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Guineafowl taxa recognised in Paper 1. 

A = A ge la s~ es meleagrid e s , B = ~- nig~, C = Gutt.er a plumifera 

plumifera, D = g. £ · sc hubotzi, E = g .. pucherani pucherani, 

F G. £· verreau~i, G = g. £· sclateri, H = g. £ : ba rbatar 

I G. £ · edouardi, J = Acryllium vulturinum, , K = Numida 

meleagris meleagris, L ~ · ~ · saby i, M = ~· ~· galeat a, 

N = N. m. somali ens is, 0 = N. m. marungensis, P = N. m. 

r eic henowi, Q = ~· m. mitrata, R N. m. coronata, S 
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1 . 

INTRODUCTION 

By almost any definition~ guineafowl (Numidinae) are 

characteristically African birds. This small subfamily 

(4-5 genera, 5-8 species) is endemic to, and possibly 

evolved, in Africa (Ghigi 1936). Nearly every major 

African biome and biotope has an associated guineafowl 

taxon (Crowe & Snow 1978). Guineafowl are sedentary 

birds (Chapin 1932; Elgood et al. 1973), and ·therefore 

should be more susceptible to local selection pressures 

than would be more mobile taxa (Ehrlich & Raven 1969). 

At least some inter- and intra-specific phenetic variation 

appears to be correlated with variation in the environment 

(Crowe & Snow 1978). In this dissertation, I investigate 

a.spects of the evolution and ecology of guineafowl, and 

use the results of my analyses to f6rmulate or tes~ 

hypotheses concerning broad patterns of evolution and 

ecology of birds in Africa. Specifically, my seven aims 

are to: 

1. re-evaluate the rather confused taxonomy of the 

subfamily, 

2. produce a parsimonious phylogeny based on the 

analysis of shared derived Character-states, 

3. develop models of s~eciation which are consistent 

with the above phylogeny and the likely geological 

and climatological history of Africa,· 

4. suggest a scheme of avifaunal zones based on the 

analysis of the distributions of, and phylogenetic 
. I 

r~lationships between recognized guineafowl taxa, 
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2. 

5. discover the possible adaptive significance of 

phen~tic variation in polytypic guineafowl species, 

6. demonstrate possible anatomical adaptations in 

the vascular system of the head and neck of Numida 

meleagris, · 

7. determine the likely mechanism of population· limitation 

in _ti. meleagris. 

This dissertation consists of seven published or submitted 

papers which relate to one or more of the aims listed 

above. I have followed this format rather than the more 

traditional one, so that my results may be communicated as 

quickly as possible. I apologize for the necessary incon

sistent layout of the various papers, and the repetition of 

information. The following summary and synthesis will, I 

hope, facilitate the digestion of a rather diverse array 

of information, and provide a thread which links it ~to 

a more cohesive unit. 
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SUMMARY AND SYNTHESIS 

The Numidinae have been 'over-split', particularly 

at the subspecies level. Nearly 50 taxa have been ascribed 

to the subfamily .. In. paper 1 I admit only 19 taxa. In 

this paper, I analyze patterns of qualitative and quantitive 

character variation to produce a hypothetical taxonomy 

and phylogeny for the subfamily; and speculate as to the 

origin, ecology and phenotyµe of the ancestral gulneafowl, 

and the value of evolutionary patterns found in guineafowl 

in predicting broad biogeographic patterns for African 

birds as a whole (i.e. aims 1-4). Quantitative and 

ecologically defined genus, species and subspecies concepts 

are applied in erecting the taxonomy. A cladistic approach, 

based on postulated primitive-derived character sequences, 

is used in developing the phylogeny. 

Although the likely ancestral guineafowl was an Asiatic 

francolin-like phasianid, the evolution that has produced 

the·recognized taxa occurred solely in Africa. Moreover, 

preliminary results suggest that avifaunal zones derived 

from patterns of evolution in guineafowl closely parallel, 

and therefore may be taken to be representative of broad 

biogeographic trends found in African birds as a whole. 

The ancestral guineafowl was prob~bly a savanna-living 

bird, which traversed the arid-sav.anna corridor that 

linked Asia and Africa during the mid-Miocene. Upon its 

arrival in Africa, this open-country bird encountered a 

continent dominated by forest, possibly unoccupied by 

~otential competitors. Such conditions would have f~voured 

radiation into forest biome, and it is likely that Agelastes, 
• 

the most primitive (i.e. most francoiin-like) guineafowl 
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genus is the result of such a radiation. 

Relatively soon (on a geological time scale) after 

this successful invasion of forest, the climate of Africa 

became more arid. Throughout the latter Miocene and the 

Pliocene, savanna and desert biome expanded at the expense 

of forest. Such a situation favoured radiation in non

forest biomes, and into the expanding forest edge biotope. 

It is possible that proto-Numid~, Acryllium and Guttera 

were the result of such radiations~ The relatively 

uniformly arid conditions of the Pliocene subjected the 

four guineafowl lineages to strongly divergent selection 

pressures, and it is probable that the genera recognized 

herein were already well-defined at the beginning of the 

Pleistocene. 

The arid climate of the Pliocene was replaced by a 

fluctuating wet-dry climate in the Pleistocene. These 

climatic fluctuations had profound effects on the 

distribution of Africa biomes. During moist phases, 

forest biomes expanded considerably beyond their present 

extent, partitioning non-forested biomes into more or 

less isolated tracts. Desert was confin~d to relatively 

small areas, and savanna biome bridged the western Sahara, 

. allowing dispersal of Numida meleagris into North Africa. 

Sub-Saharan subspecies of N. meleagris are a result of 

divergence in these wet-phase isolated tracts. Also, 

expanded forest during mesic phases could have allowed a 

second radiation into lowland forest, culminating in 

Guttera plumifera. During arid phases, the forest 

contracted into island-like refugia, and N. m. sabyi 

was isoiated, and presumably diverged from sub-Saharan 
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populations. The species Agelastes meleagrides and 

A. niger, and subspecies in the genus Guttera are also 

a result of divergence in forest refugia. · The fact that 

Guttera subspecies are much more well-marked than are 

those of N. meleagris suggests that isolation in forest 

refugia has been more effective than in tracts of savanna 

biome partitioned during mesic phases. 

In paper 2, I' investigate the possible adaptive 

significance of intra-specific phenetic variation in 

Guttera pucherani, a forest-living guineafowl, and Numida 

meleagris, a characteristic bird of savanna biome. In 

this paper, I use regression and correlation analyses to 

determine possible adaptive relations between phenetic 

characters, which descriminate subspecies in paper 1, and 

measures of the environment (i.e. aim 5). Variation in 

most of the 28 characters studied is statistically related 

to variation in the environment. In N. meleagris, six 

phenetic trends emerge. 

1: Variation in wing length, an index of body size, 

follows predictions of Bergma~n's Rule, i.e. is 

inversely related to measures of temperature and 

positively related to elevation. 

2. Exposed structures of the·head tend to be smaller 

at hotter and drier sampling localities. The 

. reduction of exposed surface area may help uptake 

of radiative heat, and/or limit loss of body water 

through cutaneous evaporation. 

3. The amount of white in the body plumage tends to be 

greater at hotter sampling local~ties. This may 

help the birds to reflect. some of the heat of radiation. 
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4. Collar plumage appears to follow predictions of 

Gloger's Rule, i.e. tends to be darker at relatively 

moist and warm localities. 

5. The amount of nape covered by filoplumes tends to 

be greater at hotter localities. Since filoplumes 

may be sensory structures which allow the monitoring 

of environmental disturbers, such as wind, and since 

dense dark feathers may be used as a thermal shield, 

f iloplurnes may serve a dual function in aiding 

guineafowl to orient their head and neck optimally, 

relative to the wind and.sun, so that heat of radiation 

may be absorbed and dissipated before it reaches the 

skin. 

6. Wattles tend to be wider at localities at which there 

is greater visibility. Since the subspecies with the 

widest wattl:es, ~- m. galeata, also has the greatest 

amount of red pigment in its wattles, it is possible 

that this increased wattle width may facilitate 

individual and/or incipient species recognition. 

As with N. meleagris, temperature,. moisture and visibility 

seem to have played an important, although somewhat different 

role in shaping G. pucherani phenotype. Four basic trends 

emerge. 
") 

1. Variation in wing and tarsus length is significantly 

related to measures of the amount of moisture in the 

air, ·the former inversely, the latter directly. Since 

an increase in tarsus length and a decrease in overall 

size results in an increase in the surface to volume 

ratio, it is possible that this may be an adaptation 

which allows more effective non-evaporative cooling 
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in relatively moist areas. 

2. The amount of white in the collar is greater at 

hotter localities, and may allow greater reflectance of 

radiation. 

3. The degree of curliness of crest feathers is greatest 

at hotter areas, and may enhance the value of the crest 

as a thermal shield. 

4. Overall crest size is greater at localities with low 

visibility. This result suggests that the crest may be 

a "close-in" signallin·g device in dense vegetation. 

Lastly, I stress that a statistical correlation is poor 

evidence for an adaptive relation, and that phenetic 

variation in these species may also have been affected by non

physiological pressures. ·More detailed anatomical, physiological 

and behavioural research is needed to test the hypotheses 

developed in this paper. 

Iri papers 3 and 4, I collaborate (as senior author) with 

colleagues to investigate the advantages and disadvantages 

of having a largely unfeathered head and neck (i.e. aim 6). 

Paper 3 (done jointly with A.A~ Crowe) is an anatomical study 

of the cervico-cephalic vascular system of~· meleagris. 

My~ priori hypothesis, developed from observations of 

guineafowl in the field and from the results of paper 2, is 

that the head and neck of N. meleagris acts as a thermal window. 

In other words, N. meleagris can facilitate the uptake and/or 

~i~sipation of heat through optimal orientatior of the head 

and neck, coupled with controlled patterns of blood flow. 

In paper 3 we show that N. meleagris possesses several 

vascular arrangements, most notably a nape-che~k rete, which 
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we feel may help this species to regul~te brain temperature . 

. Although there are only tenous direct connections between 

these vasc~lar arrangements and the brain, we suggest several 

alternate pathways of blood flow which would allow the 

regulation of the temperature of arterial blood before it 

reaches the brain. 

In paper 4 (done with P.C. Withers), we test the hypothesis 

that the head-neck thermal window helps to cool brain temperatu1~e 

by means of convective cooling, and comment on the basic 

mechanisms used by N· meleagris in regula~ing its brain and 

body temperatures. We examined the brain temperature, 

deep body temperature, the metabolic rate, and/or respiratory 

quotient for nine captive guineafowl exposed to ambient 

temperatures ranging from 12 to 43°C, and both with and 

without simulated solar radiation and convectj.on. Our 

results are consistent with the convective cooling 

hypothesis, and we reach six major conclusions concerning ~J 

temperature regulation in ~· meleagris. 

1. At low ambient temperatures, body temperature is 

maintained by increased production of metabolic heat. 

2. At high ambient temperatures, ~~ meleagris regulates 

body temperature by lowering metabolic heat production, 

and by promoting evaporative heat loss by panting and 

gular fluttering. 

3. Since there was little variation in the ·respiratory 

quotient (i.e. no evidence of alkalosis), evaporative 

water loss does not occur at important sites of 

respiratory gas exchange. 

4. In the absence of flutter-panting with an open gape, 

N. meleagris ca~ regulate brain temperature through 
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evaporative water loss in the nasal mucosa. 

5. This mechanism for brain temperature regulation 

becomes ineffective when heat-stressed guineafowl 

pant and gular flutter through the mouth. 

6. Convective heat loss through the thermal windows of 

the head and neck becomes critical to brain temperature 

regulation under these conditions. 

In papers 5-7, I formulate and test hypotheses concerning 

population regulation in N. meleagris (i.e. aim 7). Paper 

5, a joint effort with W.R. Siegfried, consists of a 

statistical analysis of rainfall and guineafowl hunting 

data for Rooipoort, an estate near Kimberley, South Africa. 

We show that frequency of rainfall during the 12 months 

prior to the hunting season is the best predictor of a 

shooting index (no. of guineafowl shot/ no. of hunting days). 

We offer two possible hypotheses to exp~ain this result. 

I. Guineafowl population at ·Rooipoort is limited in a 

density independent manner by'some direct consequence 

of frequent rainfall. 

2. Guineafowl population at Rooipoort is limited in a 

density dependent manner by some i~direct consequence 

of frequent rainfall (e.g. 'increased ab~ndance of food 

or other critical resources). 
·-t' 

In paper 6, I test these hypotheses by reanalyzing the 

data from paper 5 in the light of ecological and behavioural 

data collected during a 28 month intensive study of the 

Rooipoort guineafowl population. I reject the. density 

independent hypothesis, since changes in population are 

statistically dependent on, and inversely related to the 

estimate of.population (shooting index), ahd since frequency 

of rainfall is also a significant predictor of food 
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availa~ility. The density dependent hypoth~sis is modified 

to include possible effects of rainfall in guineafowl 

physiology arrd behaviour. 

In paper 7, I test the hypothesis that high levels of 

intestinal helminth infestation can limit the Rooipoort 

guineafowl population in a density dependent manner. Although 

there were.higher levels of infestation at higher population 

densities, particularly among birds living in relatively 

m~sic habitat, there was no indication bf any pathological 

condition that could be a result of damage by helminths. 

Therefore the hypothesis is rejected. 

Throughout this thesis two factors, tempe~ature and 

rainfall, emerge again and again as playing, or having 

played, important· roles in the ecology and evolution of 

guineafowl. In the short term, year-to-year variation in 

the ~emperature/ rainfall regime influences population 

(papers 5 & 6) and intestinal helminth burdens (paper 7) 

in~· meleagris, probably through its effects on the 

availability of-food and drinking water, and on the survival 

of growth stages of the parasites. Long ~erm variation (i.e. 

on a geological time scale) in temperature and rainfall 
. . 

patterns has affected guineafowl evolution both relatively 

directly and 'indirectly. ·The sign.ificant statistical 

relationship between _variation in N. meleagris and .§_. pucherani 

and variation in temperature and rainfall (paper 2) suggests· 

that the phenotype of guineafowl may be largely a response 

to selection pressures dictated by temperature an~ rainfall. 

This hypothesis is supported, in part, by anatomical and 

experimental studies (papers 3 & 4) which show that the 

largely naked head and neck. of ~· ·meleagris helps this 
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species to r·egulate brain temperature. 

Indirectly, temperature and rainfall have influenced 

guineafowl evolution through·their effect on the distribution 

of vegetation. Since guineafowl are ,;tied" to their 

associated biomes, expansion of any of these would have 

provided corridors of dispersal for some species and 

barriers to others. Wet-dry and/or cool-warm climatic 

fluctuations that occurred during the Pleistocene promoted 

the expansion and contraction of all extant African biomes. 

I believe that guineafowl taxa as we know them today, are 

a result of adaptive divergence during isolation due to 

the spread of unsuitable biomes {paper 1). 
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ABSTRACT 

Patterns of qualitative and quantitative character 

variation in 1833 museum specimens encompassing all taxa 

attributed to the Numidinae are analyzed to produce a 

hypothetical taxonomy and phylogeny for the subfamily. 

Quantitatively and ecologically defined genus, species and 

subspecies concepts are applied in erecting the taxonomy. · 

A cladistic approach, based on postulated primitive-derived 

character sequences, is used in developing the phylogeny. 

Four genera, six species and 15 subspecies are recognized. 

Cladistic events are linked to likely causal geological and 

paleoecological events to determine a possible evolutionary 
. 

chronology. Genera are thought to have arisen as a 

1 . 

consequence of Miocene and Pliocene radiations; species and 

subspecies as a result of.Pleistocene divergence. A 

hypothetical map of African avifaunal zones, based on evolutionary 

pat~erns found in guineafowl, is offered. Comparisons of this 

map with other African avifaunal maps and with distribution maps 

of selected francolin taxa suggest that biogeographic p~terns 

found in guineafowl reflect broad patterns found in many. 

< 
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African birds. A hypothesis as to the causes of relatively 

high species richness in francolin is offered. 
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3. 

INHWDUCTION 

There are many reasons why an understanding of the 

evolution of guineafowl (Numidinae; Sibley & Ahlquist 

1972) should provide an insight into patterns of avian 

evolution and biogeography in Africa. 

1. The Numidinae are endemic to Africa, and presumably 

evolved and/or radiated there from a francolin-like 

ancestor (Ghigi 1936; Cracraft 1973; Olson 1974). 

2. At least one guineafowl species has become adapted to 

life in each major terrestrial African biome cutside 

of desert, Mediterranean vegetation and montane forest 

(Crowe & Snow 1978). 

3. Guineafowl are sedentary birds (Chapin 1932; Priest 

1933; Archer & Godman 1937; Elgood et al. 1973), and 

thus should be more susceptable to local selection 

pressures than would be more mobile species (Ehrlich 

& Raven 1969). 

4. The distributions of some guineafowl taxa do not correlate 

well with present-day vegetation and topography (Chapin 

1932). Such anamalous distributions of plants and 

animals can be used to infer environmental conditions 

and the distributions of African biomes, during the 

Tertiary and Quarternary (Chapin 1932; Moreau 1963, 

1966; Roberts 1975; Hamilton 1974 and Axelrod & 

Raven in Pl'.'ess ). 

5. The genetic basis of morphological variation in several 

guineafowl species is relatively well understood (Ghigi 

1936). 
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6. Perhaps most importantly, guineafowl species are 

relatively well represented in museum collections and, 

accordingly, lend themselves to quantitative analysis, 

which is desirable in formulating precise evolutionary 

and biogeographic hypotheses (Mayr~ al. 1953; F. 

Vuilleumier 1975). 

Thus, guineafowl provide a simple, characteristically 

African system from which evolutionary and biogeographic 

hypotheses may be derived. The aims of the present study 

are to: 

1. re-examine and revise, if necessary, the rather confused 

taxonomy within the subfamily (Table 1), using a 

repeatable, relatively objective quantitative methodology; 

2. produce a parsimonious phylogeny based on the analysis 

of shared derived character-states; 

3. develop models of speciation, which are consistent with 

the phylogeny developed herein and the likely past 

geological and climatic history of Africa; 

4. suggest tentative avifaunal sub-regions, provinces and districts 

for Africa, based on analysis of the distributions of 

recognized guineafowl taxa. · 

The possible familial status of the subfamily (Wetmore 

1960), the adaptiveness of inter- and intra-specific 

morphological variation in guineafowl, and the predictive 

value of evolutionary and biogeographic models based on 

patterns found in guineafowl, will be discussed briefly, if at all, 

herein. These topics will be dealt with in greater detail 

in future papers. 



Table 1 

A history of the taxonomy of guineafowl 1 

Chapin Macworth-
Crowe Tax a Peters Ghigi Boetticher Praed & White (1932 & (1934) (1936) (1954) Grant (1952; (1965) (this 

in li tt.) study) --- 1962; 1970) 

Phasidus .!}_iger x x x x x 
Agelastes niger x x 

m2leagrides x x x x x x x 
Acr:tllium vulturinum x x x x x x x 
Guttera plumifera plumifera x x x x x x x 

schubotzi x x x X-- x x x 
. ,4 

puclleran1 x x x x 
edouard i A edouardi x x x x x x x ----

suahelica x x x 
schoutedeni x x x x x x 
seth-smithi x x x x x x -- ----:-2-
verreaux1 x x x x x x x 
sclateri x x x x x x x 
chapini x x x x x 
granti x x x 
ba1~bata x x x x x x 
lividicollis x x 
kathleer.ae 3 x x x 
stmonsi x (.J1 

pucherani x x x 



Numida meleagris meleagris x x x x x x x 
~ajor x x x x x x 
mac roe eras x x x x x x 
somaliensis x x x x x x x 
intermedia x x x x x x 
toruensis x x x x x x 
neumanni x -----
omoensis x ----
ansoraei 
---~ 

x 
inermis 

sahy2:_ x x x x x 
gal eat~ x x x ' x x x '• 

marchei x x x x x 
strasseni x x x x x x· 
mitrata x x x x x x x 
reichenowi x v x x x x A 

marun9ensis x x x x x x x 
callewaerti x x x x x x 
max irna x x x x 

I 
uhehensis x x 
r i.kwae x x 
frommi x ----
coronata x x x x x x ·------
J.impopoensis x x 
transvaalensis x 
papi.llosa x >: x x x x 
damarensis x x x x x x x 
blancoui 3 I x 

' 
reichenowi x 

CJ> 



1 
unless otherwise specified, nomenclature follows Peters (1934) 

2 Q·~· verreauxi = Q·~· pallasi, see White (1965) 

3 see White (1965) 

4 
since these two taxa are considered to be conspecific in the 

present study, following the principle of priority the specific 

name recognized is G. pucherani. 

---J 
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METHODS 

Material and characters 

The author examined l 833 museum specimens including all 

taxa attributed to the subfamily in Table 1. All characters 

investigated (Appendices 1 and 2, Figs. 1-3) appear to 

have a genetic basis (Ghigi 193e, and have been discussed 

in previous studies (e.g. Beddard 1898; Bannerman 1930; 

Chapin 1932; Ghigi 1936; 

1938; Boetticher 1954; 

Archer & Godman 1937; Jackson 

1970). 

detail. 

Mackworth-Praed & Grant 1952, 1962, 

Therefore, they need not be described again in 

Characters were chosen to reflect as much of the 

phenotype as possible, while eliminating the necessity of 

close comparisons of specimens from different collections. 

Due to logistical constraints (e.g. small sample sizes of 

each sex, time ~llotted for examination of specimens, and 

variation in the detail of collectors' notes and care in 

specimen preparation) some of the quantitative characters 

listed in Appendix 1 were assessed relatively subjectively, 

and data for both sexes were lumped. This introduces a 

certain amount of imprecision into the analysis. But, 

subjective assessments were made against a set of reference 

specimens, photographs or drawings encompassing the range of 

observed variation. Also, the previous studies mentioned above 

have stated that sexual dimorphism is absent, or relatively 

minor in comparison with geographical variation in guineafowl. 

Moreover 1 it was felt that the advantages accruing from 

considering a large number of characters for many specimens 

outweighed any sampling bias due to imprecise measurement 



1 
\ 

A B 

cm 

• 

Fig. 1. Quantitative characters 1, 2-17. A. Lateral view of head, 

neck and collar of Numida meleagri§:· 8. Dorsal view of same. 

(.() 
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and sexual dimorphism. 

Taxonomic philosophy 

The taxonomic philosophy adhered to in the present 

study follows that outlined by Mayr et al. (1953). A 

species is a group of actually or potentially interbreeding 

individuals which has diverged sufficiently in allopatry 

to have become reproductively isolated from other such 

groups. A jenus is a monophyletic taxon which is decidedly 

qualitatively distinct, and is adapted to a particular mode of 

life, i.e. a generic "niche". 

The subspecies is much more difficult to define. 

Table 1 shows that much of the "taxonomic variation" in 

guineafowl systematics is at the subspecies level. Some 

systematists (e.g. Wilson & Brown 1953; Moreau 1957; 

Selander 1971; Gould & Johnston 1972) state that the 

category is useless, and even detrimental to the understanding 

of geographic variation and intra-specific evolution. 

c~itics maintain that: 

These 

1. characters used to delineate subspecies usu~lly have 

patterns of geographic variition which are discordant 

with each other and with the distribution attributed to 

the taxon; 

2. indistinguishable phenotypes occur in geographically 

isolated areas, presumably due to parallel evolution 

u~der similar selective regimes; 

3. no objective degree of difference can be offered to 

distinguish subspecies from slightly differentiated 

local populations. 
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In an attempt to satisfy these legitimate criticisms, 

Ford (1974) offers the taxo-evolutionary subspecies concept, 

the concept adhered to in the present study. This concept 

limits the awarding of subspecies status to geographic aggregates 

of populations which appear to have undergone genetic and 

ph~notypic divergence in allopatry. Past allopat1~ic 

divergence may be inferred for presently parapatric taxa 

if their distributions.can be .derived from concordant 

character variation, and if they are separated by a zone 

of secondary intergradation (Ford 1974). 

Taxonomic methodology · 

Since both the recognition of taxa and their assignment 

to taxonomic categories (with the possible exception of the 

spec i e s ) are u 1 t i mat e l y sub j e c t iv e p r o c e s s e s (May r. .§' t a~ . 

1953; Selander 1971; Ford 19 7 4 ) , it is of utmost imp o t' -

tance to outline the methodology underlying taxonomic decisions. 

With the foregoing taxonomic philosophy in mind, the 

procedqre used to determine genera involved four steps: 

1. a sorting of specimens into groups which consisted of 

members of both sexes, and which possessed unique 

combinations of qualitative characters; 

2. a cluster analysis of these groups according to the 

number of shared qualitative character states; 

3. present~tion of the clustering similarity matrix in 

the form of a phenogram; 

4. interpretation of the matrix and the phenogram, according 

to the taxonomic philosophy outlined above, to determine 

genera. 
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Once genera were identified~each was analyzed separately 

to determine species and subspecies. Two multivariate 

statistical computer programmes were used in tandem in 

these analyses. The first programme, BMDP2M (Dixon 1975), 

was used to cluster specimen~ into op~rational taxonomic 

un~ts (OTUs, Sneath & Sokal 1973). In BMDP2M, the 

clustering algorithm fi~st amalgamates the two specimens 

which are most similar. Th~ amalgamated specimens are then 

treated as one case in future comparisons. This clustering 

algorithm continues until all specimens are grouped into 

o~e large cluster. The similarity measure used is the 

Euclidean distance, and the clustering method is the 

weighted average pair group method (Sneath & Sokal 1973). 

The printed output of BMDP2M includes a phenogram which 

illustrates the results of the cluster analysis in a 

hierarchical manner. 

of these phenograms. 

OTUs were identified from examination 

In a phenogram, OTU status was awarded 

to any specimen cluster which contained members of both 

sexes from several geographically contiguous localities, and 

which was morphologically more distinct (i.e. linked up 

with other such groups at a lower similarity) than was a 

group of specimens from a single, relatively well-sampled 

locality within the range of an undisputed taxon listed in 

Table 1. 

OTUs·were compared using stepwise multiple discriminant 

analysis programme BMDP7M (Dixon 1975). This programme 

calculates a series of linear classification functions in a 

stepwise manner, such that within-OTU variance i.s minimized 



45. 

and between-OTU variance maximized. At each step in the 

analysis, the character not yet entered into the functions 

that best separates OTUs is included. This procedure 

continues until all significant (P < 0,05) characters are 

included in the functions. The printed output of BMDP7M 

in~ludes a probabilistic statement as to the OTU membership 

of each specimen. In the final step,BMOP7M computes 

canonical discriminant functions between OTUs, and plots 

the first two so as to give an optimal two-dimensional picture 

of the separation of the OTUs. This plot consists of a 

multivariate centroid for ~ach OTU, surrounded by a cloud of 

individual points corresponding to specimens in that OTU. 

In this study, an OTU, or group of OTUs, was awarded species 

rank if none of tne component specimens were intermediate 

between two OTUs (i.e. were assigned a probability greater 

than 0,05 of belonging to another OTU). 

Once species were identified, character variation within 

each species consisting of several OTU~ was analyzed to 

determine if any component OTUs merited subspecies status. 

The taxonomic procedure used in these analyses involved four 

steps: 

1. division of the species range into uniform areas; 

2. computation of mean values and coefficients of 0ariation 

(COV, Sokal & Rohlf 1969) for each character for each 

area; 

3. contour mapping of mean values for each character, and 

of the total COV for all characters for each area; 
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4. interpretation of the contour maps to determine OTUs 

whose distributions could be derived from concordant 

character variation, and whose boundaries were 

circumscribed by a zone of secondary intergradation. 

Subspecies rank was awarded to any OTUs whose distributions 

could be de.rived from concordant variation in at least 

three characters, and which enclosed an area of relatively 

low total COV bounded by an area(s) of high total COV. 

Areas with relatively low variability (i.e. low total COV) 

were taken to be probable "core regions" for thei1~ associated 

subspecies. Areas with relatively high variability (i.e. 

high total COV) were taken to be regions of secondary 

int e 1~ gr~ ad at ion . 

The smallest uniform area that produced sample sizes 

that were statisti6ally adequate, was that enclosed by a 

block four degrees on a side .. Contour mapping was done 

with the assistance of a computer, using contouring programme 

GPCP (CALCOMP 1971). This programme fits an approximate 

contour surface to the data using least squares polynomial 

analysis. 

Phylogenetic philosophy 

A cladistic approach (Marx & Rabb_l970~ Cracraft 1972) 

was used to infer phylogenebic relationships between guineafowl 

genera and species. Cladistic analysis involves discernment 

and use of d~rived character-states. Derived states are those 

which are unique or relatively restricted to the taxa under 

study
1 

or which could be adaptive in a social or ecological. 
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context (Marx & Rabb 1970). Shared primitive character 

state~, i.e. those commonly inherited from distant ancestors, 

cannot be used to unite more recently evolved taxa (Cracraft 

19 72) • Other than its consistent, relatively objective 

methodology, the major advantage of a cladistic analysis is 

th~t a proposed phylogeny can be refuted on clearly specified 

grounds. A proposed phylogeny must be modified or abandoned 

if: derived characters used to produce it are shown to be 

primitive; another interpretation of the same or different 

combination of derived character states yields a more 

parsimonious phylogeny, i.e. requiring fewer convergences; 

a fossil form is found which possesses a character .suite in-

compatible with the proposed phylogeny; or if it is grossly 

at variance with known biogeographic events (Cracraft 1972; 

F. Vuilleumier 1975). 

Phylogenetic methodology 

Since the presumed ancestor of the guineafowl is a 

francolin-like phasianid (Ghigi 1936), any character stat~ 

common among extant francolins or guineafowl-phasianid 

hybrids was taken to be primitive. Ghigi (1936), Mackworth-

Praed & Gr~nt (1952, 1962, 1970) and Hall (1963) were used as 

sour c e s of i n f o rm at i o n o n f I'' an c o l:in s . Ghigi (1936), Bourke 

(1967) and R. Chapin (in litt.) were the sources of information 

on the phenotypes of hybrids. Any character state unique to, 

or relatively common among guineafowl species was taken to 

be derived. 

Once hypothetical primitive-derived sequences of 

character states were determined, a parsimonious phylogeny 
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was produced following methods outlined by Cracraft (1972). 

Speciation 

There is now widespread agreement among evolutionary 

biologists and blogeographers that speciation, extinction 

and drastic distributional shifts in plants and animals 

have been common and world-wide during the Tertiary and 

Quarternary (Moreau 1966; B. Vuilleumier 1971; Axelrod 

& Raven in press).As mentioned in the introduction, past 

geological and climatic events have almost certainly helped 

to shape patterns of speciation and biogeography in Africa. 

.. 

