991). The birds 

have been reported to rest in open sun on sandy ridges with one or both wings 

expended (Hume and Oats, 1880) especially during winter. The bird largely runs 

for an escape, running ahead of the hunter or predator, breaking cover with a loud 

whirl of wings. The species takes short, low, swift and strong flight with rapid 

beats of its wing, punctuated with glides (Dement`ev and Gladkov, 1967; Ali and 

Ripley, 1969; Flint et al., 1984; Roberts, 1991; del Hoyo et al., 1994) but such 

flights remain the last option while fighting danger. 
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Plate 1.3: Immature male: South Persian Black Francolin  
 
 (Francolinus  francolinus henrici) (adopted from wikimidea.org) 
   

 

 

 

 

 

 

 

 

 

 
     Plate 1.4 : Chick  in the nest: South Persian Black Francolin (Francolinus  
 
     francolinus henrici) (adopted from wikimidea.org) 
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The nest of the species is a shallow depression produced through a scrap in 

the ground (Hume and Oats, 1890; Bump and Bump, 1964; Flint et al., 1984; 

Roberts, 1991; BirdLife International, 2004). The eggs are fine textured, very broad 

ovals, some times pointed at one end and have a colour ranging from yellowish 

olive to olive-brown or sienna-brown, measuring around 37.8 × 31.3 mm in size 

(Cramp and Saimmons, 1980; Ali and Ripley, 1983; Roberts, 1991). The nests, 

placed on ground in denser vegetation, are though hard to detect but are exposed to 

higher number of mammals and reptile predators. 

 

 Male may call any time of the year, and can be heard, just after sunrise in 

November and January (Baker, 1921; Whistler, 1941; Bump and Bump, 1964; 

Cramp and Simmons, 1980; Urban et al., 1986; Roberts, 1991), but calls most 

incessantly from February through September (Jerdon, 1863; Johnsgard, 1988; 

Roberts, 1991). The call of the male is stereotyped loud, penetrating and harsh 

frequently repeated Kar-kar, kee-kee, (Johnsgard, 1988). Each call lasts for some 

1.50 - 1.75 seconds and is uttered at intervals of 15 - 30 seconds (Roberts, 1991). 

The females are comparatively silent. 

 

1.2.3. Grey Francolin 

 Two sub-species of the Grey Francolin, viz., Francolinus pondicerianus 

pondicerianus (Southern Grey Francolin: Srilanka, southern India, eastern Sindh 

and Punjab, Rajasthan, eastern sides of Behar to western Bengal) and F. p. 

interpositus (Northern Grey Francolin: northern India, Indus plain and the Sindh) 
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are distributed in different parts of the Indian Subcontinent (Ali and Ripley, 1983) 

(Figure 1.2).  

  

 The Northern Grey Francolin is slightly smaller than the Black Francolin, 

(Plate 1.5), measuring around 33 cm in length and weighing around 290 g (Ali and 

Ripley, 1983; Bashir and Javed, 2005) a possible adaptation to harsh drier / desert 

conditions.  Both sexes are alike in their plumage, but males are somewhat larger 

and have one or occasionally two sharp spurs in each leg, females are smaller than 

the males (Plate 1.6) (Fuller et al., 2000). The bird has a grey-brown and chestnut 

plumage on the upper part of the body, the individual feathers having creamy-

white shaft streaks and dark brown borders and creamy crossbars (Roberts, 1991). 

Pale buff and rufous plumage dominates the lower parts of the body, with 

narrowly cross-barred fore-neck and upper breast, and finally vermiculated on 

abdomen and flanks with black. A prominent yellowish rufous throat patch is 

enclosed within a black gular loop. The chestnut tail becomes particularly 

conspicuous when bird flies away from an observer (Ali and Ripley, 1983). In 

juveniles the head pattern is less pronounced and the black necklace is absent 

(Fuller et al., 2000). The immature birds are less rufous on forehead, and their 

throat-patch is paler, totally enclosing black border (Plate 1.7), the chicks are 

lighter grey in colouration (Plate 1.8)  (Fuller et al., 2000). The two sexes under 

such conditions are expected to equally shared the predation pressure. 

 

The Grey Francolins are resident birds of the Pakistan (Ali and Ripley, 

1983; Roberts, 1991; Islam, 1999)  but may  show local  seasonal  movements  upto  81 km 
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Figure 1.2: Map showing the distribution of Grey Francolin in Asia. 
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      Plate 1.5: Male: Northern Grey Francolin (Francolinus pondicerianus  

 
     interpositus). (adopted from wikimidea.org) 
 

 

 

 

 

 

 

 

 

 

 
  Plate 1.6: Female: Northern Grey Francolin (Francolinus pondicerianus  
                    
 interpositus). (adopted from wikimidea.org) 
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     Plate 1.7: Female with juveniles: Norhern Grey Francolin (Francolinus  
           
     pondicerianus interpositus). (adopted from wikimidea.org) 
 

 

 

 

 

 

 

 

 

 

 
 
 
Plate 1.8: Chicks: Northern Grey Francolin (Francolinus pondicerianus  
                
 interpositus). (adopted from wikimidea.org) 
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under physico-biotic variations (del Hoyo et al., 1994). They are common and 

widespread in the drier parts of the country with the global distribution range 

extended between Pakistan and Bangladesh and in the south throughout the Indian  

Peninsula, extending into Sri Lanka, at altitudes falling below 900 m asl (Ali and 

Ripley, 1983; Lever, 1987; Fuller et al., 2000). The species is present in dry open 

grass and thorn scrub country, especially in the neighborhood of villages and 

cultivations (Ali and Ripley, 1983). When undisturbed, the birds live in small 

family parties (coveys), feeding and roosting gregariously (Roberts, 1991), digging 

and scratching the ground with the bill and feet or dust bathing on cross-country 

tracks. On alarm the covey runs off swiftly and ultimately squatting in thickets. The 

birds are very fast on their legs. When hard pressed, some individuals of the party 

will rise with an explosive whirl of wings detracting the intruder while the other 

birds of covey keep dodging between bushes till the danger is over. This appears to 

have values for the species, which lives in more open areas and is exposed to 

predation detection. Flights are low and swift, with rapid beats of the short wings, 

alternated with spurts of gliding, seldom moving high up in the air (Ali and Ripley, 

1983). The birds roost at night in pairs or family groups up in small thorny trees, or 

squatting on the ground within patches of dense thorny bushes (Jerdon, 1863; 

Sharma, 1983; Roberts, 1991). When flushed by a dog, they often move up to 

refuge in a thorny tree. As a last defense against a persistent chase the bird squats 

tight in a thicket and refuses to move, even if the bird is disturbed by noisy 

shouting or even by throwing of stone (Baker, 1932-1935). Such squatting is 

adopted as protective measures, especially in animals surviving in the open areas. 

The Grey Francolins can subsist for long periods without drinking, and largely 
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depends upon dew picking to meet the requirement of water (Ali and Ripley, 

1983).  

 

The species nests under a bush, rock or some other shelter (Lack, 1968; 

Fuller et al., 2000).  The nest is merely a depression on the ground, having the 

bedding of a few blades of dry leaves (Wijeyamohan et al., 2003).  The eggs of the 

species are broad ovals in shape and pale buff or olive green (Layard, 1852; Ali and 

Ripley, 1983). Male calls throughout the year, especially at sunrise and sunset. The 

call starts off with subdued short ‘check-check’ or ‘chak-chak-chak’. Some times 

male emit a softer and more whistling “kila-kila-kila” call (Roberts, 1991). The 

females do not produce a loud calls. The cryptic colouration of the hen helps in 

providing protection to the eggs while she sits on the eggs for incubation 

(Wijeyamohan et al., 2003). 

 

1.3. OBJECTIVES 

The present study was undertaken with the belief that the two francolin 

species, i.e., the Black Francolin (Francolinus francolinus henrici) and the Grey 

Francolin (F. pondicerianus interpositus), have a sympatric distribution in the 

LSNP and share a common trophic level (Ali and Ripley, 1983; Roberts, 1991). 

Under the Gause Principal of Competitive Exclusion, these two species should 

adjust their distribution and biology so that direct competitive conflicts are avoided. 

The study was, thus, based upon the hypothesis that the two francolin species 

exhibit different responses of their biological parameters to different biotic and 
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abiotic factors of environment, as per their range of tolerance, determined under 

their genetic armoury. 

 

 Under the hypothesis the broad objectives of the study included: 

1. To study of distribution and population densities of two francolin species in 

different parts of the LSNP. 

2. To analyse habitat of the tracts having significant populations of the two 

francolin species. 

3. To correlate different habitat factors with density of francolin populations. 

4. To study food and feeding preferences of two species and analyses of 

possible interspecific competition.  

5. To analyse behavioral responses with regard to home range and/or 

territoriality.  

6.  To study breeding biology and recruitments potential of concerned species. 

 

 It was expected that the study will help in understanding the biology of 

these two francolin species, which are sympatric for a considerable parts of their 

range. This will also help in knowing the strategies adapted by each species to 

amicably manage the possible competition existing between these species, without 

having serious negative effects on their existence. The information, thus, gathered 

can be used in understanding the species biology, which can be used in effective 

development and monitoring of the management plan, aiming at ensuring the 

continued survival of these species.   

 



 24

chapter 2 

REVIEW  OF LITERATURE 

2.1. POPULATION ECOLOGY 

2.1.1. Study Techniques 

 The Galliformes, including the francolins, are basically cursorial birds of 

the thicker vegetation, and population ecologists have been facing difficulties in 

subjecting the bird species belonging to of this group to the known population 

estimation techniques. Transect or quadrat techniques of population estimation 

hardly work as sighting of these secretive and perfectly camouflaged birds along 

the transect belt or in the quadrat area is difficult under the thicker vegetative cover  

(Sankaran, 1994; Iqubal et al., 2003).  DISTANCE computer programme failed to 

work in calculation of population density estimates of Djibouti Francolin 

(Francolinus ochropus) as the width of transect was unreliable and a transect belt 

width of 300 m (150 m on both sides of transect line) was arbitrarily used in the 

analysis of the data (Bealey et al., 2006). Further the diurnal activity pattern 

exhibits variation between species and season, causing problems in collection of 

reliable transect sighting data (McGowan et al., 1996).  

 

Alternately, these species being vocal especially the males during the 

breeding season, most of the studies have exploited the call count from a fixed 

point or along a walking line (Gaston, 1980; Verner, 1985; Kaul and Howman, 

1991; Bibby et al., 1992; Nijman, 1998; Kaul and Shakya, 2001, Urfi, 2004, Panek, 

1998) and territory mapping have been frequently used as indicator of population 

levels or relative population density (Ratti et al., 1983, Urfi et al., 2005). The 
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density/ population estimates are also some times attempted using call count 

technique (Winarni et al., 2009). The call count technique is though frequently 

used as per its convenience, yet the inconsistency of the calling bird usually affects 

the results (Young et al., 1987) and hence is not very reliable. The call count 

frequently overestimates the bird population, as the bird populations are usually 

skewed towards males (Islam and Crawford, 1993; Donald, 2007). The double 

counting of same calling bird also adds to such overestimations (Howman and 

Garson, 1993). The technique has an inherent problem caused by  inconsistency of 

the calling birds (Young et al., 1987), which depend upon availability of food 

(Davison, 1983), season variation (McGowan, 1992, 1996,  McGowan et al., 1996;  

Picozzi, 1987), habitat disturbance (Bennett and Dahabon, 1995), population 

density (Davison, 1983; Nijman, 1988), weather (Picozzi, 1987), rainfall  and 

temperature (Rotella and Ratti, 1988; Kaul and Shakya, 2001). Maximum crowing 

of the Ring-necked Pheasant (Phasianus colchicus) was observed at 9 minutes after 

sun rise (Luukkonen et al., 1997). Local stimuli may also force most of the birds to 

call at some part of the day (Picozzi, 1988; Howmna and Garson, 1993; Urfi, 2001. 

None of these factors can be adequately standardized to reach at reliable population 

estimates. 

 

Ralph and Scott (1981), Bibby et al., (1992) and Urfi et al., (2005) used call 

counts and/ or sighting the birds while walking along a predetermined walking 

transect line in different habitats and concluded that both these techniques have 

their own benefits and drawbacks. A combination of call count and transect 

sampling have been employed for population studies in different francolin species 
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(Howman and Garson, 1993; Abbasi and Khan, 2004) to reach at some reliable 

estimates on the populations. Spring call counts were regarded as more reliable 

indicator of the number of breeding pairs/ birds in Grey Partridge (Perdix perdix) 

population (Weigand, 1977), though such estimates for other parts of the year were 

regarded as unreliable. Comparative efficacy of the two techniques needs to be 

tested and standardized for a given species, area and season before the population 

studies are undertaken. Based upon his observations, Panek (1998) used correction 

index and the population of the Grey Partridge (Perdix perdix) in Poland was 

calculated by a formula (density = 1.45 X mean number of males heard 1.16).   

    

2.1.2. Population Estimates 

Many population estimates are not available on the Black or the Grey 

Francolins. Two studies, conducted in the irrigated and cultivated tracts of the 

Faisalabad (Central Punjab, Pakistan) using call count technique, did not attempt 

the density/ population figures, but the data presented suggested average densities 

of 395 (range 90 – 655) and 150 (range 80 – 250) birds/ km2 for the Black (Khan, 

1989) and the Grey (Ullah, 1991) Francolins, respectively. Another study, 

conducted in the intensively protected and long protected areas of LSNP, reported 

presence of the Grey Francolin in the comparatively very low densities of 0.83 and 

0.60/ km2 in intensively protected and long protected desert tracts. The report did 

not record the presence of the Black Francolins from the part of the LSNP under 

that study (Mian and Ghani, 2007). The reports of Khan (loc cit.) and Ullah (loc 

cit.) do not offer any explanation for the very high densities of the francolin in their 

study. The area is under irrigated cultivation and do have a higher food energy 
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available under the energy subsidy provided in cultivated tracts,  yet the reported 

densities can be regarded as very high for a bird of around 400 g. Densities ranging 

from 1.67 and 34.42 groups/ km2 (average = 19.78; group size = 1.0 – 1.67) have 

been reported for Grey Jungle Fowl (Gallus sonneratii), a bird some 4 times larger 

than francolins.  The available densities for another francolin species, i.e., Djibouti 

Francolin (Francolinus ochropechus) have ranged between 8.75 and 10.13 adults/ 

km2 (Bealey et al., 2004). The reported densities of the Grey Partridge (P. perdix), 

a Phasianids of almost same size, in Poland have remained between 2 pairs/ km2 

(Novoa, 1998) and 3.8 – 20.0 pairs/ km2 (Panek, 2005) for different areas. The 

Great Argus Pheasant (one of the largest pheasant species, Argusionus argus) has 

been reported to be present in dense tropical forests of Indonesia in densities of 

0.15 – 2.25 males/ km2 (Davison, 1983; Nijman, 1998; Winarni et al., 2009). 

 

2.1.3. Sex Ratio 

 No direct report is in hand on sex ratio in the two francolin species under 

present study. Sex ratio in the Grey Red Jungle Fowl (G. sonnerratii) is variable 

between areas and habitats (Ramesh, 1994; Ravichandran, 1995; Jammal, 1998; 

Sathynarayana, 2007), and such variation is expected for the other species. 

However different reports have suggested that the bird populations are generally 

skewed in favour of males (Islam and Crawford, 1993; Donald, 2007). This is 

especially true for the medium-sized phasianids, like, Djibouti Francolin (F. 

ochropechus), where a ratio of 67 males to 6 - 10 females (with 41 – 47 unsexed 

adults) was reported (Bealey et al., 2006). A similar higher prevalence of males (19 

males : 5 females) has been reported for the Grey partridge (P. perdix) population 
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of Poland (Novoa et al., 2006). The sex ratio is however slightly skewed in favour 

of females in larger pheasants, like, Grey Jungle Fowl (G. sonneratii, 1 males : 

1.12 females). Two studies appearing on the sex ratio of Indian Peafowl (Pavo 

cristata) are contradictory, one suggesting the skewness in favour of females 

(1,468 males : 1,977 females; Sathyanarayana and Rajadurai, 1989) while the other 

a skewness in favour of the males (1 male : 0.77 female; Sundaramurthy et al., 

2002).  

 

No solid data is available to explain the skewness of the sex ratio in favour 

of the males, but it may be due to a higher mortality of heterogametic (ZW) 

females as compared with homogametic males (ZZ), which allows the males of 

these species to offer sacrifice to save the females, which has the responsibility of 

rearing the brood. This may given special protection to the adult females and hence 

have special value for species survival, compensating the earlier loss of the 

females. 

 

2.1.4. Mortality 

The studies on the natural mortality are difficult and no direct study is in 

hand on the two francolin species under the present consideration. The 

environmental variable causing such mortalities were analyzed and it was 

suggested that human predation through shooting and netting were mainly 

responsible for a fast decline in the populations of these two species in Pakistan 

(Khan and Chaudhry, 1999). Ring-winged Pheasant (Phasianus colchicus) faced 

higher mortalities during winters (Perkins et al., 1997). The winter predation has 
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been reported to claim 76% of the mortalities in Red-winged Francolin (F. 

levaillantii), 31% of which was attributed to the avian predation (Homan et al., 

2000). Avian predation appeared as the major cause of winter mortalities in the 

Grey Partridge (P. perdix), which was mostly claimed by the owls (Carroll, 1990). 

The avian mortality is expected to decrease with increase in vegetative cover 

(Wagner et al., 1965; Penrod and Hill, 1985), suggesting that the avian predation 

may be relatively higher in Grey Francolins, living under low vegetative cover as 

compared with the Black Francolin. The rapid decrease in the raptor population in 

Pakistan the natural avian predation is expected to be limited, and mammalian 

predation of chicks, eggs and brooding females can be relatively higher. No support 

data is available to support or otherwise this hypothesis, yet under the logic the 

Grey Francolin are expected to face low natural mortalities as compared with the 

Black Francolins which are surviving under denser vegetation and roosting on 

ground. 

 

2.1.5. Dispersion   

 The studies on dispersion of the bird populations are few though such 

studies help in analysis of intra-specific competition and habitat stresses. Grouping 

is known to increase the intra-specific competition and the defensive potentials of 

the species and hence each species finding a balance of these depending its 

potentials and available habitat under Gause Principle of population dispersion 

(Odum, 1971). Some indirect references suggested the variation in the group sizes 

under the protected (average 3.77) and grazed/ burnt grassland (2.96) for the 

population of Red-wing Francolin (F. levaillantii) in South Africa (Jansen et al., 
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2000) indicating a large group size with higher availability of food energy and 

hence reduced intra specific competition. No information is in hand on the group/ 

covey size in the two francolin species under present study. 

 

Different parameters, like group size, distance between the sighted animal 

and constancy of appearance in the different samples have been used in different 

animal groups to judge the dispersion, but none of these provide a comparative 

index of the dispersion. There is a general statistical property demanding that in a 

random population distribution variance (V) equals the mean (M). If the variance is 

greater than the mean the population shows a clumped distribution and if variance 

remains smaller than mean the population exhibits a uniform dispersion. This 

property has been used to develop a dispersion index (dispersion index = V / M), 

which was successfully used in working out dispersion in the populations of two 

species of calm by Jackson (1968). Under such conditions the populations showing 

dispersion index of 1.0 has a random dispersion, and if the value of the index is less 

than 1.0 the population has gradually increasing uniform dispersion and conversely 

the values of the index exceeding 1.0 will suggest a gradually increasing clumped 

distribution. The index has been successfully used in the population of a bird 

(Houbara Bustard, Chlamydotis undulata macqueenii; Mian, 1985) and a mammal 

species (Grey Goral, Naemorhedus goral, Fakhr-e-Abbas, 2006).  

 

2.2. HABITAT 

Habitat use by an animal species is critical, as it provides food, shelter and 

water (White and Garrot, 1990), the three basic requirements of life, and hence, 
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each species survives under specific set of the habitat conditions, depending upon 

its requirements and survival potentials, under its genetic armoury. The basic 

habitat requirements are compromised by the population of the species, living 

under specific set of habitat conditions in different areas and seasons, but the 

compromised habitat conditions remain within ecological amplitude of the species. 

The habitat selection is thus a hierarchical process and may differ between animal 

species at different scales (Johnson, 1908; Kotliar and Wiens, 1990), which makes 

the habitat analysis as difficult (McGrath et al., 2003). Some factor may effect 

differently in different areas and species. Decline in the population of the Grey 

Partridge (Perdix perdix) was caused by extension of agriculture in some part of 

the Europe (Aebischer and Potts, 1994) and by withdrawal of agriculture in other 

parts (Genard and Lescourret, 1990; Lucio et al.,  1996). 

 

No specific study is available on the habitat analysis of the Black or the 

Grey Francolin with reference to the LSNP or the Cholistan desert. Yet some 

remarks have appeared on the general vegetation of the area (Rao et al., 1989). 

Mian and Ghani (2007) undertook a quantities analysis on the distribution of the 

plant and animal species and reported that the increased protection under the 

conditions of LSNP directly increased densities of different plant and animal 

species and the vegetative cover. The study suggested that the densities of the Grey 

Francolin increased with increased protection and consequently the vegetation 

cover. However, they did not directly associate distribution or density of this 

francolin species with the vegetation type, plant species or any other habitat 

parameter.   
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The general remarks on the habitat of the Black Francolin in the Indian 

Subcontinent suggest that the species is more frequently distributed in scrub 

vegetation (Plate 2.1 a, b) having a denser cover, contributed by shrubs or tall 

grasses. Basically the Black Francolin has been regarded as a cursorial bird species 

living under the cover of denser vegetation, yet sometimes these species exploit 

branches of small bushes, especially for calling (Bump and Bump, 1964; Ali and 

Ripley, 1983; Khan et al., 1991; Roberts, 1991; Khan, 1996; Khan, 1997) and 

comes out to rest in open places (Hume and Oats, 1880). The Grey Francolin, on 

the other hand, more frequently inhabits the open ground dotted with scrub jungle 

(Plate 2.1 c, d) characterized by scattered growth of shrubs separated by large 

patches of open ground having clumps of herbs appearing in suitable microhabitat. 

(Whistler, 1930; Khan, 1979; Khan, 1997; BirdLife International, 2004) The Grey 

Francolin, however, selects a dense thorny bush to roost in pairs or family groups 

during night (Jerdon, 1863; Sharma, 1983; Roberts, 1991) suggesting that thorny 

bushes increases the survival of the species and are required in the habitat of the 

species.  

 

Two almost simultaneous studies were conducted in the cultivated tract of 

the Faisalabad (Punjab, Pakistan), one on the Black Francolin (Khan, 1989) and 

other on the Grey Francolin (Ullah, 1991). Both the studies exploited the transect  
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Plate 2.1: Some views of scrub vegetation (a, b) the habitat of the Black Francolin     

and  scrub jungle (c – d) the habitat of the Grey Francolin.  
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sighting records collected from different habitats. The Black Francolin provided 

higher sightings in thick growth of the tall grasses (cropland close to wetland > 

grassland around wetland > cropland around dryland > cropland), dryland with 

sandy shrub providing minimum sightings, and no sighting recorded in alkaline 

wastes or crops around alkaline wastes. The Grey Francolin on the other hand 

exhibited higher sightings in drylands (crop around dryland > dryland > crops 

around alkaline wastes > alkaline wastes > cropland > around wetland) and no 

sighting was presented in dense grasslands around wetlands. The Grey Francolin 

avoided thick forests and swampy areas (Khan, 1997). The low bushes, clumps of 

stunted trees and xerophytic thorn scrub, comprising mostly of Acacia eburnean, 

are considered as the favourite haunts of the Grey Francolin in Sri Lanka 

(Wijeyamohan et al., 2003). Ullah (1991) reported that in summer the Grey 

Francolin preferred to sit on twigs having fewer leaves, but in winter the birds 

selected the twigs having more leaves. He also remarked that the thorny trees, like, 

Zizyphus jujuba and Acacia nilotica, were preferred for roosting. The population 

distribution of the Grey Francolin was greatly influenced by habitat variables, such 

as, vegetation height, density, heterogeneity, soil moisture and availability of food 

(Legge, 1880; Khan, 1996; Henry, 1997; Wijeyamohan et al., 2003).   

 

Habitat selection by basically cursorial phasianids depends upon the 

protection offered to the species. Dense cover provides thermal protection and 

protective cover for Ring-necked Pheasant (Phasianus colchicus; Trautman, 1982; 

Gatti et al., 1989; Perkins et al., 1997;  Gabbert et al., 1999), and Grey Partridge 

(Perdix perdix: Novoa et al., 2006), but can increase predation (Novoa et al., 2006) 
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ascribable to mammals and reptiles. Under such a protection logic the Redwing 

Francolin (Francolinus levaillantii) remained largely confined to unburnt and 

ungrazed grasslands (Hupp, 1980; Little and Crowe, 1993), while under a higher 

possible predation faced by the Grey Wing Francolin (F. africanus) its population 

level was positively correlated with intensity of grazing (Jansen et al., 1999), when 

the food may shift to animal (insect) diet (Jansen et al., 2000). Farmlands provide  

supplementary source of food energy (Xu et al., 1999) and hence may attract a 

higher bird population. Tree cover and density were not the determinants of habitat 

of the Grey Jungle Fowl (Gallus sinneratii), and its population was controlled by 

shrub cover (giving protection and shade) and better herbal cover (providing insect 

food) (Subramanian et al., 2002). Increased cover and plant height, availability of 

food can, thus, also work as habitat determinant. Ratcliffe et al. (2000), working on 

habitat utilization and home range size of Helmeted Guinefowl (Numida meleagris) 

in the midlands of Kwa Zulu-Natal (South Africa), reported that the habitat use was 

strongly influenced by food available in the area. The species during winter 

intensively utilized small grains and row-crop stubbles in Michigan, US (Yeatter, 

1934). Predation appears to have little influence on the habitat selection by Grey 

Partridge (Perdix perdix) (Cody, 1980). 

 

2.3. FOOD AND FEEDING 

 Food, being the basic requirement of life and each species has adapted to 

broad types of the food items, through long evolutionary process by developing 

structural adaptations and genetic armoury.  Species also tries to avoid competition 

with the other species sharing the ecosystem. Within the brood range different 
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population of the animal species, select different food items in different areas and 

seasons, as per their availability. The species may go to the second preferred food, 

if the first choice is not available in an area/season. The physiological requirement 

may alter the food preference under different seasons.  

  

 The studies on the quantified analysis of the food and feeding preferences 

of any of the two francolin species under present study are not available, though 

such studies are required for species management programme and evaluation of the 

available habitat. The major part of the available studies on food and feeding habits  

present qualitative lists of the food items recovered from the crop at different times 

and areas or present records on general observation on the feeding birds.  

 

 The reports appearing from different areas present different list of the food 

items, maintaining  the omnivorous status of these francolin species, yet indicating 

diversification of the food under different availabilities 

 

 The Black Francolin is believed to consume snails, beetles, ants, wasps, 

lizards, caterpillars, snakes and bugs, along with larvae and pupe of a variety of 

insect (Swank. 1977; Cramp and Simmons,1980; Mbinkar et al., 2005; Sande et al., 

2006) with no mention of the food of vegetative origin. Francolins have been 

generally regarded as omnivores, consuming a wide variety of food items, 

including, seeds and leaves of different plant, and animal species (De Sanctis et al., 

2000;  Paralikidis, 2005; Tsachalidis et al., 2007). Grit also frequently appears in 

crops (Faruqi et al., 1960; Bump and Bump, 1964; Dement`ev and Gladkov, 1967; 
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Ali and Ripley, 1969; Roberts, 1991; Chaudhry and Bhatti,1992-b; BirdLife 

International, 2004; Paralikidis et al., 2010) which has a value in masceration of the 

seed part of the food in the crop.. In India the Black Francolin is believed to 

consume seeds of wild pea (Lathyrus sativus), rice (Oryza sativa),  jungle rice 

(Echinochloa colonum), wheat (Triticum vulgare), tubers of desert sedge (Cyperus 

arenarius) and wild figs (Ficus sp.) (Faruqui et al., 1960; Bump and Bump, 1964; 

Ali and Ripley, 1969; Paralikidis et al., 2010). The reports have no mention of the 

animal part of the food. Khan (1989) analysed a sample of 10 crop contents of the 

Black Francolin, killed from croplands of Faisalabad (Pakistan). The crop of one of 

these animals was full of termites, probably exclusive consumed while the bird was 

at same termite hill/ nest. The seeds of grasses, like, Panicum sp., Euphorbia sp., 

Cynodon dectylon, Dactelocterium sp.; constituted the dominant part of the crop 

content, though snails, bugs or larvae, green leaves of Oxalis sp., Typha sp., 

Aristida sp. and Cenchrus ciliaris; along with unidentified seedlings or sprouts 

were also represented in the crop contents. The Black Francolin in Khurestan (Iran) 

is believed to consume a wide variety of plant species, which predominantly 

include, Triticum vulgare, Hordeum sp., Avena sp., Carthamus oxyacantha, C. 

glaucus, Cirsium sp., Carduus sp., Alhagi camelorum, Polygonum persica, 

Lagonychium farctum, Capparis spinosa, Lycium sp., Vitex sp., Citrullus vulgaris, 

Sesamum indicum and Salvia sp. Some unidentified members of the insect 

belonging to insect orders (Orthoptera, Hymenoptera, Coleoptera, Lepidoptera, 

Diptera, Odonata, Hemiptera, Chilopoda), arachnids and mollusks (Odonata, 

Gastropoda) are also consumed by the species (Khaleghizadeh and Sehhatisabet, 

2006). In southwest Iran, this francolin species depends upon wheat seeds 
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(Triticum vulgere), barley (Hordeum sp.), some unidentified species  of the 

Compositae and ants (Rafiei-Tabatabaei, 1977). The analysis of 140 crops and 

stomach contents of the Black Francolin revealed that the species placed a higher 

reliance on animal food during summer and on plant food during winter 

(Demenl’er and Gladkov, 1967). In Cyprus the Black Francolin is believed to take 

Seeds of wheat (Triticum spp.), barley (Hordeum vulgare), ryegrass (Lolium spp.) 

and okra (Hibiscus esculentus), while from animal part insects from Hymenoptera 

and Coleoptera were also prominent (Paralikidis et al., 2010) 

 

 Different reports indicates different items of the food consumed by the Grey 

Francolins in different areas and seasons. Species has been observed digging and 

scratching ground (Wijeyamohan et al., 2003), or even pecking cattle dung for 

insects (Ali and Ripley, 1969), tearing anthills into pieces  (Johns, 1980) indicating 

an important role of the soil macrofauna, including insects and ants, in the diet of 

this species.  No report indicated such special search for the insects by the Black 

Francolin, probably suggesting that Grey Francolin has a special preference for 

animal part of the diet. However, the species maintain an omnivorous character and 

hence besides insects, the species has also been reported to consumes seeds of 

cultivated crops and weeds, and green leaves of general grasses (Mason and 

Lefroy, 1912; Wijeyamohan et al., 2003).  