Several authors (Chapin 1932; Cooke 1962; Howell & Gourliere 

1963; Moreau 1966; Carcasson 1964; Butzer' 1967; Hamilton 

1976; Axelrod & Raven in press) have given maps of Africa 

depicting the hypothetical distribution of vegetation during 

relatively wetter and/or drier conditions in the past. 

Livingstone (1975), Hamilton (1976) and Axelrod & Raven (in 

press) have provided some temporal estimates for climatic 

and geological events which may :rnve caused these conditions. 

As a preface to this study, the various hypothetical vegetation 

m~ps were compared, and compromise 'wet' and 'dry' maps 

(Figs. 4 & 5) were drawn which incorporated salient features 

of each. A hypothetical pattern and chronology for speciation 

in guineafowl were developed by relating the phylogeny derived 

herein to present-day (Fig. 6) and hypothetical p~st 'wet' 

and 'dry' vegetation maps in the light of temporal esti~ates 

given by authors mentioned above. 
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Biogeography 

Once the taxonomy and phylogeny of a group are defined, 

biogeographic hypotheses based on patterns found in that group 

may be formulated. Since guineafowl ar2 sedentary, stenotopic 

animals, the distribution of a given taxon should reflect the 

geographical limits and temporal stability of its associated 

biome. If a taxon has a vicariated distribution, it is likely 

that the vicars (Udvardy 1969) were isolated as a result of 

past partitioning of its biome. However, if a taxon shows 

little geographic variation, its biome probably has not been 

fragmented in the past. In this study, the boundaries of 

recognized genera, species and subspecies were used to 

formulate a hypothetical avifaunal map of Africa. Boundaries 

of taxonomically homogeneous genera (i.e. with no subspecies) 

were used to delimit African avian sub-regions in this map. 

In other words, a sub-region is any biome which has presented 

its assoicated guineafowl tixa with a sufficiently consistent 

selective regime to produce a monotypic genus, or a genu~ 

composed of monotypic species. Species boundaries were 

used to delimit provinces, and subspecies boundaries to 

delimit districts, following a similar reasoning used in 

defining sub-regions. 

RESULTS, DISCUSSION AND CONCLUSIONS 

Tax on~ 

(a) Genera 

There are 14 groups of guineafowl specimens (Table 2) 
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Table 2 

Operational genera derived from analysis of qualitative character 

states listed in Appendix 1. 

Character no. Operational genera 

1 2 3 4 5 6 7 8 g 10 11 12 13 14 

1 I 3 3 2 . 2 2 2 2 2 4 4 4 4 4 

2 5 5 1 3 3 3 3 3 4 2 5 2 5 2 

3 1 4 4 4 3 4 4 4 4 2 1 2 2 2 • 

4 1 1 2 2 2 2 1 2 2 2 2 2 2 2 

5 1 j 2 2 2 1 1 2 2 2 2 2 2 2 

6 1 1 1 1 1 2 2 2 1 1 1 1 1 

7 1 1 1 2 2 i 1 1 1 3 3 2 2 3 

8 1 1 2 2 2 2 2 2 2 1 2 3 3 1 

g 1 1 1 1 i 1 1 1 1 1 2 1 2 1 

10 1 7 6 5 5 2 5 2 2 4 3 3 5 3 

11 1 1 2 3 3 3 3 3 4 2 2 2 2 2 

12 1 1 2 2 2 2 2 2 2 2 2 2 2 2 

13 1 1 1 2 2 2 2 2 2 2 2 2 2 2 

14 1 1 2 1 1 1 2 2 2 1 1 1 1 1 

15 1 1 3 2 2 2 2 2 2 4 4 4 4 4 

16 1 1 1 2 2 2 2 2 2 1 1 1 

17 ? ? 2 1 1 1 1 1 1 1 1 1 1 

18 1 1 2 4 4 4 4 4 4 3 3 3 3 3 

only in the juvenile bird 
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which possess unique combinations of the qualitative characters 

listed in Appendix 1. These groups are termed operational 

genera ( OG) . In the light of habitat preference information 

summarized by Crowe & Snow (1978), the results of a cluster 

analysis of the OG (Table 3; Fig. 7) suggest that there are four 

genera in the Numidinae. These are labelled A-D in Figure 

7, and become apparent at the similarity level of 11 shared 

characters. In Table 1, genus A corresponds to the genera 

Agelastes Bonaparte, 1850, and Phasidus Cassin, 1857, genus 

B to Guttera, genus C to Acryllium, and genus D to Numida. 

Genus A must be named Agelastes. Section (c) below consists 

of a taxonomic summary including: taxonomic conclusions; 

brief descriptions and mensural statistics; and a discussion 

of taxonomic conclusions when deemed necessary. All recognized 

genera are said to be la1--gely rest1--icted to broad "niches" 

(Crowe & Snow 1978). The genus Agelastes is found only in 

dense tropical lbwland forest. The genus Guttera is also 

limited to forest areas, but inhabits riverine forest and the 

forest ddge as well as tropical lowland forest. The genus 

Acryllium is confined to the sub-desert steppe of north-

eastet"n Africa. The genus Numida can be found in virtually 

all areas of non-forested Africa outside of desert, mediterranean 

and montane vegetation. 

(b) Species and subspecies 

The genus Acryllium appears to be monotypic. A cluster 

analysis of 43 Acryllium specimens {Fig. 8) according to seven 

quantitative characters {nos. 1, 2, 3, 4, 5, 41, 42 in 

Appendix 2) yields only one OTU. Six individuals from Mt. 
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Table 3 

Similarity matrix showing number of shared qualitetive character 

states b~tween dG derived ~nd listed in Table 2. 

OG no. 1 2 3 4 5 6 7 8 g 10 11 12 13 14 

1 - 13 5 2 2 3 3 1 2 5 5 4 4 5 

2 7 3 2 4 4 2 3 5 4 4 4 5 

3 6 6 6 6 8 9 7 7 7 6 7 

4 -- 17 14 13 14 !3 8 8 g g 8 .. 

5 - 13 12 13 12 B 8 9 9 8 

6 15 "16 15 6 6 6 5 6 

7 - 15 12 4 4 .4 4 4 

8 - 15 6 6 6 5 6 

9 7 7 7 6 l 

10 13 15 13 -i -r 

11 13 14 14 

12 15 16 

13 13 

14 
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Kunchurro, Boran (ca. 4°30'1\i/38°E), Ethiopia, link to form 

a cluster at a level (indicated by tho dashed line in Figure 

8) lower than does any combination of specimens from the 

remainder of the distribution of the genus. Thus, for· 

the characters investigated, variation in a single population 

is.as great as that found throughout the range of the genus. 

Accordingly, in agreement with all previous studies (Table 

1), one monotypic species, Acryllium vultut~i:.0._um, is recognize"d. 

The distribution of this species is plotted in Figure 9. 

The genus Agelastes is composed of two monotypic species. 

A cluster analysis of 49 specimens according to 11 quantitative 

characters (nos. 1, 2, 3, 4, 5, 23, 24, 41, 42, 43, 44 in 

Appendix 2) yields two OTUs, labelled A and B in Figure 10. 

The dashed line in the figure indicates the level at which 

eight individuals from Kribi (2°50'N/10°5'E), Cameroons, 

link to form a cluster; A discriminant functions analysis 

of the two OTUs reveals no intermediate specimens. Ther'efore 

the OTUs are recognized as species. In Table 1, OTU A 

corresponds to ~elastes meleagrides and OTU B to ~· niger. 

The distributions of these species are plritted in Figure 9. 

The remaining two genera are taxonomically more complex 

than are the first two. The results ·of a cluster analysis 

of 494 Guttera specimens according to 24 quantitative characters 

(nos. 1, 2, 3, 4, 5, 22 - 40 in Appendix 2) are summarized 

in Figur'e llA. The dashed line in Figure llA indicates 

the level at which 12 individuals from Ngayu (1°45'N/27°15'E), 

Zaire link to form a cluster. Seven OTUs are recognized. 
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32. 

A d i s c r i m i nan t f u n c t i o n s an a j_ y s i s ( F i g . 1 2 ) s u g g e st s t h at 

there are two groups of OlUs between which there are no 

intermediate individuals. These OTU g~oups are recognized 

as species. The first species, comprising OTUs 1 and 2, 

corresponds to G. plumifera in Table 1. The second species, 

comprising OTUs 3-7, corresponds to two commonly recognized 

species~§. P_!JCherani (Hartlaub), 1860, and G. edouardi 

(Hartlaub), 1867 (Table 1). Following the law of priority, 

this species must be named G. pucherani. 

The two OTUs comprising Guttera plumifera partition 

• 

the distribution of that species into eastern and western 

portions. The distributions of these OTUs (Fig. 13) are 

delineated by patterns of variation in 15 of the 16 quantitative 

characters which vary in §. plumifera. Contour maps of 

variation in these characters, and of the total COV for 

six areas (Fig. 14) within the distribution of Q. plumifera 

are given in Figures 15 and 16. Two types of character 

variation, "mountain-valley" and clinal variation, are 

apparent in these contour maps. "Mountain-valley" variation 

occurs when eastern and western OTUs have similar values, 

and are separated by a ~ransition area(s) with higher 

("mountains") or lower ("valleys") values. 

which show "mountain-valley" variation are: 

Charact e 1~ s 

bill length 

(Fig. 158), wing length (Fig. 15C), tarso-metatarsus length 

(Fig. 150), wattle length (Fig. 15F), crest frontal langth 

(Fig. 15G), crest basal length (Fig. 16J), dorsal spot number 

(Fig. 16K), total spot barbs (Fig. 16M),· and total within-

spot barbs (Fig. 16N). Characters which show clinal variation 
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Fig. 15. Contour maps of character variation in Gutte~a 

pluf02:_fera A. Occipital fold. 8. Bill length. C. Wing 

length. D. T~rso-metatarsus length. E. Wattle width. 

F. Wattle length~ G. Crest frontal length. H. Crest rear 

length. OTU boundaries are indicated by thick lines. 

36. 



28,1 

J 

M 

0 

p 

0. 

____ _, ____ _ 
~3,5~/~ 32,4 

29,0::.J 

I _y 
39,G 

s,a" 

250 

( 

• 

Fig. 16. Contour m2ps of character 'Variation and total 

COV for §uttera plumifera. I. Crest central height. 

J. Crest basal height. K. Dorsal spot number. L. Dorsal 

spot size. M. Total spot barbs. N. Total within spot 

bar·bs. 0. :=::i.r p2.tch.· P. Spo·c l)aJ'O blueness. Q. To·~al 

COV. OTU boundaries are indicated bv thick lines. 

37. 
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a~e: occipital fold (Fig. 15A), wattle basal width (Fig. 

15E), crest rear' length (F=ig. 15H), dorsal spot size (Fig. 

16L), ear patch (Fig. 16Q), and spot barb blueness (Fig. 16P). 

These well-defined OTUs each have a region of relatively 

low total COV (ca 250) within their distributions, and are 

separated by a transition area with a relatively high total 

COV (ca 7 50) (Fig. 160) . Thus, both OTUs meet the criteria 

set for subspecies (see Taxonomic methodology)~ In Table 

1, the western· subspecies (OTU 2) corresponds to Q·Q· 

plumifera, and the eastern subspecies (OTU 1) to Q·Q· 

schubotzi. In statistical comparisons, these subspecies 

differ significantly (f ~ 0,05; t test) in eight characters. 

Gutter~ plumifera plumifera has significantly higher values 

for bill length, wattle basal width, wattle length, crest 

rear length, and crest basal length. Gutter~ plumifera 

schubotzi has higher values for occipital fold, ear patch, 

and spot barb blueness. Means and standard deviations for 

these and other characters are given in section (c). 

Approximate geographic distributions of the five OTUs 

comprtsing §. pucherani are shown in Figure 17A. Contour 

maps of 23 characters which vary in this species (nos. 1-5, 

22-31, 33-40 in Appendix 2) are given in Figures 18-29A. 

In these maps, the distributions of all five OTUs are 

delineated from those of their neighbours by statistically 

significant patterns of variation in 6 to 17 of the characters 

analyzed. The results of all possible pairwise statistical 

comparisons (t tests) between neighbouring OTUs a0e 

summarized in Tables 4 and 5. A contour map of variation 



Table 4 39. 

A comparison of OTU 3 for G. pucherani with OTUs 4, 5 and 7. -
x = not significantly different ( p .( 0,05; t test); + = OTU 3 - -
significantly greater; OTU 3 significantly lower; * - -- = 

differences delineate OTUs in contour maps. 

------------------

l OTU Contour map 
Cha1~act er name 

4 5 7 Figure no. 

Bill length * * * 18A 

Wing 'length x ~- * 188 

Tarso-metatarsus length x x + 19A 

Wattle basal width * x * 198 

Wattle length * x * 20A + + 

Do1~sal spot size * * * 208 

Crest f 1~ontal length * * * 21A + + 

Crest rea1~ length x * x 218 + 

Ci~est central height * x x 22A + 

Crest basal length x * 228 

Anterior crest curliness x x * 23A 

Posterior crest curliness x x * 238 

Dorsal black collar x * * 24A + 

Ventral black collar * * 248 + + 

Occipital fold * * 25A 

Throat red x * +* 258 

Orbital red x * x 26A 

Dorsal sp0t number + x x 268 

Total spot barbs x * +* 27A 

Total within spot barbs x * 278 + 
Spot barb blueness * * 28A + + + 
Chestnut blotch size x x * 288 

Chestnut blotch extent x x * 29A 

1 see Appendix 2 for character descriptions 



40. 

A compar·ison of OTU 6 for .Q_. pucherani with OTUs 5 and 7. X = 

not significantly different (f ~ 0,05; ! test); + = OTU 6 

significantly greater; - = OTU 6 significantly lower; 

differences delineate OTUs in contour maps. 

1 
OTU Contour 

Character name Figure 
5 7 

Bill ~engt1-, x x 18A 

Wing length x * 188 + 

Tarso-metatarsus length x +* 19A 

wattle basal width x * 198 

V\/attle length x +* 20A 

Dorsal spot size x +* 208 

Crest frontal length * x 21A + 
Cr·est length * * 21.B 1~ear + 

Crest central height x x 22A 
"" Crest basal length x +" 228 

Anterio1~ cr'est curliness x * '23A 

Posterior crest curliness x * 238 

Dorsal black collar * * 24A + 

Ventral black collar +* * 248 

Occipital fold x +* 25A 

Throat 1~ed * + 258 

01~bital red * + 26A 

Dorsal spot number x + * 268 

Total spot barbs x + 27A 

Total within spot barbs x ~~ 27B + 

Spot barb blueness * 28A + 

Chestnut blotch size * 288 + 
Chestnut blotch extent * 29A + 

1 see Appendix 2 for character descri0tions 

* = 

map 
no. 

,, 



Fig. 17. The geographic distri~utions of OTUs compr1s1ng 

Gutterii pucl~rani (A) and NumJ:da :_~gleagris (8). 
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,.-------

A 

Fig. 18. Contour maps of bill length (A) and wing leng~h (B) 

in Q~!..!..§..ra. pucJ::_er'a..!:1_:.i. OTU boundar·ies are indicated by thick 

lines, 
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A 

\ I 

v 

Fig. 20. Co~tour maps of wattle length (A) and dorsal spot 

si2e (8) in Guttera oJcherani. OTU bound2ries are indicated 

by thick lines. 



Fig. 21. Contour maps of crest frontal length (A) and crest 

rear length (8) in Guttei'_§: p_ucheran_:!:.. OTU bounda:'ies are 

indicated by thick lines. 
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\ 
L.~-

Fig. 22. Contour maps of crest central height (Al and crest 

basal length (8) in Guttera p_!:!cher__?...'.22· OTU boundaries a1'e 

indicated by th~ck lines. 
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Fig. 23. Contour maps of anterior crest curliness (A) and 

posterior crest curlin2ss (8) in Gutter'a £.'.!S;h~_i::ani. OTU 

boundaries are indicat8d by thick lines. 
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\ 
A \_ 

B 

Fig. 24. Contour maps of dorsal blatk collar (A) and ventral 

black C"lJ.ar (8) in .0..':L!_ter:._~ .e.1.:,:::heraL1J:. OTU bound<a·::.es are 
inch.c<~tc"d t.y thjck L.n::s. 
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Fig. 25. Contour maps of 6ccipital fold (A) and throat red 

(8) in .~uttera puch~~l:.· OTU bound 01 ries are indicated by 

thick lines. 
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Fig. 26. Contour maps of orbital red (A) and dorsal spot 

numbsr (8) in Guttera oucherani. OTU boundaries are indicated __ .., ____ , __ ------~· 
by t;dck lines. 
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A 

Fig. 27. Contour maps of total sp0t barbs (A) and total 

wHhin :pot barbs (B) in Gutt~~ Q_ucherani. OTU boi;nclaries 

are indicated by thick lines. 
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J y 

Fig. 28. Contour maps of spot barb blueness (A) and chestnut 

blotch size (f3) in 9-~.!_ter~ J?.UC_~era.'.:2· OTU bounclaries are 

indicated by thick lines. 
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Fig. 29. Contour maps of chestnut blo~ch extent (A) and 

total COV (B) in Guttera puct:_~r:_an_~.· OTU boundaries are 

indicated by thick lines. Larger numbers in (Bl refer to 

OTU numbers shown in Figure 17A. 
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in total COV for 24 areas (Fig. 14) within the distribution 

of~· pucherani is given in Figure 298. This figure shows 

that the dL;tributions of all five OTUs enslose or fall 

within a region of relatively low total COV (200-400). 

For all OTU distributions but one, that of OTU 4, the 

r~gion of relati0ely low total COV is bordered by a region(s) 

of relatively high total COV (e.g. 600-800). Thus, all 

OTUs ascribed to G. pucherani satisfy the criteria specified~ 

for subspecies (see Taxonomic methodolo_8..l). The la.ck of 

a high total COV interface between the ·low COV regions of· 

OTUs 3 and 4 is attributed to poor sampling and the small 

geographic distribution of OTU 4. Assuming that G. 

edouardi is a synonym of Q. pucherani in Table 1, and 

following the law of priority, OTU 3 corresponds to G. £· 

verreauxi, GTU 4 to §·£· sclateri, OTU 5 to Q·Q· pucherani, 

0 TU 6 t o .Q • J2 • b a r bat_?. __ , and 0 TU 7 t o Q . £ . .'.-" d o u a. r~_~H • Th e 

geographic distributions of these subspecies, and of inter

mediate populations are shown in Figure 30. 

The results of a cluster analysis of 704 Numida specimens 

according to characters 1-22 in Appendix 2 are summarized 

in Figure 118. Nine well-defined, and one borderline OTU 

are recognized. The dashed line indicates the level 

at which eight individuals from the vicinity od) Gassam 

(14°50'N/15°20'W), Senegal, linl\ to form a cluster. Only 

704 specimens could be analysed in this cluster analysis 

due to computer storage limitations. However, those 

specimens analyzed were_chosen so as to ensure uniform 

sampling of the sexes and collection localities. A 
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discriminant functions analysis· including all 1245 Numida 

specimens (Fig. 31) reveals intermediate individuals between 

all parapatric OTUs. Therefore only one species is 

recognized. Following the law of priority, this species 

is named l\Jum_id_.§'.: rneleagris. 

The approximate geographic distributions of the 10 OTUs 

comprising~· meleagris are shown in Figure 178. Contour 

maps of variation in 22 quantitative characters analy~ed 

for this species (nos. 1-22 in Appendix 2), and of the 

total COV for 48 areas (Fig. 32) are given in Figures 33-43. 

In these contour maps, the distributions of all 10 OTUs but 

one, that of OTU 3, are delineated from those of their 

neighbours by statistically significant patterns of variation 

in 9-17 of the 22 characters analyzed (Tables 6-11). Results of all 

possible pairwi~e statistical comparisons (! tests) between 

neighbouring OTUs are summarized in Tables 6-11. The 

distribution of OTU 3, the borderline OTU in Figure llB, is 

delineated from those of its neighbours (OTUs 2 and 6) by 

at mos~ two characters (Tables 7 and 9). In the contour 

map of total COV (Fig. 44)~ the distribution of all OTUs, 

except again OTu· 3, enclose a region of relatively low 

total COV (ca 400-500) bordered by a region(s) of relatively 

high total COV (ca 700-1000). Thus, all OTUs ascribed to 

~· meleagrisl except OTU 3, satisfy the criteria set for 

subspecies (see Taxonomic methodolog_y). In Table 1, 

following the law of priority, OTU l corresponds to~·~· 

sabyJ:, OTU 2 to ~·I!!· galeata, OTU 4 to~·~· meleagris, 

OTU 5 to N.m. somalienses, OTU 6 to N.m. marungensis, OTU 7 



To.ble 6 57. 

A comparison of OTU 4 for ~· meleagris with OTUs 2, 5, 6, 7 and 8. 

X = not significantly different (f ~ 0,05; ! test); + = OTU 4 

significantly greater; - = OTU 4 significantly lower; 

differences delineate OTUs in contou1' maps. 

1 OTU 
Char'acter name 

2 5 6 l 8 

Bill length * x * x + . * * * Wing length + x 
Tarso-metatarsus length , * + x ~· * 

* * +* Wattle basal width x x + + 

Wattle length * * * + 

Wattle percent blue * +* * * * + + + + 

Helmet frontal length * x Y: * * + 

Helmet length * x * rear + 

Helmet central height + * x * * 

Helme.t basal length x * * * * + 

Helmet thickness * + x * * 
Ce re str'ucture length +* * +* +* + 

Ce re structure thickness +* x +* ··1- * + * 

Collar plumage * x x x + 

Nape f iloplume length * * * * * 

Nape f iloplume antero-
posterio1~ * * * x x coverage + 

Nape f iloplume lateral 
+* * +* +* +* coverage + 

Nape f iloplume dehsity x x x + +* 

Secondary remex oute1~ 
* * * * web vermiculation + + + + + 

Wing covert barring * * * +* +* + + + 

Dorsal v e 1~m i cu 1 at i o 11 * + +* +* + 
Dorsal spot size + * * x * 

1 see Appendix 2 for character descriptions 

= 

Contour map 
Figure no. 

33A 

338 

34A 
,. 

348 

35A 

358 

36A 

368 

37A 

318 

38A 

388 

39A 

398 

40A 

408 

41A 

418 

42A 

428 

43A 

438 



58. 

Table 7 

A comparison of OTU 2 for~- meleagris with OTUs 1, 3 and 6. 

X = not significantly different (f S 0,05; ! test); + = OTU 2 

significantly gre2ter; ~ = OTU 2 significantly lower; 

differences delineate OTUs in contour maps. 

1 
OTUs Contour Character name 

1 3 6 Figure 

. ~ Bill length x 33A 

Wing length * * 338 

Tar so-met a t<H'SU s length * * 34A 

Wattle basal V:/ idt 11 x x * 3~-8 + 

\rJatt 1 e leng"l:h x " 35A A 

Wattle percent blue * * * 358 + 

Helmet frontal length * * 36A 

Helmet length * 36B rear 

Helmet central height * 37A 

Helmet basal length x * 378 

Helmet thickness x * 38A 

Ce re structure length x + x 388 

Ce r' e structure thickness x + x 30 •\ vh 

Colla1~ plumage * * * 39B 

Nape f iloplume length * x * 40A 

Nape f iloplurne anter·o-
posterior coverage x x + 408 

Nape f iloplume lateral 
coverage x + + 41A 

Nape f iloplume density x x x 418 

Secondary rem ex outer web 
vermiculation x + + 42A 

\f\li n g covert ba1~ring * * 428 + + + 

Dorsal vermiculation ~~ * 43A + + + 

Dorsal spot size * 438 + 

1 see Appendix 2 for character descriptions 

map 
no. 



59. 
Table 8 

A comparison of OTLJ 8 for N. ~eleagris with OTUs 5 and 7. x = 

not significantly differe~t; (£ ~ 0,05; t test); + = OTU 8 

significantly greater; - = OTU 8 significantly lower; 

differences delineate OTUs in contour maps. 

1 Character name 

Bill length 

Wing 'length 

Tarso-metatarsus length 

Wattle basal width 

Wattle length 

Wattle percent blue 

Helmet frontal length 

Helmet rear length 

Helmet ·central height 

Helmet ba~al length 

Helmet thickness 

Cere structure le~gth 

Cere structure thickness 

Collar plumage 

Nape f iloplurne length 

Nape f iloplume antero-
ppsterior coverage 

Nape f ilorlume lateral 
coverage 

Nape filoplume density 

Secondary remex outer ~eb 
vermiculation 

Wing covert barring 

Dorsal vermiculation 

Dorsal spot size 

5 

x 
* + 
* + 

* 

* + 

* + 

* + 

+ 

x 
* + 

+ 

x 
x 

OTUs 

7 

* + 

+ 

?(· 

+ 
+ 

+ 

x 

+ 
x 
+* 

+ 

+ 

+ 

1 see Appendix 2 for character descriptions 

Contour map 
Figure no. 

33A 

338 

34A 

348 

35A 

358 

36A 

368 

37A 

378 

38A 

388 

39A 

398 

40A 

408 

41A 

418 

42A 

428 

43A 

438 

= 



Table 9 

A comparison of OTU 6 for ~· meleagris with OTUs 3, 7 and 9. 

X =not significantly different (f ~ 0,05; ! test); + = 
OTU 6 significantly greater; - OTU 6 sjgnificantly lower; 

* = differences delineate OTUs in contour maps. 

1 
OTUs Contour 

Character" name 
map 

3 7 g Figure no. 

Bill length 
~f :X: 33A + + + . 

Wing length * * 338 + + + 

Tar so-meta ta1"s us length x * ~~ 34A + + 

tli/a t t 1 e basal width + * + 348 

Wattle .lengtil + x 35A 

Wattle percent blue * ~{· 358 + + + 

Helmet frontal length + + * + * 36A 

Helmet length * 368 1"ear + 

Helmet central height + x 37A 

Helmet basal length + + + 378 

Helmet thickness +* * 38A + + 

Ce1"e structure length + x * 388 

Ce1"e str·uctur"e thickness x * 39A + 

Collar plumage x *- 398 + 

Nape f iloplume length * * 40A + + + 

Nape f iloplume ante1"0-
* * posterior coverage + + 408 

Nape f iloplume lateral 
* coverage + + 41A 

Nape:> f iloplume density x + * + * 418 

Secondary rem ex outer web 
vermiculation * 42A 

Wing covert barring x x 428 

Do1"sal vermiculation * 43A 

DOI" Sal spot size + + x 438 

1 see Appendix 2 for character descriptions 
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61. 
Table 10 

A compa~rison of 01-u 10 for~- me_leagris with OTUs 7 and 9, X = 
not significantly different (f ~ 0,05; 1 test); + = OTU 10 

significantly greater; - = OTU 10 significantly lower; 

differences tjelineate OTUs in contour maps. 

l OTUs Contour 
Character ncw1e Figure 

7 9 

Bill length + 33A 

Wing length 338 

Tar so-metatarsus length x + 34A 

Watt le basal width x x 348 

\r\la t t le length * x 35A + 

\rvattle percent blue 
~· 358 

Helmet frontal length * * 36A + + 

* * 368 Helmet rear length + +' 

Helmet central height * * 37A + + 

Helmet basal length * ·* 378 + + 

Helmet thickness + x 38A 

Ce1~e str·ucture len"gt h * 388 + 

Ce re structure thickness * 39A + 

Collar featheration * * 398 + 

Nape f iloplume leng.th ~- * 40A + 

Nape f iloplume antero-
* posterior coverage + 408 

Nape filoplume lateral 
* coverage + 41A 

Nape filoplume density * 410 + 

Secondary rem ex outer web 
vermiculation * * 42A + 

\I\/ i ng covert barring x x 428 

Dorsal vermiculation. * x 43A + 

Dorsal spot size + * 438 

1 see Appendix 2 for character descriptions 

= 

map 
no. 

" 



Table 11 62. 

A comparison of OTU 7 for N. meleagris with OTU 9. X = not 

significantly different (P < 0,05; ! test); + = OTU 7 

significantly greater; - = OTU 7 significantly low~r; 

differences delineate OTUs in contour maps. 

1 OTU Contour· Cha.racter map name Figure 
9 

no. 

Bill length + 33A 

Wing 'length + 338 

Tarso-metatarsus length + 34A 

Wattle basal width x 348 

Wattle length * 35A 

Wattle percent blue x 358 

Helmet f1~ontal length +* 36A 

Helmet rear length + * 368 

Helmet central he j_ gh t * 37A 

Helmet basal length * 378 + 

Helmet thickness * 38A 

Ce re structure ll'.jngth * 388 

Cet~e structure thickness * 39A 

Collar featheration * 398 

Nape f iloplume length * 40A + 

Nape f iloplume antero-
~· posterior cove1~age + 408 

Nape f iloplume lateral 
* coverage + 41A 

Nape filoplume density * 418 + 

Secondary remex outer web 
* vermiculation 42A 

Wing covert ba1~ring x 428 

Dorsal vermiculation ~· 43/.\ 

Dorsal spot size * 438 

1 see Appendix 2 for character descriptions 
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Fig. 31. A discriminant functions analysis of Numida OTUs. 

Circles encompass 90% of the individuals assigned to each 

OTU. Only intermediate specimens between no~-over~apping 

OTUs are plotted. M= intermediate between OTUs 4 and 7; 

R = intermediate between OTUs 4 and 8; X = intermediate 

between OTUs 4 and 2. 
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Fig. 32. Ar·eas used 

meleagris. 

in con tour map of ~.umid3; anaJ.ysis 

64. 



I 

Fig. 33. Contour maps of bill length (/\) and wing length (8) 

in !~_umidci. ~neleagr\.~· OTU boundaries at',e indicated by -chic!<. 

lines. 

65. 



Fig. 34. Contour maps of tarso-metatarsus length (A) and 

wattle basal width (B) in Numida rnelea91'iH_. OTU boundaries 

are ·indicated by thick lines. 

66. 
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\ 

Fig. 35. Contour maps of wattle length (A) and wattle percent· 

blue (B) in !'Jumida. meleageis. OTU bo1rndaries are indic::ited 

by thick lines. 



I 

Fig. 36. Contour maps of helmet frontal length (A) and 

hel~et rear length (B) in Numida meleagris. OTU boundaries 

are indicated by thick lines. 

68. 



Fig. 31. Contour maps of helmet central height (A) and 

helmet basal length (B) in !:!_~1ida. mele<::_Q~is. OTU boundaries 

are indicated by thick ljnes. 

69. 



Fig. 38. Contour maps of helmet thickness (A) and cere 

structur'e length (B) in _!i~mida meleagris. OTU boundaries 

are indicated by thick lines. 

70. 



Fig. 39. Contour maps of ccre structure thickness (A) and 

collar' plumage (8) in Numida meleagri2_. OTU boundaries are 

indicated by thick lines. 

71. 
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Fig. 40. Contour maps of nape filoplume length (A) and nape 

anter'o-pnster:i.or coverage {B) in Numid~ !11elea_Q_ris. OTU 

boundari~s are indicatrid by thick lines. 

"72. 
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Fig. 41. Contour maps of nape filoplume lateral coverage (A) 

and nape filoplume density (8) in Numi_sla nieleagris. OTU 

boundaries are indicated by thick lin~s. 
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Fig. 42. Contour maps of secondary remex outer web vermiculation 

(A) and wing covert barring (8) in !~ .. ~.~rni~.<:!_<:: rr.ieleagris. OTI) bou11da.rics 

are indicated by thick lines. 
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A 

Fig. 43. Contour maps of dorsal vermiculation {A) and dorsal 

spot size {B) in !:!_';!mida meleagris. OTU boundar'ies are indicated 

by thick lines. 
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Fig. 4"1. /\ contour map of total COV in Numida me_!_eagri~ (/\) 

with OTU boundaries indicated by thick lines; and the approximate 

distribution of zones of inter~ediacy between Numida OTUs (8). 
'-" --···--

Larger ;1umbers in {.A) refer' to OTU numbers shown in Figu1'e 17f:l. 
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t o !:!_ • ~ • m i t !.: .. at a , 0 TU 8 t o N . m . r e i c h e n ow i , 0 TU 9 t o N • m . 

-~amar-ensi~, and OTU 10 to f\J.rn. ~~~--~..'.":· The distrib~tions 

of these subspecies are plotted in Figure 45, and zones of 

intermediacy are shown in Figure 448. 

(c~ Taxonomic summary 

In the following classification, verbal descripiions 

are brief, focusing on more obvious differences and similarities 

with respect to the qualjtative and quantitative characters 

analyzed. For each subspecies, reference is made to its 

OG or OTU number and the appropriate page(s), tables and 

figures summarizing its taxonomic relationships and 

quantitative comparisons with other subspecies. If a 

synonomized taxon is not discussed, it must be assumed that 

it did not emerge as an OTU in the cluster analyses. rn 

other wor-ds, it was not taxonomically distinct above a 

level attributable to individual variation iri ~ relatively 

homogenous population. Subspecies which are mentioned 

in Table 1, but are not recognized or synonomized are taken 

to be intergrades. Herein, an intergrade is a group of 

taxonomically indeterminable, phenotypically highly variable 

populations. A population is taken to be taxonomically· 

indeterminable if many of its component individuals show 

affinities to two or more subspecies (i.e. are classed as 

intermediates) in discriminant analyses. A population is 

taken to be highly variable phenotypically if it has a high 

total COV. 

a detailed discussion of OTUs, discriminant analyses and 

total' COV, 



L---- LL ~Montane and Temperate Forest 

[IJ Tropical Lowland Forest 

[I]] 

D 

G 

~ 

Forest-Savanna mosaic and 
Deciduous Savanna Woodland 

Bush veld, Grassland and Steppe 

Temperate Grassland 

Mediterranean vegetation 

Desert and Sub-desert 

Lakes 

Swamp km 
~ 

0 uOO 1200 

Fig. 45. The distribution of Numida meleagris. 

N. m. meleagris (.a). !'.!_. '.!'.!· 0abyi (s). !i· '.!'.!· galeata (o). 

N. m. 

(v). 

( 0). 

somaJ.iensis (O). ii· m. rnarungensis (Ill). N. rn. reichenowi 

N. m. mitrata (!). N. m. damarensis (~). N. m. ~onata 

78. 

., 
f 

I Ii 
!32 
I l 
I 
I 



79. 

(= OG 1 and 2 in Fig. 7) 

Agelas!_~ Bonaparte 1850, Proc. Zool. Soc. -~ondon, p.145 

Agelastes meleagrides Bonaparte, 1850 

Plate lA ,, 

(= OG 1 in Fig. 7) 

Agelastes meleagrides Bonaparte 1850, Proc. Zool. Soc. London, 
p. 145. 

Description: Small overall size; no crown, occipital, cere, 

nape or throat adornments; rudimentary red gape wattles; no 

feathers on head or neck and skin colour thereof red; collar 

plumage white; body plumage black with faint vermiculations; 

tarso-metatarsus covered with imbricated scales in rows, and 

usually with a well-developed spur(s); iris brown; outer 

margins of secondaries black with faint vermiculati6ns; furcula 

blade-shaped; abdominal plumage white. 

Statistics for quantitative characters: (N = 12) 

Characi:"er x S.D. 

Bill length 16,8 mm 1,7 

Wing length 205,0 mm 4,8 

Tarso-metataPsus length 80,9 mm 3,6 

·wattle basal width 6,5 mm 1,2 

Wattle length 2,7 mm 0,7 

Tarsal structure number 0,8 0,6 

Tarsal structure length 4,8 mm 3,5 

White collar 100,0 % 0,0 

c . 1 , ac i a_.. f iloplurnes 0,0 0,0 
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Distribution: ·Figure 9 

Discussion: White collar an-d facial filoplumes are used as 

quantitative characters in cluster and discriminant analyses to 

demonstrate the qualitative distinctnets of this taxon from 

Agelastes niger (Cassin) 1857 

Plate lB 

( = OG 2 i n Fig . 7 ) 

Phasidus niger Cassin 1857, Proc. Acad. Nat. Sci . .!:_t1ila., 8: 
322. 

Description: As~· meleagrides except: crown surmounted by 

a short crest of feathers; nape covered by short, sparsely 

distributed, black downy feathers; face covered with sparsely 

distributed filoplumes; collar and abdominal plumage black 

with faint vermiculations, abdominal plumage white in juveniles. 

Statistics for quantitative characters: (N = 39) 

Character x S.D. 

Bill length 16,9 mm 1,5 

Wing length 203,0 mm 7,3 

Tarso-metatarsus length 79,2 mm 3,4 

wattle basal width 6,5 mm 1,2 

Wattle length 2,4 mm 0,6 

Tarsal structure number 1, 1 0,7 

Tarsal str~ucture length 3,4 mm .2,4 

White collar 0,0 % 0,0 

Facial f iloplumes 9,8 0,2 



81. 

Distribution: Figure 9 

Discussion: Hall (1961) also advocates the synonomy of Phasidus 

in Agelastes, basing her argument largely on analysis of juvenile 

char·acters. 

Genus Guttera 

Guttera Wagler 1832, Isis von Oken, col. 1225. 

(= OG 4-9 in Fig. 7) 

Guttera plumifera plum~fera (Cassin) 1857 

Plate lC 

(= OTU 2 in Figs. llA and 12) 

Numida plumifera Cassin.1857, Proc.Acad.Nat.Sci.Phila.,8: 321. 

Description: Larger than Agelastes sp.; crown surmounted by 

a crest of long, straight, bristly feathers; small occipital 

fold of blue-black skin; no nape, throat or·cere adornments; 

well-developed, pointed, blue gape wattles; orbital and 

throat skin blue-black; calla~ plumage spotted; body pl~mage 

spotted without vermiculations; tarso-metatarsus without 

spurs, scales pentagonal, not in rows; iris brown; outer 

margin of secondaries white; furcula blade-shaped; caecum 

up to 150 mm; abdominal plumage spotted bluish-white without 

vermiculations. 

Statistics for quantitative characters: (N = 26) 

(See p. 16 for statistical comparisons with §·£· schubotzi) 

Character X S.D. 

Bill length 

Wing length 

24;5 mm 

225,6 mm 

1,7 

5,9 



I 
• 
• 

I 
• 

• 

I 
I 
... 

--
I 
I 
I 

Char'acter x 

Tarso-metatarsus length 81,7 mm 

Wattle basal width 10,7 mm 

Wattle length 11,6 mm 

Dor' sa.l spot size 10,7 units 

Crest frontal length 24,6 mm 

Crest rear length 46,9 mm 

Crest central height 31,8 mm 

Crest basal length 30,0 mm 

Anterior crest curliness 1'0 

Posterior crest curlipess 1,0 

Dorsal black collar 0,0 % 

Ventral black collar 0,0 % 

Occipital fold 18,3 % 

Ear patch 0,4 mm 

Throat red 0,0 % 

Orbital red 0,0 % 

Dorsal spot number 21,3 

Total 2pot barbs 5,4 

Total within spot barbs 3,5 

Spot barb blueness 0,8 

Chestnut blotch size 0,0 units 

Chestnut blotch extent 0,0 % 

Distribution:. Figure 13 

Guttera plumifera schubotzi Reichenow, 1912 

Plate lD 

(= OTU 1 in Figs. llA and 12) 

82. 

S.D. 

3,1 

1,2 

2,2 

1, 0 

3,7 

5,6 

6,7 

2,6 

o,o 

0,0 

o,o 

0,0 

7,5 

0,6 

0,0 

o,o 

3,7 

0,6 

0,6 

0,6 

0,0 

0,0 
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Gutter'a plumifera schubotzi Reichenow 1912, Journ. f. Orn., 
60: 320. 

Description: As Q·£· plumifera except that the base of the 

nape and an area anterior to the ear are covered by patches 

of orange-yellow skin. 

Statistics for quantitative characters: (N = 71) 

(See .p. 16 for statistical comparisons with Q·£· plumifera) 

Character x S.D. 

Bill length 22,8 mm 1,4 

Wing length 227,2 mm 8,2 

Tarso-metatarsus length 80,7 mm 3,4 

Wattle basal width 9,6 mm 1,5 

Wattle length 8,9 mm 2,4 

Dorsal spot size 10,0 units 1, 4 

Crest frontal length 24,3 mm 5,9 

Crest rear length 38,4 mm 4,8 

Crest central height 32,4 mm 6,4 

Crest basal length 25,9 mm 2,4 

Anterior crest curliness 1,0 0,0 

Posterior crest curliness 1,0 0,0 

Dorsal black collar 0,0 % 0,0 

Vent r'al black collar 0,0 % 0,0 

Occipital fold 24,0 % 8,5 

Ear patch 15,1 mm 2,8 

Throat red 0,0 % o,o 

Orbital red 0,0 % 0,0 

Dorsal spot number 21,2 2,9 

Total spot barbs 5,l 0,6 



84. 

Character x S.D. 

Total within-spot barbs 3,7 0,5 

Spot barb blueness 1,6 0,6 

Chestnut blotch size 0,0 units 0,0 

Chestnut blotch extent 0,0 % o,o 

Distribution: Figure 13 

Discussion: The one intermediate specimen between Q·£· schu~otzi 

and Q·£· plumifera is more schubotzi in appearance, but the 

patches of orange on the nape and ear are much reduced in 

extent. 

Guttera pucherani pucherani (Hartlaub) 1860 

Plate lE 

(= OTU 5 in Figs. llA and 12, and in Tables 4 and 5) 

Numida. pucherani Hartlaub 1860, Journ. f. Orn., 8: 341. 

Description: Larger than g. plumifera; crown surmounted by 

a long crest of relatively curly, downy feathers; well

developed occipital fold of blue-black skin; no nape and 

cere adornments; orbital and throat skin red; throat skin 

folded; rudimentary, relatively short blue wattles at gape; 

collar plumage spotted; body plumage spotted without vermi

culations; tarso-metatarsus without spurs, scales pentag6nal, 

not in rows; iris red; outer margin of secondaries white; 

furcula hollow; caecum l~ngth up to 150 mm; abdominal 

plumage spotted bluish-white without vermiculations. 

Statistics for' quantitative characters: (N = 64) 

(See Tables 4 and 5 for statistical comparisons with other sub

species) 
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Character x S.D. 

Bill 1ength 25,5 mm 1,8 

Wing length 261,6 mm 14,8 

Tarso-metatarsus length 90,2 mm 6,9 

Wattle basal width 9,2 mm 1,5 

wattle length 2,7 mm 0,7 

Dorsal spot size 11,3 units 1,3 

Crest frontal length 19,4 mm 3,9 ,, 

Crest rear length 29,5 mm 3,7 

Crest central height 26,4 mm 6,6 

Crest basal length 34,7 mm 3,2 

~ 

Anterior crest curliness 1,0 0,2 

Posterior crest curliness 2,0 0,2 

Dorsal black collar 5,3 % 7,5 

Ventral black collar 7,4 % 10,4 

Occipital fold 74,6 % 19,5 

Ear patch 0,0 mm 0,0 

Throat red 98,0 % 12,7 

Orbital red 95,4 % 2,4 

Dprsal spot number 26,0 4,3 

Total spot barbs 6,3 1,3 

Total within spot barbs 4,3 0,7 

Spot barb blueness 1,9 0,9 

Chestnut blot.ch size 0,0 units o,o 

Chestnut blotch extent 0,0 % 0,0 

Distribution: Figure 30 

Discussion: From breeding experiments with captive birds, 

Ghigi (1936) demonstrated complete interfertility between 
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individuals ascr·ibed to G. edouar'di an,d §_. pucherani. He 

also found that red throat and orbital skin, characters used 

to distinguish Q. ~cherani, were invaribaly absent among Fl 

hybrids. -This suggests that these character-states may be 

recessive. Ghigi (1936) further hypothesized that Guttera 

edouardi suahelica (Neumann 1908, Bull. Brit. Orn. Cl. ,23: 14) 

and G. e. grant i ( El.l iot 1871, Proc. ~ool. Soc. London, p. 

584), subspecies described from specir.1ens collected in southern 

Tanzania~ are in fact intergrades between Q·£· pucherani and 

Q·£· barbata. The results of this study support that hypothesis, 

since pucherani-barbata intermediates in discriminant analysis 

(Fig. 12) almost invariably fit descriptions of these taxa, 

and the distribution attributed to them falls in· the high 

total COV region between the suggested parental subspecies 

(Fig. 29B). 

Guttera pucherani verreauxi (Elliot) 1870 

Plate lF 

(= OTU 3 in Fig. llA and 12, and Table 4) 

Numida verreauxi Elliot 1870, Ibis, p. 300. 

Guttera cristata sethsmithi Neumann 1908, Bull. Brit. Orn. Cl., 
23: 13. 

Guttera pallasi Stone 1912, Auk, 29: 208. 

Guttera edouardi ~~houtedeni Chapin 1923, Rev. Zool. Afr.~, 11: 73. 

Guttera edouardi chapini Frade 1926, Bul. Soc. Port. Sci. Nat. 
Lisbonne, 9: 139. 

Guttera edouardi kathleenae White 1943, Bull. Brit. Orn. Cl., 
64: 19. 
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Des~'"'ipi:J.:_~!2: As §.·E.· pucherani except. crest longer; less 

well developed occipital fold; orbital skin colour blue; 

collar plumage black with no vermiculations; spotting with 

stronger blue hue; iris brown. 

Statistics for quantitative characters: (N = 159) 

( s'ee Table 4 for' statistical comparisons with other subspecies) 

Character x S.D. 
" 

Bill length 23,8 mm 1,6 

Wing length 249,2 mm 11,2 

Tar so-meta tars.us length 89,2 mm 4,2 

Wattle basal width 9,2 mm 1,2 

Wattle length 2,7 mm 0,8 

Dorsal spot size 9,5 units 1,5 

Crest frontal length 21,1 mm 4,2 

Crest rear length 37,4 mm 6,0 

Crest central height 26,5 mm 5,8 

Crest basal length 31,9 mm 2,6 

Anterior crest cur·liness 1,1 0,3 

Posterior crest curliness 2,0 0,2 

Dorsal black collar 21,l % 6,6 

Ventral black collar 27,5 % 6,8 

Occipital fold 47,1 % 18,4 

Ear patch 0,0 mm o,o 

Throat red 91,7 % 13,3 

Orbital red 0,0 % 0,0 

Doi'"' Sal spot number 24,l 3,8 

Total spot bar'bs 6,0 0,7 
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Total within-spot barbs 3,9 0,7 

Spot bar'b blueness 2,3 0,6 

Chestnut blotch size 0,0 units 0,0 

Chestnut blotch extent 0,0 % o,,o 

Distribution: Figure 30 

Guttera pucherani sclateri Reichenow, 1898 -

Plate lG 

(= OTU 4 in Figs. llA and 12 and Table 4) 

Guttera sclateri Reichenow 1898, Orn. Monatsb., 6: 115. 

Description: As Q·E· verreauxi, except anterior crest much 

shorter. 

Statistics for quantitative characters: (N = 12) 

Character x S.D. 

Bill length 25,2 mm 2,2 

Wing length 245,6 mm 10,4 

Tarso-metatarsus length 89,9 mm 4,5 

Wattle basal width 10,4 mm 1,2 

Wattle length 2,3 mm 0,5 

Dorsal spot size 11,5 units 1,5 

Crest frontal length 5,8 mm 2,7 

Crest rear length 40,8 ::im 7,2 

Crest central height 18,5 mm 4,2 

Crest basal length 32,l mm 4, 1 

Anterior crest curliness 1,1 0,3 

Posterior crest curliness 2,1 0,3 

Dorsal black collar 18,0 % 2,7 

Ventrai black collar 23,5 % 5,1 
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Occipital fold 62,5 % 17,6 

Ear patch 0,0 mm 0,0 

Throat red 95,3 % 6,6 

Orbital red 0,0 % 0,0 

Dorsal spot number 21,3 2,1 

Total spot bar'b s 6,3 0,8 

Total within-spot bar·bs 4,3 0,8 

Spot barb blueness 1,8 0,5 

Chestnut blotch size 0,0 units o,o 

.Chestnut blotch extent 0,0 % 0,0 

Distribution: Figure 30 

Guttera pucherc:-ni barbata Ghigi, 1905 

Plate lH 

(= OTU 6 in Figs. llA and 12 and Table 5) 

Guttera barbata Ghigi 1905, Mem . .13_. Accad. Sci. Inst. Bologna, 
2: 194. 

Description: As Q.£. pucheran~ e~cept: crest longer; throat 

and orbital skin blue; collar plumage black with no vermicu-

lation; body plumage spots occasionally interspersed with 

chestnut blotches. 

Statistics for quantitative characters: (N 28) 

Charactet x S.D. 

Bill length 25,3 mm 1,3 

Wing length 264,7 mm 11,0 

Tar so-metatarsus length 90,2 mm 4,5 

Wattle basal width 9,4 mm 1,3 



I 
a 

( 

\illattle length 

Dorsal spot size 

Crest frontal length 

Crest rear length 

Crest central height 

Crest basal length 

Anterior crest curliness 

Posterior crest curliness 

Dorsal black collar 

Ventral black collar 

Occipital fold 

Ear patch 

Throat red 

Orbital red 

Dorsal spot number 

Total spot barbs 

Total within-spot barbs 

Spot barb blueness 

Chestnut blotch size 

Chestnut blotch extent 

Distributicn: Figure 30 

2, 8 mrr. 

10,9 units 

23,3 mm 

32,2 mm 

26,9 mm 

34,6 mm 

1,1 

1,9 

21,4 % 

26,5 % 

76,4 % 

0,0 mm 

6,9 

0,3 

25,9 

5,9 

4,0 

1,5 

2,7 units 

4, 8 % 

0,8 

1,2 

3,7 

3,9 

8,5 

2,9 

0,3 

0,3 

4,5 

5,5 

11,3 

0,0 

25,8 

3,9 

4,9 

0,7 

0,5 

0,7 

1, 1 

2,6 

90. 

Discussion: Ghigi (1936) mentions Q·£· barbata specimens with 

brown irides. This is further evidence of gene flow between 

the brown-eyed western and red-eyed eastern subspecies of 

G. pucherani. 
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_Guttera pucheran~ edouardi (Hartlaub) 1867 

Plate lI 

(= OTU 7 in Figs. llA and 12 and Tables 4 and 5) 

Numida edoua.r·di Hartlaub 1867, Journ. f. Orn., 15: 36. 

Guttera lividicollis Ghigi 1905, Mem. R. Accad. Sci. Inst. 
Bblogna, 2: 195. 

Gu t t e r a e do u a I'd i _s y mo n s i Robe rt s 1 9 1 7 , An n . T t' an s v . Mu s . , 6 : 
3. 

De~cription: As Q·£· barbata except: crest curlier; occipital 

fold is of whitish skin; no throat fold; black collar plumage 

extensively covered with chestnut blotching. 

Statistics for quantitative characters: (N = 34) 

Character x S.D. 

Bill length 25,6 mm 4,9 

Wing length 255,8 mm 7,4 

Tarso-metatarsus length 86,9 mrr 4,8 

Wattle basal width 9,9 mm 

Wattle length 2,5 mm 0,6 

Dorsal spot size 9,9 units 1,0 

Crest frontal length 22,6 mm 4,7 

Crest rear length 38,0 mm 4' 1 

Crest central height 25,9 mm 5,3 

Crest basal length 32,8 mm 2,4 

Anterior crest curliness 1, 5 0,7 

Posterior crest curliness 2,1 0,3 

Dorsal black collar 27,4 % 4,8 

Ventral black collar 32,8 % 4,7 

Occipital fold 55,8 % 9,6 



Char·acter 

Ear patch 

Throat red 

Orbital red 

Dorsal spot nur.1her 

Total spot barbs 

Total within-spot barbs 

Spot barb blueness 

Chestnut blotch size 

Chestnut blotch extent 

Distribution: Figure 30 

x 

0,.0 mm 

0,0 % 

0,0 % 

23,7 

5,2 

3,5 

0,8 

10,8 units 

54,2 % 

Genus Acryllium 

Acryllium Gray 1840, List Gen. Bds., p.61. 

Acryllium vulturinum (Hardwicke) 1834 

( = OG 3 in Fig. 7) 

Plate lJ 

S.D. 

0,0 

o,o. 

0,0 

4,2 

0,7 

0,6 

0,5 

3,4 

19,7 

92. 

Numida vulturina Hardwicke 18.34. Pro'c. Zool. Soc. London, p. 52. 

Desc1~iption: The largest guineafowl species; no crown, nape, 

throat or cere adornments; occiput covered by short, dense, 

downy chestnut-coloured feathers; rudimentary blue-grey wattles 

at gape; orbital and throat skin blue-grey; well-developed 

collar hu.ckle; body plumage spotted with vermiculations; 

tarso-metatarsus usually with bump(s), scales pentagonal, not 

in rows; iris red; 

furcula blade-shaped; 

plumage blue. 

outer margins of secondaries lavender; 

caecum longer than 200 mm; abdominal 
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Statistics for quantitative characters: (N = 43) 

Character x S.D. 

Bill length 2,0 

Wing length 293,3 mm 10,1 

Tarso-metatarsus length 106,0 mm 6,9 

Wattle basal width 7,2 mm 1, 1 

Wattle length 2,2 mm 0,6 

Tarsal structure number 1,8 1,4 

Tarsal structure length 2,6 mm 1,9 

Distribution: Figure 9 

Genus Numida 

Numida Linne' 1766, Syst. Nat. ed. 12, 1: 273. 

(= OG 10-14 in Fig. 7) 

Numida meleagris meleagris (Linne') 1758 

Plate lK 

(= OTU 4 in Figs. llB and 31, and Table 6) 

Ph as i c:~ :: u s me 1 ea g r i s L i n n e ' 1 7 5 8 , Sys.!. . Nat . , e d . 10 , p . 1 5 8 . 

Numida E._til~_hyncha var. rnajor Hartlaub 1884, Abh. naturwiss. 
Ver. Bremen, 8: 217. 

Numida ptilorhyncha omoensis Neumann 1904, Journ. f. Orn., 52: 
407. 

Numida ptilorhyncha tor'uensis Neumann 1904, Journ. f. Orn., 52: 
410. 

Numida ptilorhyncha macroceras Erlanger 1904, Orn. Monatsb., 12: 
97. 

Numida ptilorhyncha neumanni Erlanger 1904, Orn. Monatsb., 12: 
97. 

Numida ptilorhyncha var. inermis DuBois 1915, Ann. Mus. Congo., 
Zool., 1: 18, 27. 
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Description: La1~ger than Guttera sp.; crown surmounted by a 

bony helmet; no occipital or throat adornments; well-

developed, rounded, blue gape wattles; nape covered by short 

downy feathers; orbital and throat skin blue; cere surmounted 

by a tuft of cartilaginous bristles; collar black, finely 

I barred with white; body plumage spotted with vermiculations; 

tarso~metatarsus lacks spurs, scales pentagonal, not in rows; 

iris brown; outer margins of secondaries banded black and 

white with vermiculations; furcula blade-shaped; caecum less 

than 150 mm; abdominal plumage spotted with faint vermiculations. 
C" 

Statistics for quantitative characters: (N = 311) 

(See Table 6 for statistical comparisons with neighboring subspecies) 

Character x s.o .. 

Bill length 25,0 mm 1,7 

Wing length 262,2 mm 12,2 

Tarso-metatarsus length 84,3 mm 5,2 

Wattle basaJ.. width 14,1 mm 1,7 

Wattle length. 13,5 mm 3,0 

Wattle percent blue 97,1 % 12,1 

Helmet frontal length 22,6 mm 10,2 

Helmet rear length 11,8 mm 7,5 

Helmet central height 11,7 mm 8,0 

Helmet basal length 19,2 mm 3,0 

• Helmet thickness 6,4 mm 1,7 

D Ce re structure length 6,0 mm 3,6 
I 

I Ce r'e structure thickness 1 : 1 mm 0,4 

I Collar plumage 2,9 0,6 

Nape filoplume length 14,9 mm 2,7 

I Nape filoplume antero-
posterior coverage 58,3 % 17,4 



95. 

Char'act er x S.D. 

Nape f iloplume lateral 
coverage 95,6 % 15,7 

Nape f iloplume density 2,9 0,3 

Secondary rernex cuter web 
ver'miculat ion 5,8 0,7 

Wing covert barring 1,5 0,7 . 
Dorsal vermiculation 3,0 0,7 

Dorsal spot size 18,8 units 5,7 
' 

Distribution: Fig~re 45 

Discussion: Two taxa N.m. strasseni (Reichenow 1911, Orn. 

Monatsb .. , 19: 82) and N.m .. blancoui (Grote 1936, Orn. Monatsb., 

44: 158) have been described from the region in which N.m. 

galeata and~·~· meleagris meet. Specimens attributed to 

these taxa are invariably intermediate between galeata and 

meleagris in discriminant analysis, and their collection sites 

fall in the region of high total COV between the parental 

forms (Fig. 44A). They are treated as intergrades. 

Numida ~eleagris sabyi Hartert 

Plate ll 

(= OTU 1 in Figs. llB and 31, and in Table 7) 

Numida sabyi Hartert 1919, Bull. Brit. Orn. Cl., 39: 69. 

Description: As~·~· meleagris except: gape wattles red; 

nape featheration long f iloplumes restricted to the mid-

dorsal line; no cere adornment. 
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(N = 4) 

(See Table 7 for statistical comparisons with neighboring 

subspecies) 

Character x S.D. 

Bill length 24,0 mm 0,8 

Wing length 267,3 mm 10,3 

. 
Tar so-meta t a1~ su s length 88,3 mm 3,1 

Wattle basal width 15,5 mm 1,0 

Wattle length 17,8 mm 1,7 

wattle percent blue 0,0 % 0,0 

Helmet frontal length 22,5 mm 3,0 

Helmet rear length 15,0 mm 6,5 

Helmet central height 16,3 mm 2,6 

Helmet basal length 20,0 mm 3,4 

Helmet thickness 5,3 mm 0,5 

Ce re structure length 0,0 mm 0,0 

Ce re structure thickness 0,0 mm 0,0 

Collar plumage 2,5 0,6 

Nape filoplume length 34,0 mm 7,1 

Nape f iloplume antero-
posterior coverage 100,0 % 0,0 

Nape filoplume lateral 
coverage 85,0 % 17,9 

Nape filoplume density 3,0 0,0 

Secondary remex outer web 
vermiculation 3,8 1,5 

Wing covert barring 0,0 0,0 

Dorsal vermiculation 2,5 0,6 

Dorsal spot size 7,2 0,5 
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Distribution: Figure 45 

Di~cussion: Although this taxon is represented by only four 

specimens, its validity was upheld owing to its isolation and 

correspondence with criteria set for subspecies. 

Numida meleagris galeata Pallas, 1767 

Plate lM 

(= OTU 2 in Figs. 118 and 31, and Tables 6 and 7) 

Numida. galeata Pallas 1767, Spic. Zool., 1: 13, 15. 

Nurnida mar·chei Oustalet 1882, Ann, Sci. Nat., Zool., 13: 1. 

Description: As~·~· sabyi except smaller with collar 

plumage grey-to blue-grey: 

Statistics for quantitative characte'rs: (N = 137) 

(See Tables 6 and 7 for statistical comparisons with neighboring 

subspecies) 

Character x S.D. 

Bill length 22,3 mm 1,8 

Wing length 251,4 mm 14,6 

Tarso-metatarsus length . 81,8 mm 6,4 

wattle basal width 14,2 mm 1,9 

Wattle length 15,5 mm 2,9 

Wattle percent blue 8,3 ·% 4,3 

Helmet frontal length 1515 mm 5,8 

Helmet 1~ear length 7,0 mm 2,5 

Helmet central height 5,8 mm 2,9 

Helmet basal length 18,6 mm 3,3 

Helmet thickness 4,9 mm 1,5 
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Character x S.D. 

Ce re structure length 0,3 0,9 

Ce re structure thickness 0,3 mm 1,6 

Collar plumage O, 1 0,3 

Nape f ilop~ume length 20,4 mm 4,3 

Nape f iloplurne antero-
posterior coverage 90,9 % 16,0 

Nape f iloplume lateral 
coverage 70,8 % 33,3 .) ,. 

Nape f iloplume density 2,8 0,4 

Secondary rem ex outer web 
vermiculation 4,4 1,3 

Wing covert barring 0,6 0,2 

Dorsal vermiculation 3,6 0,6 

Dorsal spot size 12,2 units 3,8 

Distribution: Figure 45 

Numida meleagris somaliensis Neumann, 1899 

Plate lN 

(= OTU 5 in Figs. 118 and 31, and Tables 6 and 8) 

Numida somaliensis Neumann 1899, Orn. Monatsb., 7: 25. 

Descripti6n: As~·~· meleagris except: gape wattles blue 

with red tips; cere tufts much longer and more numerous; 

and nape featheration long filoplumes restricted to the mid-

dorsal line. 

Statistics for quantitative character's: (N = 44) 

(See Tables 6 and 8 for statistical comparisons with neighboring 

subspecies) 
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Character x S.D. 

Bill length 25,1 mm 1,4 

Wing length 265,5 mm 11,0 
t 

Tai" so-meta tarsus length 84,2 mm 4,2 I 
L 

I 
Wattle bas.al width 13,6 mm 2,4 I 
Wattle length 14,6 3,3 

I 
mm I 

' ! 
Wattle percent blue 87,5 % 14,9 i 

! 
( 

Helmet frontal length 20,0 mm 7,6 " t 
I 

length Helmet rear 10,3 mm 6,0 I 

Helmet central height 12,9 mm 12,3 l 
! 