 

 The proportion of the animal and plant part of the diet of the Grey Francolin 

appears to vary with the area and season. The animal part of the food of the Grey 

Francolin constituted some 28% (as calculated from raw data) of the pooled sample 
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of the crop contents, collected from irrigated cultivated tracts of Faisalabad, 

Pakistan (Ullah, 1991). Mian and Wajid (1994) reported  that during winter 9.8% 

of the food of the Grey Francolin came from the insects while the rest of 90.2% 

comes from plant sources in Bhukkar (Pakistan) which was attributed to a lower 

availability of insects during winter.  The species in Rajastan (India) consumed 

both seeds and insects. The adults had a higher consumption of larger insects 

(especially, grasshoppers), while young preferred smaller insects (ants and their 

larvae or pupae) (Sharma,1983). Ali and Ripley (1969) in their general account on 

the biology of the francolin species suggest that both adults and young feed on 

insects (mostly grasshoppers) along with seeds of  wheat (Triticum aestivum), 

mustard (Brassica compestris), maize (Zea mays), millet (Penniesetum 

typhoideum), barley (Hordeum sp.) and wild grasses. Ground beetles, mole cricket, 

grubs, and larvae and pupa of insects are also consumed to a smaller degree.  

 

 Both the Black and the Grey Francolin are believed to survive for long 

periods of time without external drinking. These species are said to largely depend 

upon dew and moisture available in the food (Bump and Bump, 1964; Johnsgard, 

1988) which remain as important source of water for many desert adapted species. 

In captivity both the Black and the Grey (Craft, 1966)  Francolins, regularly came 

to water points for drinking once a day, suggesting that the species may attempt 

drinking if water is available within reasonable approach of the animal/species. 

This may indicate that this species though tolerate longer duration without external 

drinking, yet are not adapted completely shun water and the availability of water 

within physical approach of the bird may increase its survival.    
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2.4. HOME RANGE 

Home range is the average area that a bird of a species frequently visits 

during its regular diurnal activities, and if such area is defended actively it becomes 

a territory, when it needs to be advertised (Odum, 1971). The size of the home 

range / territory is species specific mostly depending upon the available food at 

trophic level of the species and the requirements of food, which is size dependent. 

The size of the home range of a species is influenced by the availability of food in a 

specific area, season and habitat conditions, alongwith the sex and age of the 

individual. Knowing the home range of a species / population under different 

conditions, helps in understanding the spatial requirements of the species / 

population. The home range have also been frequently used as a parameter of 

habitat degradation. Home range studies require tagging the selected animal and 

monitoring the movement at different intervals. Modern gadget of radio-tracking 

has frequently been used in such studies, yet visible conventional tags can also be 

used, if these do not affect its regular movements and/or predation.  

 

No specific study is available on the size of home range of the Black or the 

Grey Francolin. However studies available on other phasianids suggest a wide 

variation in home range from a remarkable  narrow for the Swamp Francolin 

(Francolinus gularis, 0.273 – 2.687 ha, Iqubal et al., 2003), and a wide range for 

the Redwing Francolin (F. levaillantii, 7.6 – 15.4 ha, Janson et al., 2000). Variation 

in home range has appeared in different studies conducted on the same species, The 

home range for Helmeted Guineafowl (Numida meleagris), varied from 1.31±1.60 
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km² (Ratcliffe and Crowe, 2001), 6.04±1.68 km² (Winterbech, 1991), 8.80±6.30 

km² (Crow, 1978) and 7.55 – 21.24 km² (Ayeni, 2008) in different reports. The 

radiotelemetry studies revealed that the winter home range of the Grey Partridge 

(Perdix perdix) in North Dakota (USA) averaged to 0.245 km², though the pre-

nesting home range was much narrow (0.022 – 0.139 km²) (Schulz, 1974). Yeatter 

(1934), Yocum (1943), McCabe and Hawkins (1946) reported a home range of 2.1 

km² (range 0.01 - 2 km2) for winter coveys of the Grey Partridge in Wisconsin 

(USA),  while Schulz (1974) reported that it varied between 0.052 km2 and 0.064  

km2 in North Dakota (USA).  The home ranges of different coveys of the partridge 

species ranged between 0.16 km2 and 3.1 km2 in eastern South Dakota (Hupp, 

1980). 

 

The home range of Redwing Francolin was not different in different habitat 

condition of South Africa, yet it was narrower under protection as compared with 

the unprotected habitat in other phasianids (Helmeted Guineafowl : protected = 0.79 

– 1.77 km², unprotected = 7.55 – 21.26 km²,  Ayeni, 2008; Grey Partridge, Perdix 

perdix : core area = 10.80 ha, open area = 116 ha, Novoa et al., 2006). The home 

range is wider in males (26.7±5.9 ha) than females (14.1± 1.1 ha) in Peacock 

Pheasant (Polyplectron malacense) (McGowan, 2004). Similar variation in home 

ranges of the two sexes has also been reported  for Grey Partridge (Jansen et al., 

2000). Early breeding birds have larger home ranges than than that of the  old birds 

and juveniles have wider range compared to adult Reeves’s Pheasant (Syrmaticus 

reevesii) (Sun et al., 2003).  
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The home range can be exploited differently in different seasons (Njiforti  

and Kortekaas, 1998). The spring and the summer home ranges of the Grey 

Partridge (Perdix perdix) were exploited by the breeding pairs, while during the 

other parts of the year it was used by the family groups (McCrow, 1977; Bunner et 

al., 2005).  

 

There is no report to suggest that the home range was defended (Jenkins, 

1961; Hunt, 1974) and hence there was no territorial behavior in the Grey Partridge 

during breeding or non breeding seasons. However observations suggesting that 

males often responds the male call, indicate that territory is being advertise and 

probably defended (Davison, 1983). 

 

All the birds of a species do not have same home ranges under similar 

habitat conditions. Weigand (1977) reported that 59% of the population of the Grey 

Partridge (Perdix perdix) remained within 210 m of their winter trap location and 

86% remained within 630 m, and 14% moved beyond 630 m.  

 

2.5. BREEDING 

 Breeding biology of the Black and the Grey Francolins is not very well 

documented. Confusion even exists even with regard to breeding period. It appears 

that the breeding period and performance depend upon temperature, rainfall, 

ground vegetative cover and availability of food and hence are specific for some 

specific area.  
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2.5.1. Breeding Period 

 Eats (1968) and Roberts (1991) believe that the major part of breeding of 

these francolin species occurs after summer Monsoon rains (August – September), 

while Whistler (1930) suggested that these species breed during June in the Punjab 

and during March-April in the Sindh.  

  

 The available records suggest that the nesting in  Black Francolin occurs 

between February and November in the Indian Subcontinent (Bump and Bump, 

1966) and during April – June in the former Soviet Union (Demant’ev and 

Gladkov, 1967). Narrow mid summer nesting period for Soviet Union can be 

expected under lower temperatures at higher latitudes and suitable temperatures 

remaining limited to mild summer. Egg laying period though extends between 

March – October in irrigated tracts of Faisalabad (Pakistan) (Ullah, 1989), yet 

different reports constantly suggest that major part of such activity remains 

restricted to late spring and early summer (April – May) (Ali and Ripley, 1969; 

Cramp and Simmons, 1980; Khan, 1989). Collective consideration of these reports 

may suggest that early summer is the optimal nesting period, though the species 

may breed over a longer period of temperature is not limited and food remains 

available.  

  A large body of literature is available on breeding of the Grey 

Francolin. This francolin species initiates pair bonds between late January and early 

March (Yeatter, 1934; Green and Hendrickson, 1938; Yocum, 1943; Blank and 

Ash 1956). Spring breakup (birds separating from winter coveys) occurres between 

mid February and early March. The pair bond may be between intra- and inter-
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covey birds (Blank and Ash, 1956; Jenkins, 1961; Weigand, 1977). During such 

season birds are more frequently seen in pairs, but coveys of 4-8 birds also appear 

(Wijeyamohan et al., 2003). The coveys break up and selection of mate in the  

Grey Partridges (Perdix perdix) was associated with the onset of warmer 

temperature after winter (Henry, 1956). The species breeds between May and 

August  and December (Layard, 1854; Waite, 1948; Henry, 1971).  

 

 Different reports suggest different periods exploited for nesting and egg 

laying by the Grey Francolin. However, the studies conducted in Rajastan desert 

(India) reported that species breeds during February – April and July – October 

(Sharma, 1983), while in Faisalabad (Pakistan) the eggs laying extends between 

March and September, but the higher number of eggs were laid in March – June 

period, and the maximum number of fledglings appeared in April – June (Ullah, 

1991).   

 

2.5.2 Clutch Size 

Different reports differ on the number of the eggs laid per clutch. The Grey 

Francolin female has been reported to lay 8 – 10 (Clark, 1901), 8-16 (Layard, 

1852), 12 – 20 (Ramnoff, 1949), 4 – 16 (Ullah, 1989) and 6 – 10 eggs (Islam, 

1999) in different reports. Such variation can be expected under variation in 

breeding condition varying with the area and weather. The clutch size ranges 

between 5 and 17 eggs (Perrins and Brikhead, 1983), of which 4.21 percent did not 

hatch (Khan, 1989) in Black Francolin.  
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The higher  rate of egg production is believed to be an adaptation of the 

species to cater for a high rate of their loss, ascribable to egg predation 

(Wijeyamohan et al., 2003). A higher predation of eggs and chicks can be expected 

for the bird species building their nests on grounds (Potts, 1980; Novoa et al., 

2002; Putaala and Hissa, 1998). Decline in the population of the Grey Partridge 

(Perdix perdix) has been ascribed to higher egg and chick loss (Panek, M. 1998.). 

This  bird species is also believed to lay more than one clutches in a season, 

especially when a clutch is lost, though the number of eggs laid under such 

conditions decrease in each of the successive clutch (Johns, 1980).  

 

2.5.3 Incubation 

In Grey Francolin incubation takes 18-19 days (Bump and Bump, 1964; Ali 

and Ripley, 1969; Roberts, 1991; del Hoyo et al., 1994), which appeared to be the 

sole responsibility of the female. Male remains somewhere around the incubating 

hen and gives timely warning to the female about the approaching danger (Johns, 

1980).  The incubation of the eggs did not continue if once the female fled the nest, 

and was ultimately destroyed by the predators (Wijeyamohan et al., 2003). No 

direct report is available on incubation pattern/behaviour of the Black Francolin, 

but it appears that it is not much different from that of  the Grey Francolin. 

 

 

2.5.4. Breeding Habit 

 Not much recorded information is available on habitat requirement and 

effect of the environmental factors in the breeding of the Black or the Grey  
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Francolins. Some studies on breeding habitat are available on the Grey Partridge, 

(Perdix perdix) which may give some indirect insight on breeding habit of the two 

species under the present study.  Gates (1973) and Wubbenhorst and Leuschner 

(2006) studied vegetation structures at the breeding sites of this partridge species in 

the central Europe and correlated those with the size and dynamics of the partridge 

populations. The breeding success was affected by the type and intensity of 

agricultural land use. The breeding density of the species was positively correlated 

with the availability of cover of perennial herbs and shrubs (Blank and Ash, 1956; 

Lack, 1968; Bishop et al., 1977; Rands, 1986; Chiverton, 1999; Panek and 

Kamieinarz, 2000) as these provided both higher food energy and protection 

against the predators (Boxter and Rintoul, 1935; Potts, 1986; Rands, 1986; Gibbons 

et al., 1993; Panek and Kamieinarz, 2000; Panek, 2002).  Nestlings in the Grey 

Partridge faced highest mortality during the first three weeks of their life, while hen 

mortality was the highest while incubating. The habitat management did not 

significantly effect the breeding season in the Grey Partridge (Bro et al., 2005). 

Estimates suggest that a mean brood production rate of 29 – 41%, chick survival 

rate of 31 – 56%, young production of 1.6 – 2.8 per adult bird, and adult survival 

rate of 25 – 30% during breeding period (Panek, 2005). An identical breeding 

success can be expected for the Grey and the Black Francolins, and can be used in 

calculation of recruitment potentials of these species, if suitably modified in the light of 

more specific information available for the species and the conditions of the area of action.  
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Chapter 3 

MATERIALS AND METHODS 

 

3.1. STUDY AREA 

The present study was undertaken in the Lal Suhanra National Park (LSNP: 

29° 24' N - 71° 01' E) between 1993 and 2004. LSNP is located at an altitude of 

110-125 m above sea level (asl), in the northwestern part of the Cholistan Desert, 

which represents the northwestern limit of the Great Indian Thar Desert. It falls in 

the administrative limits of the District Bahawalpur (southern Punjab, Pakistan).  

 

LSNP was declared as a national park in 1972, to separate some 314 km² of 

the Cholistan Desert to allow the normal desert ecosystem to develop and to afford 

protection and conservation to wild desert fauna and flora of the area (Figure 3.1). 

The area has been maintained as a Reserve Forest since 1950 when checks on wood 

cutting were maintained alongwith some afforestation efforts under the canal 

irrigation (Plate 3.1 and 3.2). The limits of the National Park were extended in 1984 

to add another 202 km² (approx.) into the park, making a total of some 516 km², 

being presently maintained under the LSNP administration and protection 

(Chaudhry and Khan, 2002).  

 

The geomorphology of the area varies between fairly flat (Plate 3.3) and 

gentle to high sand dunes (Plate 3.4). The area has a gradual natural slope from 

north to south. The major part of the area  (442 km², 86 percent of the total area of 
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Figure 3.1: Map of the Lal Suhanra National Park, Bahawalpur, Pakistan, showing           

 the general distribution of different habitats. 
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Plate 3.1: A view of irrigated forest in Pati Sar Range in LSNP. 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 3.2: A view of irrigated forest in Ladam Sar Range in LSNP 
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Plate 3.3:  Aview of the flat area in    

                   LSNP. 

 

 

 

 

Plate 3.4:  Aview of the  sand     

                   dunes in  LSNP 

 

 

 

 

 

                

 

  Plate  3.5: A view of the sandy loam in  

                     LSNP. 
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 (LSNP)  is interspersed with sand dunes of varying heights (up to 15m) and sizes  

(up to 40 ha). The dunes have course to fine sand or sandy loam soil (Plate 3.5). 

Some of these of dunes of aeolian sand have stabilized soil having higher 

clay/organic matter contents, while others have the rolling sand. Geologically the 

area has an underlying saline alluvial clay deposit, derived from the Himalayas, and 

consists of calcareous sandstones, shale and clay. The flat interdunal areas (locally  

known as Dahars) have 1.5 to 5.0 m thick layer of hard clay loam soil, running over 

the sand. These interdunal flats are amazingly leveled plains, sometimes extending 

over many kilometers and are often without vegetation or with very scattered plants 

appearing in sandy patches. These soils are generally deficient in nutrients and vary 

from sandy and sandy-loam to loamy-sand in texture. The pH of soil ranges 

between 8.4 and 8.9 in different tracts, giving it a general alkaline character. The 

sub-soil water is saline and hence unfit for drinking and irrigation (Rao et al., 1989; 

Arshad and Rao, 1994; Chaudhry and Khan, 2002) except a belt running along the 

canal or its tributaries. 

 

 The area has basically, hot and arid climate having general sub-tropical 

conditions.  The study tract is characterized by low and sporadic rainfall, associated 

with low relative humidity and high temperatures, and hence a high rate of surface 

evaporation (Rao et al., 1989). Strong summer winds, running  in the southeast 

direction, often resulted in sand storms, causing shifting of sand dunes and a higher 

level of  wind erosion. Comparatively light breez running in the northeast direction 

is the characteristics of the winter.  
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 The area experiences a wide annual and monthly variation in temperature 

and rainfall. The available records on temperature variation at Bahawalpur (main 

town located close and at almost altitude to the LSNP) suggest that the minimum 

average temperature was experienced during December (3.5°C), while the 

maximum average monthly summer temperature was recorded during June (46.7 

°C) (Table 3.1). However, the minimum temperature may remain below freezing 

point for some nights during the winter, while the maximum mid-day temperature 

may rise above 50 °C for some of the summer days.  

  

The average annual rainfall recorded at Bahawalpur for 1993-2004 periods 

was 235 mm. The summer monsoon was more dependable and the major part of the 

annual rainfall was received during June-August period (monthly average around 

45-47 mm). The other parts of the year largely remained dry, receiving scattered 

showers (monthly average remaining around 5 mm). The westward winter monsoon 

fetched slightly higher rainfall during December (monthly average of 20 mm) 

(Table 3.2). The previous record suggested that the area generally witnessed a 

cyclic fluctuation in level of annual rainfall received in the area, with 4-5 years of 

comparatively higher rainfall, followed by some equal number of the years with 

relatively lower rainfall. This pattern is gradually shifting, with longer periods of 

lower rainfall and shorter periods of higher rainfall. During the initial part of the 

study period (1993-1996) the area was under the effects of a prolonged severe 

drought, when the average annual rainfall remained below 5 mm. This was 

followed by four years (1997-2000) of comparatively higher rainfall, when the 

annual rainfall remained between 460 and 569 mm. The subsequent years of the 
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study period (2001 – 2004) received a moderate rainfall (I12 – 141 mm during 

different years). Keeping to the seasonal rainfall and temperature pattern the area 

witnesses two blooms. A good growth of ephemerals appeared during / after the 

summer. monsoon (August – November), and a moderate ephemeral growth also 

appeared during spring (February – March). Annual and seasonal variation in 

rainfall directly affect the wild vegetation and subsequently the animal populations. 

The new born are produced during early and late summers by the species surviving 

under natural desert vegetation. The vegetation growth and development was 

grossly affected during the years of low rainfall, which subsequently impaired the 

recruitment potential and survival of animal. Such effects were less pronounced in 

the canal irrigated plantation and the animal species move frequently exploited 

these tracts. 

   

The major part of the LSNP has a sandy desert character and is dominated 

by typical desert vegetation, mostly appearing in sandy patches having 

comparatively better availability of soil moisture (Kahlown et al., 2002). The 

vegetation in these tracts is dominated by desert adapted species like Calligonum 

polyonoides, Lasiurus sindicus, Dipterygium glaucum, Aristida depressa, Citrulus 

colocynthis, Crotalaria burhia and Neurada procumbens representing typical flora 

of the Lesser Cholistan (Plate 3.6), (Rao et al., 1989; Chaudhry et al., 1999). 

 

A seasonal canal, i.e., Bahawal Canal (Plate 3.7) and its tributaries, pass 

through the northwestern parts of the LSNP, and canal irrigation is available to 

these parts of the park during summer. An irrigated forest plantation has been  
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Table 3.1: Mean monthly minimum (min) and maximum (max) temperatures (°C) recorded in Bahawalpur (Pakistan) during 1993 – 2004  

 periods (courtesy: Metrological Department, Pakistan) 

Years 

January February March April May June July August September October November December 

Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min 

1993 21.5 7.8 22.5 15.2 27.8 14.2 32.2 20.8 41.5 26.5 45.2 29.3 45.7 29.5 38.6 28.7 37.7 26.3 34.8 20.5 29.2 13.5 22.9 4.5 

1994 21.7 9.3 22.2 14.6 28.6 18.2 32.5 20.3 41.2 26.3 46.7 30.2 45.5 30.4 38.8 29.7 36.8 26.8 34.6 19.9 28.9 12.6 22.6 6.2 

1995 20.5 8.6 22.7 13.7 27.9 19.6 33.4 18.7 41.6 25.9 45.6 29.7 46.2 30.2 39.2 29.3 37.5 25.4 34.2 19.4 27.3 11.8 23.4 4.2 

1996 21.4 6.5 22.8 14.3 26.9 18.7 32.6 18.3 40.2 24.6 44.6 27.5 43.5 27 38.7 28.2 36.5 24.9 33.3 18.5 26.9 10.9 22.7 5.1 

1997 20.6 5.5 22.3 12.5 27.4 17.8 32.7 17.6 36.4 20.5 37.9 26.6 37.3 27.3 37.3 26.4 36.8 24.2 33.7 17.3 27.5 10.3 21.3 3.7 

1998 20.3 7.2 21.5 7.7 27.2 12.5 30.2 18.6 37.2 21.7 37.5 27.6 37.2 24.6 37.3 25.5 37.2 23.8 33.4 17.5 27.6 11.1 22.4 4.2 

1999 21.2 6.3 21.2 7.6 26.3 13.2 30.1 19.2 37.2 20.4 37.6 27.7 37.5 23.5 37.4 26.9 34.4 24.2 33.6 19.2 25.9 10.5 22.2 3.5 

2000 20.1 5.2 22.3 8.5 26.4 13.7 29.5 18.2 37.3 21.3 37.3 27.6 37.2 24.4 37.4 26.5 35.1 23.3 33.8 18.3 26.9 11.2 22.5 4.4 

2001 20.6 3.5 22.1 9.8 26.4 14.4 29.4 19.5 37.5 23.3 37.4 28.8 37.5 26.4 37.5 26.5 33.5 24.2 32.8 17.6 27.2 12.2 22.3 3.9 

2002 20.4 2.7 22.6 8.8 26.8 13.9 29.7 18.7 39.7 21.4 41.6 27.9 38.3 29.6 37.6 27.8 34.4 23.3 32.3 18.8 26.6 11.3 22.6 3.8 

2003 20.4 3.7 23.9 9.5 28.7 14.6 29.5 19.5 40.5 22.5 41.2 27.6 39.6 28.5 38.2 27.6 35.6 23.9 34.8 19.2 29.2 12.5 23.4 4.8 

2004 20.2 3.9 23.6 10.2 28.5 14.5 28.9 18.8 40.2 21.2 41.1 28.6 39.7 29.4 38.6 27.6 36.3 24.5 34.5 18.8 29.6 11.3 23.6 3.7 

Average 20.74± 5.8± 22.4±  11.0± 27.4± 15.4± 30.8± 19± 39.2± 22.9± 41.1± 28.2± 40.4± 27.5± 38± 27.55± 35.9± 24.56± 33.8± 18.75± 27± 11.6± 22.6± 4.33± 

  0.16 0.61 0.22 0.82 0.25 0.7 0.47 0.26 0.56 0.66 1.05 0.31 1.06 0.7 0.2 0.37 0.39 0.32 0.23 0.28 0.34 0.27 0.18 0.22 
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Table 3.2:  Rainfall (mm) recorded during different calendar months in Bahawalpur (Pakistan) during 1993 and 2004 (courtesy:  

      Metrological Department of Pakistan). 

Years Jan Feb. March April May June July Aug. Sep. Oct. Nov. Dec. Total  

1993 3.50 4.10 0.19 1.50 1.10 6.20 1.40 3.40 1.10 0.30 0.30 0.50 23.59 

1994 2.20 2.10 0.20 1.10 1.60 4.20 1.40 2.80 1.20 0.20 0.30 0.40 17.70 

1995 2.60 2.30 2.20 1.30 1.20 2.30 3.60 4.60 1.40 0.20 0.50 0.50 22.70 

1996 2.60 1.70 1.90 3.30 2.70 6.80 8.70 7.10 13.30 0.20 1.10 1.20 50.60 

1997 7.60 5.20 7.70 6.50 8.50 87.50 80.25 92.30 87.70 9.32 12.50 55.20 460.27 

1998 8.80 6.40 8.50 8.20 25.30 102.30 114.55 122.50 90.32 9.50 17.30 60.32 573.99 

1999 8.60 9.10 7.50 8.40 33.65 99.65 121.58 111.39 98.25 5.40 16.50 45.30 565.32 

2000 7.90 8.40 5.50 8.10 41.37 108.90 119.57 101.30 88.60 7.50 16.80 55.12 569.06 

2001 6.40 7.80 5.80 8.20 11.60 25.30 26.30 25.30 5.40 3.30 2.10 12.50 140.00 

2002 5.90 6.80 4.20 7.30 8.10 20.30 25.40 26.30 5.30 3.30 4.30 3.20 120.40 

2003 6.70 5.50 3.10 6.20 5.20 28.25 28.30 38.10 12.10 3.50 2.10 2.40 141.45 

2004 7.10 6.70 3.50 6.70 4.80 29.50 28.15 37.20 5.80 1.70 1.20 3.40 135.75 

Average 5.82±0.70 5.51±0.72 4.19±0.82 5.57±0.84 12.09±3.95 43.42±12.34 46.58±13.92 47.67±13.24 34.16±12.22 3.70±1.01 6.25±2.08 20±7.36 282.10±27.92  
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Plate 3.6:  A view of the typical flora of the Lesser Cholistan 

 

 

 

 

 

 

 

 

 

 

        Plate 3.7: A view of the Bahawal canal in LSNP with visitors. 
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developed in the canal irrigation tract, where thick growth of introduced / alien and 

resident plant species, like, Dalbergia sissoo, Accacia arabica, A. nilotica, 

Eucalyptus camaldulensis, Tamarix dioica, Populus euphratica, Erianthus munja, 

Prosopis cineraria, Capparis deciduas, Salvadora  oleoides, Salsola  foetida,  

Suaeda fruticosa and Saccharum munja (Plate 3.8), appear as thick forested growth. 

An artificial desert lake (some 19 km²) has been developed in a natural depression 

using canal water, having aquatic fauna and flora. This pond provides  habitat for 

the resident and migratory waterfowls and waders, especially during the winter. On 

the western side of the pond (about 1 km²) swamp vegetation has developed, where 

a thick growth of species, like, Typha angustata, Phragmites karka, Paspalum 

distichum and Imperata cylindrical, has developed (Plate 3.9). 

 

3.2. POPULATION STUDIES 

3.2.1. Preliminary Reconnaissance  

 A total of 23 stands (stretches having reasonably uniform physico-biotic 

conditions) were established through a preliminary ground survey of different 

parts of the LSNP, which were assigned  reference numbers (Figure 3.2) and 

considered as broad sampling unit for the purpose of present study. Each stand 

was extensively searched by walking through the stand area using all available 

walking tracts passing through all possible microhabitat using 3 – 4 wildlife 

staff and/or local hunters having experience (including the author), during 

different parts of 1993. Attempts were made to spot some  population of the 

Black (Francolinus francolinus henrici) and the Grey (F. pondicerianus 
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       Plate 3.8.  A view of the mixed vegetation in LSNP. 

 

 

 

 

 

 

 

 

 

 

 

          Plate 3.9:  A view of the swamp  vegetation in LSNP. 
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Figure 3.2:  Map of the Lal Suhanra National Park showing the distribution of     
 
different stands. 
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      interpositus) Francolins, and/or hearing the calling birds. An intensive search 

for some indirect evidences  (feathers, faecal pallets) of the presence of the any 

of the two francolin species was conducted in the stands where the francolins 

could not be recorded through sightings or calls. The stands having no direct or 

indirect signs of the presence of any of the francolin species were recorded as 

unfavourable for  exploitation by francolins and were not included in the 

further studies. Further studies on ecology and population dynamics of these 

species conducted during the subsequent years remained limited to 10 stands 

having appreciable populations of one or both the francolin species, under the 

present study.   

 

3.2.2. Population Sampling 

A 2.5 km long permanent strip transect lines were established in each of the 

10 stands, having appreciable francolin populations. Keeping to the physical 

problems of walking through thicker growth of tall grasses and shrubs in some of 

the stands, the transect lines were maintained along generally used walk trails. All 

possible care was taken so that transect line passed randomly and diagonally 

through the stand area trying to pass through all possible microhabitat variation. 

The populations of both francolins species were then monitored by walking 

through these permanent transect strips maintaining a speed of 2 – 3 km/ hour in 

morning (starting about half an hour before the sun rise) and evening (starting 

about half an hour before the dusk) sessions by using a group of 3 – 4 (including 

the author) workers, experienced francolin hunters and Wildlife staff of the area, to 

record the sighted/ calling birds. 
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3.2.3. Study Technique 

 To compare the efficiency of the sighting and call count techniques of 

population estimation, as applicable to the Black and Grey Francolin population 

under the conditions of LSNP, the fixed line transect (2.5 km) was used in each of 

the 10 stand have francolin population. A group of 3 – 4 trained/ experienced 

workers walked together along the transect line for two consecutive days in the 

morning and evening sessions during different calendar month between 1993 and 

1994. The sighted or calling bird was shared amongst the member of the group and 

finally recorded by the author. The total number of the sighted and calling birds of 

different species were worked out for each transect walk. 

 

The individually collected data for different transect walk was pooled / 

avereged to work out the frequencies of calls and sights for each month and for 

each session (morning / evening). The total transect lined length being constant, the 

differences in the frequencies for different sessions and months were directly 

compared using paired t-test for the significance of differences at 0.05 level 

followed Sokal and Rolf (2000). 

 

3.2.4. Density Estimates  

The population density was studied using fixed strip transect sampling technique 

(Buranham et al., 1980; Krebs, 1989; Bibby et al., 1992; Javed and Kaul, 2000). 

For the purpose each stand was sampled in the morning and evening for two 

consecutive days, during different calendar months between 1993 and 2004. For  

each sampling the author accompanied by 2 – 3 field workers, experienced with 
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francolin in the area, walked at a moderate speed (2-3 km / hour) taking at normal 

patch, along the predetermined 2.5 km long permanent transect line established in 

each stand, to count the number of individuals of each of the two francolins species 

sighted or flushed on both sides of the walking line. The counts was recorded 

directly by the author. Records on species, sex (male, female) and age (sub-adult, 

adult) of each of the sighted bird; along with the number of the birds seen together 

(representing as flocks or coveys) were maintained.  

 

The records were also maintained on the approximate distances of the 

sighted birds from the transect line during 1993 and 1994 studies. The calculations 

on the recorded distances of the sighted birds from the transect line for 1993 – 1994 

data suggested that, under the conditions of tract under the present study, and using 

3 – 4 workers, the strip transect covered an average band of some 80 m (40 m on 

each side of line) along the transect line. Therefore, a uniform transect width of 80 

m (0.08 km) was adopted for analysis of strip transect data collected throughout the 

study period.  

 

Densities (per km²) of the each of the francolins species each sampling of 

the stand calculated separately by dividing the number of sighted birds by the fixed 

stand transect area (0.2 km² = 2.5 km, × 0.08 km, length of the transect × average 

transect width). The data on individual transect densities were appropriately pooled 

to develop average density figures for different stands, colander months  and years 

to be used in the analysis of pattern of seasonal and annual population fluctuations. 

Variance and standard errors were calculated using regular statistical methods, t–
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test (unpaired) was used for working out the significances of differences between 

the distances at 0.05 level of significance and correlation coefficient were 

calculated for assessing the level of association of densities to the different 

variables (Sokal and Rolf, 2000) and using computer programme (Microsoft 

Excel).  

 

3.2.5. Sex Ratio 

 The number of adults and females recorded for the two species during 

transect sampling of different stands conducted during different calendar months 

between 1993 and 2004 were used sex ratio analysis. The raw data was suitably 

pooled for different stands, for different calendar months and for the overall sample 

of each species. The significance of the difference in the two sexes was tested at 

0.05 level for 1 : 1 male : female ratio using α²-test. The heterogeneity and  α²-test 

was calculated for 1 : 1 sex ratio, for working out the significance of uniformity in 

the data, collected during different sampling ( Sokal and Rolf, 2000).    

 

3.2.6. Age Structure 

 The available data on the number of females / individuals and the sub-adult 

recorded during transect population sampling of the two francolin species for 

different stands and calendar months during 1993 – 2004 was suitably pooled for 

spatial and seasonal analysis. The juvenile : female and juvenile : adult ratios were 

developed, using usual mathematical conversions. 

 

 



 

 

64

3.2.7. Dispersion 

 The number of the birds seen together during different transect sampling of 

the Black and the Grey Francolins were regarded as a group. The pooled group data 

collected for different calendar months and years was used to calculate the mean 

group size and the relevant variance, using generally used statistical technique  

(Sokal and Rolf, 2000) and computer programme  (mstat). The dispersion index 

was calculated by dividing group variance by group mean for each category, 

following Odum (1971). Value of indices were directly compared for the analysis 

of the patterns. Paired t–test was used for analysis of significance of difference 

between different sets of data.     

 

3.3. PHYTO-HABITAT ANALYSIS 

All the 10 stands, having francolin populations, were sampled for the 

vegetative habitat during different seasons of the year 1998. The line intercept 

method was adopted for the purpose of the present studies on the vegetative 

analysis of the habitat, following a modified version of the line intercept method, 

used for the communities having two or more distinct strata (Gaston, 1980).  

 

In each stand 50 m long line transects (9 – 10 per stand) were randomly 

selected, trying to include all possible microhabitat variations and species diversity/  

abundance. The length of individual plant, touching or passing through the 

imaginary transect line, was directly recorded, along with its species. The length of 

the transect line shared by each plants was divided by the transect length (50 m), 

and was considered as absolute cover occupied by individual plants. The cover 
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occupied by each plant species was the calculated by appropriate pooling of the 

individual covers of all the plants of the species. This data was then also used to 

calculate herb, shrub, tree or the total vegetation cover in the stand falling under  

the francolin tracts. 

 

Appropriate reference material of the plant species was collected in the 

field, pressed in a plant press using absorbent paper and brought back to the 

laboratory. The reference specimen were identified by comparing these with the 

reference collection available at the Department of Botany, University of Karachi, 

and Herbarium maintained at the Government S. E. College, Bahawalpur. 

Taxonomic nomenclature of Nasir and Ali (1972) was followed throughout this 

study for reference to plant species. 

 

The data on density of the two francolin species, as collected under 

population studies through sighting records (Section 3.2.4), were used to develop 

association of  the francolin population density with total vegetation cover, tree 

cover, shrub cover, herb cover and herb cover. 

 

The curvilinear regression analysis was undertakaken for the study of 

association of the vegetative cover with the population density of the two francolin 

species, using computer based programme Minitab 15. 

The significance of the difference in pattern of distribution of the two 

species of francolins was judged using paired t-test. Cononical Correspondence 

Analysis (CCA) was executed using the computer software CANOCD 45 for the 
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knowing the association of different plant species with the population densities of 

the francolin species under present study. 

 

3.4. FOOD 

 A total of 28 crops of the Black Francolin and 31 of the Grey Francolin 

were collected from the birds freshly killed from the LSNP and its adjacent areas, 

by the hunters during different seasons (Black: February – April, spring = 8, May – 

July, summer = 7, August – October, autumn = 6, November – January, winter = 7; 

Grey: spring = 7, summer = 9, autumn =7, winter = 8;) during 2003-2004. Each 

crop was immediately weighed in the field using top loading balance (Sartorius, 

minimum of 0.1 mg), legated on the two ends with a thread and packed separately 

in the plastic bags (having 7% commercial grade formaline) and taken to the 

laboratory for further analysis.  

 

Each crop was dissected and its contents removed and placed in the water. 

The inner wall of the crop was gently brushed and washed to remove the left over 

material. The empty crop was weighed again with the balance (Sartorius) and the 

difference between the two weights, i.e., fresh crop and emptied crop, was taken as 

the weight of the crop content. The contents were then placed in 7% commercial 

grade formaline for further macroscopic or microscopic analysis.  

 

The reference materials of different plants species were collected from the 

stands having appreciable francolin populations, and were identified up to species 
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level, following Nasir and Ali. (1972) and by comparison with the specimen 

available at the Department of Botany, University of Karachi and Government S. 

E. College, Bahawalpur. Different parts of the plants of different  species were kept 

in 7% commercial grade formaline and maintained as reference material. Reference 

drawings of such parts (seeds and leaves) were prepared, emphasizing the 

important morphologic taxonomic characters of the species, and used for the 

identification of the parts of the food recovered from the crop contents.  The parts 

of the reference plants were also ground with pestle and mortal and temporary 

mounts of such mascerated pieces prepared on a glass slide using glycerin. The 

temporary mounts were examined under light microscope (400 X, Olympus, Japan) 

and the reference drawings prepared, keeping in view the characteristic cellular 

features, and used for the identification of doubtful pieces of the food recovered 

from the crops. 

 

The food material recovered from each crop was transferred into a petri 

dish and washed under running water till the complete removal of the formaline. 

The individual pieces of the plant origin were identified upto the lowest possible 

taxonomic category by directly comparing the morphological features of the pieces 

with the reference drawings. Hand lens and/or binocular stereoscopic microscope 

(10-20 X, Olympus, Japan) were used in selected cases. In doubtful cases the 

pieces of the vegetable matters recovered from the crop were ground and examined 

under light microscope (400 X, Olympus, Japan) after preparation of the temporary 

mount in glycerin and identified by comparing the histology with reference 

drawings. The pieces representing the animal part of the food were identified 



 

 

68

directly upto the lowest possible taxonomic category by using their taxonomic 

characters, with naked eyes, hand lens and / or stereoscopic binocular microscope 

(10-20 X, Olympus, Japan) and available taxonomic keys. Some of the pieces of 

the food could not be identified and were recorded as unidentified plant, 

unidentified animal or general unidentified food material. Each identifiable part of 

the each stomach content was separately weighed using balance (Sortorius, 

minimum count of 1 mg) and expressed as  percentile of the total weight of the 

crop content. The pieces of the grit appearing in the contents were separated and 

weighed. The data on different classes of the food contents were then appropriately 

pooled to calculate average and standard error of mean for the food item consumed 

by the total species and during different seasons, using regular statistical technique 

(Sokal and Rolf, 2000) and computer programme (Mega statistics).  

 

3.5. HOME RANGE 

 A total of 101 adults of the Black (males = 54, females = 47) and 97 

individuals of the Grey (males = 50, females = 47) Francolins were live trapped 

during 1994 extreme drought hit year, and 1999 (heavy rainfall year) using mist net 

and decoy bird. Each bird was carefully removed from the net, closely examined 

for physical abnormality, sexed and  allotted a field number. The physically normal 

and healthy looking birds were tagged with a coloured ribbon of appropriate size, 

tied to the main primary feathers of its left wing, following Gaunt and Oring (1977) 

taking due care so that such a tag did not hinder its normal movements and also not 

facilitating predator detection. The tagging ribbon was barely just visible to the 

observer experienced with its detection (Plate 3.10 and 3.11). The bird was then 
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released back to the wild as close to the place of its initial trapping as possible. The 

released bird was closely watched for the behavioral movements, till the time it 

remained visible. The birds resuming the normal activities were maintained for 

further monitoring. The release site of each bird was marked on a map of the park, 

using appropriate colour marker. Date and the time of release was recorded.  

  

 Each of the tagged bird was subsequently monitored by a network of field 

workers distributed in the park area. Simultaneously, the author scanned the area in 

the morning and evening sessions to spot the bird, with naked eye and/or by using 

binoculars (Olympus DPSI) and spotting scope (Nikon RA II, W/15 – 45).The 

presence of the field workers (in connection with three routine duties) and the 

author (in connection with field work on other parts of the present study) in the 

francolin habitat was exploited for occasional monitoring of the released bird for a 

larger period of time. The birds having >4 observations were considered for 

calculation of home range. Whenever the tagged bird was spotted by a worker it 

was immediately reported to the author with the sign code, location, date and time 

of observation. The location of each sighting of the bird (by field worker or by the 

author) was marked on the map with date and time of sighting using marker of 

appropriate colour. The distance of the spotted bird from the release site was then 

worked out, using the scale of the map.  

  

 As a regular monitoring of the bird was not exercised, it was believed that 

the bird exploited a circular home range around the release spot, therefore, the 

average distance of all the sighting points from the release sites was calculated and 
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considered as the radius of the home range of the bird. The home range of  each 

bird was then calculated using normal mathematical conversion (home range = пr², 

where п= 3.14, r = average sight distance). The individual home ranges are used 

after appropriate pooling, for the calculation of mean and standard error of mean 

for different seasons, sexes and years  using regular statistical methods. Unpaired t-

test was used for working out the significance of differences at 0.05 level (Sokal 

and Rohlf, 2000). 

 

3.6. BREEDING BIOLOGY  

 The favourable francolin stands were extensively scanned during different 

parts of the year between 1993- 2004 by the author and through the network of 

field workers. The movements of the individual birds of the two francolin species 

spotted during such scanning were carefully observed, and the activities of the 

birds carrying plant materials in their beaks were patiently monitored to spot the 

nests. Whenever a nest construction site was identified by the author or by some 

worker, the site was marked with a coloured flag (Plate 3.12 a, b), placed on some 

prominent nearby bush but not causing disturbance to the breeding bird. The nest 

was given a field number and was closely monitored on daily basis by the author, 

by unaided or aided (using binoculars, Olympus DPSI, and spotting scope Nikon 

RA II, W/15 – 45), from a camouflaged spot located at a safer distance, causing no 

disturbance for the breeding bird / birds. The complete field records on the date 

status of the nest ,and activities of the breeding bird were maintained as field notes.  
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Plate 3.10:  Male Black Francolin with coloured ribbon. 

 

   Plate 3.11:  Male Grey Francolin with coloured ribbon.  
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The nest was physically approached when the incubating bird was not present at 

and/or within visible vicinity of the nest. The eggs, in the nest, were counted and 

individually measured using a vernier caliper, weighed (Sartorius top loading 

balance) and carefully placed back in the nest. Care was taken not to disturb the 

nest disposition or touch the eggs with hand.  

 

 The records of the activities at different nests were maintained for and used 

in working out different breeding parameters, i.e., days used for nest construction, 

duration of egg laying, clutch size, hatching duration and number of fledglings, etc. 

The individual data on such parameters were approately pooled and used in 

calculation of hatching or breeding success.  
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     (a) 

 

 

     (b) 

Plate 3.12. a, b:  View of marked plant having nest under it. 
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 Chapter 4 

RESULTS AND DISCUSSION 

4.1. POPULATION DYNAMICS 

 4.1.1. General Distribution 

 The data collected on the distribution of the Black Francolin and the Grey 

Francolin from 23 stands sampled in the LSNP (Table 4.1) revealed that the two 

francolin species were not evenly distributed in the park area. One or both the 

species was recorded in 10 stands only, with no population appearing in other 13 

stands. The Grey Francolin gave its appearance in all 10 stands (43.5 percent 

constancy), while the Black Francolin appeared in  6 of these only (26.1 percent 

constancy). 

 

LSNP is basically a desert tract, denser growth of desert shrubs and 

irrigated forest plantation appearing in some part receiving different level of canal 

irrigation. Therefore, the absence of the francolins from the major part of the LSNP 

was expected, as very scattered shrub vegetation in the sand dunes and almost bare 

interdunal flats does not provide suitable habitat for any of these two francolin 

species. The Grey Francolin is known to be more adapted to survive under desert 

conditions than the Black Francolin, which explains a wider distribution of the 

former (Robert, 1991).  Mian and Ghani (2007), under their study designed to 

evaluate effect of increasing protection on biodiversity variation under desert 

conditions of LSNP,  recorded an increase in the population densities 
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Table 4.1:  Distribution of the direct and indirect indicators of the population of the    

                   Black and the Grey Francolins in different stands in the LSNP during    

                   1993. 

 

 
 

 

  

 
Black Francolin 

 
Grey Francolin 

 

Stand 
 # 

Sighting 
(#) 

Calls 
(#) 

 
Feathers 
 Faecal Pellets 

Sightings (#) 
 

Calls 
(#) 

Feather 
 

Faecal Pellets 
 

1 0 0 – – 0 0 – – 

2 0 0 – – 0 0 – – 

3 12 18 + + 31 36 + + 

4 35 47 + + 7 3 + + 

5 39 52 + + 6 6 + + 

6 0 0 – – 0 0 – – 

7 11 19 + + 42 47 + + 

8 0 0 – – 0 0 – – 

9 0 0 – – 0 0 – – 

10 0 0 – – 0 0 – – 

11 0 0 – – 9 11 + + 

12 0 0 – – 6 8 + + 

13 0 0 – – 31 39 + + 

14 0 0 – – 0 0 – – 

15 36 55 + + 8 12 + + 

16 0 0 – – 0 0 – – 

17 0 0 – – 0 0 – – 

18 6 11 + + 25 31 + + 

19 0 0 – – 0 0 – – 

20 0 0 – – 0 0 – – 

21 0 0 – – 0 0 – – 

22 0 0 – – 17 21 + + 

23 0 0 – – 0 0 – – 
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of the Grey Francolin with increasing vegetative cover, and no population was 

recorded in the extreme desert conditions. The Black Francolin did not appear in 

their record as they confined their studies to the tracts having natural desert 

vegetation and did not include irrigated plantations in their samplings. No mention 

of any of these francolin species has appeared with specific reference to LSNP or 

Bahawalpur in the Fauna of British India (Baker, 1921). However, Ali (1941) 

recorded the presence of these species in Bahawalpur though he did not mention 

the specific areas of their distribution. The canal irrigation had already extended 

into Bahawalpur and the presence of these species in the irrigated tract is expected. 

 

Under the available information it appears that the Black Francolin in an 

alien species to the area under the LSNP, extending its range of distribution into the 

park after the introduction of canal irrigation and subsequent development of 

thicker vegetation. The Grey Francolin, however, was present in the suitable 

patches having thick growth of shrubs under better soil moisture conditions in the 

desert tracts. The canal irrigation and protection afforded in the park helped in 

further establishment of the population in the suitable habitat patches of LSNP.    

 

4.1.2. Study Technique 

 Francolins, like other phasianids, are cursorial birds and prefer thick 

vegetation and indirect density determinants, like, call counts, are frequently used 

in studies attempting their populations because of the convenience. Few studies 

have tried to compare different bird count methods in an organized manners with 

respect to their relative accuracy, bias, precision and convenience (Urfi et al.,  
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2005). We tried to evaluate the relative efficacy of the call count method of the bird 

transect samling of bird by simultaneously recording the direct sighting of the birds 

(over a band of 80 m) and the number of calling birds. 

 

The result collected on frequencies of sighted and calling Black Francolins 

(Table 4.2) exhibited a consistant pattern. The α value suggested that the 

frequencies of sighting were significantly higher during the morning sessions 

compared to the evening sessions for the major part of the year, except for 

November – February period, when the differences were not significant (p > 0.05) 

though slightly higher sightings appeared in evening session. This pattern was 

more pronounced in the frequencies of the calls, which were significantly higher 

during April – October and during December, with a non significantly difference 

during the other parts of the year (November, January and February). The 

frequiencies of calls were remained significantly higher for the major part of the 

year, except for November – January period, when the difference was not 

significant at 0.05 level. The significant values of heterogency λ² indicated that the 

variation were not consistant during different parts of the year. However 

frequencies of calling birds exhibited wider variation during different calendar 

months (Figure 4.1 and 4.2), which were hard to be explained on the possible 

changes expected under recruitment (during summer) and mortalities (during 

evening) patterns. On the other hand the number of the sighted birds exhibited a 

narrow range of variation, which could possibly be accounted through recruitment 

– mortality logic.  
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Table 4.2:  Population  density of  Black  Francolins  as calculated from 

                   calls count  and physical  sighting in the morning and evening  

                   during different calendar months. Number of transects n = 80  

                   for morning and  evening, n=160 for all.  

 
 
 

                   

 Morning Evening Overall 

 Call Sighting Call Sighting Call Sighting 
Months 
  # # # # # # 

January 38 47 51 68 89 115 

February 67 42 77 55 144 97 

March 141 106 110 51 214 157 

April 138 111 97 57 235 168 

May 174 121 111 74 285 195 

June 241 131 121 78 362 209 

July 287 148 151 85 438 233 

August 259 125 144 55 403 180 

September 212 117 102 50 314 167 

October 170 113 88 49 258 162 

November 61 67 78 71 144 138 

December 44 54 65 61 109 115 

Overall 1832 1182 1195 754 2995 1936 
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  Figure 4.1:  Frequencies of calling and sighted  Black Francolins during different calendar months as calculated from  

 transect sightings and call counts during different months during morning and evening sessions. 
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  Figure 4.2:  Frequencies of calling and sighted  Black Francolins during different calendar months in the overall transect sampling  

  during 1993 – 2004. 
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A similar pattern was also exhibited by the Grey Francolin (Table 4.3). The 

frequencies of morning and evening sightings were not significantly different 

between November – January and March – April (α² values), and a significant 

difference appeared for other parts of the year, where the sightings were higher   

during the morning session. The frequencies of the calling bird was significantly 

higher (α² values) during morning session between March and October, while for 

the other part of the year there was no significant difference between frequencies of 

morning and evening calls. The frequencies of the calls were significantly higher 

for the major part of the year, except for November, December and March, where   

α² values were not significant at 0.05 level. The significant values of heterogeneity  

α² indicated that uniform patterns were not maintained throughout the year. The 

seasonal fluctuations were much pronounced for the of calls and the frequency of 

sighting exhibited a narrow range of such variations (Figure 4.3 and 4.4).  

 

The results in hand suggest that neither of these two techniques, i.e., 

transect sighting and call count, allows to arrive  at very reliable density figures for 

the populations in these francolins, which can work under all seasons, and weather 

conditions. Variation in frequencies of sightings and calls during morning and 

evening have been recorded which also exhibited seasonal fluctuations. However, 

such variations were more pronounced in the case of the frequencies of calls 

compared to the sightings frequencies. The call count technique has an inherent 

problem of recording the distance of the calling birds (males) from the transect 

line, and frequently the same bird is over sampled. The call count more influenced 

by the seasonal variation in the male reproduction activity and the conditions of 
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availability of food and habitat, as well as male density, and temperatures. Such 

difficulties have been referred previously in call count technique, as applicable to 

pheasants (Gaston, 1980; Davison, 1983; Young et al., 1987; Picozzi, 1987; 

McGowan, 1992, 1996; Howman and Garsan, 1993; Sankaran, 1994; Kaul and 

Shakya, 2001; Abbasi and Khan, 2004). The call count further reflect the frequency 

of the calling birds, and hence is reported as the density of the calling males 

(Nijman, 1998; Wanarni et al., 2009) or pairs of the birds (Panek, 2005; Bealey et 

al., 2006), in different pheasionid species. The technique can be used with different 

controls for determining relative population abundance or density and hence have a 

little value in the studies on population ecology parameter, like age and sex 

structure. The sightings of these species, like francolins, living in thicker 

vegetation, largely depending upon finding a refugue along some obstacle for its 

defense, and having very cryptic nature added by a pronounced squatting under a 

higher level of disturbance (Fuller et al., 2000) adds inherent handicap in the 

transect sightings. The application of DISTANCE computer programme failed as 

per lack of reliable data on the distances of the sighted birds from transect line 

(Bealey et al., 2006). However, under the conditions of LSNP, the transect sighting 

appears to be a more reliable technique for population estimations, especially when 

morning and evening sampling data are pooled and the width of the transect belt is 

limited. Keeping the conditions of LSNP a group of 3 – 4 persons, walking at 2 – 3 

km/ h while talking with one another, can effectively flush the Black and the Grey 

Francolins along a bend of 80 m (40 m on both sides of the transect line) for the 

transect sighting. 
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Table  4.3:  :  Population  density of  Grey  Francolins  as calculated from 

        calls  count  and  physical   sighting  in the  morning  and        

        evening durring different calendar  months. Number of 

        transects n = 80 for morning and  evening, n=160 for all.  

 

 

  Morning Evening Overall 

Months Call Sighting Call Sighting Call Sighting 

  # # # # # # 

Jan 40 67 52 80 92 147 

Feb 58 60 61 91 119 151 

March 174 72 80 75 254 147 

April 189 84 98 77 287 161 

May 202 114 110 91 312 205 

June 232 141 116 87 348 228 

July 285 178 136 105 421 283 

Aug 310 225 161 118 471 343 

Sept 198 184 109 98 307 282 

Oct 138 88 87 57 225 169 

Nov 57 62 74 81 131 133 

Dec 48 64 57 82 105 132 

Overall 1931 1339 1141 1042 3072 2381 
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                        Figure 4.3:    Frequencies of calling and sighted  Grey Francolins during different calendar months as calculated from  

                      transect sightings and call counts during different months during morning and evening sessions. 
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               Figure 4.4:  Frequencies of calling and sighted  Grey Francolins during different calendar months in the overall transect sampling  

               calendar  during 1993 – 2004. 
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4.1.3. Density 

Table 4.4 presents the average density of the population of the Black and 

the Grey Francolins in different stands of LSNP, having favourable francolin 

habitat. The Black Francolin was distributed with an overall crude density of 

8.40±1.39 birds per km² (range = 3 – 13/ km²), and the Grey Francolin with an 

overall crude density of 7.44±1.52 birds per km² (range = 3 – 10/ km²) in the stands 

having favourable habitat. The crude population densities of the two francolin 

species were not significantly different (t = 0.5629, df = 159, p > 0.05) from one 

another. A non-significant difference in the density distribution of the two francolin 

species was expected, because of similar biomass and feeding habits of the two 

francolin species, requiring a same amounts of food energy, and the similarity of 

habitat condition, potentially having an almost same amount of the available 

energy  (Faruqi et al., 1960). 

 

The difference in the density figures estimated for the Grey Francolin 

developed under the present study (7.44 birds/km²) and those reported previously 

for LSNP (0.83 and 0.60 birds/ km²) by Mian and Ghani (2007) can be attributed to 

difference in the sampling designs of the two studies. A comparatively lower 

population density of 3.5 birds per km² for the Grey Francolin has been reported for 

the Mannar, Sri Lanka (Wijeyamohan et al., 2003). A higher density of the Grey 

Francolin in LSNP as compared to that reported for the tropical belt of Sri Lanka 

may indicate that the park holds a reasonably good population of the francolin 

species. The Grey Francolin is adapted to the arid conditions (Roberts, 1991) and 

hence denser vegetation in Sri Lanka may not be a very suitable habitat for this  
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Table 4.4: Population density (mean ± S.E., per km²) of Black and Grey Francolins 

in different stands of LSNP having favourable Francolin habitat. 

Number of transects (n = 160) and the transect area (38.4 km²) remained 

constant in all stands. 

 

 

 

 

 

Stand # 

Black Francolin Grey Francolin 

# Density   
 
# 

Density  

 
3 

186 4.84±1.02 387 10.08±2.12 

 
4 

510 13.28±2.25 155 4.04±0.98 

 
5 

431 11.22±2.11 132 3.44±0.74 

 
7 

190 4.95±1.03 358 9.32±2.11 

 
11 

0 0.00±0.00 179 6.09±1.06 

 
12 

0 0.00±0.00 238 6.20±1.14 

 
13 

0 0.00±0.00 323 8.41±1.35 

15 487 12.68±2.32 123 3.20±0.54 

18 132 3.44±0.88 252 6.56±1.11 

22 0 0.00±0.00 234 4.66±0.96 

Overall 1936 8.40±1.39 2381 6.20±1.52 
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species. Lower population densities (3.84 and 4.13/ km²) of the Grey Francolin 

have also appeared in stands having denser vegetation under the present study. 

Some high density figures of the Grey Francolins (150 birds per km², Ullah, 1991) 

and the Black Francolin (375 birds per km², Khan, 1989) have been reported for 

Faisalabad (Pakistan) (arid with perrineal irrigation and high energy input) can 

hardly be explained on the basis of the available information. Higher level of food 

energy and protection can though hold the higher populations, especially during the 

non- breeding seasons, yet the suggested densities are too high to be explained 

under this logic. Relatively high densities (19.98 groups/ km², group size 1.0 – 

1.60) figures appearing for Grey Jungle Fowl (Gallus sonneratii, Sathyanarayana, 

2007), which is some 2 – 3 times larger bird then francolins, also do not match the 

reported densities for Faisalabad. The available densities of 2.75 – 10.33 adults/ 

km² for the Djibouti Francolin (Francolinus ochropectus, Bealey et al., 2006), 3.8 

– 10.8 pairs/ km² for the Grey Partridge (Perdix perdix, Novoa, 1998; Panek, 2005) 

and 4.64 – 9.13 birds/ km² for Helmeted Guinefowl (Numida meleagris, Ayeni, 

2008) have been reported for the phasianids having biomass close to the Black and 

the Grey Francolins. These densities have remained close to the presently reported 

densities.   

  

 The densities of the Black and the Grey Francolins were significantly 

different in all the individual study stands of LSNP (Table 4.4. Figure 4.5)    

difference can be attributed to the variation in habitat available in different stands. 

Excluding the stands holding the population of the Grey Francolin only, there was 

a general negative, though non-significant correlation (r² = - 0.333, p > 0.05) 
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between the distribution of populations of the two species in different stands. This 

suggested that the two species have exhibited habitat exclusion and hence are not in 

direct competition with one another for habitat and its exploitation, even in 

otherwise sympatric tracts. No study is available which simultaneously focused on 

the distribution of these two francolin species over a sympatric range, but the 

collective consideration of the results of two studies conducted in the same area at 

at almost same time, i.e., Khan (1989, Black Francolin) and Ullah (1991, Grey 

Francolin) in Faisalabad (Pakistan) tract partly reflected a similar pattern, i.e., the 

Black Francolin preferring cropland, while the Grey Francolin more frequent in the 

sandy scrubs. Such a competitive exclusions of the habitat can potentially lower a 

direct competition between the species falling at the same trophic level and goes in 

the advantage of both the species (Odum, 1971). 

 

 

4.1.4. Seasonal Fluctuation  

The average crude densities of the Black Francolin and the Grey Francolin 

during different parts of the year (Table 4.5) suggested that the two francolin 

species were not significantly (t = 0.5714, df =1618, p > 0.05) different with regard 

to the densities of their population appearing during  different calendar months 

(Figure 4.6). This is reflected in the general pattern of seasonal population 

fluctuation of  the two species. Both the species maintained low population 

densities during winter (November – March). The population densities of both 

species started rising gradually from March while peak densities appearing during 

July in the Black Francolin and during August in the Grey Francolin, whence  
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Table 4.5  Population density (mean ± S.E., per km²) of Black and  Grey   

      Francolins  during  different calendar  months,  as  recorded  

                  during 1993 –  2004 period. The total number of transect (n = 160)  

                  and the transect area  (32 km²) remained constant for  different 

                  months. 

Months 

 
Black Francolin 

 

 
Grey Francolin 

 
 

 
# 
 

Density 
 
# 
 
 

Density 

January 115 3.59±1.11 a b 147 4.59±0.68 a 

February 97 3.03±1.09 a 151 4.72±0.77 a 

March 157 4.91±1.31 a b c 147 4.59±0.82 a 

April 168 5.25±1.09 a b c 161 5.03±1.07 a b 

May 195 6.09±1.11c 205 6.41±1.55 a b 

June 209 6.53±1.30 c 228 7.13±1.56 b c 

July 233 7.28±1.72 c 283 8.84±1.51 c d 

August 180 *5.63±1.11 b c 343 *10.72±1.67 c d 

September 167 *5.22±1.09 a b c 282 *8.81±1.57 c d 

October 162 5.06±1.11 a b c 169 5.28±1.12 a b 

November 138 4.31±1.08 a c 133 4.16±0.71 a 

December 115 3.59±.0.78 a c 132 4.13±0.83 a 

     
 

Figure showing common legend are not significantly  different between months. 

The values having * are significantly different between species.
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Figure 4.5:  Comparative population density (per km²) of Black and Grey Francolin and plant cover as calculated from the years between     

       1993 and  2004 in different stands. 
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onward a rapid decline appeared in the population densities touching winter low 

levels in November. The patterns of seasonal fluctuation in the population densities 

can be partially explained under the population recruitment and chick loss pattern. 

The stable  population densities during the winter months give an idea that there is 

no winter caused mortalities, as has been reported for the Grey Partridge (Perdix 

perdix)  (Wagner et al., 1965; Penrod and Hill, 1985) and the Ring-neck Pheasant 

(Phasianus colchicus) (Perkins et al., 1997; Homan et al., 2000). This can be 

expected under a relatively milder winter temperatures at LSNP, and low 

populations of the avian predators.   

 

The major part of the seasonal fluctuations in population densities can be 

explained under the breeding cycle.  The population densities of both the species 

started rising with the addition of newly recruited chicks in April, which kept on 

gradually increasing till July (Black) August (Grey), when the recruitment for the 

season/ year was complete. The present study on the breeding biology suggested 

that 70 – 80 percent of the egg laying occurred during April – May, though a low 

level of breeding continued upto August. A higher mortality of the newborn chicks 

and subadults, without population recruitment explains the rapid decline in the 

population between July/August and November. Natural mortalities of the adults, 

at the rate of around 4percent per month is expected for a bird with an average age 

of about two years (Robert, 1991).  