Helmet basal length 17,4 mm 3,9 I 
Helmet thickness 6,6 1,3 mm j, 

Ce re structure length 13,3 mm 7,6 ~ 
Ce re structure thickness 1'0 mm 0,5 ~ 

t 

Collar plumage 3,0, 0,7 1. - I • Nape filoplume length 15,8 3,1 rnm 
I 

Nape f iloplume antero- I 

posterior coverage 41,5 % 20,7 

Nape fi:Loplume lateral 
coverage 53,3 % 34,0 

Nape f iloplume density 2,8 0,5 

Secondary rem ex outer web 
vermiculation 5,2 2,0 

Wing covert barring 0,8 0,6 

Dorsal vermiculation 2,4 0,9 

Dorsal spot size 23,6 units 6,5 

Distribution: Figure 45 



• 
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Numida meleagris marungensis Schalow, 1884 

Plate 10 

(= OTU 6 in Figs. llB and 31, and Tables 7 and 9) 

Numi9a c.01~onata marungensis Schalow 1884, Zeitschr. ges. Orn., 
1: 105. 

Numida marungensis maxima Neumann 1898, Orn. Monatsb., 6--: 21 .. 

Description: The largest subspecies; helmet characteristically 

thicker and longer basally; long gape wattles, blue with re~ 

tips; no cere adornment, and wattles pointed. 

Statistics for quantitative characters: ( N = 97) 

(See Tables 7 and 9 for statistical comparisons with neighboring 

subspecies) 

Character x S.D. 

Bill length 26,7 mm 1, 4 

Wing length 283,5 mm 11,1 

Tarso-metatarsus length 90,2 mm 4,7 

Wattle basal width 11,8 mm 1,5 

Wattle length 16,6 mm 3,1 

wattle percent blue 73,6 % 8,5 

Helmet frontal length 47,7 mm 8,5 

Helmet rear length 13,4 mm 5., 1 

Helmet central height 18,7 mm 3,8 

Helmet basal length 39,2 mm 3,7 

Helmet thickness 12,4 mm 2,6 

Ce re st r'uctu re length 0,3 mm 0,7 

Ce re structure thickness 0,3 mm 0,9 

Collar plumage 2,9 0,7 

Nape filoplume length 26,3 mm 3,3 
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Character x S.D. 

Nape filoplume antero-
posterior cove1~age 77,3 % 17,5 

Nape f iloplurne lateral 
coverage 29,6 % 17,5 

Nape f iloplume density 2,9 0,4 

Sec'ondary remex outer web 
vermiculation 0,9 1,0 

tri/ i ng covert bar' ring 0,0 0,0 

Dorsal vermiculation 1,5 0,8 

Dorsal spot size 23,5 units 4,5 

Distribution: Figure 45 -

Discussion: N.m. frommi (Kothe 1911, Orn. Monatsb., 19: 13) and 

f\l.m. ril<.wae (Reichenow 1900, Orn. Monatsb., 8: 40) have been 
. 

descr~ibed from the region between~·!!!.· mar~ensis and N.m. 

mitrata, and~·!!!.· callewaerti (Chapin 1932~ Am. Mus. Novi!., p. 

1) from the ·region between ~·!!!.· galeata and ~·!!!.· marungensis. 

Specimens attributed to these three forms are invariably 

int e rm e d i at e between two subs p e c i e.s in d is c r i rn in ant an a 1 y s es , 

and their collection localities fall within regions of high 

total COV (Fig. 44A). They are treated as intergrades. 

Numida meleagris reichenowi Ogilvie-Grant, 1894 

Plate lP 

(= OTU 8 in Figs. 118 and 31, and Tables 6 and 8) 

Numida reichenowi Ogilvie-Grant 1894, Ibis, p. 536. 

Similar to, and nearly as large as N.m. 

marun8.£!2Sis; except wattles rounded and red, helmet taller 

i 
f 
' ! 
I 

l 
!· 
I 
) 
1 
11 

I 

I 
I 
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and sabre-shaped, and nape feathera~ion less dense . . 
Statistics .f.g_~~ quantitative character's: (N = 121) 

(See Tables 6 and 8 for statistical comparisons with neighboring 

subspecies) 

Character 

B i' 11 1 e n g t h 

Wing length 

Tarso-metatarsus length 

Wattle basal width 

Wattle length 

Wattle percent blue 

Helmet frontal length 

Helmet rear length 

Helmet central height 

Helmet basal length 

Helmet thickness 

Cere structure leng~h 

Cere structure thickness 

Collar plumage 

Nape f iloplume length 

Nape f iloplume antero
posterior coverage 

Nape f iloplume lateral 
coverage 

Nape 1 filoplume density 

Secondary remex outer web 
vermiculation 

Wing covert barring 

Dorsal vermiculation 

Dorsal spot size 

x S.D. 

24,7 mm 1,6 

282,2 mm 9,1 

90,7 mm 11,4 

11,9 mm 1, 4 

12,8 mm 2,5 

12,9 % 29,2 

44,2 mm 10,9 

29,5 mm 9,8 

29,5 mm 9,0 

24,9 mm 2,9 

8,3 mm 1,7 

0,7 mm 1,8 

0,4 mm 0,8 

2,9 0,5 

20,5· mm 3,6 

63,8 % 49,2 

30,0 % 21,3 

2,5 0,6 

2,3 1,3 

0,2 0,5 

2,4 0,7 

23,2 units 3,5 
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Distribution: Figure 45 . 
Discussion: !\J.m. intermedia (Neumann 1898, Orn. Monatsb., 

6: 21), and ~·~· ansorgei (Hartert 1899, In Ansorge's Under 

t h e A f r i c an Su n , . p . 3 31) h as b e e n d e s c r i bed f r om t h e t ran s it i on 

a r ea b et we e n ~ . ~ . me 1 e a g r i s and N . m . r e ~~ h e now i . N.m. uhehensis 

(Reichenow 1898, Orn. Monatsb., 6: 88) has been described 

f~om the transition area between N.m. mitrata and N.m. 

reichenowi. For reasons given in other such instances, .. 
these forms are treated as intergrades. 

Numida meleagris mitrata Pallas., 1767 

Plate lQ 

(= OTU 7 in Figs. llB and 31, and Tables 6, 8-10) 

Numida mitrata Pallas 1767, ?pie. Zool., 1: 18. 

Description: Smaller than the last two subspecies; phenotype 

as N.m. marungensis except that helmet less. well developed. 

Statistics for quantitative characters: (N = 293) 

(See Tables 6, 8, 9 and 10 for statistical comparisons ~ith 

neighboring subspecies) 

Character x S.D. 

Bill length 25,7 mm 1,3 

Wing length 275,4 mm 8,2 

Tarso-metatarsus length 86,1 mm 4,2 

Wattle basal width 10,9 mm 1,5 

Wattle length 16,8 mm, 3,0 

Wattle percent blue 64,6 % 9,3 

Helmet fr·ontal length 38,3 mm 9,5 

HcJ.met ·rear length 18,8 mm 5,1 
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Character x S. D·. 

Helmet central height 19,4 mm 7,9 

Helmet basal length 23,3 mm 3,8 

Helmet thickness 8,3 mm 2,0 
I 

Ce re structure length 0,2 mm 0,8 

Cer.e structur·e thickness 0,2 mm o·, 7 

Collar plumage 3,1 0,6 

Nape f iloplume 'length 23,0 mm 3,9 
.. 

Nape f iloplume antero-
posterior coverage 59,l % 19,7 

Nape f iloplume lateral 
coverage 23,0 % 8,3 

Nape f iloplume density 2,5 0,7 

Secondary rem ex outer web 
vermiculation 1,5 1,3 

Wing covert barring 0,0 0,0 

Dorsal vermiculation 2,2 0,7 

Dorsal spot size 19,4 uni ts 4,5 

\ 

Distribution: Figure 45 

Numida meleagris coronata Gurney, 1868 

Plate lR 

(= OTU 10 in Figs. 118 and 31, and Table 10) 

Numida coronata Gur~ney 1868, Ibis,p.253. 

Numida transvaalensis Neumann 1899, Ort!_. Monatsb., 7: 26. 

Nurnida papillosa limpopoensis Roberts 1924, Ann. Tr·ansv. Mus., 
10: 77. 

Description: As N.m. marungensis except: smaller overall 

size; decidedly thinner and taller helme~ collar plumage 
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more streaked than barred with white. 

Statistics for quantitative char·acters: (N = 136) 

(See Table 10 for statistical comparisons with neighbouring 

subspecies) 

Character 

Bili length 

Wing length 

Tarso-metatarsus length 

Wattle basal width 

wattle length 

Wattle percent blue 

Helmet frontal length 

Helmet rear length 

Helmet central height 

Helmet basal length 

Helmet thickness 

Cere structure length 

Cere structure thickness 

Collar plumage 

Nape filoplume length 

Nape f iloplume antero
posterior coverage 

Nape f iloplume lateral 
coverage 

Nape f iloplume density 

Secondary remex outer web 
vermiculation 

Wing covert b~rring 

Dorsal vermiculation 

Dorsal spot size 

x S.D. 

25,1 mm 1,7 

270,9 mm 7,0 

85,6 mm 5,2 

11,0 mm 1,5 

18,7 mm 3,2 

61,5 % 10,0 

54, 8 mm· 9,6 

25, 1 mm 5,8 

24,7 mm 5' 3 1 

25,8 mm 2,9 

8,8 mm 2,1 

0,4 mm 0,7 

0,2 mm 0,4 

4,2 1,1 

18,5 mm 4,6 

40,0 % 22,8 

4,9 

1,2 0,8 

2,5 1 '4 '-./'' 

0,0 0,0 

2,6 ,0,6 

20,4 units 5,6 
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Distribution: Figure 45 

Discussion: .!:!urnida meleagr~is papillosa (Reichenow 1894, Orn. 

Monatsb., 2: 145) has been described from the region south of 

Lake Ngami, i.e. the transition area between N.m. damarensis 

and N.m. coronata. For reasons given in other instances this 

f6r~ is taken to be an intergrade. 

.. 
Numida meleagris damarensis Roberts, 1917 

Plate lS 

(= OTU 9 in Fjgs. 118 and 31, and Tables 9-ii) 

Numida papillosa damarensis Roberts 1917, Ann. Transv. Mus., 6: 
2. 

·' . 
Description: As.!:!·~· coronata except: well developed papilli 

at cere; collar spotted; helmet less well developed. 

St~tistics for quantitative characters: (N = 102) 

(See Tables 9, 10 and 11 for statistical comparisons with 

neighbouring subspecies) 
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Character x S.D. 

Helmet thickness 9,2 mm 1,3 

Ce re structure length 3,7 mm 1,5 

Ce re structu1~e thickness 2,9 mm 0,3 

Collar plumage 4,9 1,0 

Nap,e f iloplum8 length 12,3 mm 8,5 

Nape f iloplume antero-
posterior coverage 24,7 % 27,2 

' Nape f iloplume lateral 
coverage 9,7 % 8,0 

Nape f iloplume density 0,5 0,7 

Secondary 1~emex outer web 
vermiculation 3,8 1,4 

\rJ i ng covert barrinQ 0,0 0,0 

Dorsal vermiculation 2,6 0,5 

Dorsal spot size 22,5 units 8,5 

Distribution: Figure 45 

Phylogeny 

(a) Primitive and derived character-states 

T~e following hypothetical primitive-derived sequences 

are postulated for the characters listed in Appendix 1. The 

number in parentheses following each character name is its 

number in Appendix 1. 

I ~rown (1), occipital (2), nap~ (3) _;;i.nQ. throat (6) a~ornments .. 
All francolins and guineafowl-phasianid hybrids have 

feathered crowns, occiputs and napes. Very few francolins 
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have crests, and then only rudimentary ones. No francolin 

has a throat fold. Therefore, a naked crown, nape or 

occiput is taken to be derived relative to the feathered 

condition. Among guineafowl with feathered crowns, a well-

developed crest of downy feathers is taken to be derived 

re~ative to a short crest of downy feathers, and a well

developed crest of bristly, erect filoplumes derived relative 

to a well-developed crest of downy feathers. The latter 
.. 

assumption is based on the idea that a modification of a 

downy, drooping crest to an erect bristly crest allows specjes 

or individual recognition in social encounters. Also, 

among guineafowl which have these regions unfeathered, any 

likely secondary elaboration of the unfeathered condition 

(e.g. a helmet, long filoplumes, patches of skin of contrasting 

colour, folds of skin) is taken to be derived, since these 

structures may be adaptive in a social (individual and species 

identification) or physio-ecological (thermoregulation, crypsis) 

contexts (Brown 1963; Reynolds 1977). Finally, folded throat 

skin is taken to be derived relative to the unfolded condition. 

Orbital (4), throat (5), and gape wattle (8) skin colour 

In nearly all francolins, areas of naked skin on the 

head and throat are red. Therefore, red is taken to be the 

primitive condition relative to any other colour for the 

above characters. 

Gape adornment (7) 

No francolin has a gape wattle, and guineafowl-phasianid 

hybrids have at most rudimentary wattles. Therefore, well-

developed gape wattles are taken to be derived. 
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Cere adornment(9) 

No francolin or. guineafowl~phasianid hybrid has an 

adornment at the cere. Therefore, any cere adornment is 

taken to be derived. 

• Collar'(lO), body(ll) and abdominal(l8) plumage 

I 
I 

The plumage of francolins and guineafowl-phasianid hybrids 

is usually dark, often streaked, barred or vermiculated with 

lighter colour,s. Moreover, none of the above possess an 

elaborate collar-hackle. Therefore, among guineafowl, white 

or blue plumage is taken to be derived.relative to dark 

plumage, and spotted plumage derived relative to barred, streaked 

or vermiculated plumage. Among guineafowl with spotted 

plumage, spotted plumage without peripheral vermiculation is 

taken to be derived relative to that with vermiculation. 

Also, regardless of plumage pattern, an elaborate collar hackle 

is taken to be derived relative to an undifferentiated 

collar. 

Tarso-metatarsal scales(l2) and adornment(l3) 

All francolins have their posterior tarso-metatarsus 

covered by small imbricated scales in rows. In nearly all 

francolins, the male at least possesses spurs. Therefore, 

·amang guineafowl any modification of the spurred condition 

(e.g. naked tarsi or tarsal bumps), and any scalation 

pattern other than that described above are taken to be 

derived conditions. 

Iris colou1~(14) 

Nearly all francolins have brown eyes. Therefore, among 

guineafowl, a red iris is taken to be derived. 
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Outer margins of secondaries(l5) 

In most francolins the secondaries are brown to grey, 

sometimes faintly streaked .or vermiculated with white. In 
( 

only a few francol~ns do the outer margins of these feathers 

appear to be strikingly different from the general body 

plumage. Therefore, among guineafowl, secondaries that 
' 

contrast with the general body plumage pattern, i.e. character 

states 2-4, are taken to be derived. 

Furcula(l6) 

All francolins have blade-shaped furculas. Therefore, 

a hollow furcula is taken to be derived. 

Caecum length(l7) 

In francolin and guineafowl of the genera Numida and 

Guttera caecum length is about 16% that of the large and 

small intestines combined (Beddard 1898). There is no 

information on caecum length for Agelastes sp. In a 

Acryllium vultu~1um, the length of this organ is more than 

23% that, of the intestines (Beddard 1898). Therefore, among 

guineafowl a relatively long caecum is taken to be derived. 

(b) Phyletic analysis 

The most parsimonious guineafowl phylogeny based on 

primitive-derived character sequences is given in Figure 46. 

In this figure, the four shared derived character-states 

comprising character suite 1 delineate the subfamily Numidinae 

from francolin-like phasianids. These deriv~d character-

states, common to all guineafowl taxa (Ghigi 1936), and 

their primitive counterparts (in parentheses) are: 
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Agelastes Guttera _Aery Ilium 

Fig. 46. A hypothetical phylogeny for the Numidinae. 

Each monophyletic lineage is charactPrized by a suite 

of derived cha1'acter states (cmm), the primitive counter

parts of wl1ich (e,--:i) are found in members of the co-ordinate 

siste1'-group. 

Numida 
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1. large size (small size); 

2. third and fourth sacral vertebrae with robust 
transverse processes (only third vertebra with such 
a process); 

3. second metacarpal lacks a backward process (process 
present) 

4. largely naked head with at least rudimentary wattles 
(feathere~ head, and no wattles) 

Agelastes sp., with their preponderance of primitive character-

states, probab}y more closely resemble the proto-guineafowl 

than does any other member of the subfamily. These two species 

share only one derived character-state, white abdominal plumage. 

Adult ~· niger (Plate 18) shows primitive character-states for 

all characters investigated except for its naked occiput. 

The white abdominal plumage linking it to ~· meleagrides 

(Plate lA) is present only in juvenile birds. It is also 

possible that the additional derived character-states 

attributable to Agelast~s due to the naked head and neck of 

~· meleagrides are the result of convergent evolution, and do 

not suggest a~y closer affinity to other guineafowl genera. 

Character suite 2 consists of three shared derived character-

states (spotted body plumage; non-imbricated, pentagonal 

scalation of the posterior tarso-metatarsi; and unspurred 

tarso-metatarsi) which link the three remaining genera. 

Character suite 3 consists of three shared derived character-

states (unfeath~red crown; blue orbital and throat skin) 

which link Acryllium (Plate lJ and Numida (Plate lK-S). 

Character suite 4 consists of four shared derived character 

states (folded occipital skin; white outer secondary margins; 

body plumage spotted without peripheral vermiculation; hollow 

furcula) which link the two Guttera species (Plate lC-I), and 
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d is t in g u is h them fr orn f:._<2..~Y 11 i um and i~ u ~~0 id a . Character suite . 
5 consists of four derived character-states (helmeted crown; 

naked occiput; well-developed wattles; cere with tufts or 

papilli) which distinguish Numida spp. (Plate lK-S) from 

I Acryllium (Plate lJ). Character suite 6 consists of three 

I derived character-states (hackled collar; long caecum; red . 
eye) which distinguish Acryllium from Numida. 

Speciation 

(a) Origin and d~rivation of the N~midinae 

Several hypotheses have been offered concerning the 

origin and evolution of the Numidinae. Ghigi (1936) states 

that the proto-guineafowl originated in Africa, and probably 

was derived from a francolin ancestor. This hypothesis is 

based on th~ fact that guineafowl are found only in Africa 

(Arabian and Malagasy populations being probably the result of 

introductions by man), and phenotypic similarities between 

the most primitive guineafowl (Agelastes spp.) and Francolinus 

spp. Cracraft (1973), in support of his hypothesis of a 

Gondwanaland origin for the Galliformes, suggests a North 

American origin from New World quails. Olson (1974), 

based on anlaysis of a single Eocene fossil femur from 

Mongolia, suggests a possible Asiatic origin from a pheasant-

like bird. This bone is intermediate in shape between femurs 

of extAnt pheasants and Agelastes nige~. However, it is only 

about 70% the length of an Aoelastes femur, i.e. well within the 

size range of many extant francolins (Mackworth-Praed & Grant 
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1952, 1962, 1970). 

There is no compelling evidence f~vouring any of these 

three hypotheses. When, and if, sufficient information comes 

to the fore, it will probably support elements of all three. 

Accordingly, the working hypothesis taken herein is: The 

Numidinae are derived from a francolin-like Asiatic phasianid; 

but evolution and radiation of extant guineafowl has ocourred 

• solely in Africa . 
• - ( b ) Evolution of genera 

• The first opportunity for colonization of Africa by 

Asiatic faunal elements arose with the mid-Miocene (ca 17-18 

m.y.b.p.) union of the African and Asian plates (Axelrod & 

Raven in press). At this time, forest was much more extensive 

in Africa than at present, possibly even exceeding limits 

depicted in Figure 4. However, the colonization corridor 

connecting these two.continents was covered by relatively 

arid savanna vegetation in the mid-Mioc~ne, and has almost 

.certainly not had more lush vegetation since then (Axelrod &-

Raven in press). Thus, any Asidtic ancestral guineafowl was 

probably a bird which lived in savanna habitat, and, upon 

its arriv~l in Africa encountered vast forest, and much less 

extensive savanna adaptive zones. Since Agelastes sp. possess 

so few derived character-states (see pp. 54-55), it is likely 

that radi~tion of proto-Agelastes into the furest took place 

soon after colonizatio~. 

With the joining of the two continents, the mild climate 

that favoured widespread forest vegetation throughout the 

late Cretaceous and early Tertiary began tc deteriorate. 

Africa became progressively more arid; and savanna and 
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desert-steppe biomes expanded, at the expense of forest, 

throughout the latter Miocene and Pliocene (Axel~od & Raven 

I 
• in press). Mor·eover, this period was characterized by widespread 

uplifting, rifting and tectonic activity adding considerable 

topographic diversity to the continent, and partitioning its 

expanding and contracting biomes (Axelrod & Raven in press). 

These conditions would have favoured radiation in and into 

I expanding forest-edge, savanna and desert-steppe biotopes; 

and it is possible that proto-Guttera, Numida, and Acryllium 

were the result of such Mio-Pliocene radiations. 

(c) Evolution of species and subspecies 

After the uniformly arid Pliocene, the relatively rapid 

wet-dry climatic fluctuations and ·continuing rifting and 

mountain building during the Pleistocene provided additional 

opportunities for radiation in Africa (Mor'eau 1966; Livingstone 

1975; Hamilton 1974; Axelrod & Raven in press). Expanding 

forest and wetlands in relatively moist phases would have 

divided savanna biome into more or less isolated tracts, and 

restricted desert to relatively small refugia in Somalia, 

northern and south-western Africa. If wet-phase forest and 

wetlands were distributed as in Figure 4, Acryllium vulturinUm (Fig.9), 

and sub-Saharan subspecies attribl~ted to Numida meleag1~is 

herein (Fig. 45) would have had the opportunity to diver~e in 

isolation, since portions of their present-day ranges are 

encompassed by isolated tracts of savanna and desert-steppe 

refugia. Also, expanding forest may have favoured a 

second radiation into relatively widespread lowland forest, 

culminating in Guttera plumifera. 
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' During arid phases, forest-living guineafowl, a~d Moroccan 

N. meleagris, would have been restricted to island-like 

refugia. If vegetation were distributed as in Figure 5, 

~~ • m • .s ab y i ( F i g . 4 5 ) , Ag e 1 as t e s me 1 ea g r id e s ( F i g . 9 ) , ~ . 

y:-~~ger (Fig. 9), Guttera plumifera plumifera and.§.·£· schubotzi 

(Fig. 13) and, to a lesser eitent, forest-edge taxa (subspecies 

attributed to G. pucherani) had the opportunity to diverge in 

allopatry, sinpe ~ortions of their present-day ranges would ~ 

have had access to refuges of suitable biotope. Thus, 'We 

need look no further than the Pleistocene for biogeographic 

events which could have allowed allopatric evolution of 

extant guineafowl species and subspecies. 

Biogeography 

(a.) Results 

A map of hypothetical African avifaunal zones drawn from 

evolutionary patterns found in guineafowl is given as Figure 

47. Zonal boundary lines in this map agree remarkably well 

with those in Chapin's faunal map (Fig. 48) based on 

d:istr'ibution patterns of "many species and races of birds", 

and with species and subspecies boundaries in distribution 

maps of selected francolin species and subspecies (Figs. 49 & 

50). In the hypothetical avifaunal map, sub-region boundaries 

are those of the relatively phenotypically"homogeneous (i.e. 
' ' 

no subspecies) genera, Agelastes and ~cryllium (Fig. 9). 

Provincial boundaries coincide closely with those of speci~s, 

and district boundaries with those of s~bspecies (Figs: 13, 30 

and 45) . Chapin (1932) neither lists the taxa whose ranges 
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Fig. 49. Distributions of selected non-forest francolin 

species and subspacies (after Hall 1963 and Mackworth

Praed &. Grant 1952). A = Franco!~~~ _12_ica.l_s:aratus a.yesh8:i 

B F. clapper-toni; C = f.· ictercH'hyns;hu.§_; D = £.· leucoscepus; 
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E F. afs_c_ cranchii, inter_ced~ and 12.~!::~erti; F = F. h ildebranclt i; . 

G F. ha.l'tlaubi; H = £.· ad81:?ersus; I= F. nata_J.ensis; J := 

F. capensis . 
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Fig. 50. Distributions·of Gelected forest-living francolin 

species and subspecies (after Hall 1963). 
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form the basis of his map, nor specifies criteria used in 

disting~ishing sub-regions, provinces and districts, The 

hypothetical map differs markedly from Chapin's in that it: 

1. restricts the forest sub-region (commonly labelled 0 in 

Figs. 47 & 48) to an area somewhat larger than Chapin's 

province no. l; 

2. divides his province no. 4 into eastern and western, 

rather thaITT northern and southern districts; 
,. 

3. divides his district 18 intc two districts (lA and lB in 

Fig. 47). 

4. reapportions territory within the commonly labelled 

p1~ovince no. 6; 

5. divides his district no. 6E into two provinces (7 and 8 in 

Fig. 47); 

6. does not recognize montane provinces. 

The only differences between the hypothetical map and the 

francolin distribution maps are relatively minor shifts in 

boundary lines, and a stiil finer subdivision of districts 

by francolins. Also, district boundaries, which separate guinea-

fowl subspecies, often delimit francolin species. 

( b) Discussion 

It is impossible to resolve differences between the two 

~vifaunal maps in zonal boundaries and hierarchical assessments, 

since Chapin does not specify the data base and methodology 

underlying his map. His decision to unite the continuous 

block of lowland forest with the surrounding forest-savanna 

mosaic to forrn sub-region 0:_) (Fig. 48) is p1~obably due to 
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the abundance, in the latter, of relict patches of lowland 

forest and gallery forests, which prbvide suitable habitats 

for forest birds. Indeed, when distributional data are 

lacking or equivocal, Chapin (1932) and other zoogeographers 

(e.g. Davis 1962~ Moreau 1966) seem to have relied on the 

distribution of vegetation as a predictor of bird distributions. 

The division of Chapin's province no. 4 and distr1ct 18 into 

east-west districts in the hypothetical map is due to effects 
l 

(on guineafowl evolution) of probable past forest-wetland 

and savanna barriers that bisected these zones during the 

Pleistocene (see Figs. 4 and 5). The reapportionment of 

territory to districts in the commonly labelled provir1ce no. 

6 may reflect a lack of clear-cut avian. distributional patterns 

within that province, a possibility already suggested by 

Benson and Irwin (1966). The necessity of partitioning 

Chapin's district no. 6E was anticipated by that author 

(Chapin 1932: 89), and has been done by others authors 

(Moreau 1952; Davis 1962). The lack of montane avifaunal 

zones in 'the hypothetical map ib certainly due to the sub-

montane altitudinal limitation of guineafowl. 

(c) Conclu$ions 

The results of comparisons of the hypothetical avifaunal 

map with Chapin's map and francolin distribution maps suggest 

three tentative conclusions, which can serve as hypotheses in 

future evolutionary and biogeographic studies. 

1. Distribution patterns found in guineafowl can be used as 

models for broad patterns exhibited by African bird 
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species and subspecies other than those dependent on 

montane habitats. 

2. At l~ast some francolin species and subspecies have 

evolved as a result of factors that have been important 

in the evolution of guineafowl. 

3. Physical and ecological barriers which have only allowed 

subspeciati6~ in guineafowl have been sufficient to bring 

'about spec~ation in francolins. 

The first hypothesis is being tested by a cluster analysis 

(Hagemier & Stults 1964; Sneath & Sokal 1973) of 119 equally 

sized areas of Africa according to 1099 passerine species and 

well-marked subspecies in Hall & Moreau (1970)·(Crowe in 

prep.). The preliminary results of this study, summarized 

in Figure 51, are consistent with that hypothesis. The 

second and third hypotheses can be tested, if patterns of 

character variation in francolin taxa are analyzed using 

methodology outlined herein, and the results are compared to 

those fo~ guineafowl. 

SYNTHESIS 

Taxonomy, phylogeny, speciation and biogeography are 

intimately related aspects of guineafowl evolution. Their 

necessary separation under different headings in the present 

study has been somewhat detrimental to the understanding of 

each. Accordingly, this section attempts to synthesize the 

author's conception of evolution in guineafowl (summarized in 

Figure 52). 

Guineafowl are characteristically African birds. Although 
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the likely ancestral guineafowl was ~n Asiatic francolin-like 

phasianid which could live in arid savanna habitat, the 
I 

evolution that has led to extant guineafowl taxa occurred 

solely in Africa. Moreover, biogedgraphic patterns derived 

from guineafowl species and subspecies boundaries closely 

parallel broad patterns found in African birds as a whole. 

The Asiatic ancestral guineafowl probably traversed the arid-

' savanna corridor linking Asia and Africa soon after the 
~ 

mid-Miocene union of the two continents. This savanna-living 

bird encountered an African continent do~inated by forest, 

possibly unoccupied by potential competitors. Such 

conditions favoured radiation into the forest, and it is 

likely that Agelastes, the most primitive (i.e. most francolin-

like) guineafowl genus is a result of an early radiation into 

forest. 

Relatively soon (on a geological time scale) after this 

successful invasion of forest, the climate of Africa became 

more arid. Throughout the latter Miocene and Pliocene savanna 

and desert biomes expanded at the expense of forest. Such 

a situation favoured radiation in non-forest biomes, and into 

• the expanding forest-edge biotope, and it is possible that 
~ 

proto-Numida, Acryllium and Gutter~ were the result of such 

radiations. The relatively uniformly arid conditions of the 

Pliocene subjected these four lineages to strongly divergent 

selective pressures, and it is probable that the genera 

recognized herein were already well-defined at the beginning 

of the Pleistocene. 

The arid climate of the Pliocene was replac8d by a 
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fluctuating wet-dry climate in the Pleistocene. These 

climatic fluctuations had profound effects on the distribution 

of African biomes. During moist phases, the forest biome 

expanded considerably beyond its present extent, partitioning 

non-forested biomes into more or less isolated tracts. 

De~ert biome was confined to relative small areas, and 

savanna biome bridged the western Sahara, allowing dispersal 

of ~· meleagris into North Africa. Sub-saharan subspecies df 

N. meleagris are the result of divergence in these wet-phase 

isolated tracts. Also, expanded forest during mesic phases 

could have allowed ~ second radiation into lowland forest, 

culminating in Guttera plumifera. During arid phases, the 

forest contracted into island-like refugia, and ~·~· sabyi 

was isolated, and presumably diverged from sub-Saharan popula-

tions. The speciei Agelastes meleagrides and A. nig~r, and 

subspecies in the genus Guttera are also a result of divergence 

in these refugia. The fact that Guttera subspecies are much 

more well-marked than are those of ~- meleagris suggests 

that isolation in forest refugia has been more effective than . 

in tracts of savanna partitioned during wet-phases. 