 

A very low winter population densities of both the francolin species may 

also hint towards some degree of possible local movements of the populations, 
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moving out to associated agricultural fields (Black Francolin) or the general desert 

tract (Grey Francolin), when the environmental conditions are milder and food 

energy subsidies are available in such tracts. As a general ecological principal, the 

ecological amplitudes of all the species is wider during the non-breeding season as 

compared with that during the breeding season (Odum, 1971). Wider ecological 

amplitude of the two francolin species can permit the species to exploit the 

associated tracts. Further studies on  monitoring  the movement of the tagged birds 

are required to know the levels of such seasonal population movements. Local 

movements in the recently introduced population of the Black Francolin upto some 

15 to 64 km in the surroundings of Hawaiian Island (USA), and upto some 81 km 

in Oklahama (USA) have been  reported (Walker, 1963; Bump and Bump, 1964;  

Lewin, 1971; Long, 1981;  Johnsgard, 1988; del Hoyo et al., 1994).  

 

The higher summer population densities, as reflected under the present 

study can also be expected as an artifact under increased activities of the birds, 

rendering them more prone to appear in transect sampling. Not much literature is 

available to support or otherwise this possibility, and further studies  are required to 

explore this aspect. Higher summer male mortalities, as reflected by lowered 

proportion of the males during summers, under present study may indicate some 

degree of increased male activity and thence facing higher predation. 

 

4.1.5. Annual Fluctuations 

 The data on the crude population density of the Black Francolin and the 

Grey Francolin for different years (Table 4.6, Figure 4.6), suggested that the             
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 Table 4.6:   Black  and Grey Francolin  during different  years for  the  

                     favourable Francolin tract of the Lal Suhanra National Park.  

                      The total number of transect (n = 160) and the transect area  

                      (32 km²) remained constant for different years. 

 

Year Black Francolin Grey Francolin t  

  # Density # Density 
(bet. Species 

df=318) 

1993 139 4.34±0.87 182 5.69±0.76 0.89 

1994 129 4.03±0.75 174 5.44±0.84 1.06 

1995 137 4.28±0.67 183 5.72±0.88 0.92 

1996 142 4.44±0.91 171 5.34±1.12 0.69 

1997 154 4.81±0.65 195 6.09±1.10 0.99 

1998 191 5.97±0.78 232 7.25±1.18 0.66 

1999 210 5.56±0.81 241 7.53±1.14 0.96 

2000 204 6.38±1.10 221 6.91±1.10 0.29 

2001 187 5.84±0.87 214 6.69±1.11 0.59 

2002 157 4.91±0.79 197 6.16±1.10 1.09 

2003 138 4.31±0.89 178 5.56±1.13 1.08 

2004 148 4.63±0.94 193 6.03±1.10 1.1 

t (α) value at 0.05 = 1.96 
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 Figure 4.6:  Fluctuations in the average densities (per km²) of Black and Grey Francolins  during different calendar months,

 as recorded in the pooled population samples collected during 1993 - 2004.
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average population densities of both the species were not significantly different 

during different years, as judged by t-test (P < 0.05 between different years). 

However, a general pattern of annual population fluctuation is visible, which 

remains  reasonably similar for the two species. The average population densities 

of both the species were maintained at relatively lower levels (Black Francolin: 

4.03±1.12 – 4.44±1.23 birds/ km², Grey Francolin: 5.34±1.37 – 5.72±1.88 birds/ 

km²) during 1993 and 1996. The population densities gradually started rising after 

1996 and peak densities were observed during 1998 and 1999 (Black Francolin: 

5.97±2.06 and 5.56±2.18 birds/ km²; Grey Francolin: 7.25±1.80 and 7.53±1.92 

birds/ km²). The population densities started declining in the subsequent years and 

low densities appeared in 2003 (Black Francolin: 4.31±1.19 birds/ km²; Grey 

Francolin: 5.56±1.13 birds/ km²).  

 

The rainfall, especially under arid conditions, directly controls the growth 

of annual ephemeral (Walker, 1963; Mian,  1985) and thence  ensures food energy 

and shelter for the animal species, including francolins, which are predominantly 

herbivores (Farooqi et al., 1960; present study, section 4.4) and cursorial, 

depending upon vegetative cover for its major part of their defense against 

predators (Ali and Ripley, 1969; Roberts, 1991). The calculated value of 

correlation coefficient between annual rainfall and population densities of the Grey 

Francolin (r = 0.7938, df = 10, P < 0.01) and the Black Francolin (r = 0.6529, df = 

10, P < 0.05) suggest a significant positive correlation between these parameters. 

This indicates that the rainfall has a strong influence in controlling the annual 

population level of these two francolin species. Higher value of correlation 
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coefficient of the Grey Francolin reflect a higher level of control on population 

level of this species, which is adapted to survive under desert condition, as 

compared with the Black Francolin, adapted and exploit irrigated plantations. The 

irrigation provided some support to the vegetation in the stands holding the Black 

Francolin, slightly reducing the direct effect of low rainfall. 

 

The graphic presentation of the annual density fluctuations of the two 

francolin species alongwith the rainfall received during different years (Figure 4.7) 

reveals that the francolin population density level follows the rainfall fluctuation 

pattern. This is understandable as the rainfall directly effects the growth of the 

vegetation, which is followed by its secondary effect on the francolin populations 

during the subsequent years. This may hint toward a direct control of the vegetative 

cover on the population levels of the francolin. Such a phenomenon has been 

previously reflected by the studies of Mian and Ghani (2007), where there was a 

direct increase in the population density of the Grey Francolin with increasing 

protection and thence the vegetation cover. 

 

 There are persistent reports of an illegal hunting and trapping of the both  

the francolin species in the park (Anonymous, 2007). No reliable estimates on such 

hunting losses are available, however, it appears that human predation is fully 

sustained by the populations of these species. It was difficult to conclude whether 

these stable populations were being maintained at the carrying capacity of the 

habitat, changing with the change in vegetative cover / habitat,  and illegal hunting 

is harvesting the population falling above the carrying capacity or whether the 
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hunting is checking the population increase. The fact that population fluctuations 

were reasonably following the rainfall pattern may give an indirect indication to the 

fact that the populations of these francolins were maintained at the carrying 

capacity levels of the habitat in LSNP. If this logic proves true the hunting is 

claiming the part of the population falling above carrying capacity level and control 

on hunting may cause intraspecific competition. 

 

4.1.6. Sex Structure 

The pooled data on the distribution of the two sexes in the adult populations 

of the two francolin species, in different stands (Table 4.7) and during different 

calendar months (Table 4.8) indicated a persistent preponderance of the males in 

majority of seasonal and spatial samples. The sex ratio is more skewed towards 

males in overall population of the Black Francolin  (male / female ratio = 1.31, χ2 

= 15.42, df = 1, p < 0.001, highly significant) than the  Grey Francolin (male / 

female ratio = 1.21, χ2 = 9.14, df = 1, p < 0.001, highly significant). Despite a 

consistent tendency of maintaining a higher number of the males in all samples, the 

value of heterogeneity  χ2 indicate a significant level of heterogeneity exhibited by 

the Black Francolin in spatial (χ2 = 20.76, df = 5, p < 0.05) and seasonal (χ2 = 

21.76, df = 10, p < 0.05) samples. The sex ratio however do not show a significant 

heterogeneity in the spatial (χ2 = 13.61, df = 9, p > 0.05) and seasonal (χ2 = 13.36, 

df = 10, p > 0.05) data in the Grey Francolin.  

 

The sex ratio is naturally skewed towards males in phasianids (Islam and 

Crawfold, 1993; Donald, 2007) and thus those francolin species appears no 
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Figure 4.7:  Variation in  population densities of Black and Grey Francolin and rainfall received during in different years in the LSNP.                                   
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Table 4.7:  Distribution of two sexes in the adult population of Black and Grey Francolins in different stands from 1993 to 2004. 

 
Stand # 

Black Francolin Grey Francolin 

♂ ♀ ♂ : ♀ ratio χ2
(1:1) p ♂ ♀ ♂ : ♀ ratio χ2 (1:1) p 

3 101 85 1.18:1 1.38 0.24 165 152 1.09:1 0.53 0.47 

4 232 191 1.22:1 3.97 0.05 81 66 1.23:1 1.53 0.22 

5 205 173 1.19:1 2.71 0.10 82 50 1.64:1 7.76 0.005 

7 113 77 1.47:1 6.82 0.01 159 138 1.15:1 1.48 0.22 

11 0 0 0.00 0.00 0.00 91 77 1.28:1 1.17 0.28 

12 0 0 0.00 0.00 0.00 116 103 1.28:1 0.77 0.38 

13 0 0 0.00 0.00 0.00 138 111 1.24:1 2.93 0.09 

15 243 169 1.44:1 13.29 0.0003 69 54 1.28:1 1.83 0.18 

18 71 41 1.73:1 8.04 0.005 115 94 1.22:1 2.11 0.15 

22 0 0 0 0.00 0.00 121 97 1.25:1 2.64 0.10 

Overall 965 736 1.31:1 15.42 < 0.01 1137 942 1.21:1 9.44 < 0.01 
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Table 4.8:  Distribution of two sexes in the adult population of Black and Grey Francolins in different calendar months. 
 

 

 
Months 

Black Francolin  Grey Francolin 

♂ ♀ ♂ : ♀ ratio χ2
(1:1)

  P ♂ ♀ ♂ : ♀ ratio χ2
(1:1) p 

January 68 47 1.45:1 3.83 0.05 90 57 1.57:1 2.41 0.06 

February 59 38 1.55:1 4.55 0.03 85 66 1.29:1 2.39 0.12 

March 79 61 1.30:1 2.31 0.13 80 67 1.19:1 1.15 0.28 

April 83 64 1.30:1 2.46 0.12 83 61 1.36:1 3.36 0.07 

May 93 79 1.18:1 1.14 0.29 90 84 1.07:1 0.21 0.64 

June 96 71 1.35:1 3.74 0.05 98 82 1.20:1 1.42 0.23 

July 91 87 1.05:1 0.09 0.76 111 109 1.02:1 0.02 0.89 

August 65 58 1.12:1 0.40 0.53 133 122 1.09:1 0.47 0.49 

September 86 61 1.41:1 3.65 0.06 125 103 1.21:1 2.12 0.15 

October 95 67 1.42:1 4.84 0.03 91 78 1.17:1 1.00 0.32 

November 78 60 1.30:1 2.35 0.13 70 63 1.11:1 0.37 0.54 

December 72 43 1.68:1 7.31 0.007 82 50 1.64:1 7.56 0.01 

Overall 965 736 1.31:1 15.41 < 0.01 1137 942 1.21:1 9.14 < 0.01 



 

 

102

exception to this. This tendency is more pronounced in smaller Phasianids (58 – 67 

males : 6 – 10 females in Djibouti Francolin, Francolinus ochropectus, Bealey et 

al., 2004, 19 males : 5 females in Grey Partridge, Perdix perdix, Novoa et al., 

2002) as compared with larger species (1 male : 1.42 females in Grey Jungle Fowl, 

Gallus sonneratii, Sathyanarayana, 2007). Keeping the same tendency, Islam 

(1999) reported that some 10 – 11% of the males of the Black Francolin failed to 

secure a female in the population introduced in Molokai Island, USA. Different 

reports on the Grey Jungle Fowl suggested different sex ratio, which appear to vary 

between areas and habitat (Ramesh, 1994; Ravichandran, 1995; Jammal, 1998;  

Sathyanarayana, 2007).  The male biased sex ratio is attributed to a higher 

mortality of the females during incubation (Hupp, 1980). A more male skewed sex 

ratio in the Black Francolin can possibly be attributed to the higher mammalian 

predation of the females, selecting denser cover of the tall grasses for incubation, as 

compared with the Grey Francolin females, incubating in comparatively open 

areas. The higher female mortality can also be attributed to heterogamatic sex 

(ZW), where the females have lower longevity under genetic factors.  

 

4.1.7. Age Structure 

The distribution of sub-adults in the populations of the Black Francolin 

(Table 4.9) and the Grey Francolin (Table 4.10) revealed that, on the average there 

were 0.32±0.09 sub-adults female and 0.14±0.03 sub adults/ adult birds in the 

populations of the Black Francolin, and 0.32±0.07 sub-adults/ female and 

0.15±0.03 sub-adults/ adult in the population of the Grey Francolin. This suggested 

that these populations of both the species were breeding, and the two species were 



 

 

103

not significantly different (t= 0.24, df = 14, p = 0.05) in their recruitment 

potentials.  

 

The data collected, under the present study, suggested the absence of sub-

adults of the Grey Francolin (2/10 stands, 20%) and the Black Francolin (2/6 

stands, 33%) in some of the stands. This may suggest that some of these otherwise 

favourable francolin tracts of the LSNP were not the breeding tracts and were 

occupied only by the non-breeding adults. It is premature to conclude that the non-

breeding birds segregate out to exploit such tracts as their non- breeding habitat. 

The adoption to a narrow range of tolerance during the breeding season has been 

generally suggested for all the living species (Odum, 1971), and these francolin 

species appear no exception to this principle. 

 

The sub-adult to female ratio exhibited a variation during different calendar 

months in both the Black (Table 4.11) and the Grey (Table 4.12) Francolins. No 

sub-adult were recorded during October – February for the Black and during 

October – March for the Grey Francolins. The sub-adult to female ratio in the 

Black Francolin gradually increased from March (0.29) through August (0.98). 

followed by a subsequent decline in September (0.33). A similar trend, of the 

gradual increase starting from April (0.28) continued till August (0.75) and 

followed by a decline during September (0.53), was exhibited in the Grey 

Francolin also. Such a pattern appeared understandable as it fits in the general 

pattern of population of recruitments. The sub adults are hard to be differentiated  
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Table  4.9: :  Distribution of sub-adult in the population of Black Francolin in  

                      different stands established in the LSNP. 

Stand 
 (#) 

Male 
(#) 

Female 
(#) 

Sub-adult 
(#) 

Sub adult / female 
 

Sub-adult /Adult 
 

3 101 85 0 0.00 0.00 

4 232 191 87 0.46 0.21 

5 205 173 53 0.31 0.14 

7 113 77 0 0.00 0.00 

11 0 0 0 0.00 0.00 

12 0 0 0 0.00 0.00 

13 0 0 0 0.00 0.00 

15 243 169 75 0.44 0.18 

18 71 41 20 0.51 0.18 

22 0 0 0 0.00 0.00 

Overall 965 736 235 0.32±0.09 0.14±0.03 
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Table 4.10:  Distribution of sub-adult in the population of Grey Francolin in  

                   different stands established in the LSNP. 

 

Stand 
(#) 

Male 
(#) 

Female 
(#) 

Sub-adult 
(#) 

Sub-adult / 
female 

 

Sub-adult / Adult 
 

3 165 152 70 0.46 0.32 

4 81 66 8 0.12 0.05 

5 82 50 0 0.00 0.00 

7 159 138 61 0.44 0.21 

11 91 77 11 0.14 0.07 

12 116 103 19 0.19 0.09 

13 138 111 74 0.67 0.30 

15 69 54 0 0 0.00 

18 115 94 43 0.49 0.21 

22 121 97 16 0.17 0.07 

Overall 1137 942 302 0.32±0.07 0.15±0.03 
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Table  4.11:  Distribution of sub-adult in the population of Black Francolin in  

  different months established in the  Lal Suhanra National Park. 

Months 
Male 
(#) 

Female 
(#) 

Sub-adult 
(#) 

Sub adult / female 
 

Sub-adult /Adult 
 

January 68 47 0.00 0.00 0.00 

February 59 38 0.00 0.00 0.00 

March 79 61 17 0.29 0.12 

April 83 64 21 0.33 0.14 

May 93 79 23 0.29 0.13 

June 96 71 42 0.59 0.25 

July 91 87 55 0.63 0.31 

August 65 58 57 0.98 0.46 

September 86 61 20 0.33 0.14 

October 95 67 0.00 0.00 0.00 

November 78 60 0.00 0.00 0.00 

December 72 43 0.00 0.00 0.00 
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Table 4.12:  Distribution of sub-adult in the population of Grey Francolin in    

                     different  months established in the Lal Suhanra National Park. 

 

Months 
Male 
(#) 

Female 
(#) 

Sub-adult 
(#) 

Sub adult / female  
 

Sub-adult /Adult 
 

January 80 67 0 0.00 0.00 

February 85 66 0 0.00 0.00 

March 80 67 0 0.00 0.00 

April 83 61 17 0.28 0.12 

May 90 84 31 0.37 0.18 

June 98 82 48 0.59 0.27 

July 115 104 64 0.61 0.29 

August 138 117 88 0.75 0.35 

September 125 103 54 0.53 0.24 

October 91 78 0 0.00 0.00 

November 70 63 0 0.00 0.00 

December 68 64 0 0.00 0.00 
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from adults after September under the field conditions, when the chicks are more 

than two months old (Baker, 1932).  

 

4.1.8. Dispersion 

The calculated values of the dispersion index (variance / mean of number of 

birds recorded as a group) for the Black (0.60 ± 0.09) and the Grey (0.78 ± 0.11) 

Francolins suggest that both the species have a general random distribution with a  

tendency towards maintaining some degree of uniform dispersion. The Black 

Francolin is prone towards a more uniform distribution as compared with the Grey 

Francolin. This trend has been persistently exhibited in all the seasonal (Black 

Francolin = Table 4.13, Grey Francolin = Table 4.14) and annual (Black Francolin 

= Table 4.15, Grey Francolin = Table 4.16) samples, available under the present 

study.  

 

Such dispersion pattern was equally reflected in the size of the covey 

(group of individual seen together) available under the present study. The average 

covey size was smaller (1.88±0.15 birds/ covey, range 1 – 5) for the Black 

Francolin than  for the Grey Francolin (1.94±0.18 birds/ covey, range 1 – 7) though 

this difference was not statistically significant (t = 2.14, df = 2527, p > 0.05).  

Majority of individuals appeared as singles (Black = 52.39%, Grey = 50.18%), and 

the frequencies of the groups of larger size gradually decreased with the increase in 

the covey size (Table 4.17, Table 4.18).  
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No direct studies on quantification of the population dispersion are 

available for these or any other francolins or partridges species. The group sizes of 

3.77 (protected areas) and 2.96 (grazed/ burnt grassland) have been reported for the 

Redwing Francolin (F. levaillantii) in South Africa (Jensen et al., 2001). 

Dispersion pattern has a value in species survival. The increasing uniform 

dispersion decreases intraspecific competition but also decreases group protection 

to biotic/abiotic environment hazards (Odum, 1971). The Black Francolin 

surviving under thicker vegetative cover can find the protection of vegetative cover 

was exposed to lower level of environmental hazards and hence exhibited a more 

uniform dispersion, as compared with the Grey Francolin, showing reduced degree 

of uniform dispersion to survive in habitat having a low vegetative cover and hence 

requiring more of group protection.   

 

 There is variation in dispersion of the population in the data collected 

during the morning and the evening sessions and during different seasons (Black = 

Table 4.13, Grey = Table 4.14), and years (Black = Table 4.15, Grey = Table 4.16). 

The dispersion indices calculated for the morning and the evening samples were 

not significantly different (t = 0.4707, df = 11, p>0.05) in the Black Francolin 

(morning = 0.63± 0.12, evening = 0.52±0.20) yet there was a tendency of more 

uniform Dispersion during evening. This was also reflected in the mean covey size, 

which were though not significantly different (t = 0.77, df = 1218, p > 0.05), yet 

the covey size was smaller for the evening (1.77±0.12) samples as compared with  
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Table 4.13:  Dispersion index (variance/mean) of the population of Black Francolin in the LSNP during different calendar months.         
              
 

 
Months 

Morning Evening Overall 

n Mean Variance  Index N Mean Variance Index n Mean Variance Index 

January 80 1.00 0.00 0.00 40 1.00 0.00 0.00 120 1.00 0.00 0.00 

February 69 1.25 0.20 0.16 40 1.00 0.00 0.00 109 1.17 0.15 0.12 

March 64 1.81 0.36 0.19 32 1.33 0.33 0.24 96 1.71 0.37 0.21 

April 48 2.14 0.81 0.37 32 1.33 0.33 0.24 80 1.90 0.76 0.40 

May 48 2.14 1.81 0.84 36 2.00 0.66 0.33 84 2.09 1.29 0.61 

June 52 3.50 0.28 0.08 40 2.00 1.50 0.75 92 2.92 1.41 0.48 

July 84 2.14 1.97 0.92 40 2.25 2.25 1.00 124 2.16 1.91 0.88 

August 72 2.30 1.56 0.67 28 2.50 4.50 1.80 100 2.33 1.66 0.71 

September 68 1.16 1.50 1.20 28 2.00 4.00 2.00 96 1.28 0.22 0.17 

October 64 1.09 0.09 0.08 36 1.00 0.00 0.00 100 1.06 0.06 0.05 

November 56 1.02 0.07 0.07 42 1.33 0.33 0.24 98 1.08 0.08 0.07 

December 70 1.00 0.00 0.00 41 1.00 0.00 0.00 111 1.00 0.00 0.00 

Overall 775 1.63 1.04 0.63±0.12 435 1.51 0.79 0.52±0.20 1210 1.60 0.97 0.60±0.09 
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         Table 4.14:  Dispersion index (variance/mean) of the population of Grey Francolin of LSNP during different calendar months.

 
Months 

Morning Evening Overall 

n Mean Variance  Index n Mean Variance Index n Mean Variance  Index 

January 32 1.00 0.00 0.00 30 1.40 0.30 0.21 62 1.15 0.14 0.12 

February 50 1.00 0.00 0.00 35 1.60 0.30 0.18 85 1.20 0.17 0.14 

March 55 1.63 0.25 0.15 49 1.71 0.23 0.13 104 1.66 0.65 0.39 

April 80 1.43 0.39 0.27 30 3.20 1.70 0.53 110 1.85 1.23 0.66 

May 84 1.75 1.53 0.87 42 2.14 1.47 0.68 126 1.86 1.02 0.54 

June 100 1.80 0.91 0.50 36 3.33 3.46 1.03 136 2.09 1.67 0.79 

July 112 2.21 1.81 0.81 48 2.62 3.98 1.51 160 2.32 2.29 0.98 

August 120 1.89 1.73 0.91 62 3.14 6.47 2.06 182 2.13 2.75 1.29 

September 96 1.33 0.75 0.56 37 2.66 2.26 0.84 133 1.60 1.28 0.80 

October 52 1.07 0.07 0.06 38 1.50 0.30 0.20 90 1.21 0.17 0.14 

November 41 1.03 0.05 0.05 30 1.60 0.30 0.18 71 1.21 0.18 0.15 

December 36 1.00 0.00 0.00 34 1.33 0.26 0.19 70 1.13 0.12 0.10 

Overall 858 1.56 0.92 0.58±0.10 471 2.21 2.17 0.98±0.18 1329 1.74 1.37 0.78±0.11 
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the morning (1.93±0.17) samples (Table 4.17). The Grey Francolin exhibited the 

reverse trend, where the evening sample (0.98± 0.18) suggested significantly more 

random dispersion (t = 3.33, df = 11, p < 0.05) as compared with morning (0.58 ± 

0.10) (Table 4.18). The average covey size during evening hours (2.19 ± 0.20) was 

higher (t = 1.79, df = 11, p = 0.07, not significant) than that during the morning 

hours (1.87±0.16).  No explanation or previous study is available on this aspect, yet 

it appears to be a species specific behaviour / pattern.  

 

The dispersion also varies with the season. The Black Francolin (Table 

4.13) exhibited a uniform dispersion during the winter (December and January). 

The population gradually shifted to show a tendency of an increasing degree of 

random distribution with the highest value of dispersion index (0.88) appearing 

during July when it showed an almost random dispersion, which gradually shifted 

to  a uniform dispersion during December. A similar pattern was also repeated in 

the Grey Francolin (Table 4.14) but a tendency of having a slightly clumped 

dispersion appeared during August and a complete uniform Dispersion appearing 

during winter (dispersion indices : December = 0.10, January = 0.12). The breeding 

activities, pair bonds and development of family groups during summer are 

collectively responsible for the increased size of covey and a reduced level of 

uniform distribution. Both the Black (Table 4.15) and the Grey (Table 4.16) 

Francolins shared a common character of showing trend of a more uniform 

dispersion during the low rainfall years (1993-1996, Black = 0.45 ± 0.05, Grey =  
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Table 4.15:  Dispersion index (variance/mean) of the population of Black Francolin in the LSNP during different years. 
 

 

 
Years 

Morning Evening Overall 

n Mean Variance Index N Mean Variance Index n Mean Variance Index 

1993 50 1.14 0.13 0.09 27 1.33 0.33 0.24 77 1.17 0.25 0.21 

1994 48 1.50 0.50 0.33 25 2.00 0.85 0.42 73 1.90 0.76 0.40 

1995 72 1.00 0.00 0.00 32 1.58 0.99 0.62 104 1.50 0.88 0.58 

1996 60 3.00 0.00 0.000 25 1.70 1.12 0.65 85 1.81 1.16 0.64 

1997 78 1.00 0.00 0.00 35 1.53 0.93 0.60 113 1.38 0.72 0.52 

1998 90 2.06 2.21 1.07 62 2.06 2.21 1.07 152 2.11 1.93 0.91 

1999 82 1.58 0.99 0.62 42 1.57 1.28 0.81 124 1.57 1.03 0.65 

2000 72 1.83 1.42 0.77 50 2.00 1.50 0.75 122 1.88 1.36 0.72 

2001 75 1.30 0.23 0.17 42 1.28 0.23 0.17 117 1.30 0.22 0.16 

2002 48 1.37 1.12 0.81 38 2.00 3.00 1.50 86 1.54 1.47 0.95 

2003 52 2.00 1.00 0.50 32 2.14 1.47 0.68 84 2.11 1.36 0.64 

2004 48 1.62 1.12 0.24 25 1.62 1.12 0.69 73 1.54 0.87 0.56 

Overall 775 1.63 1.04 0.63±0.12 435 1.51 0.79 0.52±0.20 1210 1.60 0.97 0.60±0.09 
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Table 4.16:    Dispersion index (variance/mean) of the population of Grey Francolin of LSNP during different years. 
 

 
Years 

Morning Evening Overall 

n Mean Variance Index n Mean Variance Index n Mean Variance Index 

1993 52 1.60 1.11 0.69 34 2.00 1.60 0.80 86 1.71 1.20 0.70 

1994 45 1.43 0.61 0.42 24 2.00 0.66 0.33 69 1.55 0.64 0.41 

1995 56 1.47 0.76 0.51 34 1.62 1.12 0.69 90 1.52 0.84 0.55 

1996 71 1.73 0.92 0.53 27 1.75 0.91 0.52 98 1.73 0.87 0.50 

1997 78 2.00 0.88 0.44 40 1.76 1.02 0.57 118 1.86 0.93 0.50 

1998 90 2.00 1.85 0.92 49 2.90 2.10 0.72 139 2.36 2.07 0.87 

1999 114 1.80 1.85 1.02 71 4.00 4.66 1.16 185 2.37 3.39 1.43 

2000 96 1.50 1.20 0.80 64 2.55 3.77 1.47 160 1.88 2.27 1.20 

2001 88 1.42 0.48 0.33 36 2.00 1.50 0.75 124 1.54 0.69 0.44 

2002 61 1.26 0.21 0.16 42 1.20 0.20 0.16 103 1.31 0.56 0.42 

2003 66 1.00 0.00 0.00 22 1.56 0.66 0.42 88 1.50 0.61 0.40 

2004 41 1.33 0.33 0.24 28 1.25 0.33 0.26 69 1.26 0.31 0.24 

Overall 858 1.56 0.92 0.58±0.10 471 2.21 2.17 0.98±0.18 1329 1.74 1.37 0.78±0.11 
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  Table 4.17:   Frequencies of the coveys of different sizes in the population of  

 Black Francolin in LSNP, during morning and  evening sessions. 

                        

 Morning Evening Overall 

Covey 
size 

 n %  N %  n % 

1  395 50.97  239 54.94  634 52.39 

2  181 23.35  120 27.58  301 25.08 

3  82 10.58  26 5.98  108 9 

4  91 11.74  34 7.82  125 10.41 

5  26 3.35  16 3.67  42 3.5 

         

 
Table 4.18:  Frequencies of the coveys of different sizes in the population of  

                      Grey Francolin in LSNP, during morning and evening sessions. 

. 

 Morning             Evening         Overall 

Covey 
size n %  n %  n % 

1 452 52.68  215 45.64  667 50.18 

2 197 22.96  126 26.75  323 24.30 

3 112 13.05  36 7.64  148 11.14 

4 63 7.34  49 10.40  112 8.43 

5 34 3.96  19 4.03  53 3.98 

6 0 0.00  16 3.40  16 1.20 

7 0 0.00  10 2.12  10 0.75 
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0.54 ± 0.04; 2001-2004; Black = 0.57 ± 0.06; Grey = 0.38 ± 0.04) as compared 

with the years receiving higher rainfall (1997-2000; Black = 0.70 ± 0.05, Grey = 

0.78 ± 0.06).  The Grey Francolin even exhibited a slightly unclumped dispersion 

during some of the high rainfall years. The tendency of having a higher degree of 

aggregation during the years of higher rainfall can be expected as higher 

availability of the food with increasing rainfall lowers the interspecific or 

intraspecific competition for food and shelter. The increased aggregation may also 

be a character of a higher population levels (present study, section 4.1.4), 

especially when the food and shelter are not acting as limiting factor and 

population remains below the carrying capacity of the habitat. 

 

4.2. HABITAT 

 Habitat of animal species comprises of abiotic factors, animals and plants. 

The area under the present study is relatively small and hence a little variation in 

abiotic variation is expected. The fauna is represented by a set of desert animals 

(Appendix 1), and their association with the changing francolin population is 

difficult. The plant part of the habitat exhibit interstand variation and can effect the 

francolin population density and size. 

 

4.2.1. Phytosociology 
 

The data on distribution of the vegetative cover contributed by different 

species in different stands (Appendix 1) suggested that a minimum of 102 (trees = 

15, shrubs = 11, under shrubs = 7, herbs = 39 and grasses = 30) angiospermic plants 

species were distributed in the francolin habitat in the LSNP. The canopy was open 
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and tree layer provided an average 5.59 percent vegetative cover. The list of the 

plant species runs a considerable conformity with that suggested for the general 

cholistan tract (Rao et al., 1989; Anonymous, 1997;  Chaudhry and Khan, 2002), 

which was expected. 