, 
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No. 
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2 

3 

4 

5 

6 

7 

Appendix i 

Qualitative characters and character states analyzed in this study. 

Character name 

Crown adornment 

Occipital adornment 

Nape adornment 

Orbita~ skin colour 

Throat skin colour 

Throat adornment 

Gape adornment 

i 
2 
3 
4 

i 

2 

3 
4 
5 
i 
2 

States 

short crest of feathers 
long crest of feathers 
none, only naked skin 
bony helmet 

short, dense, chestnut-coloured downy 
feathers 
long filoplumes confined to a mid-dorsal 
line 
fold of blue to black skin 
fold of whitish skin 
none, only naked skin 
short downy feathers 
long filoplumes confined to a mid-dorsal 
line 

3 = patch of orange-yellow skin at base, 
similar patch anterior to ear 

4 = none, only naked skin 

""! 
2 

i 
2 
i 
2 

i 
2 
3 

pink to red 
light blue to black 

pink to red 
blue to black 
no fold of skin 
fold of skin 

rudimentary wattles 
well-developed and pointed wattles 
well-developed and rounded wattles 

-l. 

VJ 
~ 
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8 Gape wattle colour 

9 Ce re ado1'nment 

10 Collar plumage 

11 Body plumage 

12 Tarso-metatarsal scales 

13 Tarso-metatarsal adornment 

14 Iris colour 

15 Outer margins of secondaries 

16 Furcula 

17 Caecum length 

18 Abdomen plumage 

... J 

l 
2 
3 

1 
2 

1 

pink to red 
blue to blue-grey 
blue with red tips 

none 
cartilaginous tufts or papilli 

black with faint vermiculations 
2 = black with no vcirmicul2~"-l: ions 
3 = black, finely barred with white 
4 = grey to blue-grey 
5 = spotted 
6 = well-developed hackle 
7 = white 

1 
2 
3 
4 ·= 

1 
2 

1 
2 

1 
2 

1 
2 
3 
4 

1 
2 

1 
2 

1 
2 
3 
4 

black with vermiculations 
spotted with vermiculations 
spotted without vermiculations 
as 3, with chestnut blotching between 
spots 

imbricated and in a row 
pentagonal, not in rows 

spurs or bumps 
none 

brown 
red 

brown to black with faint vermiculation 
white 
lavender 
alternating bands of black and white with 
varying degrees of black and white vermiculations 

blade-shaped 
hollow, cup-shaped; Found in all guineafowl 
with long crests (Chapin 1932) 

up to 150 mm 
greater than 200 mm; in all specimens 
conforming to the description of Acryllium 
~ulturinum (Beddard 1898) 

white 
blue 

' white spots with faint vermiculations 
bluish-white spots without vermiculations 

~' 

-1 

w 
()1 
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Appendix 2 

Quantitative characters an~lyzed in this study. See Figures 1 - 3 for a pictorial 

No. 

l 

2 

3 

4 

5 

6 

7 

8 

9 

representation of many of the characters. 

Name Units 

Bill length mm 

Wing length mm 

Tarsus length mm 

Wattle basal width mm 

Wattle length mm 

Wattle percent blue % 

Helmet frontal length mm 

Helmet rear length mm 

Helmet central height mm 

Description 

the chord measured from the base of the cere to 
the tip of the maxilla 

the chord of the unflattened folded wing from the 
farthest anterior tip of the wrist joint to the 
tip of the longest primary 

the diagonal chord from the posterior point of 
articul~tion of the tarsometatarsus with the tibia 
to the most distal undivided tarsal scute on the 
dorsal surface of the middle toe 

the chord from the most anterior to posterior points 
of juncture of the wattle with the cheek 

the chord from th~ juncture line of the wattle to 
the most distal point along the wattle margin 

a subjective estimate of the surface area of the 
wattle covered by blue pigment. It is possible to 
assess the amount of this colour ~n preserved material 
since, although natural colour is lost soon after 
death, the demarcation between red and blue can be 
determined because red. areas revert to a yellow or 
translucent amber state, and blue areas to an opaque 
blue-grey. 

the curvilinear distance, as measured with a flexible 
tape, along the anterior margin of the bony helmet 
from the point of juncture with the skull to the apex 

the curvilinear distance along the posterior margin 
of the helmet from the point of juncture with the 
skull to the apex 

the chord perpendicular to the line of juncture with 
the skull to the highest point along the margin of 
the helmet 

-l. 

(;J 
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10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

Helmet basal length 

Helmet thickness 

Ce re structure length 

Ce re structure thickness 

Collar plumage 

Nape filoplume length 

Nape filoplume antero-
posterior coverage 

Nape filoplume lateral 
ccverage 

Nape filoplume density 

Secondary remex outer 
web vermiculation 

Wing cover barring 

Dorsal vermiculation 

Dorsal spot size 

mm 

mm 

mm 

mm 

0-6 

mm 

% 

% 

0-4 

0-6 

0-2 

0-4 

units 
6 = lmm 

• • • -- ----------- - - - ------

the chord from the anterior to posterior juncture 
points of the helmet with the skull 

the maximum lateral width of the helmet at its base 

the chord from the base of the cere to the distal 
tip of the longest tuft or papilla 

the maximum thickness of the ~hickest tuft or papilla 

0 = grey; 1 = blue/violet; 2 = blacl~, ba.-red white 
with a blue wash; 3 = black, barred white; 4 = black, 
barred white with faint longitudinal streaking; 
5 = black, barred white with some spotting; 6 = spotted 

the chord from the base to the tip of the longest 
straightened nape filoplume 

the percentage of the nape, at the mid-dorsal line, 
from the occiput to the upper-most collar feathers, 
covered by filoplumes 

the percentage of the nape covered laterally by 
nape ~iloplumes at the mid-point of the antero
poste r ior coverage 

a subjective estimate, based on a c.ompar is on with 
reference specimens encompassing the range of 
variation, cf density of the nape filoplumes on a 
scale of increasing density. 0 = filoplumes not 
present, 4 = covered by a mat of filoplum~s 

0 = absent; l = extends 1/5 way along the white 
bands; 2 = extends 2/5 way along the white bands; 
3 = extends 3/5 way along the white bands; 4 = 
extends 4/5 way along the white bands; 5 = extends 
to full length of white bands; 6 = outer edge of 
white bands obliterated by vermiculation 

0 = not present; 1 = present but faint; 2 = present 

a subjective estimate, as with charatter no. 18, 
0 = faint, graded subjectively to 4 = dense 

the maximum width, as measured with a dissecting 
microscope fitted with an ocular grid, of a particular 
spot on a randomly selected feather from the mid
dors2.l region 

b_ .•. ~-

....l. 
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23 Crest frontal length 

24 Crest rear length 

25 Crest central height 

26 Crest basal length 

27 Anterior crest curliness 

28 Posterior crest curliness 

29 Dorsal black collar 

30 Ventral black collar 

31 Oi:.c:ipitol fold 

32 Ear patch 

33 Throat red 

34 Orbital red 

35 Dorsal spot number 

36 Total spot barbs 

- ... ~- -~----·· - ••>• _ .... __ ,:--4 

mm 

mm 

mm 

mm 

1-3 

1-3 

% 

% 

% 

mm 

% 

% 

count 

count 

the chord from the base to the tip of the longest 
straightened crest feather within 5 mm of the cere 

the chord from the base to the tip of the longest 
straightened crest feather within 5 mm of the most 
posterior extent of the crest 

the chord perpendicular to the line of crest juncture 
with the skull from the base of the crest feathers 
to the highest point along the margin of the 
unstraightened crest 

the chord from the anterior to posterior juncture 
points of the crest with the skull 

a subjective estimate as with character no. 18. 
1 = straight; 2 = moderately curly; 3 = very curly 

as with character no. 27 

the percentage of black plumage extending from the 
most anterior dorsal aspect of the collar to the 
base of the tail 

as with character no. 29 but the ventral surface 

a subjective estimate of the lateral extent of the occ-
iput covered by a fleshy fold 

the maximum width of any patch of non-blue/black 
skin anterior· to the ear 

a subjective estimate of the antero-posterior extent 
of red pigmented skin between the th1~oat and 'the 
ventral base of the neck. As with character n6. 6, 
this character may be assessed since the red colour 
reverts to a yellow state after preservation. 

a subjective assessment of the amount of red pigmented 
skin around the eye 

the maximum number of spots falling within a circle 
of 1 cm radius superimposed over the dorsal feather 
discussed in character no. 22 

the number of non-black barbs associated with the 
spot measured in character no. 22 _\. 

w 
CD 



·====-· 

-·' 
~·· 

-- ------ ---=-- - - - : ~:: ~ ~ ~--C::-~ :;_-__ :;_-:_ __ --------------- -- -:--:--:-------:---~- _--- - - ----------------

37 

38 

39 

40 

41 

42 

43 

44 

Total within spot barbs 

Spot barb blueness 

Chestnut blotch 

Chestnut blotch 

Tarsal structure 

Tarsal structure 

White collar 
l. 

size 

e)(tent 

number 

length 

Facial filoplumes 

count 

0-3 

units 
6 = lm 

% 

count 

mm 

% 

0-10 

the number of barbs encompassed by the spot 
measured in character no. 22 

a subjective assessment of the amount of blue in 
the spot. 0 = white; 1 = faint blue; 2 =medium 
blue; 3 = darkest blue 

the maximum width of any chestnut blotch, as measured 
with a dissecting microscope fit~ed with an ocular 
grid, found on the feather examined for character 
no. 22 

the extent of the spotted area of the feather examined 
for character no. 22 covered by chestnut blotching 

the number of spurs or bumps on the tarsus 

the chord measured from the juncture line of the 
longest tarsal bump or spur with the tarso-metatarsus 
to the apex of the structure 

the percentage of white plumige in the collar 

a subjective estimate of the extent of the head, 
other than the occiput, nape and crown, covered 
by filoplumes 

_c 
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The evolution of guineafowl (Galliformes, Phasianidae, 

Numidinae). II. Adaptive differ2ntiation 

.e.x_ :E_.M. Crowe 

Received Febr~ary 1978 

INTRODUCTION 

Patterns of geographic phenetic variation in guineaf owl 

(Numidinae) may serve as examples of avian adaptive 

differentiation in Africa, since: 

(l} guineafowl are endemic to, and probably evolved in Africa 

(Crowe 1978); 

(2) at least one guineafowl taxon is confined, and is presumably 

adapted to virtually every African terrestrial biome and 

biotope (Crowe & Snow 1978); 

(3 )_ guinea±: ow 1 are sedentary birds (_E lgood. e "!:_ ~. 19 7 3) , and 

tlLUs should be more susceptible to local selection 

pressures than would be more mobile species (Ehrlich 

& Raven 1969); 

• {4) two widespread species, one (Guttera )?U_c;:_herani) a 

forest-living bird, the other (Numida ·~eleagris) a 

• 

I 
bird of relatively open savanna biotopes, exhibit 

considerabli geographic phenetic variation which appears 

to be correlated with patterns cf physical and ecological .. 
variation (Crowe & Snow 1978). 

The aims of the present study are to relate geographic phenetic 

variation in N. rneleagris and G. ~cherani to environmental 

variation, using a quantitative, stati.stical apprnach; and to 

I formulate/ ..... 



formulate testable hypotheses as to the adaptiveness of the 

phenetic variation. The only comparable ~nvestigation of an 

African avian taxon is Moreau's tl957l study of variation in 

white-eyes (Zosteropidael. Moreau found that, among populations 

of white-eyes, wing length ta presumed indicator of overall 

body 'size), and characters significantly correlated with 

wing length, were statistically inversely related to the 

mean minimum temperature for the three coldest months of the 

year. He also found that wing length, independent of its 

correlation with minimum temperature, was statistically 

postively related to altitude. Since increased evaporation 

at high altitudes tends to lower wet-bulb temperatures 

tJames 1970), both of these results are in accordance with 

James' ll970) restatement of Ber9mann 1 s ecogeographic rule, i.e., 

within a species, individuals from populations inhabiting 

cooler or drier regions tend to be larger than those belonging 

to populations which inhabit warmer, wetter regions. 

METHODS 

The data-base analyzed herein consists of 339 museum 

specimens of N. meleagris from 24 localities (Fig. 1), 153 

specimens of G. pucherani from 15 localities (Fig. 2), and 

100 freshly dead.~· melea9ris from Rooipoort (28° 45'S, 

24° OS'E), Kimberley district, 
J 

South Africa. Owing to the 

paucity of specimens from most collection sites, a locality 

sample is usually an agglomeration of specimens of both 

sexes collected from sev~ral sites, oftec over many years. 

Th~/ .•... 
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·Fig. 1. A map showing !'I· meleagr .i~ 'sampling localities 

and the approximate distribution (hatched) o~ this species. 
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Fig. 2. A map showing Q· E~~~ni sampling localities 

and the approximatt distribution (hatched) of this species. 
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The grouped collection sites for each locality are within an 

area encompassed by a circle with a radius of, at most, 

SOkm. When sitea were grouped, the locality c6-ordinates 

(Tables I & II) are the m~an values for the individual 

specimens. 

Each museum specimen of N. meleagris was measured or 

assessed according to 19 characters, each specimen of 

G. eucherani according to 14 characters (Table III). 

Specimens of N. meleagris fr6m Rooipoort were also weighed 

to the nearest log. All characters examined in museum 

specimens, except helmet area and crest area, are described 

in detail in Crowe (1978), and appear to vary clinally 

(Crowe 1978). Helmet and crest area were determined by 

comparing the weight of a cut~out paper tracing of these 

structures to the weight of a piece of the same type of paper 

of known area. 

for each species, the correlation coefficient (~, Sokal 

& Rohlf 1969) between all characters and wing length was 

computed to determine those characters which may .be a function 

of overall size. For Rooipoort ~· meleagris, the ~ between 

weight and wing length was computed to determine if wing 

length is ~n indicator of body weight. For each specimEns 

values for characters significantly (P < 0.05) correlated 

with wing length were divided by the valqe for that character 

to minimize the effect of allome~ry. Means were then computed 

for each character for each locality, and correlation and 

stepwise multiple linear regression analyses were used to 

determine/ ..... 
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Locality 
no. 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 
J.3 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

* AE 

Map co-ordinates 

Latitude Lon<;i:itude 

15° OO'N 15° 30'W 
40 20'N 11° 20'E 
50 56'S 22° 26'E 

12° OO'S 16° OO'E 
14° 30'S 14° OO'E 
15° lS'S 29° OO'E 
22° oo•s 17° 00 '-E 

28° 45'S 24° OS'E 
18° 15'S 24° 30'E 
25° oo•s 31° OO'E 
27° 20'S 32° OS'E 

7° OO'S 37° 20'E 
lo SO'S 30 

0 
50'E 

lo 25's 36° OO'E 
13° OO'N 32° 30'E 
10° OO'N 44° OO'E 

4° 05'N 38° 06'E 
lo OO'N 30° 40'E 
00 50'N 36° 30'E 
lo 15'N 34° 20'E 
00 30'S 36° 4 5. F: 

12° 30'S 32° OO'E 
20° OS'S ..,?o 25 'E "---' 

33° OO'N 6~ 00 'W 

'is annual eva.J?O:t o. ti on 

TABLE I 

and environmental variable values 

sampling localities 

* 
Annual 

Elevation AE rainfall 

(ml (mml (_mm) 

15 528 528 
1075 1028 1543 

800 1155 1384 
1700 760 1479 
1786 737 953 

mo 606 606 
1665 119 119 
1040 356 356 

929 660 660 
1479 729 1702 

37 617 617 
579 901 901 

1870 754 997 
1890 675 675 

382 417 417 
10 59 59 

439 483 483 
1250 1023 1233 
1900 588 588 
1220 1040 1177 
1280 886 1172 
1140 733 891 

942 401 401 
831 557 557 

for N. meleagris . 

Mean max. Mean min. ---- ----
temp. temp. 

(OC) (oC) 

40.5 14.0 
31.0 18.5 
30.0 17.5 
28.3 8.3 
33.0 8.3 
29.0 9. 5 
30.0 6.0 
33.0 2. 5 
34.8 8.8 
26.2 2.5 
28.3 9.0 
33.8 15.0 
27.0 11. 8 
27.8 7.0 
40.0 17.0 
42 .o 11. 5 
36.0 5.5 
31.0 11. 5 
26.6 7. 8 
28.8 11.0 
29.5 7.0 
29.6 9.0 
34.0 5. 5 
40.2 3 .o 

Visibility 

(m) 

12.5 
20.0 
5.o 
5.0 
5.0 
5.0 

12.5 
12.5 

5.0 
i2·. 5 
5.0 
5.0 
5.0 

12. 5 
12.5 
12.5 
12.5 

5.0 
12.5 
12.5 
12.5 

5.0 
12.5 

100.0 

I 
L. 

I 
O"\ 
I 
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Localitx 
no. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

* AE is 

TABLE II 

Map co-ordinates and environmental variable values for Q· puch~rani 

sampling localities 

* 
Annual Mean max. Mean min. ----- ----Latitude Longitude Elevation AE rainfall temJ?_. temp. 

(ml (mm) (mm) (0 c) (OC) 

19° lO'S 35° 25'E 8 1228 1415 31.0 13.5 
29° 17'S 3o

0 
18'E 684 857 916 27.0 6.o 

l3° 55'S 30° 05'E 1428 701 1150 30.0 11. 5 
27° 58'S 32° 15'E 1000 766 918 28.0 10.2 
20° 25'S 32° 43'E 1126 583 583 29.0 9.5 
14° 55'S 39° OO'E 235 964 995 34.3 15.5 

30 15's 37° 30'E 1372 800 1159 33.0 15.5 
00 15'S 37° 32'E 1143 698 698· 33.5 8.5 
40 15'N 10° 03'E 280 1249 1249 31.0 2 2. 5 
00 35'N 30° OO'E 1176 1107 1687 26.0 12.5 
20 12'S 16° 16'E 325 1465 1549 31.0 19.0 
30 27'S 21° 24'E 400 1269 1501 34.0 18.5 
60 40'N lo 20'W 59 725 725 33.5 21. 5 
50 56'S 22° 26'E 850 1155 1384 30.0 17.5 
1° OO'N 34° 34'E 1896 812 1140 27.0 11.0 

annual evapo~transpiration 

-~~-.--------·-·---.~-.. -..,....,.,.,~ --=----.,,...-- ---~----- - - - -

Visibility 

(m) 

13 
13 

5 
13 

5 
5 

13 
5 

20 
5 

20 
20 

5 
5 
5 

" 

L __ 

-...] 
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TABLE III 

Characters measured (mm) or assessed for specimens 

of ~· meleagris and ~· pucherani 

See Crowe (1978) for detailed character descriptions 

N. meleagris 

Wattle percentage blue 

Cere structure length 

Cere structure thickness 

Nape filoplume length 

Bill length 

Wing length 

Tarsus length 

Wattle length 

Wattle basal width 

Nape filoplume anteroposterior 
coverage 

Nape filoplum~ lateral 
coverage 

Nape filoplume density 

Helmet area 

Helmet central height 

Helmet thickness 

Secondary remex outer web 
vermiculation 

Wing covert barring 

Do~sal spot size 

Collar plumage 

G. pucherani 

Crest area 

Crest central height 

Anterior crest curliness 

Posterior crest curliness 

Spot number 

Spot blueness 

Total spot barbs 

Chestnut blotch size 

Dorsal black collar 

t 
l 

l 

I 

r 
[ 
t 
l 
j 

I 
i: 

f 
le 

1' 
I 
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determine statistically significant relations between these 

means anp values for six environmental variables determined 

for each locality (Tables I & II). Correlation analysis 

reveal$ sta~istical relations between the dependent variables 

(~henetic characters) and independent variables (environmental 

vartablesl, but does not consider the effects of possible 

intercorrelations between independent variables (Sokal & 

Rohl ;t; 1 9 6 9 ) • Stepwise multiple regression analysis determines 

dependent-independent variable relations, irrespective of 

independent variable intercorrelations, since it adds 

independent variables into the regression equation in a 

stepwise manner according to which has the highest partial 

correlation with the dependent variable at that step (Allen 

1973J_. The obvious advantages of regression ov~r correlation 

analysis, in part, are offset by the fact that biologically 

more relevant, although statistically les~ significant 

correlations between a dependent and an indep~ndent variable(s}, 

may be eliminated from the analysis. 

Environmental data 

As mentioned above, locality latitude and longitude were 

the mean values for all specimens comprising each locality. 

Data for altitude, actual evapotranspira ti on, (1.\,§) and annual 

rainfall (Tables I & II} were taken from Thornthwaite 

Associates (_19621. When there was no meteorological recording 

station within SOkm of the locality co-ordinates, data were 

com~uted by interpolation. ·AE was analyzed since it is an 

index/ ..... 



.indBx of both primary productivity and water availability 

(Rosehzweig 1968), and since Niles (1973) has shown that size 

variation in horned larks (Eremophila alpestris) may be 

attributed to variation in prim~ry productivity. Mean 

maximum and minimum temperatures (Tables I & II) were taken 

fro~ Jackson (1961), and are the means far the two hottest 

and coldest months of the year respectively. Visibility 

values (Tables I & II) are the medians of subjective assessments 

of four botanists experienced in vegetation analysis, of the 

distance that one might be able to see at a height of o,3m in 

the given vegetation type that appears to be dominant at each 

locality. If more than one dominant vegetation type occurred 

within a 50km radius of the co-ordinates of any locality, the 

visibility value for that locality was the mean for the 

vegetation types c~ncerned. 

RESULTS 

Wing length is a statistically significant (~ ~ 0.32, P < O.Ol) 

-indicator of weight in li· meleagris at Rooipoort. Mean character 

values for each locality sample for each species are given 

in Tables IV and v. In these tables, characters marked with 

an asterisk are significantly correlated with wing length. 

Statistically significant relations between phenetic 

characters and e~vironmental variables ark summarized in 

Tables VI and VII. Significant correlations between environmental 

variables for both species localities are given in Table VIII. 

I .... 0 
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TABLE V 

·Mean character values for samples from Gi pucherani localities 

. )a Tarsus~(+) Wattle 
Crest Crest 

Locality !1, Bill*\+ \v ing \~attle Crest anterior posterior Crest Spot 
no. ~nqt_b_ 1 en \1!.h_ 1engt11 ~Jath wid1:Jl area curliness curliness height no. 

1 8 0. 102 254.6 0.357 2.3 1 c. i 1101.3 1 . 3 2.0 25.0 24.4 
2 i3 0.096 259.7 0.354 2.4 9.2 1167.8 2.4 2.7 28.8 21.3 
3 9 0.098 256.0 0.342 2.7 9.8 1091.8 1. 6 2.0 25.7 26.6 
4 10 0.100 253.2 0.347 2.7 9.5 1268.6 1. 9 2.0 28.2 18.9 
5 8 0.097 2:i4.8 0.334 2.3 9.6 1104.4 1 .0 2.0 26.5 25.0 
6 10 0.095 - 270.1 0.340 3.0 8.5 1161. 9 1. 2 2.0 29.2 28.2 
7 14 0.098 267.6 0.346 2.6 10.0 1180.4 1.0 2.0 28.0 23.0 
8 13 0.098 274.6 0.348 3.0 9.1 1134.1 1 .0 2.0 27.0 22.4 
9 8 0.105 246.5 0.370 2.4 10.5 551.6 1 . 1 2.1 18.3 21 .0 

10 12 0.091 250.4 0.355 2.6 10.0 1000.8 1. 2 2.0 24.6 22.0 
11 • 'O 

·~ 0.099 246.5 0.363 2.6 9.4 921.5 1. 3 2.0 26.5 26.8 
12 8 0.098 244.3 0.363 2.6 9.5 765.1 1. 3 2.0 22.9 28.8 
13 7 0.094 249.0 0.352 2.9 9.7 1364.4 1 .0 2.0 31.7 20.0 
14 10 0.098 248.0 0.359 2.7 8.7 1144.~ 1 . 1 2 .1 28.3 24.0 
i.5 1') 0.091 253.5 0.342 2.9 9.7 111i·l-4 1 . 1 2. J 26.6 24.0 

*significantly correlated with wing length asign of the correlation with wing length 

Total*(+) 
Spot spot 

blueness barbs 

1. 1 0.022 
0.1 0.023 
o.o 0.018 
o.o 0.020 
0.0 0.019 
0. -, 0.022 
0.0 0.024 
0.0 0.024 
0.1 0.024 
0.0 0.025 
0.0 0.022 
0.0 0.023 
0.0 0.024 
0.0 0.024 
o.o 0.026 

Chestnut 
blotch ----size 

·10. 3 
9.8 

·10. 8 
14. 1 
11. 0 
o·.o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
o.o 
0.0 
0.0 

Dorsal 
collar 

I 
I-' 
N 
I 

--
28.4 
2fj. 2 
28.2 
28. ::. 
26.9 
2·1. i 
6.4 
0.0 

1r.1 
24.3 
·n.5 
14.8 
'15. 6 
23.3 
23 .. 7 
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Churact'Slr 

-Bill -length 

Wing length 

Tarsus length 

vJat:tle length 

wattle width 

wattle % blue 

Cere length 

Cere thickness 

~iloplume length 

Filoplume density 

Filop~ume ant.-post. 
coverc'\ge. 

Filoplume lateral 
covc~ago 

Helmet area. 

Helmet height 

Hilmet thickness 

Secondary vermiculation 

Covert barring 

Spot size 

Collar plumage 

Dorsal vermiculation 

TABLE VI 

.Signiflc;i.nt ralatlons between phenetic characters 

and environmental variables for N. meleagris 

Corr~lation analysis 

elevation(+)**, max.temp.(-)**, min.temp.(-)* 

AEl(-) 11 "', min. temp.(-)* 

visibility(+)* 

AE{-)~*u ann.rainfall(-)*, min.temp.(-)* 

visibility(+)* 

min.temp.(+)*, AE(+)* 

min.temp.{+)*, AE(+)* 

m'in.temp.{-)**, max.temp.(-)"'"', AE(+)* 

max.te~p.(-)**, min.temp.(-)*, elevation(+)* 

elevation(+)*, max.temp.{-)*, min.temp.(-)* 

zna4.ter,1p. {+)* 

max. t<:?lll_p. (+) * 

min.teiap. (-).:.*, ·M..C-)*, ann.ra.tniall(-)* 

min.temp.(+)**, max.temv.(+}~ 

Regression ~nalysis 

elevation(-!-)** 

. -k * 
AE(-) 

visibil:l.ty {+) * 

AE (-) "'* 
:r ;i.sibili ty ( +) • 

* m.tn. temp. (+ ). 

min.tamp.(+)*, visibility(+)**, ann. 
:i:-ain.fall (+) * 

min.temp(-}'"" 6 max.temp. (-)*>l

min.temp.(-)**, max.temp~(-)*•, ann. 
ra:l.nfall(-)* 

elevaticn(+)* 

.max.temf>. (+)* 

min. temp. ( +} * 

min.temp.(-)**, visibility(~)e, ann. 
rainfall(-)* 

min.temp.(+}** 
----··--------------------· 
~ !?_ ~ o.os ** p ::; 0.01 l actuul cvavo~rans~iration 

I 
I-' 
w 
I 



__________ ,,,, 

Char~cter 

I3ill length 

Wing length 

Tarsus length 

wattle length 

Wattle width 

Crest height 

Crest area 

Crest ant. curliness 

Crest post. curliness 

Spot number 

Spot blueness 

Total spot barbs 

Chestnut blotch size 

Dorsal collar 

* p < o.os 

- -------- ------------~·--------~ - -----· 

TABLE VII 

Significant relations between phenetic characters and. 

environmental variables for G. ;;."Jucherani ,,__ ____ _ 
Correlation analvsis 

visibility(+)* 

MC->* 
AE(+)**• visibility(+)**, ann. rainfall(+)* 
elevation(-)* 

visibility{-)* 

AE(-)**• visibility(-)"'*• ann. rainfall(-)* 

mln.te1ap. (+)** 

min. temp.(+)** 

max.temp.(-)** 

• .,, p < 0.01 l actual evapotransp;ration 

Regressio~ analys~s 

visibility(+)~ 

* fil:!_(-) 

A~{+) *'fl 

vi:.iibil.ity(-)* 

~(-)** 

min. temp. { +) <-<~ 

min.temp.(+}~~e elevation(+)* 

max.tempn(-)** 

I 
I-' 

""' I 

i;., ___ , __ ... 



------------ :::- ---- ·-----=---------- -- -

.TABLE VIII 

Correlations between environmental variables. Upper half-matrix 

is for N .. meleagris localities, lowei for G. pucherani localities. 

elevation AE ann. rainfall max. temp. min. temp. visibility 

elevation -o. 653~ot 
I 

- o.254 0.384 -0.309 -0.070 I-' 
Ul 
I 

AE -o.542~ - o.sss*~ -0.474* o.410* -0.136 

ann. rainfall -0.129 o.s3s** - -0.546** 0.230 -o.143 

max. tem_p. -o.489 0.101 -0.143 - 0.160 0.400 

min. temp. -0.242 0.040 ·-0.117 -·O. 262 - -0.306 

visibility -c.447 o.656~* 0.422 o.166 -0.206 

* ':>{}{ P ~ o.o5; ~ ~ 0.01 
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DISCUSSION AND CONCLUSIONS 

As with African white-eyes (Moreau 1957) and certain North' 

American birds (reviewed by Johnston 1972) , much of the phenetic 

var i at ion in N . rn e 1 e _a_g r i s and Q.. p u ch er an i_ ( 2 2 of 3 4 

characters} is statistically·related to variation in the 

envi;onment. Moreover, the nature of many of these statistical 

relations can be explained by a few hypotheses, some of which 

closely accord with classical ecogeographic rules. 

Numida roeleas;rris 

Six general phenetic trends in N. meleagris emerge from 

examination of Table VI. 

(ll Variation in size (wing length) follows predictions of 

Bergmann's rule , i.e., body size is inversely related to 

measures of temperature, and positively related to elevation. 

The fact that elevation, and not a measure of temperaturef is 

the only predictor of body size in regression analysis is 

probably due to that variable's likely close inverse correlation 

with wet-bulb temperature ifor whi~h there are insufficient 

Afr~can data}, which appears to be a better predictor of body 

size in birds than is dry-bulb temperature (James 1970) . 

Elevation is also inversely correlated with maximum dry-bulb 

temperature (Table VII). 

(2} Phenetis characters which measure the size of exposed 

structures of the head, i.e., helmet height, helmet ar~a, 

helmet thickness, wattle length and cere structure thickness, 

tend to have lower values in hotter and/or drier localities. 