 

The francolin populations are distributed in two vegetation types, viz. the 

sub-tropical thorn forests and the irrigated forest plantation. The direct supply of the 

irrigation canal water was limited in the sub-tropical thorn forest where the 

vegetative cover remained low (8 – 14 percent), though there was  some degree of 

stabilization of the sand dunes. The irrigated forest plantation receiveed the 

perrineal supply of canal irrigation and held a higher vegetative cover (40 – 46 

percent), having a number of invasive or introduced species i.e.,Eucalyptus 

citriodora, Dalbergia sissoo, Ficus religiosa, F. bengalensis,Typha angustata. No 

francolin population was present in sand dunes or swamp forest vegetation type. 

 

4.2.2. Habitat Selection 

 The Black and the Grey Francolins exhibited a negative yet non-significant 

association (correlation coefficient: -0.333, p = 0.35) in their distribution in 

different stands, suggesting that the two species have some degree of preferential 

habitat selection. More refined studies are, though,  required to understand the 

habitat preferences of the two species, yet the fact that the Black Francolin is 

adapted to thicker cover as compared with the Grey Francolin may explain 

preferential habitat selection (Roberts, 1991). This was supported with the fact that 

the distribution of the densities of the two francolin species, under the present 
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study, in the two vegetation types has been presented in Annexture 1. The Black 

Francolin were distributed in significantly higher densities (t = 2.25, df = 18, p = 

0.03) in the irrigated forest plantations (12.39±1.11 birds per km²) as compared to 

the tropical thorn forests (4.26±0.22 birds per km²). Conversely the Grey Francolin 

was present in higher densities (t = 1.77, df = 18, p = 0.07) in the tropical thorn 

forest (6.750±0.41 birds per km²) as compared to the irrigated plantations 

(3.55±0.22 birds per km²). General observation indicated that even in the tropical 

thorn forests the Black Francolin remained restricted to the parts of the stands 

falling close to the irrigated forest plantation. 

 

The Black Francolin was been reported to be distributed in the scrub 

habitats, having plenty of low shrubs and tall grasses, while the Grey Francolin in 

tracts with more open areas, dotted with scrub jungles (Birdlife International, 2004; 

Roberts, 1991). The presence of a higher population of the Black Francolin in the 

thick growth of shrubs and tall grasses around wetland (Khan, 1989), and the Grey 

Francolin in the dry land (Ullah, 1991) in Faisalabad (Pakistan) or xerophyte 

vegetation in Srilanka (Wijeyamohan et al., 2003) goes in conformity with the 

habitat selection of the two species, indicated under the present study. The presence 

of the Black Francolin in/or around irrigated plantations supported our hypothesis 

that this species extended its range of distribution into the areas under the LSNP 

after the introduction of the canal irrigation and consequently the development of 

irrigated forests. The Black Francolins sometimes exploits branches of small bushes 

(Khan, 1989), while the Grey Francolins prefers branches of thorny trees (Zizyphus 

sp., Acacia nilotica) for its roosting (Roberts, 1991)  
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4.2.3. Vegetative cover 

The present data on the vegetative cover is not sufficient to analyse the 

effect of a continuous variable, as the cover in the stands under the present study 

falls on two sides with a wide gap in the middle. The vegetative cover usually have 

a curvilinear regression with the animal population, with the central optima decided 

through the potentials of the species. Increasing vegetative cover provides 

increased thermal problems (Trautman, 1982; Gatti et al., 1989; Perkins et al., 

1997; Gabbert et al., 1999; Novoa et al., 2006) but increases mammals / reptiles 

predation. The decreased cover increases avian predation, and lower the 

camouflaging values and thermal protection of the habitat (Subramanian et al., 

2002) 

The curvilinear regression carried out under the present study suggested 

that the total plant cover has a higher control over the population of the Black 

Francolin (adjusted regression value = 0.989, y = - 11.10 + 1.46x, Figure 4.8) as 

compared with the Grey Francolin (adjusted regression value = 0.584, y = 1.57 + 

0.70x, Figure 4.9). The regression curve suggests a cover optima of 30 – 40% for 

the Black Francolin and 20 – 30% for the Grey Francolin, which goes in line with 

many previous observations suggesting that the Grey Francolin prefers more open 

grounds then the Black Francolin. The increase in the vegetation in the desert 

vegetation has previously indicated a direct increase in the population density of 

the Grey Francolin under the conditions of LSNP (Mian and Ghani, 2007), such a 

curvilinear control of the vegetation cover has been previously indicated for the 

Houbara Bustard  (Chlamydotis undulate macqueeni), Mian, 1985.  
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The curvilinear regression analysis on the variation population densities of 

the two francolin species by different layers of the vegetation curve suggests a 

similar trend. The tree cover has an almost linear increase with the increase in 

density of the Black Francolin (adjusted regression value = 0.970, y = - 8.27 + 

2.64x, Figure 4.10). Shrub cover (adjusted regression value = 0.964, y = - 9.94 + 

3.90x, Figure 4.11), herb cover (adjusted regression value = 0.951, y = - 3.94 + 

4.90x, Figure 4.12), and grass cover (adjusted regression value = 0.974, y = - 6.61 

+ 6.18x, Figure 4.13) has a curvilinear, while undershrubs (adjusted regression 

value = 0.810, y =  1.245 + 9.33x, Figure 4.14) has an almost linear regression with 

the population densities of the Black Francolin. Tree cover (adjusted regression 

value = 0.741, y = - 6.75 + 5.43x, Figure 4.15), shrub cover (adjusted regression 

value = 0.398, y = 5.83 + 0.56x, Figure 4.16). undershrub cover  have a curvilinear 

regression, while the herb cover (adjusted regression value = 0.342, y = 7.37 – 

0.07x, Figure 4.17) has negative and almost linear regression with the densities of 

the Grey Francolin. The present analysis consistently indicated that the cover 

optima increased appreciable lower for all the different vegetative layers of the 

Grey Francolin as compared with the Black Francolin. 

No previous study is in hand on the vegetative cover  as the quantified 

environmental determinant of the population of the Black and Grey Francolin. 

More refined studies are required using a continuous range of vegetative cover so 

as to know the optimal requirement of the vegetation, which can be used for the 

conservation purposes. The role of vegetative cover has been indicated in different 

studies by suggesting different population densities of the Black (Khan, 1989) and 

the Grey (Ullah, 1989) Francolins, presence of higher population of Redwing  
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Figure 4.8: Curvilinear graph between the Black Francolin population and total  

 plant cover in the  study sites. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4.9: Curvilinear graph between the Grey Francolin population and total  

 plant cover in the  study sites. 
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Figure 4.10: Curvilinear graph between the Black Francolin population and            

tree cover in the study sites. 
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  Figure 4.11: Curvilinear graph between the Black Francolin population and the 

shrub cover in the study sites. 
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Figure 4.12: Curvilinear graph between the Black Francolin population and herb 

cover in the study sites. 

          

 

 

 

 

 

 

 

 

 

Figure 4.13: Curvilinear graph between the Black Francolin population and grass  

cover in the study sites. 
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Figure 4.14: Curvilinear graph between the Black Francolin population and 

undershrub cover in the study sites. 

 

 

 

 

 

 

 

 

 

Figure 4.15: Curvilinear graph between the Grey Francolin population and the tree 

cover in the study sites. 
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Figure 4.16: Curvilinear graph between the Grey Francolin population and the 

shrub cover in the study sites. 

 

 

 

 

 

 

 

 

 

 

Figure 4.17: Curvilinear graph between the Grey Francolin population and  

 the herb cover in the study sites. 
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Francolin (Francolinus levaillantii) in unburnt and ungrazed tract (Hupp, 1980). 

Higher population of Grey wing Francolin (Francolinus  africanus) in grazed tract  

(Janson et al., 1999) and shrub cover, the main determinant of the population of the 

Grey Jungle Fowl (Gallus sonneratii) (Sathyanarayana, 2007). 

4.2.4. Plant Species Association 

 The distribution of species is determined by the range of tolerance to a 

number of different environmental factors, which in nature interact in a complex 

way. Thus different factors work as limiting factors to different degree for different 

species under different conditions of a specific ecosystem/ area. The analysis of 

relative control of individual factors has been a problem, but the Canonical 

Correspondence Analysis (CCA), as executed through the software CANOCO 4.5, 

has in recent years been used to ascertain the relative role of each of the 

environmental determinants in controlling the species distribution under complete 

natural conditions (Rafique, 2008). 

 

CCA is a refined model of multivariate analysis which links one set of 

variables (here francolins) to another set of variables (here plant species). The first 

two axes of the CCA ordination (CC1 and CC2) explain the species-environment 

relationship and accounts for maximum of the variation in the plant species with 

respect to environmental variables. The CANODRAW component of the 

CANOCO 4.5 software ultimately evolves an ordination diagram where arrows 

indicate the relative importance and direction of each of the environmental 

variables. Each arrow points in the direction of maximum variation in value of the 

corresponding variable which may be extended in both directions from the origin 
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of the plot (origin=grand mean of each environmental variable). The length of 

arrows represents the degree to which each variable is correlated with CCA axes. 

Thus important environmental variables (in terms association with a plant species) 

have longer arrows than less important ones. The most important environmental 

variables in explaining francolin distributions are determined by examining 

correlations with axes. The first axis is most important, explaining most of 

variance. The second axis is comparatively less important as compared to first. The 

subsequent axis further gradually decrease in importance and are usually not 

considered.  

 

The 111 plants species of the 10 study sites (Trees = 15; Shrubs = 11; under 

shrubs = 7; Herbs = 44 and Grasses = 34) have a significant role to hold the 

population of the Black and the Grey Francolin species in the area. These plant 

species provide shelter and food for these two francolin species residing and 

breeding in different habitats of the area. To ascertain the dependence of francolin 

species with the flora of the area and establish their relationships, the relevant data 

has been to subjected to Canonical Correspondence Analysis (CCA).    

 

Figure 4.18 presents the very close association of two francolin species with 

15 different tree species. This figure shows that Black Francolin has very strong 

association with, Salvadora oleoides, Ziziphus jujuba, Ficus religiosa, Acacia 

nilotica, Tamrix dioica, Acacia jacquemontii, Prosopis juliflora, Prosopis 

spicigera, Ziziphus mauritiane, Azadirachta indica,(Eucalyptus citriodora, 

Dalbergia sissco, and Tamrix aphylla while Ficus bengalensis and Phoenix 
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dactylifera show a weak association with the Black Francolin. None of these 

species of trees has association with the Grey Francolin. 

 

A very strong correlation (1.00) of the first three axes has appeared between 

the Black Francolin and the trees species (Table 4.19). The first three axis of the 

CCA ordination (CC1, CC2 and CC3) explain the species–environment 

relationship well and accounted for 100% of the variation in the Black Francolin 

and the 15 species of the trees. The first axes were explaining 99 % while the 

second and third axes explained 100 % of variance each.  

 
 

The association of the two francolin species with 11 shrub species indicated 

that (Figure 4.19), only two shrub species revealed correlation with the Grey 

Francolin while the other 9 showed the correlation with the Black Francolin. 

Launea resedifolia  and Leptadenia pyrotechnica suggested a  positive but weaker 

correlation with the Black Francolin, while Capparis deciduas, Calotropis procera, 

Phragmite karka, Abutilon muticum, Calligonum polygonoides, Salsola foetida and 

Typha angustata exhibited highly positive correlation with the Black Francolin. 

The two species of Haloxylon, i.e., Haloxylon salicornicum and H. recurvum had  

positive correlation with the Grey Francolin.   

 

Like the species of trees, a strong association (1.00) of the first three axes 

was shown between the two species of the francolin and the 11 species of the 

shrubs (Table 4.20). The first three axis of the CCA ordination (CC1, CC2 and  
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Figure 4.8: Canonical Correspondence Analysis (CCA) ordination diagram 
showing environmental variables (arrows) explaining the association of the Black 
and the Grey Francolins with different tree species. Salvador (Salvadora oleoides), 
Ziziphus j (Ziziphus jujuba), Ficus r (Ficus religiosa), Acacia n (Acacia nilotica), 
Tamrix d (Tamrix dioica), Acacia j (Acacia jacquemontii), Prosopis (Prosopis 
juliflora), Prosopis s (Prosopis spicigera) Ziziphus m (Ziziphus mauritiane), 
Azadirachta (Azadirachta indica) Eucalyptus (Eucalyptus citriodora), Dalbergia 
(Dalbergia sissco), Tamrix a (Tamrix aphylla), Ficus b (Ficus bengalensis) and 
Phoenix (Phoenix dactylifera) 

 

 
Table 4.19.  Canonical Correspondence Analysis (CCA) correlations between  the 

two francolin species with  15 species of trees.  
 
__________________________________________________________________ 
Axes                                      1      2      3      4  Total inertia 
__________________________________________________________________ 
  
Eigen values                         0.39  0.00  0.00  0.00         0.39 
 
 Species-environment correlations   1.00  1.00  1.00  0.00 
  
Cumulative percentage variance 
    of species data                  99.9   100.0   100.0   0.0 
    of species-environment relation 99.9   1.00   1.00   0.0 
 
 Sum of all  eigen values                                              0.39 
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Figure 4.19: Canonical Correspondence Analysis (CCA) ordination diagram 
showing environmental variables (arrows) explaining the association between the 
Black and the Grey Francolin with the 11 different species of shrubs with in the 
study area. Launea (Launea resedifolia) and Leptadena (Leptadenia pyrotechnica) 
positive but weaker correlation with the Black Francolin while Capparis (Capparis 
decidua) Calotropis (Calotropis procera) Phragmit (Phragmite karka) Abutilon 
(Abutilon muticum) Calligonum (Calligonum polygonoides) Salsola (Salsola 
foetida) Typha (Typha angustata) Haloxylon sp (Haloxylon salicornicum and 
Haloxylon recurvum). 
 
 
Table 4.20.  Canonical Correspondence Analysis (CCA) correlations between the 

two francolin species with 11 species of shrubs. 
__________________________________________________________________ 
Axes                                       1      2      3      4  Total 
inertia 
 
  
Eigen values                         :   0.39  0.00  0.00  0.00      0.39 
 
Species-environment correlations   :  1.00 1.00  1.00  0.00 
  
Cumulative percentage variance 
    of species data                    : 99.9   100.0   100.0   0.00 
    of species-environment relation :   99.9   100.0   100.0   0.0 
 
 Sum of all  eigen values        :                                          0.39 
 
__________________________________________________________________ 
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CC3) explain the species–environment relationship and account for 99.9% and 

100% in the second and third axis of the variation in the diversity. 

 

The study of association of the two francolin species with 7 species of 

undershrubs (Figure 4.20) revealed that Dipterygium glaucum, Aerua javanica, 

Aerua persica, Fagonia spp. and Crotalaria burhia were highly correlate with the 

Black Francolin. Fagonia cretica and Alhagi maurorum showed though positive 

but weak correlation with the Black Francolin. None of these species had with the 

Grey Francolin.  

 

A strong correlations (0.98 and 0.92) of the first two axis was indicated 

between the two francolin species with the undershrub (Table 4.21). The first three 

axis of the CCA ordination (CC1, CC2 and CC3) explained the species–

environment relationship  and account for 97.4% of the variation. The first three 

axes were explaining 100 %, while the fourth axis explained 99.9 % of variance.  

 

Figure 4.21 presents the association of the two francolin species with the 12 

herb species. The table showed that Chenopodium murale, Heliotropium strigosum, 

Chenopodium album, Oligochaeata ramosa exhibited very close correlation with 

the Black Francolin, while Suaada fruticosa, Dactyloctenium  spp.,  Farsetia 

jacquemontii, Citrullus colocynthis, Xanthinm stramainm were though positive yet 

weak correlation with the Black Francolin. hrozophora spp., is the only herb 

species which showed  positive correlation with the Grey Francolin while the two 
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species i.e. Convolvulus pluricaulis and C.. microphyllus showed a weak  positive 

correlation with the Grey Francolin.  

 

A strong correlations (0.98 and 0.99) of the first two axis has appeared 

between the two francolin species with the undershurb (Table 4.22). The first three 

axis of the CCA ordination (CC1, CC2 and CC3) explain the species–environment 

relationship and account for 96.1% of the variation. The first three axes are 

explaining 100 %, while the fourth axis explained 99.9 % of variance.  

 

The association of the two francolin species with 16 herb species (Figure 

4.22) revealed that Lathyrus spp., Indigofera oblongifolia, Polygonum glabrum, P. 

plebejum, Cucumis prophtarum and C. prophearur, polygala spp., Mansonia spp. 

and Medicago satius bore very close correlation with the Black Francolin. 

Peganum harmala and Boerhaavia diffusa though exhibited positive yet not strong 

associated with the Black Francolin. Euphorbia helioscopia and Centaurium 

pulchellum. positive correlation with the Grey Francolin.  

 

Table 4.23 shows a strong correlations (1.00) of the first three axis shown a 

strong correlation with the Black Francolin. The first three axis of the CCA 

ordination (CC1, CC2 and CC3) ) explain the species–environment relationship  

and account for 99.9% and 100% of the variance between the herbs and the Grey 

Francolin.   
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Figure 4.20: Canonical Correspondence Analysis (CCA) ordination  diagram 
showing environmental variables (arrows) explaining the association between the 
Black and the Grey Francolin with 7 undershrub   species. Dipterygium  
(Dipterygium glaucum), Aeua j (Aerua javanica), Aerua p (Aerua persica), Fagonia 
sp (Fagonia spp.) and Crotalar (Crotalaria burhia), Fagonia c (Fagonia cretica) 
and Alhagi (Alhagi maurorum). 
 
 
 
Table .4.21. Canonical Correspondence Analysis (CCA) correlations between the 

two francolin species with 7 under shrub species. 
 
 
_________________________________________________________________ 
Axes                                       1      2      3      4  Total    
                                                                                                                         inertia 
__________________________________________________________________ 
 
 Eigen values     0.38  0.00  0.00  0.00   0.39  
 
 Species-environment correlations     0.98  0.92  0.36  0.00 
  
Cumulative percentage variance 
    of species data                     97.4   97.4   97.4   99.9 
    of species-environment relation    100.0   100.0   100.0   0.0 
 
 Sum of all   eigenvalues                                                             0.39 
 
 
__________________________________________________________________ 
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Figure 4.21: Canonical Correspondence Analysis (CCA) ordination diagram 
showing environmental variables (arrows) explaining the two species of Francolins 
with the 12 herb species. Chenopodium m (Chenopodium murale), Heliotropium 
(Heliotropium strigosum), Chenopodium a (Chenopodium album), Oligochaeta  
(Oligochaeata ramosa)  Suaada (Suaada fruticosa), Dactyloctenium 
(Dactyloctenium  spp.),  Farsetia (Farsetia jacquemontii) Citrullus (Citrullus 
colocynthis),Xanthinm (Xanthinm stramainm) Chrozophora (Chrozophora spp.) 
Convolvulus (Convolvulus pluricaulis) and Convolvulus (Convolvulus 
microphyllus). 
 
 
Table 4.22: Canonical Correspondence Analysis (CCA) correlations between the 
two francolin species with 7 under shrub species. 
__________________________________________________________________ 
 
Axes                                       1      2      3      4  Total  
          inertia 
_________________________________________________________________ 
 
 Eigen values     0.37  0.00  0.00  0.00 0.39         
 
 Species-environment correlations     0.98  0.99  0.98  0.00 
  
Cumulative percentage variance 
    of species data                     96.1   96.2   96.3  100.0 
    of species-environment relation    99.9   100.0   100.0   0.0 
 
 Sum of all eigenvalues                                           0.39 
__________________________________________________________________ 
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Figure 4.22: Canonical Correspondence Analysis (CCA) ordination diagram 
showing environmental variables (arrows) explaining the two species of Francolins 
with the 16 herb species. Lathyrus  (Lathyrus spp.), Indigophora o (Indigofera 
oblongifolia), Polygonum g (Polygonum glabrum), Polygonum p  (Polygonum 
plebejum), Cucumis s (Cucumis prophtarum Cucumis p Cucumis prophearur) 
Trifolium (Trifolium alexandrianum), Indigophora s (Indigofera sessiliflora) 
Polygala (Polygala spp), Mansonia (Mansonia spp.) and Medicago (Medicago 
satius), Paganum (Peganum harmala) and Boerhaavi (Boerhaavia diffusa), 
Euphorbia h (Euphorbia helioscopia) and Centaurium (Centaurium pulchellum). 
 
 
Table 4.23:  Canonical Correspondence Analysis (CCA) correlations between  the 

two francolin species with  16 species of herbs. 
 
__________________________________________________________________ 
  
Axes                                       1      2      3      4  Total  
          inertia 
__________________________________________________________________ 
 
 Eigen values     0.39  0.00  0.00  0.00    0.39 
 
 Species-environment correlations     1.000  1.000  1.000  0.000 
  
Cumulative percentage variance 
    of species data                     99.9   100.0   100.0   0.0 
    of species-environment relation    99.9   100.0   100.0   0.0 
 
 Sum of all  eigen values                                  0.39              
 
 
__________________________________________________________________ 
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The analysis of the association of the two francolin species with the 11 herb 

species (Figure 4.23) revealed that the Black Francolin bore a  positive association 

with Solanum nigrum, Portulaca oleracca, Anticharis lineari, Tribulus terrestris, 

and Ochthochloia compressa. The Black Francolin has though positive yet very 

weak association with four herb species Withania somnifera, W. coagulans, 

Tribulus longipetalus, Corchorus spp. The Grey Francolin showed a weak positive 

association with the two species of herbs i,e., Datura alba and Anticharis 

lorontium.  

 

A strong correlations (1.00) of the first three axis was shown between the 

species of the herbs with the Black Francolin (Table 4.24). The first three axis of 

the CCA ordination (CC1, CC2 and CC3) ) explain the species–environment 

relationship  and account for 99.9% and 100% of the variance between the herbs 

and the Grey Francolin.   

 

Figure 4.24 shows the association of two francolin species with the 12 

species of grasses. The table showed that the Black Francolin had positive 

association with the 7 species of herbs i,e., Saccharum munja, Cymbopogon 

jwarancusa, Lasiurus hirsutus Lasiurus sindicus, Eleusine flagellifera, E. findica 

and Saccharum spontanium. The Black Francolin has though positive but no 

association with the two grass species i,e., Cenchrus b  (Cenchrus biflorus), and 

Cenchrus g (Cenchrus granularis). The Grey Francolin has positive yet weak 

association with the three grass species i,e., Cenchrus pennisetiformis, C. ciliaris 

and Eragrostis poaeoides.  
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Figure 4.23:  Canonical Correspondence Analysis (CCA) ordination diagram 
showing environmental variables (arrows) explaining the association of two 
Francolin species with the 11 herb species. Solanum (Solanum nigrum), Portulaca 
(Portulaca oleracca), Anticharis li  (Anticharis linearis.), Tribulus t (Tribulus 
terrestris), Octhochioia (Ochthochloia compressa), Withania so  (Withania 
somnifera), Withania  co (Withania coagulans), Tribulus l (Tribulus longipetalus), 
Corchorus (Corchorus spp.), Datura (Datura alba) and Antocharis lo (Anticharis 
lorontium.). 
 
Table 4.24:  Canonical Correspondence Analysis (CCA) correlations between the 

two francolin species with  11 species of herbs. 
 
__________________________________________________________________ 
 
Axes                                      1      2      3      4  Total inertia 
__________________________________________________________________ 
 
 Eigen values    0.39  0.00  0.00      0.00         0.39 
 
 Species-environment correlations    1.00  1.00  1.00  0.00 
  
Cumulative percentage variance 
    of species data                   99.9   100.0   100.0   0.0 
    of species-environment relation   99.9   100.0   100.0   0.0 
 
 Sum of all eigen values                                    0.39     
         
 
 
__________________________________________________________________ 
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A strong correlations (1.00) of the first two axis has appeared between the 

species of the undershrub and the two (Table 4.25). The first three axis of the CCA 

ordination (CC1, CC2 and CC3) explain the species–environment relationship  and 

account for 99.9% and 100% of the variation. The first three axes were explaining 

100 % of the variance. 

 

Figure 4.25 shows the association of two francolin species with the 11 

species of grasses. The table showed that the Black Francolin showed a strong 

positive association with the 7 species of herbs Chrysopogon serrulatus, Panicum 

atrosanguineum, P. typhoides), P. psilopidum, P. antidotale, Pennisetum orientale, 

and Sporobolus spp. The Black Francolin has though positive yet weak association 

with the four other grass species i,e., Cynodon dactylon, Setaria glauca, 

Ochthochloa compressa and  Paspalum commersonii. The Grey Francolin has no  

association with any of these 11 species of grasses.  

 

A strong correlations (1.00) of the first two axis was shown between the 

species of the grasses and the two francolin species (Table 4.26). The first three 

axis of the CCA ordination (CC1, CC2 and CC3) explain the species–environment 

relationship  and account for 99.9% and 100% of the variation. The first three axes 

were explaining 100 % of the variance. 
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Figure 4.24: Canonical Correspondence Analysis (CCA) ordination diagram 
showing environmental variables (arrows) explaining the association of the two 
Francolin species with the 12 species of grasses. Saccharm m (Saccharum munja), 
Cympopogan (Cymbopogon jwarancusa), Lasiurus   (Lasiurus hirsutus) (Lasiurus 
sindicus), Eleusine fl (Eleusine flagellifera), Eleusine fi (Eleusine findica), 
Saccharm s (Saccharum spontanium). Cenchrus b  (Cenchrus biflorus), Cenchrus g 
(Cenchrus granularis), Cenchrus p (Cenchrus pennisetiformis),  Cenchrus c 
(Cenchrus ciliaris), Eragrostis (Eragrostis poaeoides). 

 

Table 4.25:  Canonical Correspondence Analysis (CCA) correlations between the 
two francolin species with 12 species of grasses. 

 
 
Axes                                      1      2      3      4  Total inertia 
__________________________________________________________________ 
 
 Eigen values    0.39  0.00  0.00  0.00         0.39 
 
 Species-environment correlations    1.00  1.00  1.00  0.00 
  
Cumulative percentage variance 
    of species data                    99.9   100.0   100.0   0.0 
    of species-environment relation   99.9   100.0   100.0   0.0 
 
 Sum of all eigen values                                      0.39                 
 
 
__________________________________________________________________ 
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Figure 4.25:  Canonical Correspondence Analysis (CCA) ordination diagram 
showing environmental variables (arrows) explaining the association of the two 
Francolin species with the 11 species of grasses. Chrysopogon (Chrysopogon 
serrulatus), Panicum at (Panicum atrosanguineum), Pennisetum o (Pennisetum 
orientale), Pennisetum t (Pennisetum typhoides), Panicum p (Panicum psilopidum), 
Panicum an (Panicum antidotale), Sporobolusl (Sporobolus spp.). Cynodon  
(Cynodon dactylon), Seteria (Setaria glauca), Octhochloa (Ochthochloa 
compressa) and  Paspalum (Paspalum commersonii). 
 
 
 
Table 4.26:  Canonical Correspondence Analysis (CCA) correlations between the 

two francolin species with 11 species of grasses.  
 
Axes                                       1      2      3      4  Total  
           inertia 
__________________________________________________________________ 
 
 Eigen values     0.39  0.00  0.00       0.00   0.39 
 
 Species-environment correlations     1.00  1.00  1.00  0.00 
  
Cumulative percentage variance 
    of species data                     99.9   100.0   100.0   0.0 
    of species-environment relation    99.9   100.0   100.0   0.0 
 
 Sum of all   eigen values                                        0.39     
         
 
 
__________________________________________________________________ 
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Figure 4.26 shows the association of two francolin species with the 10 

species of grasses. The table showed that the Black Francolin exhibited strong  

positive association with 5 species of grasses, i,e., Aristida hystricula, A. mutabilis, 

Limeum indicum and Desmostachya bipinnata, and a weak association with the 

other four species of grass Eragrostis gangetica, Aeluropus  lagopoides, Atylosia 

spp. Cyperus triceps. The two species of grass Dipterygium glaucum and 

Eragrostis cynosuroides exhibited some correlation with the Grey Francolin.  

 

A strong correlations (1.00) of the first two axis has been shown between 

the species of the grasses and the two francolin species (Table 4.27). The first three 

axis of the CCA ordination (CC1, CC2 and CC3) explain the species–environment 

relationship and account for 99.9% and 100% of the variation. The first three axes 

were explaining 100 % of the variance. 

 

              The present analysis reveals that the majority of the plant species had 

some degree of association with the Black Francolin and a few species (no tree 

species; 2 species of  shrubs i.e. Haloxylon salicornicum and H. recurvum; 12 

species of herbs and grasses, i.e. Convolvulus pluricaulis, C. microphyllus, 

Chrozophora spp., Euphorbia helioscopia, Centaurium pulchellum, Datura alba, 

Anticharis lorontium, Cenchrus pennisetiformis, C. ciliaris), Eragrostis poaeoides, 

E. cynosuroides and Dipterygium glaucum indicated some degree of association 

with the Grey Francolin. The Grey Francolin exhibited  no association with the 

thorny species like Acacia sp. or Zizyphus sp., as indicated previous literature  
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Figure 4.26:  Canonical Correspondence Analysis (CCA) ordination diagram 
showing environmental variables (arrows) explaining the association of the  
two Francolin species with the 10 species of grasses. Aristida h (Aristida 
hystricula), Aristida m (Aristida mutabilis), Limeum (Limeum indicum), 
Desmotachya (Desmostachya bipinnata), Eragrostis g  (Eragrostis gangetica), 
Aeluropus (Aeluropus  lagopoides), Atylosia (Atylosia spp.), Cyperus (Cyperus 
triceps), Dipterygium (Dipterygium glaucum) and Eragrostis c (Eragrostis 
cynosuroides).    
 
 
 
Table 4.27:  Canonical Correspondence Analysis (CCA) correlations between  the 

two francolin species with  10 species of grasses. 
 