This reduction in exposed surface area may be a possible 

adaptation to limit uptake of heat via radiation, and/or 

limit/ ...•. 
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limit the loss of body water through cutaneous evaporation 

(Calder & King 1974). 

(3) Characters which assess the amount of white in the plumage, 

i.e., covert barringr dorsal and secondary remex vermiculation, 

tend to have higher values in hotter localities. Such an 

incr~ase in white may help birds living in hotter environments 

to reflect some of the heat of radiation (Lucas & Stettenheim 

1972). 

(4) Collar plumage, an estimate of the amount·of white spotting, 

tends to have higher (= more spots) values in drier-cooler 

localities. In other words, birds living in relatively warm, 

moist localities tend to have darker collars. This result 

is consistent with predictions of Gloger's rules, i.e., 

races living in hot, humid cli~ates tend to have more 

black ,Pigment U>ioreau 1.957). 

(5) Characters' which assess the amount of nape covered by 

filoplumes, and the length of these structures, i.e., 

filoplum= density, filoplume antero•posterior coverage and 

filoplume length, tend to have high values in hotter, moister 

localities with greater visibility. Since filoplumes are 

thought to be sensory structures which allow monitoring of 

environmental disturbers such as wind (Lucas & Stettenheim 

1972), a possible function of these structures is to act 

as a heat shield. In other words, through optimal body , 

orientation relative to the wind and the sun, heat of 

radiation may be absorbed and dissipated before it reaches 

the skin. 

J .•••. 
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(6) wattle basal widt.h, the last phenetic character which is 

significantly related to an environmental variable, has 

higher values at localities with greater visibility. Since 

~· ~eleagris with wider wattles have the greatestamount of 

red pigment, and since the amount of red in the wattles is 

amen~ the most useful taxonomic charact~rs (Crowe 1978), it 

is ~ossible that wattles may be structur2s important in 

individual and species recognition. 

As with N. meleagris, temperature, moisture and visibility 

seem to play important roles in shaping the G. pucherani "'---·----
/ 

phenotype ('l'able VIII). 

(1) Variation in.size (wing length} and tarsus length appear 

to be related to the amount of available water (~), the 

former inversely, the latter directly. Since an increase in 

tarsus length and a decrease in overall size results in an 

increase in the surface to volume ratio, it is possible that 

this variation may improve the effectiveness of non-evaporative 

cooling in relatively moist areas (Niles 1973) . 

(2). Measures of crest curliness, i.e., ·anterior and posterior 

curliness, are strongly positively related to measures of 

temperature. As with nape filoplume featheration in N. 

~!._~a~ri~, this may serve as a thermal shield. 

(3) Dorsal collar.black, a measure of the amount of black pigment 

in the collar, tends to be more extensive at cooler localities. 

In other words, there is more white in the collar where it is 

hotter./ ..... 
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hotter. As with white vermiculation and barring in N. 

meleagris, this may be an adaptation to lessen the amount of 

heat absorbed via radiation. 

(4) Measures of crest size, crest height and crest area, tend 

to'·be lower at localities at which there is greater visibility . 

• This result suggests that a lar9e crest may be useful as a 

l I 
close-in signalling device in areas where the vegetation is 

dense. Bill length tends to be longer at localities with 

greater visibility values. This ~u~gests that the bill may 

I l 
be a far-away signalling device. Rowever, visibility is 

positively related to~ (Table VIII), and therefore alternative, 

physiologically-based hypotheses may prove to explain this phenetic 

variation. 

To summarize, much of the phenetic variation in ~· meleagris 

and ~· pucheran~ can be attributed to adaptation to the environment, 

particularly to the temperature-humidity environment. 

Rowever, it is premature to conclude that the statistical 

relations derived herein establish cause and effect 

relationships. It is also unrealistic to minimize the 

function of these characters as social and incipient-species 

recognition signals. Behavioural,(~) physiological and anatomical 

experiments are needed to test the hypotheses erected 

herein. 

I ..... 
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The vascular anatomy of the head and neck of eight adult 

helmeted guineafowl (Numida meleagris) was investigated by 

latex injections and dissection, resin casting, and lipidol 

inj~ctions and X-ray photography. The vascular anatomy of 

these regions is similar to that of the domestic fowl 

Gallus domesticus, the main differences being in the helmet, 

watt~e and cere vascularization, and the presence of a 

nape-cheek rete in ~· meleagris. It is postulated that 

five vascular arrangements in the head and neck are important 

in brain temperature regulation. These arrangements are: 

the nape-cheek rete, the temporal rete, fine arter:io-venous 

n~tworks in the wattles and cere, and the cavernous sinus-

intercarotid association. All but the last of these 

arrangements require pathways of blood flow to the brain 

other than the most direct route. 
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3. 

Introduction ~ 

The helmeted guineafowl Numida meleagris is a characteris

tic member of the African sav,nna avifauna (Chapin, 1932; 

Crowe & Snow, 1978). It is a widespread and polytypic 

species (Crowe, 1978a), and the various subspecies encounter 

a considerable range of environmental temperatures (Crowe, 

1978b). High variation in environmental temperature presents 

an endotherm with acute thermoregulatory problems (Bartholomew, 

1968). Therefore one would expect~· meleagris to have 

evolved anatomical, morphological, physiological and/or 

behavioural adaptations to deal with a fluctuating 

environmental temperature; Crowe (1978b) has shown that 

variation in certain phenetic characters in ~· meleagris is 

statistically significantly related to variation in 

environmental temperature. Crowe & Withers (in press) 

have investigated possible physiological mechanisms of 

temperature regulation in~· meleagris. The aims of the 

present ~tudy are to describe ~he major arteries and veins 

of the naked head and neck regions of~· meleagris, and to 

hypothesize as to how cervico-cephalic vascular arrangements 

may help this species in the regulation of brain temperatu~e. 

Materials and methods 

Three techniques were used to locate and determine the 

exact positions of blood vessels in the head .arid upper neck 

regions of N. meleagris. The left common carotid artery 

and the right jugular vein of two adult male specimens were 
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injected with differently coloured crystic resiri monomers 

·with an added catalyst and an accelerator (Thompsett, 1970). 

The head and neck of one of these birds was then macerated 

in a pancreatin solution (Thompsett, 1970), producing a 

resin cast of the vascular system in relation to the skull 

and the cervical vertebrae. The second specimen was 

macerated in hydrochloric acid, resulting in a cast minus 

the skull and cervical vertebrae. Three specimens, two 

adult males and one adult female, were similarly injected 

with lipidol, a radio-opaque dye, and examined by X-ray 

photography. Three specimens, two adult males and an 

adult female, were similarly injected with differently 

coloured latex, and the vessels dissected in situ. 

Nomenclature in both the text and figures follows Richards 

(1967, 1968) wherever possible. The abbreviations used 

in the figures are as follows: 

Arterial system 

AVC, anterior ventral cerebellar artery; B, basilar artery; 

CA, inter-carotid anastomosis; CC, co~mon carotid artery; 

cca, cerebral carotid artery; co, ce~ebral opthalmic arte~y; 

CW, circle of Willis; E, ethmoid artery; EC, external 

carotid artery; EF, external facial artery; EO, external 

opthalmic artery; H, hyoid artery; IC, internal carotid 

artery; IO, internal opthalmic artery; IOR·, infra-Orbital 

ramus; L, lingual artery; LIM, lower internal maxillary 

artery; MC, middle cerebral artery; MIM, middle internal 

maxillary art~ry; NC, nasal-cere artery; NCR, nape-cheek rete; 0, 

I 

I 
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Occipital artery; Oe, oesophage~ artery; OR, opthalmic ramus; 

OVA occipital artery-vertebral artery anastomosis; P, palatine 

artery; Ph, pharyngeal artery; PVC, posterior ventral 

cerebellar artery; S, sphenomaxillary artery~ SL, supra

laryngeal artery; SOR, supra-orbital ramus; TR. temporal 

ramus; UIM, upper internal maxillary artery; V, vertebral 

artery; Va, vagus artery; 

VS, ventral spinal artery; 

Venous system 

VOL, ventral optic lobe artery; 

W, wattle artery. 

AC, anterior cephalic vein; ACb, anterior cerebral vein; 

C, carotid vein; CFv, cutaneous facial vein; Cv, cervical 

sinus; DCO, dorsal cerebral opthalmic vein; EF, external 

facial vein; Eoc, external occipital vein; Ev, ethmoid 

vein; IF, internal facial vein; IM, internal mandibular 

vein; roe, internal occipital vein; J, jugular v~in; Lv, 

lingual vein; MC, middle cerebral vein; MD, mid-dorsal 

sinus; Moc, median occipital vein; NCv, nasal-cere vein; 

Oc, occipital sinus; Op, opthalmic vein; P, palpebral 

vein; PC, posterior cephalic vein; Rop, recurrent opthalmic 

vein; S, supra-palatine vein; SC, sinus cavernosus; Sp,. 

superior pharyngeal vein; T, temporal vein; TA, transverse 

anastomo~is; Top, temporal opthalmic veir; Tr, temporal 

rete; Vv, vertebral vein; Wv, wattle vein. 

Results 

A certain amount of individual variation in the origin 

and/or position of the blood vessels was found. Therefore, 
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the results related here are a generalized picture, and only 

major variations are discussed. 

The Arterial §_,ystem 

(Figs. 1 & 2) 

The largest blood vessels which supply the head and neck 

regiq.ns in ~. mel eagr is are the ca rot id arteries. Shortly 

after diverging from the innominate artery, the two common 

carotid arteries enter the hypophysial canal of the cervical 

vertebrae, and continue, side by side, up the neck without 

fusing. At the base of the fifth cervical vertebra, the 

carotids emerge from the hypophysial canal and continue 

relatively superficially to the base of the skull. At 

this level, each common carotid divides into two equal 

branches, the internal carotid,- which is essentially a 

continuation of the main branch, and the external carotid. 

External carotid artery (Fig. 1) 

At about 5 mm from its point of origin the external carotid 

divides into five major, unequal arteries. The thickest of 

these gives rise to the internal maxillary and· external facial 

arteries. In one male specimen, this artery gave rise to 

a laryngeal artery before bifurcating. In the others, the 

origin of the laryngeal artery is from the lower internal 

maxillary. The other four major arteries are ~he occipital 

artery, the lingual artery, the hyoid artery and the 

auricular artery. 

·.· .. v· 
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FIG. 1. A semi-diagrammatic lateral representation of the 

righ~ external carotid artery and its branches. The 
. . 

nape-cheek rete is indicated by broken lines. ~or 

key to abbreviations, see ~· 4 and p. 5. 
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anterior 

vs 

posterior 

A diagrammatic representation of the left ·internal 

carotid artery and its brahches from the dorsal 

aspect. 

p. 5 •. 

For key to abbreviations, see p. 4 and 
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Internal maxillary artery (Fig. 1) 

The internal maxillary artery feeds the upper and lower 

jaws, the nasal and buccal areas and the cere. 

(i) The upper internal maxiJ.lary artery has branches 

to the pharynx, and anastomoses with the palatine artery 

and the ethmoid artery of the internal carotid. Anterior 

to the nasal cavity, the upper internal maxillary bifurcates, 

sending· one large branch the nasal-cere artery, upwards to 

the cere, and another smaller branch to the end of the 

premaxilla, where it anastomoses with the same branch from 

the upper internal maxillary of the opposite side. The 

n~sal-ce~e artery gives off a network of fine vessels in 

and around the cere. In two specimens fine branches of 

the upper internal maxillary were given off to the wattles. 

(ii) The middle inte!:_nal maxill~ artery is approximately 

the same thickness as the upper internal maxillary. It 

supplies the salivary glands of the lower jaw and ultimately 

connects to the sphc~o-maxillary of the internal carotid. 

(iii) The lower internal maxillary artery is the smallest 

branch of the internal maxillary, and supplies the salivary 

glands and the superficial areas of the.mouth. 

External facial artery (Fig. 1) 
\ 

Ttie external facial art~ry gives rise to a viriable number 
. . 

of branches to the lower jaw and to the superficial ~reas 

of the fac~, including the nasal areas. This artery runs 

along the quadratojugal and the jugal bones, and, at the 

level of the .wattle, gives rise to the wattle artery. 
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The wattle artery passes behind its parent branch into t~e 

inner side of the wattle, and has connections with b~anches 

of the upper internal maxillary artery. Examination of 

the resin casts revealed that the wattle artery divides 

extensively, while within the wattle, to form a network 

of fine vessels. Farther along, another small branch of 

the .~xternal facial artery passes dorsally upwards anterior 

to the orbit. This branch feeds the superficial skin of 

the eye and the area surrounding the nasal aperture and 

divides into branches serving the cere area. .In two 

male specimens, another branch, the nasal-cere artery, was 

observed to enter the cere and pass ventro-laterally anastomo-

sing with a branch of the upper internal maxillary artery. 

Occipital artery (Fig. 1) 

The occipital artery is the second of the five major 

branches of the external carotid. This artery passes posteriorly 

-upwards, giving off ~~·anches to the neck muscles and to 

the base of the skull. It also bifurcates to form a fine 

artery, which feeds the base of the skull, and a much larger 

artery, the vertebral artery, which curves ~audally. At 

the level of the atlas, the vertebral artery enters the 

transverse canal of the cervical vertebrae. Therein it 

passes ·caudally, giving rise at regular intervals to numerous 

smaller branches which feed the cervical muscles and. vertebrae. 

This-vessel continues caudally, and gives off one or two 

additional branches to the common carotid before joining 

that vessel 15-20 mm above the carotid-innominate bifurcation . 

• 
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Additional branches of the vertebral artery are assbciated 

in a fine network (from approximately the fourth cervical 

vertebra upwards) with similar branches from the occipital, 

common carotid, lingual, and the internal maxillary arteries 

to form the arterial portion of what we call the nape-cheek 

rete . . .. In two specimens, a fine branch of the posterior 

ventral cerebellar artery connected to the arterial vessels 

of this rete. It is possible that this vessel was destroyed 

in other dissections. Within the nape-cheek rete, near its 

origin, the occipital artery gives rise to the vagus artery 

and a small artery which feeds the pharynx. 

Lingual artery (Fig. 1) 

The lingual artery is the third branch of the external 

carotid artery. This artery supplies the tongue musculature, 

oesophagus and pharynx. The main branch of this artery 

continues to the dis~al end of the lower jaw, where it 

connects to branches of the lower internal maxillary 

artery. A smaller branch, the oesophageal artery feeds 

the oesophagus. 

Hyoid artery (Fig. 1) 

The hyoid artery is the fourt:i and smallest branch of 

• the external carotid . This artery gives rise to several 

smaller arteries which terminate in the hyoid muscles 

and in the muscles surrounding the. jaw hing~. This artery 

also has fine branches which contribute .to the nape~cheek rete. 



Auricular artery (Fig. 1) 

The auricular artery varies in size from specimen to 

specimen. It feeds the muscles surrounding the ear. 

Small branches feed the inner ear, and a large branch of 

this artery feeds the temporal muscles. 

Internal c~rotid arter~ (Fig. 2) 

At the base of the basisphenoid, the internal carotid 

divides into two unequal vessels. The larger is the 

external opthlamic artery, and the smaller is the cerebral 

carotid artery. 

External opthalmic artery (Fig. 2) 

The external opthalmic artery passes through the tympanic 

cavity. In places, it runs in a shallow groove in the 

mastoid bone. After emerging from the tympanic cavity, 

this artery divides into two branches, a branch which 

gives rise to the temporal and inferior alveolar arteries, 

and a branch which gives rise to the orbital and opthalmic 

rami. In the area anterior to the tympanic cavity these 

arteries and their branches give rise to a network of small 

vessels. This network is termed the temporal rete 

(Richards, 1967), and is connected to the external carotid 

• circulation via anastomoses with.the sphenomaxillary. 

• ( i) The temporal arterv passes o~t dorsally and· laterally 

• givi~g off relatively.large branches to the temporal 
• 

muscles, and smaller ones to the masseter muscles. This 

artery then continues to the helmet .where it divides into 
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smaller vesscls which feed the keratinaceous sheath and the 

bone of the helmet. Fine branches also feed the eyelid. 

(ii) Th·e alveolar artery, a very much smaller vessel, 

arises from the temporal artery near its oriQin. This 

artery has connections with the temporal rete. 

The second of the larger external opthalmic bra~ches gives 

rise to the supra-orbital ramus, the infra-orbital ramus 

and the opthalmic ramus. The supra-orbital ramus and the 

opthalmic ramus originate from the same branch. Between 

all three branches there are connections contributing to 

the temporal rete. 

(iii) The supra-orbital ramus is the largest of the 

branches. It curves laterally and dorsally around the 

posterior surface of the eye, where it gives off branches 

to the eye musculature and a branch which anastomoses with 

the cerebral opthalmic artery to form the ethmoid artery. 

(iv) The ethmoid arte.!::.t supplies the internal nasal 

cavities and the frontal regions and has.connections with 

external facial artery in the cere area. 

(v) The infra-orbital ramus arises from much the same 

position as the supra-orbital ramus.· This artery cur~es 

below the optic nerve and divides into a number of small 

branches which feed the eye muscles. The infra-orbital 

ramus also has connections with the alveolar artery and 

the supra-orbital ramus. 

~(~i) The opthalmic ram~s is essentially a large branch 

of the supra-orbital ramus .. This artery also feeds the 

eye mus~ula~ure, and is connected to the internal ripthalmic 
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artery of the cerebral carotid artery. 

Cerebral carotid artery (Fig. 2) 

The cerebral carotid artery passes through a canal in the 

basisphenoid. After passing unbranched for about 10 mm, 

this artery gives rise to the palatine and sphenomaxillary 

arteries. 
~ .. . 

(i) ·The palatine artery passes ventro-laterally before 

dividing into two branches. One branch anastomoses with 

a branch of the external facial artery, and th~ other 

ramifies to form small branches which feed the palate area. 

The palatine artery leaves the bony portion of the skull 

through a foramen. 

(ii) The sphenomaxillary artery is larger than the palatine 

artery, and separat~s from the internal carotid anterior to 

the origin of the palatine. It passes through bone via 

the same foramen as the palatine artery. The sphenomaxillary 

has branches which ~~1astomose with branches of the external 

opthalmic artery. 

Having given off these two branches, the internal cerebral 

carotid continues through the 6arotid canal~ until it forms 

an H-shaped anastomosis with the internal carotid of the 

opposite side. This anastomosis is formed caudal to the 

sella tunica or hypophaseal fossa. The connection between 

the two internal carotids is fine an~ short . 

. (iii) The internal opthalmic artery is given off before 

the main trunk of the cerebral carotid, the circle of Willis 

passes dorso~laterally. This artery passes anteriorly in 
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association with the optic nerve, and gives rise to branches 

which link up with the cerebral opthalmic artery and the 

external opthalmic artery. 

th~ ethmoid artery. 

It also has connections with 

Having given off the internal opthalmic artery, the circle/ 

of Willis divides into an anterior brarich, the cranial 

ramus, and an incomplete posterior branch, the caudal ramus. 

(iv) The cranial ramus supplies the cerebrum and optic 

lobes. It gives off the ventral optic lobe artery which 

ramifies, supplying the ventral surface of the optic lobe, 

and has connections with the anterior ventral cerebellar 

artery. The cranial ramus then passes antero-laterally 

around the cerebrum to give rise to four branches: 

(a) The posterior cerebral artery was most developed on 

the right hand side of the head in the three specimens in 

which the brain was dissected. It gives rise to branches 

which feed the cerebellum and the dorsal surface of the 

optic lobe. 

(b) The middle cerebral artery comes off t~~ cranial ramus 

anterior to the origin of the posterior cerebral artery. 

This artery passes laterally around the cerebral hemispheres 

toward the olfactory lobes. It gives off numerous small 

vessels along the way. 

(c) The cerebral opthalmic artery arises from the same 

point as the middle cerebral artery. This vessel p~sses 

antero-medially through the dura mater. It receives 

branch.es of the external opthalmic artery after entering 

the orbit vi~ the foramen ethmoidale (Hoffman, 1900; Richards, 

1967). Together, the external opth~lrnic artery and the 
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cerebral opthalmic artery form the ethmoid artery, which 

has connections with the upper internal maxillary, and 

external facial arteries of the external carotid. 

(d) The anterior cerebral artery is ·the finest of the 

four branches of the cranial ramus. It passes in a 

medial direction, and appears to enter the dura mater. 

(v) In two specimens~ the caudal ram~s of the circle 
r 

of Willis, or basilar artery, was well developed on the 

left hand side and rudimentary on the right hand side. 

The reverse was found in a third specimen. In one of 

the sp·ecimens with a "left-hand" basilar artery, a fine 

connection occurs between the rami of the two sides before 

the anterior ventral cerebellar arteries are given off. 

The caudal ramus passes posteriorly along the medial 

ventral surface of the medulla, gradually decreasing 

in size. It gives off two large, and many smaller· lateral 

vessels along the way. 

(a) The anterior ventral cerebellar arteries feed the 

cerebellum. 

(b) The two posterior ventral cerebellar arteries arise 

in the vicinity of the medulla, and feed the lateral 

flocculus and the dorsal surface of the cerebellum. These 

~rteries have numerous connections with the anterior ventral 

cerebellar artery and, in two specimens, fine connections 

with the nape-cheek rete. 

(c) The ventral spinal artery originates from the basilar 

artery. This vessel passes along the ventral surface of 

the spinal co~d as a single vessel. ·We were unable to 
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, trace vessels which may have passed from this artery to 

the dorsal surface to form the dorsal spinal artery (Richards, 

1967). 

The venous system 

(Figs. 3 and 4) 

Tn~. largest vessels which drain the superficial head and 

neck regions are the jugular veins. The right hand jugular 

is considerably larger in diameter than the left. The 

jugulars pass down the neck in a ventral superficial position. 

Near the base of the skull, they connect via the transverse 

anastomosis, which slopes caudally towards the right-hand 

side. In two specimens, branches from anterior regions of 

the head fed into the transverse anastomosis. We recognize 

five major veins, or categories of veins, which drain into 

the jugulars. 

·Lingual vein (Fig. 3) 

The lingual vein runs alongside the lingual artery. It 

arises at the level of the second cervical vertebra, and 

collects blood from the branches which drairi the oesophagus 

and the ·pharynx. The lingual vein enters the jugular ve{n 

midway between the entry of the posterior cephalic vein and 

the transverse anastomosis. Smaller branches which drain 

the neck muscles enter the lingual at intervals. 

Anterior cephalic vein (Fig. 3) 

The anterior cephalic vein is the portion of the jugular 
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FIG. 3. A diagram of the right jugular vein and its branches 

from the dorsal aspect. For key to abbreviations, 

see p. 5. 



FIG. 4. 

19 

A diagram of the lateral aspect of the brain 

showing the principle brain sinuses and their· 

associated veins. For key to abbreviations, see 

p. 5. 
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anterior to the transverse anastomosis. It receives vessels 

which drain the extra-cranial regions of the head. The 

two main branches feeding this vein are the external facial 

vein and the internal facial vein. 

(i) The external facial vein drains the skin and muscles 

of the face and jaw articulation. Three branches (two 

lar9~, one small) converge to form this vein: 

(a) The cutaneous facial vein, one of the large branches, 

drains blood from the skin, face and eye muscles, and the 

area of jaw articulation. Comple~ fine vessels from the 

nasal-cere vein, which drain the cere, pass down anterior to 

the orbit and the main branch of the cutaneous facial vein. 

The cutaneous· facial vein has connections with branches 

of the internal facial vein and the maxillary vein. A 

vein originating from the ethmoid vein ramifies in the 

preorbital area before feeding into the cutaneous facial 

vein . 

. (b) The palpebral vein is.the second of the two larger 

branches. This vein converges on the external Facial 

vein together with the cutaneous facial vein and the temporal 

vein. It collects blood from the lower te~poral areas, 

the eye and eyelids. 

(c) The temporal vein is a cons1derably smaller vessel. 

The main branch of this vein is fed by numerous smaller 
. . 

vessels which drain the muscles of the temporal area. 

Smaller branches between the cutaneous facial and the 

palpebral vein, as 0ell as connections with the internal 
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facial vein branchesi form a part of the venous component 

of the temporal rete. 

(ii) The internal facial vein is the larger of the two 

veins which unite to form the ante~ior cephalic vein. It 

is made up of vessels which drain the pharyngeal and palate 

areas, the tongue musculature, the eyeball and the 

superficial orbit. There are connections between this 

vein, the temporal rete and the cutaneous facial vein. 

(a) The superior pharyngeal veins are the most posterior 

vessels which drain into the internal facial vein. These 

small vessels drain the ventral palate and dorsal pharyngeal 

areas. They also form a link between the left internal 

facial vein and the right internal facial vein. In both 

specimens in which they were observed, three of these veins 

.were found to be present. 

(b) The next veins which bring blood to the internal 

facial vein are small branches which link it to the temporal 

rete and the cutaneous facial vein. 

(c) The internal mandibular vein is a large vein which 

collects blood from the lower jaw. It has connections 

with the cutaneous facial vein, the iemporal ~ete and the 

opthalmic veins. 

Progressing anteriorly, the next vessels feeding the 

internal facial vein are the maxillary vein and the opthalmic 

vein. 

"(d) The maxillary vein has branches which collect blood 

from the anterior buccal muscles, . the tongue and the palate 

area. It aiso has small branches which drain .sections of 
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the nasal area and eventually contribute to the temporal 

rete. The supra-palatine vein is the largest of these 

branches. This vessel drains a network of small vessels 

which ramify between the palate mucosa. There is a direct 

connection between the maxillary vein and the cutaneous 

facial vein. A vein consisting -0f .numerous small~r 

branehes, the wattle vein, drains the wattle. It feeds 

into the maxillary vein after passing ventral to the cutaneous 

facial vein. 

(e) The opthalmic vein joins the maxillary median to the 

eyeball. This vessel gives off many small branches which 

spread over the eyeball .. Together with the middorsal 

sinus; it is fed by the ethmoid vein, which drains the 

frontal areas. Two large branches, the temporal opthalmic 

vein and the recurrent opthalmic vein drain the orbit and 

the cerebral areas. The temporal opthalmic vein has two 

anastomoses with the temporal rete. The recurrent opthalmic 

vein has connections with the temporal vein. The complexity 

of such anastomoses ~ould not be fully determined in our 

dissections. The temporal opthalmic vein, however·, was 

observed to communicat.e with the cer~bral circulation via 

the anterior cerebral vein. Small vessels draining the 

helmet pass through foramina in the frontal bone before 

draining into branches of this vein. 

Posterior cephalic vein (Fig. 3) 

The posterior cephalic vein is the major posterior division 

of the j~gul~r vein. It joins the jugular prior to the 
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transverse anastomosis. This vein receives blood from 

both the dorsal and ventral brain sinuses. 

(i) The auricular vein is a small vessel which receives 

blood from the ear musculature. It feeds into the posterior 

cephalic vein at a point in common with the occipital vein. 

Very fine branches or the posterior cephalic vein, the 

occipital vein, and the vertebral veins form the extensive 

venous component of the nape-cheek rete. The fine branches 

of these veins drain into three to four larger branches, on 

either side of the neck. These branches then feed into a 

large vertebral vein which feeds into the jugular vein. 

(ii) The carotid vein completely surrounds the internal 

cerebral artery. This vein extends from the sinus caVernosus, 

which encloses the intercarotid ~nasto~osis, and drains into 

the posterior cephalic vein. 

The brain· sinuses and occipital venou·s system (Fig. 4) 

The dorsal cerebral opthalmic vein and the ethmoid vein 

together feed into the mid-dorsal sinus. This fine vessel 

receives blood from the dorsal parts of the cerebrum. 

Near the junction of the cerebrum and the cerSbellum, the 

ahterior cerebral vein and the.middle cerebral vein m~rge 

with the mid-dorsal sinus to form the occipital sinus. The 

anterior cerebral vein drains the area between the cerebrum 

and the cerebellum, as well as that between the cerebellar 

hemi~pheres. This vein has large connections with the 

temporal rete. The middle cerebral vein drains the cerebellum 

and the 6ptici lobes, and has connections with the a~ricular 

vein. 
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The posterior cephalic vein and the carotid vein merge to 

form the internal occipital vein. This vessel connects 

dorsal and ventral components of the cerebellar brain 

sinuses. Near the origin of the middle cerebral vein from 

the occipital sinus, the external occipital vein branches 

off and connects to the internal occipital vein. The 

lateral occipital veins connect the internal occipital. 

vein and the vertebral vein. At the point of fusion between 

the external occipital vein and the internal occipital vein, 

the middle occipital vein is given off. This vein passes 

ventrally around the cerebellum, and fuses with the same 

vein from the opposite side, before entering the transverse 

anastomosis. The opthalmic vein fuses with the dorsal 

sinus to form the ethmoid vein. 

to the internal occipital vein. 

The vertebral vein connects 

This vein passes down 

the cervical canal, anastomosing with the cervical sinus, and 

the vertebral vein from the· opposite side. It drains into 

the jugular vein level with the third or fourth cervical 

vertebra. 

The cervical sinus is essentially an extension of the 

occipital sinus. It is connected t~ the jugular veins by. 

two pairs of large veins, which we also call vertebral 

veins. Branches of these vertebral veins and those 

previously mentioned are fed by a network of small veins 

which form the venous component of the nape~cheek rete. 

Discussion 

The ce~vicd-cephalic vascular system of N. meleagris is, 
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in general, similar to that of Gallus domesticus (Richards 

1967, 1968). Therefore, we will discuss only majo~ 

differences betwe~n the two species. 

In N. meleagris the upper internal maxillary artery gives 

rise to a nasal-cere artery, which feeds the cere and connects 

to the external facial artery. There is no comparable 

artery in G. domesticus. This could be due to the fact that . ~ 

the ce~e of this species lacks well-developed papillae 

which a~e often found on N. meleagris (Crowe 1978a). The 

nasal-cere vein also has no counterpart in Q. domesticus. 

No vein and artery comparable to the wattle vein and 

artery in N. meleagris are described for G. domesticus. 

As With the nasal-cere artery and vein this is to be 

expected, since g. domesticus lacks a homologue for the 

cartilaginous wattle which hangs from the upper jaw of 

~· meleagris (Ghigi, 1936). Ing. domesticus, wattles 

are fleshy structures which hang from the lower jaw 

(Lucas & Stuttenheim, 1972) .. 

The external facial artery in G. domesticus has a branch 

which feeds the comb. This branch is absent in N. meleagris. 

The helmet in N. meleagris is fed by·a large branch of the 

temporal artery. The temparal artery in G. domesticus is 

much more reduced, and feeds mainly the temporal muscles. 

A number of vessels which drain the comb of G. domesticus 

empty into the cutaneous facial vein. In N. meleagris, 

vess~ls from the helmet feed into branches of the opthalmic 

vein. 

Tenous connections between the occipito-vertebral and 
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internal carotid systems occur in both species. In N. 

meleagris these connections are with the posterior ventral 

cerebellar artery, in G. domesticus with the ventral spinal 

artery. The ventral spinal artery in N. meleagris arises 

from the basilar artery, rather than from one of the posterior 

cerebellar arteries ·as it does in G. domesticu~. . Also, 

to the level of the fourth cervical vertebra, the ventral 

spinal artery of N. melea~ris is a single vessel, whereas 

in G. domesticus it is, in some places, a double structure. 

The most striking difference between the cervico-cephalic 

vascular systems of G. domesticus and ~- meleagris is the 

presence of the nape-cheek rete in the latter. No rete 

in this area has been described for any other bird. It 

must be stressed that the complexity of the nape-cheek 

rete was apparent only in resin casts. Therefore, we 

cannot exclude the possible existence of similar retia in 

other species. However, Frost et al. (1975), in the 

·only other similar study of a bird, did not r~port a nape 

or cheek rete in their resin casts of the vascular system 

of the Jackass penguin (Spheniscus demersus). 

There are five vascular arrangements in the head and neck 

of N. meleagris which we feel ma~ be important in the 

regulation of brain temperature. These are the temporal 

and nape-cheek retia, the ·fine arterio-venous associations 

in the wattles and cere, and the int~rcarotid ana~tomosis-

cavernous sinus association. The major problem in 

describing the possible ways in which these vascular arrange

ments could function in brain temperature regulation is 
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understanding the a)ter~ative ways by which blood passing 

through these arrangements could reach the brain. 

The most obvious direct route for blood to the brain is via 

the internal carotid artery and the caudal ramus of the 

circle of Willis. One alternative, less direct, route is 

via the anastomoses between branches of the external carotid 

and the palatine and sphenomaxillary branches of the internal 

carotid. Another pathway is from the vertebral artery via 

retrograde flow through the carotid bifurcation. Richards 

(1967) and Richards & Sykes (1967) have shown in G. domesticus 

that these routes of blood supply to the brain are able to 

maintain life indefinite!~ in the absence of a direct route. 

Connections between the cerebral arterial circulation of 

the two hemispheres at the intercarotid anastomosis could 

allow lateral communication between the brain hemispheres. 

Richards (1970) has discussed the feasibility and mechanisms 

by which ·relatively warm arterial blood on its way to the 

brain could be cooled in the temporal rete and in the inter-

carotid-cavernous sinus association. He, however, questions 

(Richards, 1970) the temporal rete as being the primary site 

of brain temperature regulation in G~ domesticus. However, 

until more is. known about intravascular temperatures, 

patterns of cervico-cephalic blood flow; and physiological 

responses of ~- meleagris to varying temperature regimes we 

cannot demonstrate conclusively a thermoregulatory function 

for these vascular arrangements. 
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-Summary 

The anatomy of the cervical and cephalic arteries and 

veins of the helmeted guineafowl Numida meleagris was 

investigated by latex injections and dissection; by resin 

casting and maceration in pancreatin and hydrochloric acid; 

and by lipidol injections and X-ray photography. 

The cervico-cephalic vascular anatomy of ~· meleagris is 

similar to that of the domestic fowl Gallus domesticus. 

Major differences, particularly the existence 6f a nasal-

cere and wattle arteries, and an extensive arter.io-venous 

rete in the nape and cheek regions of N. meleagris, are 

discussed. 

Five vascul~r arrangements in the head and neck are 

postulated to be important in brain temperature regulation. 
( 

These are: the nape-cheek rete, the· temporal rete, fine 

arterio-venous networks in the wattles and cere, and the 

cavernous sinus-intertarotid anastomosis association. 

All but the last of_ Lhese require arterial blood to flow 

to the brain via relatively indirect pathways.. These 

pathways are discussed in the light of occlusion eAperiments 

carried out by other workers. 

We thank Mrs B. Marsh and Miss L. LeRoux for help with 

resin casting, Dr J. Jarvis for advice in latex preparations, 

and Dr A. Goldin for taking the X-rays. Specimens ·were 

provided by the Cape Province Department of Nature and 

Environmental Conservation, and the University of Cape Town 

provided ess~ntial equipment and housing facilities for the 

guineafowl. 
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Guineafowl A Naked Head as a Thermal Window. 
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Abstract. Helmeted ~uineafowl, unlike other endotherms, regulate 

brain temperature less precisely than body temperature. By 

breathing through the nares, 9uineafowl can cool their brain, 

probably by countercurrent heat exchange in the temporal rete. 

The mechanism for brain temperature regulation becomes ineffective 

when h~at-stressed guineafowl p~nt and gular flutter through 

the mouth. Convective heat loss through thermal windows of the 

head and neck becomes critical to brain temperature regulation 

under these conditions. 

Some birds may use unfeathered areas o~ the head and neck to 

facilitate uptake and/or dissipation of heat (._!)-. This 

hypothesis has not been tested experimentally, despite the 

possible role 6f such a thermal window in the regulation of 

brain temperature. Brain temperature C!.br).. is precisely 

regulated in many species of birds and mammals (~l. The likely 

mechanism for regulation of T involves evaporative coolin. g of 
-br 

venous blood in the nasal mucosa, and countercurrent heat 

exchange between this cool blood and relativelx warm arterial 

blood in a temporal or carotid rete (~). 

~e have examined the hypothesis that naked areas of the head 

and neck of helmeted guineafowl (Numida meleagris) act as a 

thermal window to facilitate convective heat loss, thereby 

assisting in the regulation of Tb . The largely unfeathered 
. - r 

head and neck of this species, combined with patterns of 

cutaneous pigmentation {!) 1 behavior, and cervico-cephalic 

vasc~lar anatomy (~), suggest that the head and neck could be 

used as a thermal window. 

At low ambient temperature (T ), guineafowl have relatively -a 

dark facial skin, and us~ally assume a "head-retracted" 
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posture (Fig. 1). In this posture, the head and neck are 

nestled among erected collar feathers, thus reducing the area 

of exposed naked skin. This reduction o;f ex,J?osed area should 

retard heat loss via conduction and convection, and the darkened 

facial skin may promote heat uptake via radiation. Guineaf owl 

at high T have a more lightly colored face and assume an upright 
-a 

posture with the head and neck extended ~ig. l~. This posture 

increases the area of exposed naked skin and should promote heat 

loss via conduction and conv~ction, while reducing the radiative 

heating of the pale facial skin. Im~ediately underlying those 

areas of facial skin which show color changes, is an extensive 

arterio-venous rete which could provide the vascular component 

of a thermal window (~) • 

Nine adult guineafowl {mean weight and standard deviation, 

il30 + 50 g) were maintained in an outdoor aviary, and given 

free access to water and mixed grain. Oxygen consumption 

respiratory quotient (RQ), and total evaporative water loss 

{TEWL) were measured by open flow respirometry (~), in birds 

which had fasted overnight. Unrestrained guineafowl were 

placed in a 40 1 metabolic chamber at a T 
-a 

0 
of 10 C and were 

left at that T 
-a until ~ 

2 
was stable for 30 minutes. 

0 0 was then increased in 5 or 10 C steps up to 40 C. 

The T 
-a 

The birds 

were kept at each T until Yr, was stable for 30 minutes. 
-a -v2 

All temperatures were mea~ured with copper-constantan 

thermocouples <1>. DBep body temperature (T 
1

f was measbred 
-c 

with a thermocouple inserted 5 cm into the cloaca. The T 
-br 

was measured with a ~.13 mm diam thermocouple implanted in 

the forebrain .through a 2 mm diam hoie, which was drilled 
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through the skull about 8 mm above the external ear opening. 

This thermocouple was cemented to the helmet with epoxy resin. 

Position of the thermocouples in the brain was verified by X-ray. 

The effect of radiation and wind on Tb was tested for 
- r 

guineafowl held at T 
-a 

0 
of 26-28 c. The birds were immobilized 

in a plastic-mesh bag, and their legs were taped to ·a heavy 

splint. A 200 W incandescent light bulb and an electric fan 

-1 
(ai~ flow 3-5 m sec ) inside the chamber were used to simulate 

the effects of natural radiation and convection. The beaks of 

three guineafowl were taped shut during these radiation/ 

conv~ct~on ex~eriments, foicing them to breathe through the nares, 

and preventing panting and gular fluttering with ari open gape. 

As expected, the v
02 

of guineafowl increased at low Ta' whereas 

TEWL/V0 
2 

increased at high T 
-a 

(Fig. 2). The !cl remained 

virtually constant at all T investigated, while Tb varied by -a - r 
0 

over 4.5 c, and exceeded T 
-cl 

.stressed guineafowl (T )35 °c 
-a 

0 
a t T ) 4-1 C ( l? i g • 2 ) • . H e a t -

-a-
o 

and/or !bx?-42.5 C) showed 

synchronous panting and gular flutter. The ra~e of this flutter-

panting increas~d rapidly from typical breathing rates (20-40 

-1 -1 
mi~ ) to rates of 240-400 min Synchronous flutter-panting 

appears to be common among gallinaceous birds (~). 

The !br of immobilized guineafowl was not different from that 

of unrestrained birds held at the same T . 
-a The Tb was, however, 

- r 

markedly altered by both radiation and convection (Table l). 

The rate of increase in T -br 
with both the light and fan in 

operation was about 2.8 times slower than with only the light. 

Similarly, the rate of cooling of T -br with only the fan on, was 

about 1.8 ·ti.mes greater. The Tb of dead birds increased more 
- r 

rapidly, and decreased more slowly, than did th~t of living 
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Table 1. 
. 0 -1 

Rates of heating and cooling ( C min ) of the 

f6rebrain of living arid dead guineafowl. * indicates that values 

are different at P 0.05, ** is P 0.001, NS is nonsignificant 

difference, using paired t-test. Values are meari ±standard error. 

Living Dead 

no fan 0.0124 0.002 (10) ':** 0.0266 0.004 ( 3) 

Heating ** * 
fan ·0.0055 0.001 (10) ** 0.0215 0.004 ( 3) 

no fan 0.0123 0.002 (11) *' 0.0069 0.0003 (3) 
Cooling * NS 

fan 0.0229 0.004 (10) * 0.0093 0.001 C3) 
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birds held under similar conditions (Table 1). These differences 

demonstrate a ~hysiological capacity of live birds to regulate 

Tb . - r 

Sudden increases and d~creases in Tb - r 
0 

(..ul? to 0.4 Cl were 

often noted during the radiation}convection experiments. These 

changes in T were correlated with the onset o~ termination -br · · 

of flutter-panting (Fig. 3). Somewhat unexpectedly, the !br 

increased after the onset of flutter-panting in birds with an 

open gape. However, the T decreased after the onset of 
-br 

flutter-panting in birds which were forced to breathe thr6ugh 

their nares (Fig. 3). 

The basic mechanisms for temperature regulation in helmeted 

guineafowl are similar to those found in other birds and 

mammals (9). At low T , the ·increased rate of heat loss is -a . 

offset by elevated metabolic heat production tFig. 2). The 

bulk of excess metabolic heat at high !a is dissipat~d by 

enhanced evaporative cooling due to ~lutter-panting. During 

flutter-panting, there was no evidence of respi~atory alkalosis 

since RQ remained essentially constant (.0.78 ± 0.02 1 Nq5l). 

This suggests that most of the enhanced evaporative water loss 

occurs from non-respiratory exchange surfaces. 

The poor Tb regulation by guineafowl is unlike the relatively 
- r 

-precise regulation reported for other birds and mammals (.~). 

The contrasting ~ffect of T· on Tb and T ·l in guineafowl must -a - r -c 

reflect, to some extent, the physical dimensio~s of the head and 

body. The small, unfeathered head has a much higher thermal 

conductivity (0.020 °c min- 1 ) than does the larger body (0.0036 

-1 0 c min ) . Th~refore, it would be impossib~e for guineafowl to 
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subjected to simulated solar radiation and wind. I:.: typical 

result, beak not taped shut, no convection; B: atypical 

result noted once with one bird, beak not taped, no convection; 

C: typical result with beak taped shut, no convection; D: 

typical result, beak not taped, with convection. Thickened 

portions of lines indicate occurrence of gular flutter and 

panting. 
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regulate !br as effectively as !cl without having either a 

higher c~pacity for heat production and dissipation iQ the 

head, or a rate of blood flow to the head which was far in 

excess of that required for o 2 transport. 

However, the poor T regulation of guineafowl must not be 
-br 

taken to mean there is a total lack of control, since T -br 

10. 

alters by only O.l 0 c per 1 °c change in T , despite the high -a 

thermal conductivity of the head. At low and high T , postural 
-a 

changes alter the exposed surface area of the head and neck, 

thereby facilitating the maintenance of tolerable Tb .. 
- r 

Moreover, 

we have demonstrated that heat-stressed guineafowl can lower 

Tbr by breathing through the nares. This finding is consistent 

with the hypothesis that heat exchange in the temporal rete 

between cool venous blood from the nasal mucosa and relatively 

warm arterial blo6d can c~ol the brain. Similar retia have been 

hypothesized to allow T regulation in heat-stressed birds and 
-br 

mammals \~),but have been demonstrated to do so only in a few 

cases (~). 

Guineafowl appear to abandon nasal cooling of Tbr w_hen they 

flutter-pant through an open gape. Gap~ breathing is probably 

favored over nares breathing because 1) gape preathing bypasses 

the nasal countercurrent heat exchanger, hence avoiding 

.recondensation of water in the respiratory passage (lo), and 2) 

the airway's resistance during periods of hyperventilation may 

be lower when breathing through the mouth rather than the nares. 

During fl~tter-panting with an open gape, the evaporative 

surfaces are shifted to the gular area, where patterns df venous 

drainage cannot. selectively cool blood flowing to the brain (_2_). 



With the loss of nasal evaporative cooling, the naked areas 

of the h~ad and neck become the most likely sites for heat 

exchange which could be important for Tb regulation. The 
- r 

j 
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radiation/convection experiments demonstrated that these areas 

can act as thermal windows, ·and that the bulk of excess heat 

can be dissipated by convection. Convection at T ~ T did 
-a - -br 

not result in a decrease in Tb . . - r Heat loss was therefore non-

evaporati.ve. Convective heat loss under our experimental 

conditions was more effective in dissipating a radiative than an 

endogenous heat load. Convection resulted in a 2.8 fold decrease 

in heat ga{n via radiation, but ~nly a 1.7 fold increase in heat 

loss without radiation. The highest head temperature during 

radiative heating would be at the surface, where convective heat 

dissipation occurs, whereas the surface temperature during loss 

of an endogenous heat load is the lowest head temperature. 

Therefore, convective cooling might be more effective for T. -nr 

regulation than nasal evaporative cooling, if guineafowl in 

their natural habitat (relatively open savannah} were more 

likely to become heat-stressed through a solar h~at load than 

through endogenous heat production. 

A large arterio-venous rete underlying the naked areas of the 

nape and cheeks provides additional evidence in favor of the 

.thermal window hypothesis. We found that locali2~d cooling of 

the nape (lJJ lowered T of live birds by up to 0.6 °c within 
-br · 

10 seconds, whereas the T of similarly treated dead birds . ~r . 
0 . 

decre~sed more slowly, and by less than o.2 c. However, we 

cannot state unequivocally that ~his rete assists in the control 

of .!br because there are only tenuous direct arterial connections 

between the nape-cheek rete and the brain <-2)-. There would 
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probably have to be an alternative pathwayts) and/or retrograde 

blood flow to allow an adequate supply of cool arterial blood 

from the nape-cheek rete to reach the brain. Richards and 

Sykes (_!2) have demonstrated such alternative .l?athways in the 

domestic fowl (Gallus domesticus~, a close relative of the 

guineafowl. 

T. M. CROWE 

Fitzpatrick Institute, University of Cape Town, Rondebosch 

7700, south Africa. 

· . 
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The use of Rainfall in Predicting Guineafowl Population 

T.M. Crowe· 

FitzPatrick Institute, Universit'j 

Rondebosch 7700, South Africi 

of r~".:' n c.. 
\.IC_•.,........_,. Town, 

Identification of those factors which can p~edict 

the population of a species in its natural habitat is a 

first step towards understanding how the population is 

limited, and is a valuable tool in its effective management. 

Such· information is of greate.r practical value if the 

species is economicallj important. In southern Africa, 

the helmeted guineafowl Nun.:!_ida !fleleagris is a popular 

1 upland gamebird and, in some farming areas, it has 

been classed (probably unjustly 2
) as an agricultural 

pest. This paper reports a method which uses rainfall 

to foi~ec&st the population of JJUineafowl at f~ooipoor·t 

( 2 8 ° 4 5 ' s , 2 4 ° q 5 ' E ) , an est at e near K i m be r' 1 e y , in the 

northern Cape province, South Africa. 

Mot hods 

Data source 

Based on records accumulated at Rooipoort du~ing 

191 7-1 D-76, -for each year for which the 1~c ·.ve r-c ad e:qua t e 

data we computed: a guineafowl shpoting index; total 
\. 
rainfall· (mm) and frequency (number of days) of rainfall 

during the 12 months prior to each hunting season (June-

July); total rainfall and frequency.of rainfall during 
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the guineafowl breeding season (November-February) 

prior to each hunting season; and, total rainfall and 

fr'equency of r·ainfall for the months of November, 

December, January and February prior to each hunting 

season. The shooting·index was the total number of 

guineafowl shot during each hunting season divided by 

the number of days on which guineafowl were hunted 

during that season. This shooting index was taken 

to be a relative meas~re of guineafowl population. 

The reasoning behind this assumption was that the number 

of birds shot per hunting day will be relatively 

higher when there are more birds to shoot. Var~iation 

in the shooting index due to differences in shooting 

ability and size of hunting party is, in part, offset 

by the fact that the same hunters tend to visit 

Rooipoort year after year. 

Statistical methods· 

Correlation and forward-selection stepwise multiple 

linear regression 3 analyses were used to determine the 

predictive value of tile vat"ious tainfaU. measur·es 

(independent variables) for the shooting index (dependent 

variable). The coefficient of determination (R
2

) was 

used as the measure of predictive value. This statistic 

is an ~stimate of the proportion of the total variance 

in a dependent variable due to variation in an independent 

4 va,.iable . Th~ statistical limitations of correlation 
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and regression analyses of ecological data have been 

. 5 
discussed by Sepkoski and Rex Log-·log and semi-log 

(rainfall measures log-transformed) as well as a linear 

model were used to detect possible non-linear relation-

ships between rainfall and the shooting index. 

Results 

In all regression models, the frequency of rainfall 

dur'ing the 12 months prior to the hunting sea.son (YFFff) 

is the best predictor of the shooting index (Table 1). 

The shooting index - YFRF relation is a positive one 

(Table 2, Fig. 1). In a log-log model, January total 

rainfall (JRF) and December frequency of rainfall (DFR~) 

are significant but poorer predictors of the shooting 

index (Table 1). The relation between the shooting 

index and these two variables is also a positive one 

(Table 2). For all measures of rainfall, the 

correlation between the shoot!ng index and f~equency of 

rainfall is higher than that for total rainfall (Table 

2). A linear model gives the highest total R2
• 

In this model, ,YFRF accounts for nearly 72% of the variance 

in the shooting index, and the formula for estimating 
\ 

the shooting index is: S.I. = -11.13 + 0.68 YFf:ff: in 

which S.I. is the shooting index. 

D
. . 
lSCl.J.<'3,31.0n 

Our results suggest that frequency of r<:~infall, 



'l'able 1 

Model 

Li.near 

Semi-log 

Log-· log 

Summary of the results of multiple regression 

analyses of the guineafowl shooting index and 

rainfall measures for Rooipoort 
~ -- -·-

Sign.ifican'c 
p:t: edicto:c 
variables 

YFRF 

YFRF 
2 

JRF 
3 

D:FRF 

o.7152 

0.6440 

0. 56 2 1~ 

0.0612 

0.0435 
-~ ... _,. ___ 
o.6671 

Sign :i. f ic anc e 
level 

0.001 

0.001 

0.001 

0.014 

0.026 

-----·-·-·---·-------..~----·-·--~---.-...---- ... ·-

1 frequency (days) of rainfall during the 12 months prior 
to the hunting season. 

2 rainfall (um) during January 

3 frequency of rainfal~ during December 

4. 
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Table 2 Correlatio'l. coef fici.ents between the guineafowl shooting index and rainfall 

measures for Rooj_poort: the upper he.lf-ma tr. ix is for raw data, the lower half-mat:::-ix 

for log-transformed data 

---· 

s. I. YRP N .. -FR:F NRF DRF JR?'\ FRF YFRF N-FF'RF NFRF DFRF JFRF FF::Z:2 - -- -- - ---

ShootiES' :!:ndex (S. I..\ - 0.475 * 0.326 0.292 0.372 0. l60 0.266 0.846 0.719 C.585 0.6L1J. 0 • .;,1.;_ 0.357 

year (~RF) 0.533 - 0.818 0.285 0.531 0.499 0.635 0.643 0.648 0.202 0.476 o.564 0.417 

Nov.-?eb. (~-FRF) 0.261 o.711 - 0.352 0.436 0.626 0.778 0.406 0.685 0.221 0.404 o.611 O.SOl 
r-1 

.-i rl Nov. (NRE) rd ;t) ~ 
0.006 o.249 0.329 - -0.052 -o. :!. 31 0.095 0.303 0. 4?.2 0.772 0.152 0.160 O.l83 

.µ 4-f a 
D2 c. (DRF) 0.413 0. 534 0.400 0.077 - 0.215 0.181 o.474 o.483 0.04.6 o.788 0. 310 0. 2 26 0 ~ s 

E-f-,-;-
rd Jan. (JRF) 
1-i 

0.297 o.495 o . 5 7 o· -o . 141 0.254 - 0.445 0.178 0.493 -0.092 0.218 o.729 0.276 

Feb. (FRF) 0.230 o.627 0.802 0.039 0.150 0.413 - 0.334 0.515 0.108 0.099 o.368 o.633 

year (1.FR.F) o.75o o.677 0.348 0.214 0.556 0.245 0.268 -· 0.794 0.538 0.688 o.494 0.477 
'+l -·--
0 Nov.-Feb. (~-FFRF) 0.631 o.656 0.656 Q • 3 L1Q 0.603 0.439 0.425 0.811 - o.591 o.7o4 o. 7"78 0. 6 42 

rl 
>,ri ~ 
0 rd l1 Nov. (HFRF} 0.327 0.197 0.23G o.757 0.116 ·-0. 08 l 0 ._046 0.489 0.551 - 0.349 0.189 0.181 
i:: 4-1 :>. 
GI i:: rd Dec. (DFRi") o.638 o.454 0.392 0.152 0.775 0. 265 0.068 0. 702 0.723 0.354 - 0.•1,19 0.178 ;:j ·d 'C 
V1 ri) -
() ;., Jan. (i.T~RF) 0.423 o.562 0.600 0.125 0. 391 0.827 0.392 0.498 0.733 0.190 0.478 - 0.407 
~I ·--
µ., 

Feb. (~~) o.361 o.46o 0.556 0.065 0. 260 0.241 0.685 0. 4.89 0.612 0.180 0.201 o.38o 

* The critical values of~ for significance levels are: L 0.325, p 0.05; ~ 0.418, p 0.01 

01 

' -----·-------··- --------·-------------------------------------·------
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particularly frequency of rainfall during the 12 months 

prior to tl12 hunting season is the best predictor of 

the June-July guineafowl population at Rooipoort. 

Odum 6 states that a population can be limited by a 

physical factor, such as rainfall, wt1ich fluctuates 

markedly and unpredictably. 
7 

Onesta and Verhoeff 

h~ve demonstrated that rainfall in the ncirthern Cape 

is highly variable and unpredictable. Liversidge
8 

has hypothesized that bird populations in southern 

Africa are limited, in a density-independent manner, 

primarily by unpredictable rainfall. 

10 et al. have noted evidence of low 

Skead 9 and Mentis 

guineafowl population 

and poor breeding success during years of relatively 

low rainfall. 
10 Mentis et al. have speculated that 

poor breeding success may have been due to th~·negative 

effects of low rainfall on the availability of high-

protein inseci food, an important component in the diet 

of breeding guineafowl. 

Conclusions 

Our results, and the observations mentioned above, 

suggest that the frequency of rainfall affects guineafowl 

population directly, or indirectly throu~h jts effect 

on a critical food source. However, until we have 

reliable data to test these hypotheses, we can only 

say that rainfall is probably a good predictor of 

guineafowl population in the northern Cape. In the 

I 
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meantime the hypothesis that it can rain guineafowl as 

well as cats and dogs is as tenable as any other. 
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'LIMITATION OF POPULATION IN THE HELMETED GUINEAFOWL 

T.M. CROWE 

FitzPatrick Institute, University of Cape Town 

Rondebosch 7700 

ABSTRACT. - The hypothesis that a population of helmeted 

' 
guineafowl is limited in a density-independent manner by 

rainfall (the "rainfall hypothesis") is tested by analyzing 

the hunting bags for 36 seasons, and data from a 28-month 

intensive study of the population. A shooting index (season 

total hunting bag/number of hunting days) is used as a measure 

of the population. The "rainfall hypothesis" is rejected, 

since changes in the shooting index are statis~ically 

dependent on, and inversely related to the size of the 

population, and since frequency of rainfall, the best 

predictor of the shooting index, is also a significant 

positive predictor of potential available food. An 

·alternative, more holistic, physio-etho-ecological model, based 

on density-dependent population limitation by food is 

offered. 

INTRODUCTION 

In an ecosystem subjected to unpredictable and large 

environmental fluctuations, the size of populations tends to 

be limited by physical factors, such as,rainfall, temperature, 

wind, etc. (Odum 1971). By "limited", I mean prevented in 

some way from realizing the population growth dictated by the 



2 . 

species' intrinsic rate of natural increase (~). A 

population is said to be limited in a density-dependent 

manner if its growth rate is negatively related to the size 
I 

of the population, and limited in a density-independent 

manner if its gro~th rate shows no relation to population 

size (Ricklefs 1973). A population is said to be regulated 

if its size varies, within narrow limits, around some 

equilibrial value (Ricklefs 1973). Liversidge (1966, 1970) 

has hypothesized that bird populations in Southern Africa are 

limited primarily by density-independent factors, of which 

unpredictable rainfall is the most important. His hypothesis 

is based on data from studies of 30 species of graminivorous, 

frugivorous and insectivorous birds, which breed regularly 

near Cape Receife (34° S, 25° 40'E) in the eastern Cape 

Province, South Africa. 

The helmeted guineafowl (Numida meleagris) i,~ endemic to 

Africa, and is a relatively common and widespread member of 

savanna biome (Crowe 1978). Clutch size in ~· meleagris 

ranges from 6 to 19 eggs (Clanc~y 1967; Mclachlan and Liver-

sidge 1972); hence, the species has a potentially high~ 

value. Fergin (1964), from histological and behavioural 

studies of N. meleagris from equatorial Uganda, has suggested 

that rainfall may directly or indirectly control breeding 

activities in this species. Skead (1962) and Mentis~ al. 

(1975) have noted evidence of low guineafowl population and 

poor breeding success in South Africa during years with 

relatively low rainfall. In some drought years, guineafowl 

virtually disappeared from Skead's study area. Mentis 

J 
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et al. (1975) have suggested that poor breeding success may 

have been due t6 the negative effects of low rainfall on the 

availability of high-protein insect food. Crowe and Siegfried 

(1978) have shown that frequency of rainfall (number of days) 

is a highly statistically significant predictor of the 

guineafowl shooting index (number of guineafowl shot per 

season/number of days of hunting), an assumed index of the 

guineafowl population, at Rooipoort (28° 45'S, 24° 05'E), 

an estate near Kimberley, South Africa. Rainfall in the 

Kimberley district is much more unpredictable than in the 

district in which Liversidge worked (Onesta and Verhoef 

1976). Therefore, the effect of rainfall on the guineafowl 

population at Rooipoort should be even more marked than at 

Cape Receife (Liversidge 1966, pers. comm.). 

My aims in this paper are to: 

1. test the hypothesis that the guineafowl population at Rooipoort 

is limited in~ density-independent_ manner by rainfall 

( ~1ereinafter termed the "rainfall hypothesis"); 

2. discuss the results of the test within a physio-etho

ecological framework, based on my 28-month study of the 

Rooipoort guineafowl; 

3. formulate a more holistic model of the guineafowl 

population limitation on the estate. ( 

STUDY AREA AND METHODS 

Rooipoort is approximately 175 km 2 in extent, and has more 

than 25 km of frontage alon~ the Vaal River (Fig. 1). 

According to Bigalke and Leistner (unpublished data), the 
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estate supports 11 vegetation types (Fig. 2). The only 

major artificial modification of the natural habitat has 

been the construction of seven watering points (Fig. 1). 

The owners of Rooipoort have maintained a policy of culling, 

at most, excess guineafowl above a subjectively determined 

lower limit thought to be necessary to maintain the population . 
• 

This policy is implemented by a resident managerial staff, 

who estimate, through ad hoc counts, the number of birds 

that may be culled annually. If counts of guineafowl 

indicate poor breeding success and low population, hunting 

is suspended. Not more than 25% of the estimated total 

guineafowl population has been culled in any of the last 20 

hunting seasons. 

Author's field data 

My field observations of guineafowl at Rooipoort (October 

1973 - January 1976) spanned three consecutive breeding 

seasons. Two of these breeding seasons were relatively 

successful (1973-74 and 1975-76), and one was very poor 

(1974-75). As part of a general etho-ecological study of 

N. meleagris at the estate, I collected data on: distribution 

of guineafowl, potential drinking sites, group size, emigration-

immigration~ hatching dates, relative production of juve~iles, 

relative food availability and intake, fresh weights and 

intestinal helminth burdens of shot bfrds, individual and 

group agonistic behaviour, and male-female pairing. Data 

for agonistic behaviour and male-female pairing were for 

103 individually identifiable birds which had been trapped 
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and marked with neck-tags anQ/or colour-coded leg rings at 

Stone Dam, an isolated watering point (Fig. 1). Distribution 

of potential drinking sites was noted because guineafowl at 

Rooipoort are rarely seen more than two km from a potential 

drinking water (Crowe unpublished data) .. Male-female 

pairing was monitored since it seems to be a pre-requisite 

for successful reproduction (Crowe in prep.). A male and 

female were said to be paired if the male exhibited courtship 

feeding behaviour (Stokes and Williams 1971; Crowe, in prep.). 