Axes                                      1      2      3      4  Total inertia 
__________________________________________________________________ 
 
 Eigen values    0.39  0.00  0.00  0.00         0.39 
 
 Species-environment correlations    1.00  1.00  1.00  0.00 
  
Cumulative percentage variance 
    of species data                    99.9   100.0   100.0   0.0 
    of species-environment relation   99.9   100.0   100.0   0.0 
 
 Sum of all  eigen values                                      0.39            
  
 
 
__________________________________________________________________ 
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(Ullah, 1991; Wijeyamohan et.al. 2003). No previous study is available on such 

association and these association may vary with the area. However, at the onset the  

present association may appear to be the chance association. The Black Francolin 

adapted to these vegetation having a higher phytodiversity. However, the Grey 

Francolin is though present in all the stands, yet exhibited association with few 

desert adapted shrubs / herbs, indicating that the present analysis has a value.   

 

4.3. FOOD 

 Results on the relative consumption of the different items of food by the 

Black (Appendix - 2) and the Grey (Appendix - 3) Francolins suggested that both 

the species were omnivore and euryphagus, having a very wide base for the 

selection of their food. The Black Francolin consumed a minimum of 33 plant and 

12 animal species, while the Grey Francolin depended upon a minimum of 35 plant 

and 16 animal species in the LSNP. A wide base of their food has been indirectly 

referred previous by many workers, each giving a long list of different possible 

food plants and animals (Faruqi et al., 1960; Chaudhry and Bhatti, 1992-a; Khan, 

1989; Ullah, 1991). The present lists of the food species is not directly comparable 

to any of the previous lists, which can be directly attributed  to a differences in the 

available food items in different study areas. The present list is longer than those 

suggested previously though the present study was limited to a much smaller area 

with a narrow range of physio-biotic variations. A wider diversity  in the plant and 

insect species in the habitat of these francolin species in the LSNP, as a result of 

protection (Mian and Ghani, 2007) and canal irrigation may partly explain the 

consumption of a higher number of the food species by the francolins. Such a 
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diversity in the food species has further supported the omnivorous and euryphagous 

nature, which attributing a food generalistic characteristic to these species. The 

present results also revealed that neither of the two francolin species had a very 

heavy reliance on a single food species (single species contribution in to the crop 

contents remained below 6%). This is despite the fact that some of the food species 

appeared in high constancies (60 – 70% of the crop contents), picked up by 

different birds as per their availability.  A wide base of the food species adapted by 

these francolins and not placing  heavy reliance on some specific food species is in 

the advantage of the species, ensuring the survival under all the odds. Under the 

effect of such a wide food base, both the species were able to amicably withstand 

the effects of severe drought, without seriously lowering the population but 

probably by changing the feeding preferences. The absence of the seeds of 

cultivated plants or weeds is understandable, as the contents were collected from 

the areas under the wild vegetation and hence has little bearing on the   possibility 

of the species to act as agricultural pest or as an insect pest controlling agent, as 

suggested for the Grey Partridge (Kelso, 1932). In 53 stomachs, 25 plant families 

and ten insect orders were found which constituted 36.68% grit, 50.87% seeds and 

12.45% insects, in a study in Cyperus (Paralikidis et al., 2010).   

 

 The results of the present study lead us to conclude that seeds of the 

prevalent species constituted the major part of the food (Grey = 44.04±16.33 %, 

Black = 44.01±7.30%) of these francolins. The animal part of the food was mainly 

constituted by insects, contributing some 32.58±5.43% in the Black Francolin 

(Figure 4.14) and 33.84±11.48% in the Grey Francolin (Figure 4.15). The leaves of 
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available plants contributed a relatively minor part (Grey = 7.23±2.56%; Black = 

8.24±1.31%) in the diet of both the species. 

 

 The available data suggested that the two francolin species were not 

significantly different in the selection of the major types of the food (p > 0.05). 

Two simultaneous studies, conducted in Faisalabad (Pakistan), revealed that both 

the Black (Khan, 1989) and the Grey (Ullah, 1991) Francolins consumed 28 

percent animal matter, which falls close to the proportion suggested by our studies. 

None of  the studies quantitatively separated the seed and leaf part of the vegetable 

food consumed by francolins though presence of leaves and seeds of the plants/ 

grasses have been indicated in the studies of Ullah (1991) and Khan (1989). Mian 

and Wajid (1994) suggested that the insects constituted only 9.8% in the diet of the 

Grey Francolin captured from Bakhar (Pakistan) during winter, which was 

attributed to low availability of insects during this part of the year. Bukkar is 

located at comparatively higher latitude and face lower winter temperatures than 

LSNP, which may lower the winter availability of the insects. Black (around 40 

birds) and Grey (some 85 birds) Francolins were observed picking insects from a 

decayed carcass of  camel. The Grey Francolins have been frequently observed 

searching the decaying dung, probably for dung beetles. Snails, lizards and snakes 

have been previously reported as food of these francolins species (Soman, 1962; 

Cramp and Simmons, 1980; Khan, 1989) which could not be recorded in the 

present sample of the crop contents despite the fact that these groups of the animal 

were available in the habitat of these francolin species in LSNP. This may indicate 

that these group of animals do not constitute regular part of the food of these 
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francolin species, and may be picked up accidentally alongwith other food items or 

under forced feeding when more preferred food species are not available.  

 

 The analysis of the seasonal samples indicated some variation in 

consumption of different types of the food during different seasons (Black = Figure 

4.17, Appendix – 2, Grey = Figure 4.18, Appendix - 3). In both the species, the 

proportionate consumption of  seeds was relatively higher during autumn  and 

winter (Black = 52.14% and 51.83%, Grey = 48.62% and 50.52%) as compared 

with that during spring (Black = 32.50%, Grey = 37.16%) and summer (Black = 

37.19%, Grey = 39.85%). Conversely the proportionate consumption of insect part 

of the diet was lower in autumn (Black = 23.83%, Grey = 27.23%) and winter 

(Black = 22.69%, Grey = 28.10%) as compared with spring  (Black = 42.50%, 

Grey = 40.21%) and summer (Black = 42.39%, Grey = 38.37%). The proportionate 

consumption of leaves was also higher in spring (Black = 13.46%, Grey = 9.01%) 

and summer (Black = 8.29%, Grey = 10.07%)  as compared with autumn (Black = 

5.23%, Grey = 6.31%) and winter (Black = 5.90%, Grey = 4.03%). No data is 

available on phenological variation in plants and abundance of insects in the 

sampling area, yet under a more ensured rainfall during summer monsoon, many 

wild species of plants were at seeding stage, after the summer rains, and leaves and 

insects were more abundantly available during spring and early summer, when 

temperatures were mild. No study is available on such variations in these francolin 

species, however, such seasonal changes have been reported for the Grey Partridge 

(Kobriger, 1977; Hupp, 1980) and for the Helmeted Guineafowl (Numida 

meleagris, Ayeni, 1983). Under the changes in the feeding preferences during 
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different seasons, the francolin species maintained their population in the same area 

throughout the year and have exhibited little local movements (present study). This 

saves the species from extra expenditure of food energy and possible mortality, 

expected to be caused under such movements. 

 

 The present study initially tended to suggest a considerable similarity in the 

composition of the food by these two sympatric francolin species. However, 

collective consideration of the species composition of the food consumed (Table 

4.28), by the Black and the Grey Francolins suggested a blend of similarities and 

differences. A group of 22 plant species and 7 animal species were consumed by 

both the species. However, a group of 11 plant species were exclusively consumed 

by the Black Francolin and an other group of 13 plant species were recovered only 

from the crop contents of the Grey Partridge. Similarly, 5 animal species were 

exclusively consumed by the Black and another group of 9 species were present in 

the food of Grey Francolin only. The variation in food of the two francolin species 

can be expected to be caused by the differential availability of the food species in 

the habitat of the two species and by special adaptation of these two almost 

sympatric species, having quite identical feeding habits. The habitat of the two 

species is overlapping and the Grey Francolin is present in all the 10 stands under 

present study. Under such conditions the differences in the feeding preferences can 

hardly be expected to be caused by the differential availability of the food species 

especially under the conditions of LSNP, where the area is limited, and line 

demarcation of the food species (especially insects) is not possible. This leads us to 

propose that these two ecologically allied species have adapted to some degree of  
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Table 4.28: Relative consumption of different items of  food species by Black and    

                    Grey Francolins in LSNP. 

Food species 
Black Francolin (n=28) Grey Francolin (n=31) 

Consumption 
(%)    

Constancy 
(%) 

Consumption 
(%)    

Constancy 
(%) 

Plants 
Triticum aestivum 4.55    71.43 2.72    70.97 

Eleusine sp. 5.14    71.43 3.48    67.67 

Cenchrus biflorus 3.03    64.29 3.93    64.52 

Aristida sp. 3.32    67.86 2.57    64.52 

Lathyrus sp. 2.60    46.43 1.68    54.84 

Acacia sp. 2.32    42.86 2.29    51.61 

Limeum indicum 0.08    7.14 1.83    51.61 

Lasiurus sindicus 0.49    14.29 1.81    51.61 

Pennisetum typhoides 2.41    42.86 2.44    48.39 

Panicum antidotale 0.27    14.29 0.76    48.39 

Dactyloctenium spp. 3.00    50.00 2.88    38.71 

Cyperus rotundus 1.60    35.71 1.38    45.16 

Capparis deciduas 2.08    46.42 1.37    38.71 

Suaeda fruticosa 1.39    32.14 0.33    32.26 

Fagonia cretica 0.88    21.43 0.48    32.26 

Corchorus depressus 0.69    35.71 0.92    32.26 

Atylosia sp. 0.36    10.71 0.48    32.26 

Fagonia sp. 0.19    10.71 0.91    32.26 

Zea mays 1.45    46.42 0.76    29.03 

Prosopis juliflora 1.06    25.00 0.48    29.03 

Eragrostis sp. 0.29    21.43 0.46    25.81 

Medicago satva 3.31    67.86 -    - 

Arnebia sp. 1.51    39.29 -    - 

Trifolium alexandrianum 1.24    28.57 -    - 

Solanum surattense 0.93    25.00 -    - 

Chenopodium murale 0.52    21.43 -    - 

Indigofera sp. 0.33    21.43 -    - 

Polygala sp. 0.56    17.86 -    - 

Chenopodium album 0.26    17.86 -    - 

Solanum nigrum 0.14    14.29 -    - 

Anticharis linearis 0.62    14.29 -    - 

Launaea resedifolia 0.29    10.71 -    - 

Leptadenia sp. 0.36    10.71 -    - 

Cucumis prophetarum -    - 2.88    67.67 

Aerva javanica -    - 1.38    61.29 

Ziziphus sp.  -    - 1.21    45.16 

Polygonum sp. -    - 0.77    35.48 

Calligonum sp. -    - 0.63    32.26 

Securinega sp. -    - 0.46    32.26 

Peganum harmala -    - 1.38    29.03 

Continue……….
. 
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Food species 
Black Francolin (n=28) Grey Francolin (n=31) 

Consumption 
(%)  

Constancy 
(%) 

Consumption 
(%)  

Constancy 
(%) 

Oligochaeata ramosa -    - 0.46    29.03 

Mansonia sp.      0.33    29.03 

Alhagi maurorum -    - 1.23    25.81 

Heliotropium sp. -    - 0.48    25.81 

Cymbopogon sp. -    - 0.77    22.58 

Tribulus sp. -    - 0.31    19.35 

Boerhaavia diffusa -    - 0.42     19.35 

Animals           
Neotremes sp. 4.80    89.29 5.43    93.55 

Homoptera 4.16    85.71 5.43    93.55 

Diptera 3.08      78.57 2.12    77.42 

 Hymenoptera 2.14      53.57 3.77    70.97 

 Aeshnidae 1.01      21.43 0.76    16.13 

Staphylinidae 2.92      71.43 0.31    16.13 

Cordulidae 0.96      21.43 0.91    16.13 

 Coleoptera 4.08      50.00 -    - 

Orthoptera 2.12      42.86 -    - 

 Curculionidae 1.51      39.29 -    - 

Gryllidae 0.67      21.43 -    - 

Lumbricus spp. 0.82      17.86 -    - 

Mastotermitidae -    - 3.02    70.97 

 Hodotermitidae  -    - 1.81    58.06 

Heteroptera -    - 0.91    38.71 

Thysanoptera -    - 1.21    32.26 

Leptoperlidae -    - 0.76    29.03 

Gryllotalpidae -    - 0.76    29.03 

Mecoptera -    - 1.06    25.81 

Trichoptera -    - 0.61    25.81 

Lepidoptera -    - 0.61    25.81 

 

 

 

 

 

 

 

… Table 4.28 continued 
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Figure 4.27: Relative consumption of food items of Black Francolin during           

different seasons in LSNP. 

 

Figure 4.28:  Relative consumption of food items of Grey Francolin during  

different seasons in LSNP.
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differential food preference to avoid the interspecific competition, under Gause 

Principle. Direct food competition between the species is not in the advantage of 

any of the species and hence is avoided to develop positive interspecific 

interactions. The two species appear to have struck a balance, where a part of the 

food species are being shared to give a wider base for the food, and a part remains 

specific to save excessive interspecific competition.  

 

4.4. Home Range 

 Radio transmitters and electronic tags have been frequently used in many 

recent studies on home range of  different pheasants (McGown, 2004; Winarni et 

al., 2009). The exact radio–location of the bird, however, remained problem and 

McGown (2004) tried to locate the bird using signals from three different angles. 

This technique also requires trained human resource and heavier financial 

involvement, a part from transmitter- caused problems in bird movements. 

Alternately, careful banding of the bird with appropriate sized tag causing limited 

harm to the bird (Gaunt and Oring, 1997), especially when it is not hindering the  

bird movements or increasing the chances of  detection by predators. The patagial 

markers, used under the present study, are visible to the observer, retained for a 

longer time and have been regarded useful for studies on social behaviour in birds 

(Hester et al., 1963; Curtis et al., 1983; Cummings, 1987). 

  

 The data collected on the mean sizes of the home range of the Black and the  

Grey Francolins recorded during different seasons of drought hit (1994) and high 

rainfall (1999) years is presented in Table 4.29 and Figure 4.19 and 4.20. The 
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Table 4.29:  Home range (mean ± S.E., km²) of Black and Grey Francolins (km²) in LSNP during different seasons. 
 
 

          

 
Seasons 

 
n 

Black Francolin  Grey Francolin 

Male n Female n Total n Male n Female n Total 

1994 

Spring 7 0.33±0.09 5 0.29±0.07 12 0.31±0.11 7 0.51±0.11 5 0.41±0.11 12 0.46±0.11 

Summer 6 0.29±0.10 5 0.26±0.08 11 0.27±0.10 6 0.55±0.15 5 0.51±0.12 11 0.53±0.12 

Autumn 6 0.61±0.16 5 0.36±0.13 11 0.49±0.12 6 0.61±0.12 5 0.67±0.11 11 0.64±0.11 

Winter 6 0.54±0.11 5 0.31±0.09 11 0.43±0.11 6 0.67±0.13 7 0.65±0.12 13 0.66±0.12 

Total 25 0.44±0.09 20 0.31±0.11 45 0.38±0.11 25 0.59±0.12 22 0.56±0.12 47 0.57±0.12 

1999 

Spring 8 0.47±0.12 7 0.44±0.17 15 0.46±0.11 6 0.61±0.11 6 0.57±0.11 12 0.59±0.11 

Summer 5 0.41±0.10 6 0.38±0.12 11 0.40±0.13 7 0..65±0.12 6 0.56±0.12 13 0.61±0.12 

Autumn 7 0.79±0.12 6 0.61±0.11 13 0.70±0.12 5 0.72±0.12 7 0.71±0.14 12 0.72±0.12 

Winter 9 0.65±0.13 8 0.57±0.23 17 0.61±0.13 7 0.71±0.13 6 0.63±0.12 13 0.67±0.12 

Total 29 0.58±0.13 27 0.50±0.12 56 0.54±0.12 25 0.65±0.13 25 0.62±0.13 50 0.65±0.11 

 
Overall 54 0.51±0.12 47 0.41±0.12 101 0.46±0.12 50 0.62±0.12 47 0.59±0.13 97 0.61±0.12 
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Figure 4.29:  Comparison of the Home ranges (km²) of the Black Francolins in the            

two sexes during seasons of drought hit (1994) and good rainfall (1999) years. 

 

Figure 4.30:  Comparison of the Home ranges (km²) of the Grey Francolins in the    

two sexes  during seasons of drought hit (1994) and good rainfall (1999) years. 
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table revealed that the Black Francolin on the average exploited a home range 

of 0.51±0.14 km², while the Grey Francolin exploited a home range of 0.61±0.16 

km². The Grey Francolin though consistently exploited a wider home range than 

that by the Black Francolin, yet the sizes of the home range of the two species were 

not significantly different (t = 0.8956, df = 87,  p > 0.05). 

  

 The home range is species specific to the extent that it depends upon the 

locomotive potentials, food requirements and availability of food. Locomotive  

potentials and food requirements, directly increase with increase in size in the 

cursorial birds and hence a wider home range is expected/ reported for Helmeted 

Guinefowl (Numida meleagris, 3.1 - 3.6 km², Njiforti, 1997, 6.06±1.68 km², 

Winterbach, 1991, 8.8±6.3 km², Crow, 1978) as compared with smaller species, like 

Redwing Francolin (Francolinus levaillantii, 0.076 – 0.154 km², Janson et al., 

2000) or Grey Partridge (Perdix perdix, 0.11 – 1.26 km², Novoa et al., 2006). 

However, availability of food is controlled by a number of factors, including trophic 

status, habitat conditions and seasons, etc. Phasianids are generally omnivore 

deriving their food energy from trophic level II and III, where a relatively higher 

amount of food energy is available, and hence are expected to have narrow home 

ranges. The differences in the home ranges can, therefore, be largely attributed to 

the habitat variations. Under such logic, the Black and the Grey Francolins, 

surviving under hot arid environment, exploit wider home ranges as compared with 

the Swamp Francolin (F. gularis, 0.0003-0.027 km², Iqubal et al., 2003, habitat 

thick vegetation) and Redwing Francolin (F. levaillantii, 0.076 – 0.154 km², rich 

vegetation, Jenson et al., 2000) living under denser vegetation. A wider home range 
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exploited by the Grey Francolin, living in relatively open area with lower 

vegetation cover as compared with the Black Francolin surviving under thicker 

vegetation cover, can also be explained under this logic. Degradation of habitat and 

lowering of vegetation cover increased the home range of the Grey Partridge 

(Winarni et al., 2009). 

 

 Both the species exhibited a narrow home range during spring (Grey = 

0.46± 0.11 km², Black = 0.31±0.11 km²) and summer (Grey = 0.53± 0.12 km²,  

Black = 0.35±0.10 km²) as compared with autumn (Grey = 0.64± 0.12 km², Black = 

0.74±0.16 km²) and winter (Grey = 0.66± 0.12 km²,  Black = 0.43±0.11 km²). Such 

differences are though not statistically significant yet are persistent. Spring and 

summer are the breeding seasons (present study, section 4.6) and the population 

comprises of pre-nesting and breeding bird alongwith a higher frequency of 

juveniles. Most bird species have a narrow home range during breeding seasons, 

which partly explains the narrow home ranges of the two species during spring and 

summer. A narrow home range during the  breeding seasons has been suggested 

previously for the Grey Partridge (Perdix perdix, general = 00.245 km², per nesting 

= 0.22 – 0.139 km²;  Bunner et al., 2005).  The juveniles and early breeding birds 

have been reported to be less settled in Reeve’s Pheasant (Syrmaticus reevesii) and 

hence exploit a wider home range (Zheng, 2002; Sun et al., 2003). Decreased 

vegetative cover during autumn and winter can also causes the birds to go for  

extended home ranges. 
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In both the Black and the Grey Francolins home ranges were wider in males 

(Black: 0.55± 0.12 km², Grey: 0.61±0.13 km²) as compared with the females 

(Black: 0.45± 0.12 km², Grey: 0.58±0.13 km²). Such differences are not 

statistically significant, yet the trend is persistently followed in all seasonal and 

annual samples. Such a differences is more prominent in the Black Francolin as 

compared with the Grey Francolin. Adults and subadult males have been reported 

to more mobile (having wider home range) as compared with the females of the 

Grey Partridge (Perdix perdix) (Boxter and Rintoul, 1935; Weigand, 1977) and 

Malayan Peacock Pheasant (Polyplectron malacense) (McGowan, 2004). The 

variation in home range appears to be more pronounced in sexually dimorphic 

species and the prominent sex has a wider home range, being more agile. 

 

 The home ranges of both the francolin species, appearing during the 

extreme drought (1994: Black = 0.38±0.1 km², Grey = 0.57±0.12 km²) and higher 

rainfall (1999: Black = 0.46±0.12 km², Grey = 0.61±0.12 km²) years were not 

significantly different (Black: t = 0.49, df = 143, p > 0.5; Grey: t = 0.23, df = 152, p 

> 0.05) from one another (Table 4.29). A wider home range was expected during 

the drought-hit years as compared with the higher rainfall years as per availability 

of thicker vegetation and higher food energy during higher rainfall year. On 

contrary to this, the home range was constantly larger during the rainfall year in 

both the species in all seasonal samples. No logic can be presented with the 

information in hand on these or other species, and hence is caused by certain 

specific conditions of LSNP. The support of canal irrigation water during spring 

and summer provided the required energy subsidies and protective vegetation cover 



 

 

157

in some limited habitat patches during the drought hit years, forcing the birds to 

limit their activities in such favourable patches. A general lowering of the 

population during drought year can also limit the bird movements and thence a 

narrow home range of the surviving birds under lowered intraspecific competition 

and lower availability of the food in unirrigated patches. 

 

4.5. BREEDING 

4.5.1. Breeding Season 

 The studies on the flock under the present study revealed that 67 % of the 

Black Francolin females and 52 % of the females of the Grey Francolin (Table 

4.30) laid their clutches between mid March and early May, though some low level 

of egg lying continued between June and September also. This suggests that the 

two species though continue laying eggs under the conditions of LSNP between 

March and September, though major part of such activities occurs during mid 

March and early May. 

 

 No previous quantified study is available on breeding season of these two 

francolin species, which is based upon careful examination of 82 (Black) and 85 

(Grey) clutches. Different reports has been reported on the breeding period, based 

upon their general observation on sighting of eggs. The present report goes in 

partial conformation of all the reports (March – April, Whistler, 1930; February – 

April and July – October, Sharma, 1983; August – September, Eates, 1968; 

Roberts, 1991; May – August, Henry, 1971; Wijeyamohan et al., 2003; April – 

June, Ullah, 1991; April – May, Ali and Ripley, 1969; Cramp and Simmon, 1982;  
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Table 4.30: Distribution of Egg laying attitude of Black and Grey Francolins in  

                    different calendar years  between 1993 and 2004 in Lal Suhanra  

                    National Park.              

 

Months 
 

Black Francolin 
n = 82 

 
Grey Francolin 

N = 85 

 
# %  # % 

January 
0 0 0 0 

February 
0 0 0 0 

March 
17 20.73 9 10.59 

April 
24 29.26 12 14.12 

May 
14 17.07 23 27.05 

June 
10 12.19 14 16.47 

July 
7 8.54 10 11.76 

August 
8 9.76 9 10.59 

September 
2 2.44 8 9.41 

October 
0 0 0 0 

November 
0 0 0 0 

December 
0 0 0 0 
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Khan, 1989). The present data does not support the report suggesting that the 

breeding may occur in December (Waite, 1948). 

  

The Black and Grey Francolins are long day birds, where the reproductive 

activity initiates in the January. The continuation of the reproductive activity is 

then controlled by the local conditions of the temperature and the availability of 

food. There are many reports suggesting that pair bond starts in late January or 

early  February (Yeatter, 1934; Green and Hendrickson, 1938; Yocum, 1943; 

Blank and Ash, 1956), followed by spring break up in mid February and early 

March (Weigand, 1977). LSNP is located in middle latitude of the distribution 

range of these species and can be expected to allow the major part of breeding 

during spring, though some breeding may continue till September under the 

availability of food and cover through canal irrigation.   

 

4.5.2. Nest Building  

                     The data on the average duration of nest construction suggested that 

the Black Francolin took 15.18±2.45 days (n = 82, range 12 – 17 days, Table 4.31), 

while the Grey Francolin 12.68±3.19 days (n = 85, range 9 -13 days, Table 4.32). 

No previous study is available on the construction duration of nest in the Francolin 

or other Partridge species. The time taken in building the nest is not significantly 

different in two species (t = 1.247, df = 165, p > 0.05), yet it was shorter in the 

Grey Francolin. 
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4.5.3. Clutch Size 

 The present studies showed that the Black Francolin had an average clutch 

size of 6.56±1.47 eggs (n=81, Table 4.31), while the average clutch size of Grey 

Francolin was 7.22±1.23 eggs (n=76, Table 4.32), and the two species are not 

significantly different from one another with regard to their clutch size (t = 0.34, df 

= 155, p > 0.05). The clutch size ranged between 2 and 12 in the Black Francolin, 

and 59 percent of the clutches had 7 – 10 eggs. In the Grey Francolin the clutch 

ranged between 2 and 13, but in 65 percent of the clutches had 10 eggs. Variable 

sizes of the clutch has been reported for the Grey Francolin, i.e., 4 – 10 (Baker, 

1921), 8 – 10 (Clark et al.,  1901; BirdLife International, 2004), 8 – 16 (Layard, 

1852), 12 – 20 (Ramnoff, 1949), 6 – 7 (Sharma, 1983) and 4 -16 (Ullah, 1991) 

eggs. The clutch size in the Black Francolin has been reported to range between 6 – 

10 (Hume and Oats, 1890),  and 5 - 17 eggs (Perrins and Brikhead, 1983). This 

suggested that the present populations of these francolin species does not differ 

from other populations in their egg laying potentials. The nests having very small 

size of  clutch (2 – 4 eggs), under the present study, probably did not represent the 

normal clutches. No nest with more than 11 (Black) or 12 (Grey) eggs has been 

recorded under the present study, and the previous reports suggesting a higher 

number of eggs in the clutches of these francolin species probably represent some 

odd records. 

 

 The clutch size in a species is adjusted to the expected loss of eggs / chick 

expected by the species. The francolins are ground nesting birds, and are expected 

to face a high egg predation (Wijeyamohan et al., 2003; Potts, 1980; Novoa et al., 
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2002; Putaala and Hissa, 1998). A relatively larger clutch size in the Grey 

Francolin then the Black Francolin may indicate a higher egg predation in the 

former, which lives in open places.  

 

4.5.4. Egg Laying Period 

 The result in hand suggest that the Black Francolin take an average of 

9.46±1.77 days (Table 4.31) and the Grey Francolin 10.58±1.32 days (Table 4.32) 

to complete their clutches. The number of the days required to lay the clutch is 

higher in the Grey Francolin as compared with the Black, which corresponds with 

the higher clutch size in the Grey Francolin. The duration required to complete the 

clutch is about 50% more then the clutch size, suggesting that the bird does not lay 

eggs daily. This is a normal behaviour of the wild birds. No previous study id 

available to the egg laying pattern / duration in these francolin species. 

 

4.5.5. Incubation 

 The incubation period extended over an average of 18.53±1.14 days (n = 

56, range 17 – 21 days, Table 4.31), in the Black Francolin and over 17.68±2.10 

days (n = 54, range 16 – 21 days, Table 4.32) in the Grey Francolin. The incubation 

period is species specific, and usually depends upon the size of the bird species. 

The non-significant difference between the two species is expected, being of the 

same size. The incubation period of the francolin has been reported as 18 – 19 days 

(Johns, 1980) and 18 – 21 days (Bump and Bump, 1966; Ali Ripley, 1969; Roberts, 

1991; del Hayo et al., 1994). The present findings run close the previously 

suggested incubation period. 
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 The general field observations, recorded under the present study revealed 

that both the sexes take part in the incubation in the Grey Francolin, while the 

incubation is the sole responsibility of the females in the Black Francolin. There 

are reports to suggest that incubation is the total responsibility of the female in the 

Black Francolin (Johns, 1980) the Grey Francolin, though the males remain around 

the female to give her a timely warning about the approaching predator (Bump and 

Bump, 1964; Ali Ripley, 1969; Roberts, 1991; del Hayo et al., 1994). This is 

against the present observation on the Grey Francolin. The prominence of the male 

in the Black Francolin may give some degree of disadvantage for the species, 

providing detection of the nest by the egg predators. The eggs / nest in the Black 

Francolin is protected in thick vegetation and may not be exposed to environmental 

variation even left alone by the female. In the absence of a very marked 

prominences of the males in the Grey Francolin may give advantage for the species 

when the nest is located in the open place and leaving it unguarded / unprotected 

may expose the eggs to desiccation. 

 

4.5.6. Hatching    

 The present study revealed that in the hatching success (n = 82 clutches, 

577 eggs) to the Black Francolin was 44.0±1.06% (Table 4.31). The un hatching of 

the eggs was due to unfertilized / un hatched (26.34±6.50%), chick dead during 

incubation (9.71±2.10%), breaking up of the eggs (9.36±3.11%) and female left the 

nest during incubation (10.23%). The hatching success (n = 85 clutches, 598 eggs) 

in the Grey Francolin has been calculated at 44.0±3.36%, and the un hatched eggs 

included unfertilized / un hatched (24.42±5.32%), chicks died during incubation 
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(6.68±1.14%), broken eggs (10.54±2.55%) and female left the nest (14.38±1.10%) 

(Table 4.32). 

 

 No previous study is available in hatching success in these two francolin 

species. The hatching success of the two species is not different (t = 0.117, df = 

1173, p > 0.05). The studies on the Grey Partridge (Perdix perdix) suggested a 

mean brood production rate of 24 – 41% (Panek, 2005) and the hatching success of 

the francolin species under present study, remained close and even slightly higher 

then the Grey Partridge. This gives an indication that the francolin have adequately 

adapted the breeding strategies to achieve a good hatching success.  

 

4.5.6 Breeding Success 

 The average brood size of the successfully hatched nest has been calculated 

at 4.76±0.97 for the Grey Francolin and 4.71±0.57 for the Black Francolin, which 

is not significantly different (t = 0.44, df = 108, p > 0.05). The number of 

fledglings per brood has been placed at 3.72±0.85 for the Grey Francolin and 

3.97±0.58 for the Black Francolin. The average breeding success has been placed 

at 36.0±3.18% in the Black Francolin and  37.0±3.25% in the Grey Francolin. No 

comparative figures for the Grey Partridge has suggested chick survival ratio of 31 

35%, production of 1.6 – 2.8 young per adult bird and adult survival rate of 25 – 

30% (Panek, 2005). 

     

The present results demonstrates that the annual rainfall has a direct effect 

on the reproductive potentials of both the Black (Figure 4.21) and the Grey (Figure 
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4.22) Francolins. During the initial part of the drought years (1993 – 1994) the 

clutch size remained larger with appreciable lower number of the nestlings or 

fledglings produced. The average clutch size exhibited a decrease with the 

prolongation of the drought (1996) (Table 4.31 and 4.32). With the onset of higher 

rainfall period (1996 – 2000) the average clutch size, number of nestlings and 

fledglings increased and the trend pushed into the years having moderate rainfall 

(2000 – 2001). Prolongation of moderate rainfall period (2002 – 2004) again 

resulted in appreciable decrease in all the breeding parameters. Such a pattern 

appears understandable, as level of rainfall increased the food and protection value 

of the habitat and hence the increased breeding efficiency and reproductive success. 

The previous studies on the Grey Partridge (Perdix perdix) have suggested that the 

breeding success was positively correlated with the vegetative cover (Blank and 

Ash, 1960; Panek and Kamieinarz, 2000) as it ensure food and shelter (Panek, 

2002). The rainfall has a direct effect on the vegetative cover which may explain a 

higher breeding performance during high rainfall years.
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Table 4.31:  Mean ± S.E. of different parameters of the breeding biology of Black Francolin in different calendar year in LSNP between   
  1993 and 2004. 
 

Years 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 Average 

Nest construction 
 (Days) 

12.71±2.87 
(n=7) 

16.25±4.37 
(n=8) 

16.00±3.65 
(n=9) 

17.60±2.75 
(n=5) 

16.50±2.43 
(n=6) 

14.86±1.65 
(n=7) 

13.56±2.85 
(n=9) 

13.43±2.65 
(n=7) 

15.2±2.66 
(n=5) 

14.00±1.31 
(n=7) 

14.83±2.48 
(n=6) 

17.17±2.60 
(n=6) 

15.18±2.45 
(n=82) 

Egg laying 
period  (Days) 

6.00±2.2.2 
(n=7) 

9.87±1.26 
(n=8) 

7.22±1.24 
(n=9) 

7.20±1.24 
(n=5) 

8.33±1.12 
(n=6) 

5.71±1.38 
(n=7) 

12.13±1.19 
(n=8) 

10.86±1.68 
(n=7) 

14.5±1.87 
(n=5) 

11.57±1.54 
(n=7) 

10.17±1.8 
(n=6) 

10±1.65 
(n=6) 

9.46±1.77 
(n=81) 

Clutch size (No.) 
 

5.43±1.12 
(n=7) 

6.36±1.03 
(n=8) 

4.67±1.08 
(n=9) 

4.40±0.93 
(n=5) 

5.33±1.14 
(n=6) 

6.14±1.13 
(n=7) 

8.38±1.14 
(n=8) 

7.29±1.01 
(n=7) 

9.00±1.11 
(n=5) 

8.29±1.17 
(n=7) 

4.67±1.03 
(n=6) 

6.20±1.10 
(n=6) 

6.56±1.47 
(n=81) 

Incubation period 
  (Days) 

19.25±1.48 
(n=4) 

18.20±1.37 
(n=5) 

18±1.32 
(n=5) 

19.25±1.63 
(n=4) 

18.20±1.53 
(n=5) 8 

19±1.17 
(n=5) 

18±1.55 
(n=5) 

18±1.71 
(n=5) 

18.50±1.29 
(n=4) 

18.80±1.48 
(n=5) 

18.75±1.85 
(n=4) 

18.40±1.51 
(n=5) 

18.53±1.14 
(n=56) 

Nestlings (No.) 
3.75±0.75 

(n=4) 
3.60±0.51 

(n=5) 
2.8±0.86 

(n=5) 
2.25±0.78 

(n=4) 
3.44±0.87 

(n=5) 
4.75±0.83 

(n=5) 
6.80±0.83 

(n=5) 
6.20±0.87 

(n=5) 
8.00±1.12 

(n=4) 
7.60±1.05 

(n=5) 
2.75±0.74 

(n=4) 
4.40±0.49 

(n=5) 
4.71 ±0.57 

(n=56) 

Un-hatched eggs 
(%) 

22.27±4.35 
(n=4) 

32.14±6.11 
n=5) 

19.51±5.15 
(n=5) 

33.33±6.21 
(n=5) 

28.95±4.14 
(n=5) 

27.78±6.32 
(n=5) 

19.12±5.17 
(n=5) 

23.53±7.14 
(n=5) 

20.00±4.52 
(n=5) 

24.14±6.24 
(n=5) 

36.59±8.25 
(n=5) 

30.23±7.14 
(n=5) 

26.34±6.50 
(n=59) 

Dead Chicks (%) 
 

7.27±1.41 
(n=4) 

 

7.14±1.11 
(n=5) 

0.00±0.00 
(n=5) 

 

37.04±8.85 
(n=5) 

 

13.16±3.11 
(n=5) 

12.96±3.41 
(n=5) 

 

7.35±2.10 
(n=5) 

13.73±4.50 
(n=5) 

13.33±3.27 
(n=5) 

 

13.79±2.12 
(n=5) 

12.20±3.30 
(n=5) 

 

9.30±2.14 
(n=5) 

 

9.71±2.10 
(n=59) 

Broken Eggs (%) 
 

12.72±2.32 
(n=4) 

 

16.07±3.12 
(n=5) 

31.71±7.32 
(n=5) 

 

11.11±2.17 
(n=5) 

 

5.26±1.22 
(n=5) 

 

0.00±0.00 
(n=5) 

 

5.88±1.45 
(n=5) 

 

0.00±0.00 
(n=5) 

4.44±1.10 
(n=5) 

 

6.90±1.14 
(n=5) 

 

14.63±2.21 
(n=5) 

 

9.30±2.11 
(n=5) 

 

9.36±3.11 
(n=59) 

 
Female left during 
incubation (%) 
 

18.18±3.14 
(n=4) 

21.43±4.21 
(n=5) 

26.83±3.27 
(n=5) 

18.52± 
2.25(n=5) 

21.05±2.29 
(n=5) 

0.00±0.00 
(n=5) 

11.76±2.12 
(n=5) 

1.96±0.09 
(n=5) 

0.00±0.00 
(n=5) 

0.00±0.00 
(n=5) 

9.76±1.03 
(n=5) 

0.00 
(n=5) 

10.23 
(n=59) 

 
Hatching 
success (%) 

35±1.14 
(n=4) 

23±2.08 
(n=5) 

22±2.12 
(n=5) 

33±2.13 
(n=4) 

32±1.12 
(n=5) 

59±2.13 
(n=5) 

56±2.14 
(n=5) 

61±2.15 
(n=5) 

62±2.12 
(n=4) 

55±1.16 
(n=5) 

27±1.09 
(n=4) 

51±2.06 
(n=5) 

43±1.06 
(n=56) 

No. of fledglings   
3.00±0.63 

(n=4) 
3.00±0.45 

(n=5) 
1.40±0.73 

(n=5) 
2.00±0.74 

(n=4) 
2.80±0.68 

(n=5) 
3.75±0.57 

(n=5) 
6.00±0.84 

(n=5) 
5.40±0.82 

(n=5) 
7.00±0.73 

(n=4) 
6.20±0.74 

(n=5) 
1.50±0.54 

(n=4) 
2.80±0.40 

(n=5) 
3.97 ±0.58 

(n=56) 

Breeding 
Success (%) 

27±2.12 
(n=4) 

18±1.21 
(n=5) 

17±0.98 
(n=5) 

30±3.27 
(n=4) 

23±2.14 
(n=5) 

56%±2.31 
(n=5) 

46±1.58 
(n=5) 

53±1.68 
(n=5) 

51±2.12 
(n=4) 

47±3.21 
(n=5) 

24±2.31 
(n=4) 

44±4.14 
(n=5) 

36±3.18 
(n=56) 
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Table 4.32:  Mean ± S.E. of different parameters of the breeding biology of Grey Francolin in different calendar year in LSNP between  
                    1993 and 2004. 
 

Years 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 Average 

Nest construction  
(Days) 

13.14±2.03 
(n=7) 

12.89±3.54 
(n=9) 

13.13±2.67 
(n=8) 

12.00±3.10 
(n=6) 

12.50±3.12 
(n=7) 

9.71±3.52 
(n=7) 

12.00±4.62 
(n=9) 

13.14±4.70 
(n=7) 

12.29±4.78 
(n=7) 

11.67±2.76 
(n=6) 

13.50±2.76 
(n=6) 

12.17±2.54 
(n=6) 

12.68±3.19 
(n=85) 

Egg laying period  
(Days) 

10.43±1.29 
(n=7) 

10.89±2.14 
(n=9) 

9.63±1.29 
(n=8) 

11.40±2.60 
(n=5) 

11.20±2.37 
(n=5) 

10.29±1.52 
(n=7) 

10±1.25 
(n=8) 

12.33±1.23 
(n=6) 

10.67±1.26 
(n=6) 

8.00±1.58 
(n=5) 

10.67±1.56 
(n=6) 

11.50±0.85 
(n=6) 

10.58±1.32 
(n=78) 

Clutch size (No.) 
6.32±1.10 

(n=7) 
5.44±1.08 

(n=9) 
4.88±1.01 

(n=8) 
5.83±0.97 

(n=5) 
6.83±0.87 

(n=5) 
7.43±1.02 

(n=7) 
7.4±0.87 
(n=8) 

7.57±1.12 
(n=6) 

7.57±1.10 
(n=6) 

7.35±1.12 
(n=5) 

7.20±0.89 
(n=6) 

7.10±0.88 
(n=6) 

7.22±1.23 
(n=78) 

Incubation period  
(Days) 

17.80±1.37 
(n=5) 

17.33±1.33 
(n=6) 

17.40±2.24 
(n=5) 

17.25±2.48 
(n=4) 

17.50±2.65 
(n=4) 

17.50±2.65 
(n=4) 

17.75±2.48 
(n=4) 

18±1.33 
(n=5) 

17.40±2.24 
(n=5) 

18.00±2.41 
(n=4) 

18.50±2.65 
(n=4) 

17.75±2.48 
(n=4) 

17.68±2.10 
(n=54) 

Nestlings (No.) 4.12±0.64 
(n=5) 

3.50±0.71 
(n=6) 

3.00±0.72 
(n=5) 

3.00±0.88 
(n=4) 

3.50±0.74 
(n=4) 

6.00±0.74 
(n=4) 

5.50±0.88 
(n=4) 

6.40±0.67 
(n=5) 

7.00±0.58 
(n=5) 

6.12±0.74 
(n=4) 

4.50±0.67 
(n=4) 

4.75±0.57 
(n=4) 

4.76±0.97 
(n=54) 

Un-hatched eggs 
(%) 

21.43±4.27 
(n=5) 

31.34±4.50 
(n=6) 

21.82±4.32 
(n=5) 

34.15±7.10 
(n=4) 

30.95±7.21 
(n=4) 

19.23±3.33 
(n=4) 

20.00±2.22 
(n=4) 

26.42±5.23 
(n=5) 

20.41±4.45 
(n=5) 

20.59±5.12 
(n=4) 

18.75±3.36 
(n=4) 

24.45±5.25 
(n=4) 

24.42±5.32 
(n=54) 

Dead Chicks (%) 
1.79±0.08 

(n=5) 
4.48±0.10 

(n=6) 
5.46±0.11 

(n=5) 
9.76±0.15 

(n=4) 
11.90±0.11 

(n=4) 
3.85±0.07 

(n=4) 
6.00±1.10 

(n=4) 
9.43±1.14 

(n=5) 
6.12±1.04 

(n=5) 
2.94±0.08 

(n=4) 
10.42±3.21 

(n=4) 
9.80±1.12 

(n=4) 
6.68±1.14 

(n=54) 

Broken eggs (%) 
12.50±3.31 

(n=5) 
14.93±3.65 

(n=6) 
14.55±4.47 

(n=5) 
12.20±3.36 

(n=4) 
9.52±2.58 

(n=4) 
13.46±4.66 

(n=4) 
12.00±2.33 

(n=4) 
0.00±0.00 

(n=5) 
0.00±0.00 

(n=5) 
0.00±0.00 

(n=4) 
20.83±4.55 

(n=4) 
11.77±2.74 

(n=4) 
10.54±2.55 

(n=54) 

Female left during 
incubation (%) 17.86±2.10 

(n=5) 
17.91±3.21 

(n=6) 
25.45±2.47 

(n=5) 
4.88±1.20 

(n=4) 
23.81±3.35 

(n=4) 
17.31±3.54 

(n=4) 
18.00±2.80 

(n=4) 
3.77±0.20 

(n=5) 
2.04±0.09 

(n=5) 
0.00±0.00 

(n=4) 
12.50±2.10 

(n=4) 
5.88±0.14 

(n=4) 
14.38±1.10 

(n=54) 

Hatching success 
(%) 

46±4.19 
(n=5) 

31±3.23 
(n=6) 

18±1.21 
(n=5) 

39±2.41 
(n=4) 

24±1.35 
(n=4) 

46±4.10 
(n=4) 

44±4.22 
(n=4) 

60±4.24 
(n=5) 

71±5.39 
(n=5) 

76±6.29 
(n=4) 

37±2.21 
(n=4) 

45±3.18 
(n=4) 

45±3.36 
(n=54) 

No. of fledglings 
2.30±0.55 

(n=5) 
1.83±0.49 

(n=6) 
1.60±0.63 

(n=5) 
1.50±0.35 

(n=4) 
1.75±0.52 

(n=4) 
4.75±0.49 

(n=4) 
3.85±0.71 

(n=4) 
5.2±0.65 

(n=5) 
5.20±0.63 

(n=5) 
4.61±0.51 

(n=4) 
2.80±0.48 

(n=4) 
2.50±0.85 

(n=4) 
3.72±0.85 

(n=54) 

Breeding Success 
(%) 

43±4.31 
(n=5) 

25±2.19 
(n=6) 

15±2.14 
(n=5) 

29±3.17 
(n=4) 

17±2.31 
(n=4) 

37±3.22 
(n=4) 

36±4.10 
(n=4) 

49±4.21 
(n=5) 

53±4.98 
(n=5) 

61±4.28 
(n=4) 

31±3.18 
(n=4) 

35±4.21 
(n=4) 

37±3.25 
(n=54) 
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Figure 4.31: Effect of Rainfall on the Breeding success of Black Francolin between           
 
the year 1993 and 2004.  
 

 

 

 

 

 

 

 

 

 

 

Figure 4.32:  Effect of Rainfall on the Breeding success of Grey Francolin  
  
between the year 1993 and 2004.
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SUMMARY 

Despite predictions stable global populations concerned have frequently 

been expressed regarding a regional decline in the population of the Black and the 

Grey Francolins in Pakistan. The presence of the reasonably sympatric population 

of these francolin species in the Lal Suhanra National Park (LSNP) under 

reasonably protected conditions of their wild natural habitat. A total survey of 23 

stand established in LSNP for direct or indirect evidences of the presence of the 

francolin species during 1993, suggests that the Black Francolin was present in 6 

stands while the Grey Francolin in 10 stands. It appears that the Black Francolin is 

an alien species which has recently extended the distribution range into the LSNP, 

after the introduction of canal irrigation. The Grey Francolin, however, was present 

in the suitable patches in the desert tracts, but canal irrigation and protection helped 

in further establishment of its population in the suitable habitat patches. The Black 

Francolin was distributed with an overall crude density of 8.40±1.39 birds per km² 

(range = 5 - 12 per km²), while the Grey Francolin with a crude density of 

6.20±1.52 birds per km² (range = 3 – 10 per km²). The population density of the 

Black Francolin was the lowest (3.03±1.09 birds per km²) in February, which 

started gradually rising during the subsequent months and the peak density was 

recorded during July (7.28±1.72 birds per km²). The average population densities of 

the Grey Francolin were low during the winter (November – March), ranging 

4.13±0.83 and 4.55±0.82 birds per km²) which gradually increased to peak level 

(10.72±1.67) birds per km²) during August. The winter population densities 

(November – March) represents the basic population level of these species in the 

area. The subsequent decline can be attributed to a higher mortality of the fledglings 
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and chick associated with the natural mortality of the adults. There was general 

preponderance of the males in majority of seasonal, spatial and annual samples. In 

both species (Black Francolin = male: female ratio 1.31 χ2 = 30.83, p = 0.0017, 

Grey Francolin = male: female ratio 1.21, = 9.18, p = 0.002). There were 0.32±0.09 

sub-adults per female and 0.14±0.03 sub adults per adult in the populations of the 

Black Francolin and 0.32±0.07 sub-adults per female and 0.15±0.03 sub-adults per 

adult in the population of the Grey Francolin. This suggested that the populations of 

both the species were fairly breeding.  The value of dispersion indices for the 

overall population of the Black (0.60±0.08) and the Grey (0.78±0.11) suggested that 

both of the species have a random dispersion, tending toward a uniform 

distribution. The average flock size ranged between 1 and 5, (1.78±0.13 birds per 

flock) in the Black and between 1 and 7 (1.98±0.11) in the Grey Francolins. 

Majority of individuals appeared as singles (Black = 52.39 percent, Grey = 50.18 

percent) and the frequencies of the groups of larger size gradually decreased with 

the increase in the flock size. Both the Black and the Grey Francolins shared a 

common character of showing trend of a more uniform dispersion during the low 

rainfall years (1993-1996, Black = 0.44±-0.05, Grey = 0.54±-0.04; 2001-2004; 

Black = 0.57±0.06; Grey = 0.36±0.04) as compared to those during the high rainfall 

years (1996-2000; Black = 0.70±0.05, Grey = 1.00±0.06).  The Grey Francolin even 

exhibited a clumped dispersion during some of the high rainfall year.  

 

A minimum of 102 species of plants were distributed in the francolin 

habitat. The absolute vegetative cover for the major part remained between 8.35 and 

13.75 percent, while a high vegetation cover 40 – 46 percent was recorded from 
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stands. The Black and the Grey Francolins exhibited a negative yet non-significant 

association (correlation coefficient: 0.333, p = 0.35) in their distribution in different 

stands. This suggested that the two francolin species have some degree of 

preferential selection of their habitat. The Black Francolin was more frequent in 

irrigated forest plantation having higher vegetative cover (42 – 46 per cent) and the 

Grey in the tropical thorn forest having the lower vegetative cover (11 – 13 per 

cent). No population of any francolin species was recorded in stands having very 

low (8 – 10 percent) vegetation cover. A low density also appeared in the stands 

having very high vegetation cover (40 – 45 percent).  

 

 

The analysis of stomach contents suggested that the Black and the Grey 

Francolin were omnivore and have a wide base of the selection of their food. The 

Black Francolin has a minimum dependence on 33 plant and 14 animal species, 

while the Grey Francolin consumed 35 plant and 16 animal species. The present 

results also revealed that none of the two species had a very heavy reliance on a 

single food species and the single species. A wide base of their food is in the 

advantage of these species, ensuring the survival under all the odds. Seeds of the 

prevalent species constitute the major part of the food (Grey Francolin = 

44.04±16.33 percent, Black Francolin = 44.01±7.30 percent). The animal part of the 

food is mainly constituted by insects (32.58±5.43 percent in Black Francolin. 

33.84±11.48 percent in Grey Francolin). The leaves contributed a relatively minor 

part (Grey Francolin = 7.23±2.56 percent; Black Francolin = 8.24±1.31 percent) in 

the diet of both the species.  
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The Black Francolin exploited an average of home range of 0.51±0.14 km², 

while the average home range in the Grey Francolin was 0.61±0.16 km². Both the 

species exhibited a narrow home range during spring (Grey, 0.46± 0.11 km², Black, 

0.31±0.11 km²) and summer (Grey, 0.53± 0.12 km². Black, 0.35±0.10 km²) as 

compared with autumn (Grey, 0.64± 0.12 km². Black, 0.74±0.16 km²) and winter 

(Grey, 0.66± 0.12 km², Black, 0.43±0.11 km²). In both the Black and Grey 

Francolins the home ranges are wider in males (Black, 0.55± 0.12 km², Grey, 

0.61±0.13 km²) as compared with the females (Black, 0.45± 0.12 km², Grey, 

0.58±0.13 km²). The home ranges were not significantly different (Black; t = 6.31, 

d f =100, p = 0.5, Grey; t = 5.24, df = 96, p = 0.4) between the drought and higher 

rainfall years. 

 

Sixty percent of the Black Francolin females and 78 percent of the females 

of the Grey Francolin lay their clutches between mid March and early May.  

Though some low level of egg lying continue between June and August. The 

average nest construction duration in Black Francolin was 15.18±2.45 (n = 82, 

range 12 – 17), while in Grey Francolin, it was 12.68±3.19 (n = 85, range 9 -13). 

The Black Francolin had an average clutch size of 6.56±1.47 (n=81, range 2 – 12), 

and 7.22±1.23 (n=76, range 2 – 13 in the Grey Francolin). The incubation period 

extended over 18.53±1.14 days (n = 56, range 17 – 21) in the Black, 17.68±2.10 

days (n = 54, range 16 - 21 in the Grey Francolin). Field observation on the 

incubating birds revealed that both the male and the female take part in incubation 
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in the Grey Francolins, while in the Black Francolin only the female incubated the 

eggs.  
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Appendix 1 

Vegetative cover (%) contributed by  different species in two  vegetation type and  correlation coefficient of different plant  

  species with  Black and Grey Francolins with different Plant Species in LSNP * = correlation coefficient significant at 0.05  

 level. VT = vegetative form. T = trees, S = Shrubs, US = under shrub, H = herbs and G = grasses. 

Species VT  
Irrigated Forest Tropical Thorn Forest  

4 15 5 Total 7 3 18 11 12 13 22 Total   
Eucalyptus citriodora T  0.19 0.25 0.39 0.27±0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Dalbergia sissoo T  0.54 0.79 0.50 0.61±0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Ficus religiosa T  0.03 0.04 0.00 0.02±0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Ficus benghalensis T  0.02 0.00 0.00 0.01±0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Acacia nilotica T  0.90 0.91 0.84 0.88±0.04 0.55 0.70 0.45 0.30 0.36 0.41 0.46 1.07±0.05   
Acacia jacquemontii T  0.35 0.43 0.27 0.35±0.08 0.29 0.33 0.24 0.17 0.23 0.22 0.24 0.57±0.02   
Azadirachta indica T  0.18 0.32 0.26 0.25±0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Prosopis cineranie T  1.08 1.03 0.85 0.98±0.09 0.95 0.85 0.62 0.63 0.16 0.75 0.53 1.50±0.10   
Prosopis juliflora T  0.34 0.58 0.41 0.44±0.09 0.33 0.19 0.33 0.20 0.17 0.26 0.13 0.53±0.03   
Phoenix dactylifera T  0.01 0.07 0.14 0.08±0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Ziziphus mauritiana T  0.90 1.00 0.74 0.88±0.13 0.39 0.49 0.38 0.31 0.36 0.34 0.26 0.84±0.03   
Ziziphus jujube T  0.36 0.50 0.19 0.35±0.06 0.17 0.32 0.22 0.17 0.18 0.18 0.17 0.47±0.02   
Salvadora oleoides T  1.41 1.23 1.46 1.37±0.12 1.08 0.93 1.00 0.59 0.70 0.64 0.52 1.82±0.08   
Tamrix dioica T  1.64 1.40 1.51 1.52±0.05 1.00 0.82 0.90 0.56 0.72 0.82 0.54 1.78±0.06   
Tamrix aphylla T  1.07 0.98 0.97 1.00±0.01 0.57 0.59 0.41 0.24 0.41 0.54 0.25 1.01±0.05   
Abutilon muticum S  0.61 0.38 0.63 0.54±0.13 0.17 0.13 0.09 0.00 0.03 0.14 0.00 0.18±0.03   
Typha angustata S  1.88 5.24 1.49 2.87±1.87 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Phragmites karka S  4.57 4.08 6.57 5.07±1.24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Launaea resedifolia S  1.95 1.17 2.12 1.75±0.48 1.06 1.27 1.63 1.18 1.14 1.07 1.17 2.84±0.07   
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Species  
   Irrigated Forest Tropical Thorn Forest  

4 15 5 Total 7 3 18 11 12 13 22 Total   
Calligonum olygonoides  S 0.98 0.89 1.47 1.11±0.29 0.41 0.47 0.41 0.46 0.47 0.34 0.52 1.02±0.02   
Calotropis procera S 0.32 0.18 0.33 0.28±0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Capparis deciduas S 1.63 1.24 2.44 1.77±0.60 1.06 1.33 1.12 0.63 0.38 0.88 0.43 1.94±0.14   
Haloxylon salicornicum S 0.00 0.00 0.00 0.00±0.00 0.62 0.00 0.40 0.73 0.39 0.49 0.48 1.04±0.09   
Haloxylon stocksii S 0.00 0.00 0.00 0.00±0.00 0.43 0.00 0.27 0.26 0.19 0.17 0.24 0.52±0.05   
Leptadenia pyrotechnica S 0.48 0.49 0.55 0.51±0.03 0.47 0.96 0.37 0.00 0.20 0.32 0.00 0.77±0.12   
Salsola foetida S 0.27 0.34 0.68 0.43±0.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Aerva javanica US 0.30 0.28 0.30 0.19±0.01 0.10 0.00 0.03 0.00 0.05 0.02 0.16 0.08±0.02   
Alhagi maurorum US 0.06 0.03 0.02 0.04±0.01 0.03 0.01 0.04 0.00 0.06 0.02 0.00 0.05±0.01   
Crotalaria burhia US 0.88 0.49 0.87 0.75±0.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Dipterygium glaucum US 0.29 0.11 0.05 0.15±0.05 0.16 0.17 0.14 0.11 0.00 0.06 0.17 0.12±0.09   
Fagonia spp. US 0.76 0.61 0.43 0.60±0.13 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00±0.00   
Fagonia cretica US 0.16 0.15 0.00 0.11±0.08 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00±0.00   
Saccharum spontanium G 0.76 0.49 0..98 0.27±0.10 0.46 0.22 0.24 0.00 0.20 0.26 0.03 0.22±0.03   
Citrullus colocynthis H 0.28 0.74 0.69 0.57±0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Indigofera oblongifolia H 0.37 0.73 0.48 0.53±0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Indigofera sessiliflora H 0.13 0.16 0.04 0.11±0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Chenopodium murale H 0.22 0.32 0.09 0.21±0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Chenopodium album H 0.14 0.25 0.01 0.13±0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Medicago sativa H 0.10 0.28 0.27 0.22±0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Pennisetum typhoides H 0.13 0.15 0.10 0.13±0.03 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.01±0.00   
Opuntia spp. H 0.03 0.02 0.00 0.02±0.01 0.00 0.00 0.00 0.07 0.00 0.00 0.01 0.03±0.01   
Ochthochloa compressa H 0.01 0.23 0.04 0.09±0.04 0.00 0.02 0.03 0.00 0.00 0.00 0.00 0.01±0.00   
Polygonum plebejum H 0.10 0.12 0.13 0.12±0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Polygonum glabrum H 0.06 0.02 0.08 0.05±0.03 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.01±0.00   
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Species  
Irrigated Forest Tropical Thorn Forest  

4 15 5 Total 7 3 18 11 12 13 22 Total   
Peganum harmala H 0.04 0.00 0.02 0.02±0.01 0.00 0.06 0.00 0.00 0.00 0.00 0.02 0.03±0.01   
Withania coagulans H 0.00 0.00 0.01 0.00±0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Solanum nigrum H 0.35 0.40 0.30 0.35±0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Trifolium alexandrianum H 0.10 0.16 0.07 0.11±0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Xanthium indicum H 0.07 0.07 0.09 0.08±0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Arnebia spp. H 0.00 0.00 0.00 0.00±0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.07 0.05±0.01   
Dactyloctenium  spp. H 0.09 0.07 0.06 0.07±0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.05 0.02±0.01   
Cucumis prophearur H 0.81 0.60 0.30 0.44±0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Oligochaeta ramose H 0.32 0.27 0.22 0.27±0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Datura alba H 0.04 0.00 0.00 0.01±0.00 0.23 0.11 0.11 0.03 0.10 0.05 0.10 0.25±0.02   
Cucumis prophtarum H 0.40 0.16 0.80 0.45±0.32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Corchorus olitorius H 0.09 0.00 0.05 0.030.03 0.00 0.00 0.07 0.02 0.00 0.00 0.00 0.03±0.01   
Boerhaavia diffusa H 0.00 0.27 0.29 0.19±0.01 0.00 0.00 0.00 0.04 0.03 0.10 0.00 0.06±0.01   
Lathyrus spp. H 0.40 0.19 0.33 0.31±0.07 0.00 0.00 0.00 0.05 0.00 0.03 0.03 0.04±0.01   
Convolvulus pluricaulis H 0.00 0.00 0.00 0.00±0.00 0.00 0.00 0.17 0.00 0.05 0.00 0.06 0.09±0.02   
Convolvulus microphyllus H 0.00 0.01 0.00 0.00±0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.06±0.03   
Corchorus depressus H 0.00 0.13 0.00 0.04±0.01 0.00 0.00 0.00 0.00 0.00 0.05 0.11 0.06±0.02   
Euphorbia prostrate H 0.14 0.17 0.30 0.20±0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Farsetia jacquemontii H 0.11 0.00 0.00 0.03±0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Heliotropium strigosum H 0.22 0.26 0.79 0.42±0.27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Portulaca oleracca H 0.21 0.09 0.32 0.21±0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Tribulus terrestris H 0.03 0.07 0.29 0.13±0.11 0.00 0.08 0.00 0.02 0.00 0.00 0.00 0.03±0.01   
Tribulus longipetalus H 0.00 0.11 0.06 0.06±0.03 0.00 0.00 0.04 0.00 0.11 0.02 0.00 0.06±0.02   
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Species  
Irrigated Forest Tropical Thorn Forest  