Distribution of guineafowl and temporary streams and pools 

of water were determined from aerial photographs, and from 

sightings along regularly travelled Rooipoort roads. Data 

for October 1973 - September 1974 were analyzed separately 

from that for October 1974 - September 1975 to determine 

possible year-to-year variation in dispersion of birds and 

water. Owing to a bush fire which destroy~d much of the 

vegetation on Rooipoort in late January 1975, I was able to 

search for signs of the usually well-concealed nests (Skead 

1962). Data for male-female pairing and emigration-imm~gration 

were collected only for birds ringed at Stone Dam. Estimates 

of relative emigration rates of adult and juvenile guineafowl 

were obtained by comparing sightings of individually 

identifiable birds at Stone Dam during June-July 1974 and 

June-July 1975. Emigration distance was estimated from 

recoveries of birds ringed at Stone Dam. Hatching dates 

were estimated through age determination (Siegfried 1966) of 

juveniles shot during the hunting season. Relative production 

of juveniles was estimated by the number and percentage of 
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juvenile birds in the total bag for each hunting season. 

Food availability was estimated from the results of 800 

sweeps taken monthly (200 sweeps each week) with a 30 cm 

sweep-net. Sweeps were takBn along two fixed transects of 

grassland habitat (100 sweeps along each transect) in the 

Stone Dam area known to be used by guineafowl. Number and 

biomass (dry weight) of arthropods, and biomass of grass 

seed in the sweep catch were used as relative indices of 

animal and vegetable food availability. Patterns of food 

intake were inferred from crop contents of shot guineafowl. 

Statistically adequate samples of crops, fresh weights and 

intestinal helminths were obtainable only from birds shot 

during the hunting seasons. Methods used in collection and 

analysis of helminth data are discussed in Crowe (1977). 

Mean monthly group size, monthly total number and biomass 

of arthropods, and total monthly biomass of grass seed in 

the sweep samples were compared with the frequency of 

rainfall during· the month to determine if they too were 

statistically related to this significant predictor of the 

shooting index. 

Conditions for density-independent limitation !?...'i. rainfall 

Conditions I set as necessary for.rainfall to be a density

independent limiting factor werG: 

(1) Some measure of rainfall must be statistically 

significantly (f (0,05) related to the shooting index. 

(2) The shooting index-r~infall relation must be a positive 

one. 
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(3) The annual percentage change in population, as estimated 

by the formula 

x 100 

in which S.I.Y is the shooting index of the year Y, and 
• 

S.I.Y-l is the shooting index of the preceding year, must 

not be related significantly to the shooting index of the 

preceding year. In other worqs, the annual percentage change 

in population must be statistically independent of the size 

of the population in the preceding year. Percentage change, 

rather than absolute change was specified in an attempt to 

minimize the effects of a fluctuating population equilibrium 

(Sinclai1~ 1974). 

(4) Variables significantly related to the shooting index 

must not also be significantly related to the '.availability 

of food, a possible density-dependent limiting factor 

(Lack 1966) .. 

RESULTS 

The "rainfall" hypothesis 

Raw data used in the investigation of conditions 1-3 for 

density-independent limitation by rainfall are given in Table 

1. Crowe and Siegfried have shown that the shooting index 

is strongly positively related to freq~ency of rainfall 
f 

during the 12 months prior to the hunting season. Thus, 

conditions 1 and 2 specified for density-independent limitation 

ar:-e satisfied. 
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TABLE 1. Guineafowl hunting and rainfall data for Rooipoort. 

No. of Frequency 
Year birds No. of Shooting % of 

·shot .days index change rainfall 

1918 188 14 13,4 44 

1919 193 22 8,8 -34,3 46 

1920 202 10 20,2 129,5 42 

1921 197 13 15,2 -24,8 39 

1922 82 11 7,5 -50,7 26 

1923 233 11 21,2 182,7 39 

1924, 169 9 18,8 -11,3 32 

1925 516 22 23,5 25,0 59 

1926 339 18 18,8 -20,0 41 

1927 230 14 16,4 -12,8 42 

1928 421 24 17,5 6,7 -40 

1929 387 20 19,4 10,9 41 

1931 120 6 20,0 50 

1932 42 3 14,0 -30,0 30 

1933 79 7 11,3 -19,3 29 

1934 617 19 32,5 187,6 59 

1935 516 12 43,0 32,3 60 

1936 207 9 23,0 -46,5 51 

1937 412 20 20,6 -10,4 53 

1938 227 11 20,6 0,0 38 

1961 30 14 2,1 12 

1962 11 9 1,2 -42,9 36 

1963 23 13 1,8 50,0 28 

1964 0 0 0,0 -7o,o* 21 

1965 0 0 o,o o,o 21 

1966 0 0 0,0 0,0 21 

1967 13 1 13,0 200,0** 32 

1968 121 15 8,1 -37,7 30 

1969 141 20 7,1 -12,3 18 

1970 96 15 6,4 -9,9 28 

1971 95 15 6,3 -1,6 31 

1972 - 184 12 15,3 J 142,0 34 

1973 0 0 0,0 -7o,o* 23 

1974 247 25 9,9 200,0** 30 

1975 93 15 6,2 -37,4 25 

1976 356 22 16,2 161,3 41 

* arbitrary value assigned to show large loss 

** arbitrary value assigned to show large gain 
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Condition 3 is not satisfied. There is a significant 

inverse relation between percentage change in the shooting 

index and the shooting index of the preceding year (Fig. 3; 

b = -3' 12 + 1$40' £: < 0 '05) . 

Data used in the investigation of condition 4 are listed 

in Table 2. Condition 4 is no~ satisfied. Both arthropod 

biomass (Fig. 4; 0,62 .± 0,08, f_c(0,001), and number of 

arthropods (Fig. 5; b = 44,70 .± 6,11, f< 0,001) are 

~ignif icantly related to frequency of rainfall during each 

month. Biomass of grass seed caught in the sweep net (Fig. 

6; b = 1,17 .± 0,32, f<0,01) and mean group size (Fig. 7; 

b = -2 , O 3 .± O , 5 5 , f < O , 001 ) are a 1 so s i g n if i cant 1 y re 1 ate d 

to the frequency of rainfall. A decreasing mean group 

size is an indication of group break-up and male-female 

pairing. 

Distribution of birds, water and nests 

As judged from sightings of guineafowl along regularly 

travelled roads (Fig. 8), birds were more widely dispersed 

during October 1973 - September 1974, than during Ostober 

1974 - September 1975. Temporary streams and pools of water 

were widespread during 1974, but were virtually non-existent 

during 1975. No nests or eggs were found after the bush 

fire of January 1975. 

Emigration and Immigration 

Of 33 individually identifiable adult guineafowl which 

were observed at Stone Dam during June - July 1974, 14 (42%) 
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TABLE 2. Rainfall, ecological and behavioural data collected at ------
Rooipoort. 

Month Year Rainfall Arthropods Grass seed Mean 
(days) (wt. in g) (no.) (wt. in g) group size 

Oct. 1973 1 10,06 

Nov. 1973 8 5,93 

Dec. 1()73 9 1,78 

Jan. 1974 13 6,04 385 0,09 1,67 

Feb. 1974 9 6,06 675 10,02 1,68 

Mar. 1974 17 14,77 1093 20,08 4,87 

Apr. 1974 13 4,95 312 41,34 11,00 

May 1974 4 6,02 llO 12,43 16,53 

Jun. 1974 0 0,02 3 3,60 27,26 

Jul. 1974 0 0,00 0 0,30 51,12 

Aug. 1974 2 0,00 0 0,32 45,50 

Sep. 1974 0 0,04 21 0,19 22,35 

Oct. 1974 2 3,53 45 0,00 15,57 

Nov. 1974 2 0,68 51 ·o,oo 7,06 

Dec. 1974 2 1,08 111 0,23 8,00 

Jan. 1975 4 3,63 90 0,00 7,95 

Feb. 1975 4 0,58 62 0,00 11, 11 

Mar. 1975 7 0,28 12 1,11 18,83 

Apr. 1975 2 0,16 23 4,46 55,33 

May 1975 3 0,45 45 1,01 35,37 

Jun. 1975 1 0,04 1 0,42 30,21 

Jul. 1975 0 0,00 0 0,00 28,33 

Aug. 1975 0 0,04 ·l 0,00 30,00 

Sep. 1975 0 0,02 1 0,00 46,92 

Oct. 1975 0 0,14 8 0,00 12,56 

Nov. 1975 3 0, 19 11 0,00 6,06 

Dec. 1975 8 2,02 96 0,00 2,40 

Jan. 1976 9 6,32 314 0,00 1,67 
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FIG. 3. ·A plot of percentage change in the shooting 

index at Rooipoo~t against the shooting index of the 

previous year. 
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were observed there again during June - July 1975. Of 

56 individually identifiable juveniles which were observed 

at Stone Darn during June - July 1974, only 11 (20%) were 

seen there again in 1975. Thus, relatively more juveniles 

than adults (J. 2 
= 7,04, f<O,OU apparently died or left 

Stone Dam during August .1974 - May 1975. 

Emi~ration of guineafowl ringed at Stone Darn appeared to 

be restricted to short distances. The mean distance from 

Stone Dam for 21 recoveries was 2,29 km. All birds recovered 

were found within 2 km of permanent water. Six of seven 

birds recovered more than 3,00 km from Stone Dam were males.· 

Four of these six males were ringed as .juveniles. Both 

long-distance recoveries, 4,5 and 10 km respectively, were 

male birds ringed as juveniles. 

Immigration into the Stone Darn area during the breeding 

seasons (Nov. - Feb.) was virtually non-existent, and the 

population during this phase of the annual cycle remained 

fairly constant: 28 in 1973-74, 20 in 1974-75, 23 in 1975-76. 

Those Scone Dam adult guineafowl which died or emigrated in 

1973-74 seemed to be replaced in the 1974-75 breeding season 

by recruitment of yearling birds which had been ringed as 

juveniles at Stone Dam. Adult and yearling mortality in 

1974-75 seemed to be counterbalanced by immigration of one 

pair of mated adults drawn from a locality other than Stone 

Dam, and second year birds that had been ringed as juveniles 

at Stone Darn. 
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Hatching dates and production of juveniles 

The annual modes of hatching for juvenile guineafowl shot 

during the hunting seasons occurred in January for both 

1974 and 1975, and in March for 1976. The modes of hatching 

in 1974 and 1975 occurred when the relative availability of 

arthropod food was high, and the availability 6f food was 

higher in 1974 ~Table 2). Relative production of juveniles, 

as judged by the number and percentage juveniles in the 

following hunting season's total bag, was high in the 1973-

74 (N = 179, 72%) and 1975-76 (67%) breeding seasons, 

and very low in the 1974-75 (N = 2, 2%) breeding season. 

No juveniles were observed at Stone Dam during 1975. A 

total bag for juveniles was not available for the 1976 

hunting season. The percentage value given is based on a 

sample of 98 birds shot on one weekend. 

Food intake 

Both arthropod and vegetable food intake, as judged from 

analysis of crop contents of adult guineafowl shot in tt1c 

same habitat at approximately the same time of day, were 

higher in 1974 and 1976 than in 1975 (Table 3). 

Fresh weight 

' 
In all three hunting seasons, adult male guineafowl were 

significantly (f £0,05; ! test) heavier than adult females 

(Table 4). Adults shot during the 1974 and 1976 hunting 

seasons were significantly heavier than adults shot during 

the 1975 hunting season (Table 4). 



TABLE 3. Crop contents of adult N. meleagris shot at Rooipoort during the three 

hunting seasons. 

Hunting Mean dry weight ! and ~ Mean % weight ,_ and p 
( g) of vegetable L. n values - -* season - material of arthropods values 

-
1974 19 11,23 3,23 3,68 2,51 

(11,25)** .!:. ~0,01 (6,32) p ,{_ 0' 02 

·1975 25 3,44 - 0,48 

(3,93) (0,92) 

1976 8 13,43 2,45 1,88 2,33 

(19,86) p ,(, 0 '02 (2,59) p <.0,05 

'• 

* comparison with 1974 mean value, t test 

** -
standard deviation 

I\) ,_, 
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TABLE 4. Mean fresh weights of adult N. meleagris shot and trapped at Rooipoort 

during three hunting seasons. 

Hunting 
season 

1974 

1975 

1976 

n 

86 

43 

45 

Males 
x (g) S.D. 

1503,49 93,82 

1419,30 84,20 

1482,79 53,24 

Females 
n x (g) S.D. 

36 1427,78 99,32 

22 1339,32 86,10 

40 1425,20 82,05 

\ 

N 
N 
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Intestinal helminth burdens 

The helminth burden of adult birds shot during the hunting 

seasons, showed little seasonal variation. The mean level 

of infestation (Crowe 1977) was 2,71 (N = 66) in 1974, 2,87 

(N = 82) in 1975, and 2,93 (N = 18) in 1976. 

Agonistic behaviour 

Agonistic behaviour, i.e. chases, pecks and fighting, was, 

with few exceptions (all during group rncounters), restricted 

to males. My impression, consistent with that of Skead 

(1962), is that chases were more frequent and of longer 

duration immediately prior to and during the breeding season. 

In the Stone Dam area, chases were more frequent during group 

interactions than during normal movements of a single group 

( 'f.- 2 
= 4658' !: < 0' 001) . In all group interactions, the 

resident group, i.e. individually identifiable guineafowl 

that regularly visited the Stone Dam area, made the initial 

advances. I~ all cases in which one group withdrew, it was 

the non-Stone Dam group. 

Dominance hierarchies and male-female pairing 

The dominance hierarchy among male guineafowl which 

freque~ted the Stone Dam area, as judged by undirectional 
/ 

agonistic behaviour, varied from season to season (Table 5) . 
.. 

Rather than a linear hierarchy with ranks, there seemed 

to be a system with levels. Within each level, there was 

no decisive superiority. There seem to be two "shapes" of 

hierarchical system in Table 7. During the two successful 



TABLE 5. The dominance hierarchy among male N. meleagris frequenting Stone Dam 

during three stages of the study. 

Level Nov. 1973 - May 1974 June 1974 - May 1975 June 1975 - Jan 1976 

I io* 4* 5* 4 5* 73+* 5* ' 101 * 

II 20* 14* 95 8* 86+ 14* 82+* 4* 31* 

III 9* 15 25 14 29 77>;1; 

IV 6+ 47+ 48+ 73+ 55 13 4'9+ 

* observed in courtship feeding, i.e. paired 

+ juvenile birds in 1974 

N 
+:> 
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breeding seasons, 1973-74 and 1975-76, the system took the 
I 

-
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shape of an inverted triangle, i.e. thBre were many dominant 

(Level I and II) individuals. During the unsuccessful 

breeding season of 1974-75, the system took the shape of 

a normal triangle, i.e. few dominant individuals. There was 

no obvious dominance hierarchy among females . 
• 
Male-female pairing also varied from season to season 

(Table 5). In the 1974-75 breeding season, only male. number 

5, a dominant bird, secured a female partner. No offspring 

were produced from their union. In the other two seasons, 

males from all but the lowest level in the dominance system 

secured mates. 

DISCUSSION AND CONCLUSIONS 

The results of this study are inconsistent with the hypothesis 

that population is limited in a density-independent manner 

by rainfall. Analysis of shooting indices and weather data 

suggests that the guineafowl population tends to increase, 

in a linear manner, when there is frequent rainfall during 

the 12 months prior to the hunting season (Crowe and Siegfried 

1978); but, increases are not independent, statistically at 

least, of the size of the population in the preceding year. 

Increases tend to be greater when the population in the 
\ 

preceding year's population is ;lo~~ ------- This negative relation 

between population growth and size of ~opulation satisfies 

the definition of density-dependent limitation given in the 

Introduction. That the breeding season population of 

guineafowl in the Stone Dam area remained relatively constant 
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during my field study, suggests, but by no means proves, 

that the size of sub-populations of guineafowl is regulated. 

A hypothetical density-dependent model of population 

limitation of Rooipoort guineafowl based on the results of 

my field study is given in Fig. 9. Guineafowl are not 

uniformly distributed over Ro~ipoort. Sub-populations 
• 

apparently cluster around areas with drinking water. If 

there is a relatively high frequency of rainfall during the 

year, existing sub-populations will breed successfully, 

utilizing the abundant high-protein arthropod food that 

becomes available. Furthermore, new areas of suitable 

habitat will arise with the addition of temporary drinking 

water. Many of these new areas are colonized by emigrants, 

probably mainly juveniles, from areas with more persistent 

drinking water. If, in the subsequent year(s), the frequency 

of rainfall becomes relativeiy low, ephemeral water will dry 

up, and sub-populations that used this resource must seek out 

other areas with drinking water, or else go extinct. Immigrants 

are resisted, usually successfully, by guineafowl resident at 

areas with mor~ persistent water. However, social 

disturbances by potential immigrants, plus competition for 

mates between resident males, lead to an increase of energy 

expenditure in agonistic behaviour, and may hinder male-

female pairing and redu~e the feeding efficiency of resident 

birds. Moreover, the increased popula~ion, albeit temporary, 

may lead to heavier infestation by intestinal helminths 

(Crowe 1977), and will depl~te further the already low 

availability of high-protein arthropod food. Since breeding 
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in female birds in general, and rapid growth of young 

guineafowl in particular, seems to depend on the acquisition 

of high-protein food (Jones and Ward 1976; Davis 1943), 

any factor which decreases the effective consumption of 

arthropods can depress breeding success. Thus, in a socially 

unstable, poor food-quality situation, those few females which 

pair successfully may not have the necessary protein reserves 

to lay and incubate successfully, and those few chicks that 

hatch may suffer heavy mortality, ultimately due to nutritional 

deficiency. In summary, although rainfall is an important 

factor in creating new habitat for colonization by guineafowl, 

its primary effect on population is probably an indirect one 

mediated through the availability of high-protein food. 
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VARIATION IN INTESTINAL HEL~v'l!NTH INFESTATION 
OF THE HELMETED GU!NEAFOWL 

TIMOTHY M. CROWE 
FitzPatrick Institute, University of Capo Town, 

Rondebosch 7700 

ABSTRACT. - Intestinal tracts from 206 helmeted guineafowl (/'1umid3 m&feegris) shot dt2ring June and cluly of 
1974 and 1975 from two discrete habitat types were examined for helminths. Six species (three cesiodes, hvo 
nematodes and one acanthocephalan) were identified. Helminths were found in a.II but vne of tht: trect3. 
Nematodes '<'!ere found only in the caeci, cestodes and acanthocephalans in the intestin::i! lumen. Using a 
volumetric index of level of infP,station, juvenile guineaiowl had highe; levels cf infestation by cestodes and 
acant!1oceph?:ans than did adults. The highest levels of helmir:th infestation of adult g11int:2fowl ware round in 
specimens collected in July 1975. In savanna habitat, adults had higher leveis of nematode infostntlon in June 
1974 than in ~'une 1975. In July 1975, adult guineafowl in riverine habitat had higher levels of helrninth infestation 
than those in savanna habitat. In June 1975, in riverine habitat, adult males had higher ieve!s of nematod~ 
infestation th:::ri females. High levels of infestation in juvenil'3 guineafow! are presumed to be the result r.f a 
greater intake of intermediate hosts and a lower resistance• to infection. High levels of infesto.tion in adult 
guineafowl are attributed to an interaction between high population density and soil moisture content at the tirne 
of infection. None of the guineafowl showed any signs of gross pathological condition. Therefore observc·i 
infestation is presumed to be at a tolerable level. 

INTRODUCTION 

Although many species of intestinal helminths have 
been found in the helmeted guineafowl (Numida 
meleagris) (Hiester and Schwarte i959, Yamaguti 1959 
and 1961, Ortlcpp 1963, Oosth.ui.zen and Markus 1967), 
only Saayman ( 1966) has attempted to quantify the 
level of helminth infestation of guineafowl in their 
natural state. He gave means and ranges by species for 
numbers of worms found in the intestines of 36 adult 
guineafowl collected throughout the year, but did not 
express his data in a manner that would allow discussion 
of patterns of variation in level of infestation. 

As part of a general etho-ecological survey of N. 
meleagris complete intestinal tracts of 206 guincafowl 
shot during June and July of 1974 and 1975 on 
Rooipoort Farm (28° 45' S, 24° 05' E), Kimberley 
district, South Africa, were exam.ined for helminths. 
Level of helminth infestation was related to year and 
month, age and sex of the guineafowl, and the habitat in 
which the bird was shot. Various hypotheses concerning 
variation in level of infestation were investigated. 

METHODS 

Each guineafowl was weighed and examined for signs 
of gross pathological condition, e.g. emaciation, 
excessive feather loss, heavy ectoparasite infestation, 
tissue inflammation or damage. All guineafowl older 
than ten months (Siegfried 1966) were classified as 
adults. The sex of all guinea fowl shot in 1975 was noted. 
Intestinal tracts were preserved in l 0% formalin 
solution. The. tracts" were examined for helminths i11. a. 
shallow grey pan (for maximum contrast to the white 
worms) containing clear water 3 cm deep. Each tract 
was cut open and helminths were removed with forceps. 
Helminths from the intestine and caeci were analysed 
separately. Spatial and relative numerical distribution of 
helminths by gross form (rounded and smooth = 
nematode, rounded and pseudo-segmented = acantho
cephalan, flat and :;egmented = cestode) were noted for 
a random sample (1f 50 intestinal tracts (25 from ::idult, 
25 from juvenile guineafowl). A s;:i.ri::ple of individual 
hclminths c1!compassing the range of phenotypic 
variation was set aside for specific indentificatiou. 

The helminl.hs were washed and placed in a graduateo 
cylinder filled to a certain level with wate;-. Level of 
infestation was expressed to the nearest 0, l ml in ml of 
water displaced. This measure of infestation, .:!though 
an approximation to the actual numbers of helwinths 
present, provides a volumetric index of the amount of 
intestinal. and caecal space occupied by helminths. 

Guineafowl flock-size, :md rainfall •,vere moriitored in 
the study area during the months prior to specimen 
collection. 

Guineafowl helminth specimens were grouped into 
samples according to year, month, sex, age, ar;d habit.at 
(riverine vs savanna). All possible (56) comparisons of 
samples of guineafowl were made to determine 
statistical significance of intergrouping differ~nccs in 
level of infestation. Tte Mann-Whitney U test ·,ws used 
instead of the standard r-test because preliminary 
analysis indicated that the data did not meet th-:: 
assumptions for the 1-test (Sokal and Rohlf ;9(,9). 
Within samples of adult guineafowl the correlation cc
efficient between level of infestation and body weight 
was computed to determine a possible correlation 
between weight and infestation. -

Habitat classification followed Bigalke and Leistner's 
(unpublished data) vegetation survey of Rooipoon 
Farm. Riverine habitat was characterized by relatively 
moist soil, often with clay deposits, and vegetation 
dominated by willow (Salix capensis) and karee (Rhus 
!oncea) trees, and perennial sedges and grasses, e.g. 
C)iperus iongus ar.d Par.icum coloratwn. Savann~ 
hr.bitat was chara.::terized by relatively well drained .>oil 
types and evenly spa~cd bushy vegetation dominated by 
vaalbos, ( Tarchonanthus camphorarus), and tall pen::n·"' 
nial grasses, e.g. Eragrostis lehmanniana and Schmidric 
pappoplwroides. Trees· were rare, occurring locally in 
sandy pockets (Acacia girajfae) or near ground w:~ter 
(Zbphus mucrona1a). 

RESULTS 

Helminths were found in 205 of the 206 tracts. None 
of the guineufowl examined showed signs of grosf
parhological 'condition. There was no significaat 
corrc!ation between boJy weight ;-:.nd level of infestation. 
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Six species of helminths were indentified: the acantho
cephalan lvf ediorhynchus taeniatus (Listow 190 I); the 
cestodes Railiietina (Rail/ietina) pintneri (Klaptocz 
1906), Ascometra nwnida (Fuhrmann 1909), and 
Porogynia paronai (Moniez 1892); and the nematodes 
Subulura dentigera (Ortlepp 1937) ll.nd S. suctoria 

.June 1975. in riverine habitat adult mPle& had higlwr 
levels of nematode infestation than fcm::Jes. 

Total rainfall in May and June was 10 mm in 1974 
and 44 mm in 1975. Mean flock size was 24,0 (n = 49) in 
1974 and 35,8 (n = 17) in 1975. 

TABLE 1. Percentage of gu;";;caf'owl infected, distribution and occurrence (presf11c~ - absence) of intestinal l!elmintlls /i·om a sample of 25 
adults and 25 juveniles. 

---------·----·~----· 

Small intt:,tinc Caecum Rcc1um 1 % infocted 
.. _______ -------· 

Age A2 c2 N2 A c N A c N A c N 

Adult 4 25 0 0 0 16 0 12 0 16 1GO o.1 

Juvenile 1 25 0 0 0 18 0 4 0 4 100 72 

Totals 5 50 0 0 0 34 0 16 0 10 100 68 

-----·-

presence likely due to migration after death of host (Verster pers. comm.) 

2 A = acanthocephalan, C = cestode, N = nematode 

(Molin J 860). Cestodes and nematodes were the 
predominant helminths in the specimens examined 
(Table 1). Nematodes were found only in the caeci, 
cestodes only in the intestinal lumen (Table l). 
· A sumrnhry of sample comparisons showing signifi
cant differences in helminth infestation is given in Table 

DISCUSSION AND CONCLUSIONS 

The absence of signs of gross pathol0gical cor1ditinn 
due to parasitism in a.JI guineafmvl examined indicate:; ;1 

tolerance, during the non-breeding season at least, to 
helminths at the existing levels of infestation. ff 

TABLE 2. Summary of comparisons of intestinal helm in th samples from N. meleagris 

Month 
C& A1 N2 

& Habitat Age Sexes n L.0.I.3 LO.I. 
Year 

6/74 riverine J M&F 6 7,50* 0,83 

6/74 savanna M&F 47 5,03* 0,51 

7 /75 savanna A M&F 18 2.93 0,4 2** 

7/75 riverine A. M&F 10 4,45* 1,68** 

7 /75 riverine A M 6 5,(J4* 2,08*" 

7 /75 savanna A M 3 4,00 I ,00** 

7 /75 riverine A F 4 3,56** 1,06** 

6/74 savanna A M&F 44 2,18 0,51 ** 
7/75 riverine A M&F 10 4,45* 1,68** 

6/75 riverine A M 27 1,95 0,21 ** 

6/75 riverine A M 27 1,95 0,21 ** 

1 cestodes 'and aelllnthocephalans 
2 nematodes 
3 mean level of infcstion (ml); higher LO.I. in italics. 

* U significant at P< 0,05 

** U significant at P < 0,01 

2. Juvenile guineafowl had higher levels of infestation by 
cestodes and acant hocephalans than did adults. The 
heaviest helminth infestations of adult guineafowl were 
found in specimens collected in July 1975. In savanna 
habitat, adults had higher levels of nematode infestation 
in June 1974 than in June 1975. In July 1975, adult 
guineafowl in riverine habitat had higher levc1s of 
helminth infestation than those in savanna habitat. Jn 

2 

-----------
Month 

C& A N 
VS & Habitat Age SexP.s n 

LO.I. L.O.I Year 

6/74 riverine A M&F 5 2,15 0,65 

6/7'1. savanna A M&F 44 2,lU o,s 1 

6/75 ;avanna A M&F 17 2,15 0,(19 

6/75 riverine A M&F 37 1,89 0,16 

6/75 riverine A M 27 1,95 0,21 

6/75 savanna A M 9 2,75 0,02 

6/75 riverine A F 10 1,71 0,02 

6/75 savanna A M&F 17 2,15 O,G9 

7 /75 savanna A M&F 18 2,93 0,42 

6/75 savanna A M 9 2.75 0,02 

6/75 riverine A F 10 1,71 0,02 

-----

emaciation is a fair index of harm done to the host h) 
the helminths, the lack of a negative correlation between 
body weight and level of infestation supports thi~ 
conclusion. It must be stressed that a volumetric 
measure of level of helminth infestation can be used as a 
gauge of coliective harm done to the host only if there i:' 
no great disp3.rity ir. pathogenicity among the helmintl· 
species. This condition is me1. in this study Fince unJc; 



natural conditions internal parasites are rarely patho
genic (Candy 1972). The acanth?cephalan M. taeniatus, 
the only identified helminth hkely to be pathogenic 
(Verster pcrs. comm.), is uncommon among guineafowl 
examined (Table 1). 

Assuming mild pathogenicity on the part of the 
hclminths, the most likely components of harm done to 
the guineafowl by these parasites are competition for 
nutrients with the host, simple physical blockage of the 
gut, and interference with absorption (SoCJlsby ~969). 
The last two components of harm are accounted tor by 
the volumetric measure. ComP.etition for nutrients is 

. ~llJ')'>C, d 
also a function of helmmth "'smce cestodes an 
acanthocephalans absorb nutrients over their entire 
body surface, and since preliminary analysis indicated 
that nematodes found were uniform in size. 

That sexual variation in helminth infestation was 
found i'n only one of eight comparisons made between 
the sexes, relates to the iack of dietary, physiological 
(moult and reproductive), and behavioural sexual 
dimorphism in guineafowl during the non-breeding 
season (Crowe unpubl. data). Investigation of sexual 
variation in helminth it1festation before and during the 
breeding season, when such a dimorphism e;v.ists {Crowe 
unpubl. data), could reveal sexual diff crenccs in species 
composition and level of infestation. 

In Gallus domesticus. as well as N. meleagris. 
juveniles tend to have higher helminth infestation than 
do adults, due to the juveniles' lower resistance to 
infection (Biester and Schwarte 1959). Resistance to 
infection is higher in fowl older than three months and 
in those previously infected (Ackert and Reid l 937, 
Ackert et al. 1939). Souls by ( 1969) suggests than the 
lower resistance of juvenile domestic fowl could be due 
to an insufficiency of antibodies ·necessary for 
preventing infection. Dogie! (1964) adds that attainment 
of resistance couid be a consequence of norm:.il 
development in which an unsuitable habitat for the 
parasite is created, such as a thickening of skin or an 
increase in mucus secretion. 

The high levels of infestation of adult guineafowl, 
especially those in riverine habitat (Table 2), in J~ly 
1975 are possibly an indirect result of the relatively high 
rainfall and l"rger flock sizes observed during May and 
June, i.e. wh""r1 infection by the helminths found in the 
gut would have occurred. High soil moistu:e, is a 
favourable medium for the development, survival and 
reproduction of helminths (eggs) and their intermediate 
hosts (Biester and Schwarte 1959). Soil moisture was 
higher in the heavier, often clay-bearing soil in riverine 
habitat. Larger flocks presumably produce droppings at 
higher densities, e.g. un?cr communal ~o.osts. A hig~cr 
dropping density woµld rncrease probab1hty of 111gest10n 

·of dung (containing helminth eggs) by the invertebrate 
intermediate hosts. 
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