4 15 5 Total 7 3 18 11 12 13 22 Total   
Aeluropus  lagopoides H 0.00 0.00 0.05 0.02±0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Aristida hystricula H 1.64 0.74 1.53 1.30±0.39 1.41 1.17 0.45 0.46 0.46 0.37 0.28 1.53±0.17   
Polygala spp. H 0.06 0.19 0.27 0.17±0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Mansonia spp. H 0.05 0.14 0.09 0.10±0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Chrozophora spp. H 0.00 0.00 0.00 0.00±0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.02±0.01   
Euphorbia helioscopia H 0.01 0.00 0.00 0.00±0.00 0.03 0.03 0.00 0.05 0.00 0.05 0.00 0.05±0.01   
Atylosia spp. H 0.02 0.05 0.13 0.07±0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Eragrostis gangetica H 0.11 0.00 0.18 0.10±0.09 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.01±0.00   
E. cynosuroides H 0.03 0.00 0.03 0.02±0.02 0.00 0.00 0.00 0.02 0.08 0.10 0.00 0.06±0.02   
Anticharis linearis H 0.08 0.12 0.18 0.13±0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Desmostachya bipinnata H 0.01 0.02 0.03 0.02±0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Lasiurus hirsutus G 0.31 0.54 1.04 0.63±0.25 0.30 0.30 0.24 0.00 0.19 0.21 0.00 0.41±0.05   
Anticharis lorontium G 0.00 0.00 0.04 0.01±0.00 0.00 0.00 0.05 0.01 0.00 0.10 0.03 0.06±0.01   
Cenchrus biflorus G 0.13 0.23 0.16 0.17±0.03 0.00 0.00 0.00 0.22 0.02 0.03 0.21 0.16±0.04   
Cenchrus pennisetiformis G 0.19 0.11 0.00 0.10±0.06 0.24 0.08 0.04 0.00 0.13 0.00 0.02 0.17±0.03   
Cenchrus granularis G 0.22 0.00 0.00 0.07±0.01 0.03 0.11 0.04 0.17 0.15 0.09 0.13 0.24±0.02   
Cenchrus ciliaris G 0.12 0.00 0.00 0.04±0.01 0.03 0.09 0.15 0.12 0.14 0.09 0.11 0.24±0.01   
Cymbopogon jawarancusa G 0.25 0.30 0.29 0.28±0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Cyperus triceps G 0.03 0.19 0.07 0.10±0.06 0.03 0.08 0.00 0.00 0.11 0.00 0.00 0.08±0.02   
Limeum indicum G 0.10 0.09 0.24 0.14±0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Eleusine flagellifera G 0.19 0.72 0.81 0.57±0.05 0.10 0.10 0.11 0.08 0.10 0.14 0.10 0.24±0.01   
Eleusine indica G 0.09 0.21 0.24 0.18±0.01 0.03 0.04 0.04 0.06 0.02 0.05 0.04 0.09±0.02   
Eragrostis poaeoides G 0.00 0.00 0.00 0.00±0.00 0.16 0.00 0.00 0.03 0.00 0.05 0.00 0.08±0.02   
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Species  Irrigated Forest Tropical Thorn Forest  

4 15 5 Total 7 3 18 11 12 13 22 Total   
Lasiurus sindicus G 0.32 0.49 0.74 0.52±0.13 0.16 0.21 0.15 0.24 0.15 0.16 0.27 0.44±0.02   
Cyperus rotundus G 0.03 0.08 0.00 0.03±0.00 0.10 0.08 0.04 0.00 0.00 0.00 0.00 0.07±0.02   

Sporobolus spp. G 0.16 0.14 0.12 0.14±0.01 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.01±0.01   
Suaada fruticosa G 0.30 0.22 0.18 0.23±0.02 0.15 0.30 0.11 0.12 0.02 0.06 0.12 0.29±0.03   
Panicum atrosanguineum G 1.38 1.04 1.40 1.27±0.18 0.00 0.12 0.00 0.00 0.01 0.00 0.00 0.04±0.02   
Panicum psilopidum G 1.27 1.23 1.16 1.22±0.03 0.04 0.16 0.10 0.00 0.09 0.05 0.00 0.15±0.02   
Chrysopogon serrulatus G 0.61 0.27 0.51 0.46±0.12 0.02 0.00 0.00 0.00 0.00 0.00 0.02 0.02±0.00   
Panicum antidotale G 0.45 0.53 0.55 0.51±0.01 0.07 0.26 0.15 0.00 0.00 0.00 0.00 0.16±0.04   
Paspalum commersonii G 0.00 0.00 0.13 0.04±0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Pennisetum orientale G 1.25 0.73 0.87 0.95±0.07 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.01±0.00   
Setaria glauca G 0.15 0.14 0.00 0.09±0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
Cynodon dactylon G   0.00 0.27±0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00±0.00   
               
Total 40.51   40.92   45.90     42.44±3.28    13.75   13.32 11.73       8.66     8.59 9.94 8.35        10.62±2.35   
Black Francolin                  13.28   12.62   11.22      12.34±1.25  4.95    4.84 3.44       0.00 0.00 0.00 0.00 4.41±0.54   
Grey Francolin                     4.04      3.20     3.44                 3.56±0.78      9.32     10.08    6.56 6.09         .20     8.41      4.66       7.33±4.44   
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Appendix 2 

Relative frequencies (%) of the different items of food recovered from the crops of the Black Francolin, killed during different seasons 
from Lal Suhanra National Park during 1998. 

Food species 
Spring (n=8) Summer (n=7) Autumn (n=6) Winter (n=7) Total (n=28) 

Seeds Leaves Total Seeds Leaves Total Seeds Leaves Total Seeds Leaves Total Seed Leaves 
Total 

Content 

Plants                

Eleusine sp. 1.16±0.14 1.93±0.19 3.08±0.21 4.24±0.34 0.00±0.00 4.24±0.34 7.59±1.21 0.37±0.11 7.96±1.20 4.91±1.23 0.37±0.07 5.28±0.20 4.48±1.12 0.66±0.14 5.14±1.12 

Triticum aestivum 5.20±0.24 0.00±0.00 5.20±0.24 4.82±0.21 0.00±0.00 4.82±0.21 5.06±1.11 0.00±0.00 5.06±1.11 3.14±0.21 000±0.00 3.14±0.21 4.55±1.12 0.00±0.00 4.55±1.12 

Aristida sp. 3.08±0.15 0.00±0.00 3.08±0.15 1.93±0.14 0.00±0.00 1.93±0.14 5.58±1.14 0.00±0.00 5.88±1.14 2.40±0.21 000±0.00 2.40±0.21 3.32±1.11 0.00±0.00 3.32±1.11 

Medicago satva 0.00±0.00 2.12±0.24 2.12±0.24 3.28±0.21 1.12±0.12 4.40±0.19 3.61±1.07 0.00±0.00 3.61±1.07 3.14±0.30 000±0.00 3.14±0.30 2.50±0.14 0.81±0.13 3.31±0.13 

Lathyrus sp. 0.00±0.00 0.58±0.11 0.58±0.11 0.00±0.00 0.15±0.05 0.15±0.05 3.98±1.12 0.55±0.12 4.53±1.11 5.17±1.15 000±0.00 5.17±1.15 2.28±0.15 0.32±0.14 2.60±0.14 

Cenchrus sp. 2.70±0.17 0.00±0.00 2.70±0.17 2.32±0.22 0.00±0.00 2.32±0.22 3.98±1.23 0.00±0.00 3.98±1.23 2.77±.0.22 0.37±0.08 3.14±.015 2.94±0.17 0.09±0.02 3.03±0.17 

Dactyloctenium spp. 2.70±0.18 0.00±0.00 2.70±0.18 2.32±0.21 0.00±0.00 2.32±0.21 3.25±1.22 0.00±0.00 3.25±1.22 3.69±1.14 000±0.00 3.69±1.14 3.00±0.18 0.00±0.00 3.00±0.18 

Acacia sp. 1.35±0.11 0.00±0.00 1.35±0.11 1.16±0.11 0.32±0.14 1.48±0.13 2.35±1.12 0.00±0.00 2.35±1.12 4.43±1.10 000±0.00 4.43±1.10 2.32±0.21 0.00±0.00 2.32±0.21 

Pennisetum typhoides 1.54±0.13 0.00±0.00 1.54±0.13 1.93±0.19 0.00±0.00 1.93±0.13 4.16±1.41 0.00±0.00 4.16±1.41 2.03±0.21 000±0.00 2.03±0.21 2.41±0.24 0.00±0.00 2.41±0.24 

Cyperus rotundus 1.93±0.21 0.00±0.00 1.93±0.21 0.39±0.15 0.00±0.00 0.39±0.15 0.55±0.11 0.00±0.00 0.55±0.11 3.51±1.11 000±0.00 3.51±1.11 1.60±0.17 0.00±0.00 1.60±0.17 

Arnebia sp. 3.66±0.32 0.00±0.00 3.66±0.32 0.00±0.00 0.00±0.00 0.00±0.00 0.73±0.14 0.00±0.00 0.73±0.14 1.66±0.16 000±0.00 1.66±0.16 1.51±0.15 0.00±0.00 1.51±0.15 

Suaeda fruticosa 0.00±0.00 0.00±0.00 0.00±0.00 1.93±0.17 0.00±0.00 1.93±0.17 1.99±0.19 0.00±0.00 1.99±0.19 1.66±0.17 000±0.00 1.66±0.17 1.39±0.14 0.00±0.00 1.39±0.14 

Zea mays 2.31±0.21 0.00±0.00 2.31±0.21 0.58±0.15 0.00±0.00 0.58±0.15 1.63±0.11 0.00±0.00 1.63±0.11 1.30±0.13 000±0.00 1.30±0.13 1.45±0.21 0.00±0.00 1.45±0.21 

Trifolium alexandrianum 000±0.00 1.16±0.16 1.16±0.16 2.70±0.21 1.12±0.11 3.82±0.15 0.00±0.00 0.00±0.00 000±0.00 000±0.00 000±0.00 000±0.00 0.67±0.22 0.57±0.12 1.24±0.15 

Prosopis juliflora 0.77±0.11 0.00±0.00 0.77±0.11 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 1.63±0.16 1.63±0.16 1.48±0.15 0.37±0.11 1.85±0.14 0.56±0.14 0.50±0.14 1.06±0.14 

Launaea resedifolia 0.00±0.00 0.58±0.14 0.58±0.14 0.00±0.00 0.58±0.11 0.58±0.11 0.00±0.00 0.00±0.00 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 0.29±0.11 0.29±0.11 

Solanum surattense 0.00±0.00 0.39±0.13 0.39±0.13 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 000±0.00 3.33±0.32 000±0.00 3.33±0.32 0.83±0.16 
 

0.10± 0.05 0.93±0.16 

Continue… 
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Food species 
Spring (n=8) Summer (n=7) Autumn (n=6) Winter (n=7) Total (n=28) 

Seeds Leaves Total Seeds Leaves Total Seeds Leaves Total Seeds Leaves Total Seed Leaves 
Total 

Content 

Fagonia cretica 000±0.00 000±0.00 000±0.00 0.58±0.18 000±0.00 0.58±0.18 000±0.00 000±0.00 000±0.00 2.96±0.23 000±0.00 2.96±0.23 0.88±0.16 000±0.00 0.88±0.16 

Corchorus depressus 000±0.00 0.95±0.14 0.95±0.14 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 1.11±0.14 0.74±0.07 1.85±0.12 0.27±0.16 0.42±0.12 0.69±0.14 

Capparis decidua 000±0.00 0.12±0.05 0.12±0.05 4.24±0.31 000±0.00 4.24±0.31 1.99±0.13 000±0.00 1.99±0.13 000±0.00 2.03±0.14 2.03±0.14 1.55±0.18 0.53±0.18 2.08±0.18 

Polygala sp. 0.39±0.14 000±0.00 0.39±0.14 0.77±0.17 000±0.00 0.77±0.17 1.09±0.10 000±0.00 1.09±0.10 000±0.00 000±0.00 000±0.00 0.56±0.14 000±0.00 0.56±0.14 

Chenopodium album 000±0.00 0.14±0.04 0.14±0.04 000±0.00 0.92±0.14 0.92±0.14 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 0.26±0.15 0.26±0.15 

Chenopodium murale 000±0.00 1.32±±0.11 1.32±0.11 000±0.00 0.77±0.14 0.77±0.14 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 0.52±0.18 0.52±0.18 

Lasiurus sindicus 1.96±0.12 000±0.00 1.96±0.12 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 0.49±0.16 000±0.00 0.49±0.16 

Anticharis linearis 0.77±0.17 000±0.00 0.77±0.17 1.16±0.18 000±0.00 1.16±0.18 0.55±0.11 000±0.00 0.55±0.11 000±0.00 000±0.00 000±0.00 0.62±0.12 000±0.00 0.62±0.12 

Indigofera sp. 000±0.00 000±0.00 000±0.00 000±0.00 0.58±0.12 0.58±0.12 000±0.00 000±0.00 000±0.00 000±0.00 0.74±0.17 0.74±0.17 000±0.00 0.33±0.12 0.33±0.12 

Eragrostis sp. 1.16±0.17 000±0.00 1.16±0.17 000±0.00 0.39±0.13 0.39±0.13 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 0.29±0.14 000±0.00 0.29±0.14 

Leptadenia sp. 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 1.45±0.14 000±0.00 1.45±0.14 000±0.00 000±0.00 000±0.00 0.36±0.12 000±0.00 0.36±0.12 

Fagonia sp. 000±0.00 000±0.00 000±0.00 0.77±0.14 000±0.00 0.77±0.14 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 0.19±0.14 000±0.00 0.19±0.14 

Panicum sp. 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 1.11±0.12 000±0.00 1.11±0.12 0.27±0.12 000±0.00 0.27±0.12 

Atylosia sp. 000±0.00 0.70±0.14 0.70±0.14 000±0.00 0.77±0.14 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 0.00±0.00 0.36±0.11 0.36±0.11 

Limeum indicum 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 000±0.00 0.56±0.15 0.56±0.15 000±0.00 0.08±0.07 0.08±0.07 

Solanum nigrum 
 
Unidentified Plant 

 
000±0.00 

 
1.93±0.19 

0.12±0.07 
 

0.97±0.11 

0.12±0.07 
 

2.90±0.29 

000±0.00 
 

2.12±0.21 

0.22±0.04 
 

1.55±0.15 

0.22±0.04 
 

3.67±0.18 

000±0.00 
 

2.71±0.14 

000±0.00 
 

1.09±0.10 

000±0.00 
 

3.80±0.17 

000±0.00 
 

2.03±0.21 

056±0.15 
 

1.11±0.12 

0.56±0.15 
 

3.14±0.17 

000±0.00 
 

2.20±0.21 

0.14±0.11 
 

1.12±0.22 

0.14±0.11 
 

3.32±0.24 

Animals                

Neotermes sp.   3.40±0.22   3.02±1.11   5.60±1.15   7.20±1.24   4.80±1.11 

Homoptera   6.13±1.21   4.12±1.12   3.43±0.24   2.96±0.29   4.16±1.10 

Staphylinidae   4.12±1.12     3.04±1.02   3.07±0.23   1.48±0.15  
 

2.92±1.10 

Continue… 
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Diptera   4.43±1.13   4.05±1.04   1.63±0.18   
 

2.22±0.21   3.08±0.22 

 Coleoptera   4.08±1.11   5.09±1.12   3.27±0.14   1.48±0.15   3.48±0.21 

 Hymenoptera   2.44±0.28   3.58±1.11   1.09±0.11   1.48±0.17   2.14±0.19 

Orthoptera   2.50±0.25   3.09±1.12   1.99±0.23   0.93±0.24   2.12±0.21 

Curculionidae   1.73±0.16   2.32±0.25   0.91±0.21   1.11±0.20   1.51±0.17 

 Aeshnidae   2.12±0.23   1.93±0.18   000±0.00   000±0.00   1.01±0.18 

Cordulidae   1.73±0.18   2.70±1.23   000±0.00   000±0.00   1.11±0.19 

Gryllidae   1.54±0.14   1.16±0.15   000±0.00   000±0.00   0.67±0.17 

Lumbricus spp.   1.54±0.14   1.77±0.21   000±0.00   000±0.00   0.82±0.15 

Unidentified Animal   6.81±1.21   5.98±1.23   3.88±0.41   3.88±0.21   5.13±1.21 

Grit   8.08±0.77   9.06±2.10   15.35±2.14   15.13±2.15   11.99±2.14 

 Unidentified material   5.47±1.10   3.09±1.13   2.71±0.27   3.14±0.31   3.60±1.15 

Overall 32.61±4.23 11.08±0.58 42.57±2.89 37.24±7.90 8.49±2.31 41.85±4.24 52.55±15.70 3.64±2.14 24.87±4.15 51.83±14.02 6.29±1.85 22.74±4.74 43.33±7.30 8.12±1.31 32.94±5.43 
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Appendix 3 
Relative frequencies (%) of the different items of food recovered from the crops of the Grey Francolin, killed during different seasons from 

Lal Suhanra National Park during 1998. 

 

Food species 
Spring (n=7) Summer (n=9) Autumn (n=7) Winter (n=8) Total (n=31) 

Seeds Leaves Total Seeds Leaves Total Seeds Leaves Total Seeds Leaves Total Seeds Leaves G. Total 

Plants                

Cenchrus sp. 2.91±0.12 1.07±0.10 3.98±0.22 3.12±0.22 0.00±0.00 3.12±0.22 4.31±0.32 0.00±0.00 4.31±0.32 4.04±0.42 0.00±0.00 4.04±0.42 3.62±0.22 0.31±0.08 3.93±0.30 

Eleusine sp. 3.06±0.32 0.77±0.18 3.83±0.50 2.82±0.14 0.74±0.11 3.56±0.25 3.39±0.23 0.62±0.08 4.01±0.31 2.25±0.13 0.00±0.00 2.25±0.13 2.87±0.21 0.61±0.11 3.48±0.32 

Dactyloctenium sp. 2.76±0.23 1.07±0.12 3.83±0.35 2.67±0.12 0.00±0.00 2.67±0.12 2.62±0.13 0.00±0.00 2.62±0.13 1.95±0.11 0.00±0.00 1.95±0.11 2.57±0.22 0.31±0.11 2.88±0.33 

Cucumis prophetarum 0.00±0.00 1.38±0.13 1.38±0.13 2.23±0.21 1.04±0.11 3.27±0.32 3.39±0.12 0.00±0.00 3.39±0.12 3.59±0.22 0.00±0.00 3.59±0.32 2.27±0.23 0.61±0.11 2.88±0.34 

Triticum aestivum 2.31±0.22 0.00±0.00 2.31±0.22 1.49±0.12 0.00±0.00 1.49±0.12 3.39±0.22 0.00±0.00 3.39±0.22 3.74±0.22 0.00±0.00 3.74±0.03 2.72±0.12 0.00±0.00 2.72±0.22 

Aristida sp. 3.37±0.33 0.00±0.00 3.37±0.33 2.45±0.13 0.00±0.00 2.45±0.13 1.70±0.13 0.00±0.00 1.70±0.13 2.99±0.18 0.00±0.00 2.99±0.02 2.57±0.14 0.00±0.00 2.57±0.22 

Pennisetum typhoides 1.84±0.12 0.77±0.11 2.61±0.33 2.14±0.12 0.00±0.00 2.14±0.12 3.39±0.12 0.00±0.00 3.39±0.12 2.55±0.14 0.00±0.00 2.55±0.02 2.44±0.13 0.00±0.00 2.44±0.23 

Acacia sp. 0.00±0.00 0.00±0.00 0.00±0.00 2.67±0.22 0.31±0.11 2.97±0.33 3.08±0.10 0.00±0.00 3.08±0.10 3.14±0.13 0.00±0.00 3.14±0.03 2.27±0.14 0.00±0.00 2.29±0.16 

Lasiurus sindicus 1.23±0.10 0.00±0.00 1.23±0.10 2.14±0.10 0.00±0.00 2.14±0.10 1.85±0.10 0.00±0.00 1.85±0.10 1.8±0.12 0.00±0.00 1.81±0.02 1.81±0.12 0.00±0.00 1.81±0.12 

Limeum indicum 0.92±0.09 0.00±0.00 0.92±0.09 1.19±0.12 0.31±0.03 1.22±0.15 2.77±0.22 0.00±0.00 2.77±0.22 2.41±0.13 0.00±0.00 2.40±0.03 1.81±0.12 0.00±0.00 1.83±0.13 

Lathyrus sp. 0.31±0.11 0.46±0.13 0.77±0.24 1.19±0.14 0.30±0.02 1.49±0.16 2.16±0.11 0.00±0.00 2.16±0.11 2.84±0.11 0.00±0.00 2.84±0.02 1.66±0.13 0.00±0.00 1.68±0.12 

Aerva javanica 0.62±0.11 0.92±0.12 1.54±0.33 0.74±0.12 0.61±0.11 1.35±0.23 2.31±0.12 0.00±0.00 2.31±0.12 1.65±0.11 1.35±0.15 3.01±0.02 1.36±0.12 0.00±0.00 1.38±0.12 

Peganum harmala 1.07±0.11 0.62±0.08 1.69±0.19 0.00±0.00 0.00±0.00 0.00±0.00 2.00±0.11 0.00±0.00 2.00±0.11 2.25±0.13 0.00±0.00 2.25±0.01 1.36±0.13 0.00±0.00 1.38±0.13 

Cyperus rotundus 1.53±0.12 0.00±0.00 1.55±0.12 0.89±0.11 0.00±0.00 0.89±0.11 1.54±0.12 0.00±0.00 1.54±0.12 1.20±0.12 0.00±0.00 1.20±0.01 1.36±0.13 0.00±0.00 1.38±0.13 

Capparis decidua 0.00±0.00 0.46±0.06 0.46±0.06 1.19±0.09 1.34±0.12 2.53±0.21 0.00±0.00 0.00±0.00 0.00±0.00 1.81±0.11 0.60±0.14 2.41±0.03 0.76±0.08 0.61±0.12 1.37±0.12 

Ziziphus sp. 0.00±0.00 2.14±0.22 2.14±0.22 0.00±0.00 2.23±0.22 2.23±0.23 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.31±0.09 0.31±0.01 0.00±0.00 1.21±0.11 1.21±0.11 

Alhagi maurorum 
 

0.00±0.00 0.00±0.00 0.00±0.00 1.19±0.11 0.00±0.00 1.19±0.11 1.85±0.09 0.00±0.00 1.85±0.09 1.82±0.12 0.45±0.11 2.25±0.02 1.21±0.11 0.00±0.00 1.23±0.12 
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Food species 
Spring (n=7) Summer (n=9) Autumn (n=7) Winter (n=8) Total (n=31) 

Seeds Leaves Total Seeds Leaves Total Seeds Leaves Total Seeds Leaves Total Seeds Leaves G. Total 

Fagonia sp. 0.77±0.11 0.00±0.00 0.77±0.11 1.19±0.12 0.00±0.00 1.19±0.12 0.00±0.00 0.00±0.00 0.00±0.00 1.51±0.11 0.00±0.00 1.52±0.02 0.91±0.11 0.00±0.00 0.91±0.17 

Corchorus depressus 1.07±0.09 1.07±0.22 2.14±0.31 0.61±0.09 0.45±0.09 1.05±0.18 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.46±0.12 0.46±0.14 0.92±0.15 

Zea mays 0.77±0.12 0.00±0.00 0.77±0.12 0.74±0.12 0.00±0.00 0.74±0.12 1.08±0.09 0.00±0.00 1.08±0.09 0.45±0.11 0.00±0.00 0.45±0.01 0.76±0.12 0.00±0.00 0.76±0.12 

Panicum sp. 0.62±0.12 0.00±0.00 0.62±0.12 0.45±0.08 0.00±0.00 0.45±0.08 1.23±0.12 0.00±0.00 1.23±0.12 0.60±0.14 0.00±0.00 0.61±0.02 0.76±0.12 0.00±0.00 0.76±0.12 

Polygonum sp. 0.00±0.00 1.07±0.01 1.07±0.12 0.45±0.11 0.00±0.00 0.45±0.11 0.62±0.06 1.08±0.12 1.70±0.18 0.45±0.15 0.00±0.00 0.45±0.02 0.46±0.11 0.31±0.11 0.77±0.14 

Calligonum sp. 1.38±0.11 0.00±0.00 1.38±0.11 1.49±0.13 0.74±0.07 2.23±0.20 0.31±0.03 0.00±0.00 0.31±0.03 0.00±0.00 0.00±0.00 0.00±0.00 0.61±0.13 0.00±0.00 0.63±0.13 

Fagonia cretica 0.00±0.00 0.31±0.09 0.31±0.09 0.89±0.12 0.00±0.00 0.89±0.12 0.31±0.05 0.00±0.00 0.31±0.05 0.75±0.17 0.00±0.00 0.75±0.01 0.46±0.16 0.00±0.00 0.48±0.16 

Atylosia sp. 0.92±0.11 0.00±0.00 0.92±0.11 0.45±0.11 0.00±0.00 0.45±0.11 0.62±0.06 0.00±0.00 0.62±0.06 0.00±0.00 0.61±0.16 0.62±0.01 0.46±0.13 0.00±0.00 0.48±0.11 

Cymbopogon sp. 1.07±0.11 0.00±0.00 1.07±0.11 0.00±0.00 0.89±0.14 0.89±0.14 0.00±0.00 0.00±0.00 0.00±0.00 0.45±0.13 0.00±0.00 0.45±0.02 0.46±0.11 0.31±0.11 0.77±0.13 

Oligochaeata ramosa 0.62±0.11 0.00±0.00 0.62±0.11 0.45±0.07 0.00±0.00 0.45±0.07 0.00±0.00 0.62±0.04 0.62±0.04 0.60±0.14 0.00±0.00 0.6±0.01 0.46±0.11 0.00±0.00 0.46±0.09 

Prosopis sp. 0.31±0.09 0.00±0.00 0.31±0.09 0.31±0.06 0.00±0.00 0.32±0.06 0.00±0.00 1.08±010 1.08±0.10 1.05±0.11 0.00±0.00 1.07±0.01 0.46±0.12 0.00±0.00 0.48±0.12 

Securinega sp. 0.46±0.11 0.00±0.00 0.46±0.11 0.32±0.08 0.00±0.00 0.32±0.08 0.77±0.11 0.00±0.00 0.77±0.11 0.45±0.07 0.00±0.00 0.45±0.02 0.46±0.12 0.00±0.00 0.46±0.14 

Heliotropium sp. 0.92±0.21 0.00±0.00 0.94±0.21 0.45±0.11 0.00±0.00 0.45±0.11 0.47±0.06 0.00±0.00 0.47±0.06 0.00±0.00 0.00±0.00 0.00±0.00 0.46±0.13 0.00±0.00 0.48±0.12 

Eragrostis sp. 0..92±0.10 0.00±0.00 0.92±0.10 0.32±0.05 0.00±0.00 0.31±0.05 0.00±0.00 0.62±0.06 0.62±0.06 0.60±0.12 0.00±0.00 0.61±0.02 0.46±0.13 0.00±0.00 0.46±0.11 

Mansonia sp. 0.62±0.11 0.77±0.11 1.39±0.22 0.45±0.04 0.00±0.00 0.45±0.04 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.31±0.09 0.00±0.00 0.33±0.12 

Suaeda fruticosa 0.62±0.07 0.00±0.00 0.62±0.07 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.62±0.05 0.62±0.05 0.61±0.11 0.00±0.00 0.61±0.01 0.31±0.09 0.00±0.00 0.33±0.11 

Tribulus sp. 0.62±0.11 7.04±0.31 7.66±0.42 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.62±0.09 0.62±0.09 0.60±0.14 0.00±0.00 0.61±0.01 0.31±0.10 0.00±0.00 0.31±0.11 

Boerhaavia diffusa 0.00±0.00 4.74±0.31 4.74±0.31 0.00±0.00 0.45±0.05 0.45±0.05 0.31±0.05 0.00±0.00 0.31±0.05 0.45±0.11 0.00±0.00 0.45±0.01 0.19±0.10 0.23±0.10 0.42±0.20 

Unidentified plants 3.67±0.22 0.46±0.11 4.13±0.43 3.56±0.22 0.74±0.12 4.30±0.34 3.23±0.12 1.08±0.12 4.31±0.24 2.10±0.22 0.75±0.12 2.85±0.22 3.17±0.22 
 

0.76±0.21 3.93±0.22 
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Animals   
Spring 
(n=7) 

  
Summer 

(n=9 
  

Autumn 
(n=7) 

  
Winter 
(n=8) 

  
Total 

(n=31) 

Neotermes sp.   4.59±0.13   4.45±0.12   6.16±0.15   6.73±0.15   5.43±0.12 

Homoptera   5.05±0.13   6.67±0.21   5.71±0.14   4.34±0.13   5.43±0.14 

Hymenoptera   4.59±0.17   3.56±0.12   2.93±0.13   3.89±0.16   3.77±0.13 

Mastotermitidae   4.13±0.19   3.12±0.12   2.47±0.10   2.25±0.13   3.02±0.12 

Diptera   2.45±0.13   2.82±0.10   1.54±0.11   1.51±0.12   2.12±0.13 

Hodotermitidae   2.45±0.12   1.49±0.11   1.85±0.12   1.35±0.12   1.81±0.12 

Gryllotalpidae   0.00±0.00   1.78±0.09   1.23±0.12   0.00±0.00   0.76±0.08 

Aeshnidae   1.53±0.13   0.00±0.00   0.00±0.00   1.20±0.14   0.76±0.06 

Trichoptera   0.62±0.09   0.45±0.09   0.00±0.00   1.35±0.13   0.61±0.09 

Heteroptera   1.53±0.12   1.63±0.13   0.47±0.08   0.00±0.00   0.91±0.09 

Lepidoptera   0.46±0.06   1.04±0.13   0.31±0.03   0.61±0.11   0.61±0.14 

Thysanoptera   1.99±0.12   1.78±0.13   0.00±0.00   1.05±0.12   1.21±0.13 

Mecoptera   1.99±0.12   0.74±0.07   0.31±0.05   0.91±0.16   1.06±0.13 

Leptoperlidae   1.38±0.14   1.34±0.13   0.00±0.00   0.32±0.13   0.76±0.12 

Cordulidae   1.69±0.12   2.14±0.13   0.00±0.00   0.00±0.00   0.91±0.13 

Staphylinidae   0.62±0.09   0.60±0.12   0.00±0.00   0.00±0.00   0.31±0.12 

Unidentified 
Animals 

  5.20±0.12   4.89±0.13   2.77±0.12   2.69±0.12   3.93±0.14 

Grit   9.18±0.22   8.60±1.04   12.23±0.15   13.31±0.15   11.01±0.15 

Unidentified food   4.44±0.12   3.12±0.13   4.62±0.13   4.04±0.14   4.08±0.13 

Overall 37.16±2.13 9.01±2.24 40.21±6.27 39.85±1.11 10.07±3.85 38.37±4.74 48.62±12.15 6.31±2.15 27.23±1.69 50.52±9.87 4.03±1.45 28.10±3.29 44.04±16.33 7.23±2.56 33.84±11.46 
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