
Tshifhiwa G Mandiwana~Neudani1,2*, Cecilia Kopuchian3, Graham Louw4 and Timothy M Crowe2

1 Department of Botany, University of Cape Town, Private Bag X3, Rondebosch 7701, South Africa
2 DSTINRF Centre of Excellence at the Percy FitzPatrick Institute ofAfrican Ornithology, Private Bag X3, Rondebosch 7701, South Africa

3 Division Ornitologfa, Museo Argentino de Ciencias Naturales "8. Rivadavia" Av. Angel Gallardo 470 (C14050JR), Buenos Aires, Argentina
4 Department of Human Biology, Faculty of Health Sciences, University of Cape Town, Anzio Rd, Observatory 7925, South Africa

"Corresponding author, e-mail: tJmothycrowe@uct.ac.za

A study of gross morphological and histological syringeal features of
true francolins (Galliformes: Francolimls, Scleroptila, Peliperdix and

Dendroperdix spp.) and spurfowls (Ptemistis spp.) in a phylogenetic context

OSTRiCH
ISSN 0030-6525 EISSN 1727~947X

doi: 10.2989/00306525.2011.603465

Copvright © NISC (PM LtdOSTRICH 2011,82(2): 115-127
Printed in South Africa - All rights reserved

Modern taxonomies of francolins recognise 41 congeneric species, forming the largest genus of terrestrial gamebirds
(Galliformes). Recent molecular, ecological and behavioural studies challenge this view, suggesting that they comprise
two unrelated, monophyletic groups. There are 'true' francolins (Francolinus, Dendroperdix, Peliperdix and Sc/eropfila spp.)
that are relatively small, ground-roosting birds, and spurfowls (Ptemistis spp.) that are large birds that can roost in trees.
This study explores gross morphological and histological syringeal anatomy of francolins, spurfowls and sister taxa to test
whether differences are concordant with a molecular-based hypothesis. Differences found were the presence of a shield­
versus diamond-shaped tympanum among francolins and spurfowls respectively. The first bronchial half rings are mineralised
among francolins except in Dendroperdix sephaena, whereas almost no mineral deposition was observed among spurfowls.
Histologically, francolins have a small, rounded pessulus (except in D. sephaena, which has a rounded, larger pessulus)
contrary to the larger pessulus observed among spurfowls, which is rounded and triangular in pternistis capensis and
P. natalensis. Both gross and histological similarities within, and differences between, francolin and spurfowl syringes support
this division. However, D. sephaena shows intermediate features between francolins and spurfowls.

Introduction

Ostrich is co-published by NISC (Pty) Ltd and Taylor & Francis

SyringeaJ characters in taxonomy and systematic studies
The syrinx (the avian voice box) is generally located in
the base of the neck, at the junction of the trachea and
bronchi (Ames 1971, Lewis 1983, Seller 1983, Gill 1990).
It can be formed from either the tracheal or bronchial
tissues or both. Myers (1917) categorised three types of
syrinx based on its location relative to the trachea and the
bronchi: 'syrinx trachea!is' if it is found at the lower end
of the trachea, 'syrinx bronchialis' in the case where the
syrinx is located below the bifurcation, and 'syrinx tracheo­
bronchia/is' when the syrinx is located at a position that
includes both the lower end of the trachea and the upper
parts of the bronchi.

The structure of the syringes of song birds has been
Widely compared with that of the non-song birds (Frank et
al. 2006), with passerine birds known to produce complex
vocalisations as opposed to the relatively simple vocali­
sations given by many non-passerine birds. Whether
the complexity of the vocalisations is dependent on the
number or the complexity of the syringeal components
is a question that requires detailed investigation into the
function of each part. This is because of the fact that
certain non-passerine species, e.g. cockatiels Nymphicus
hollandicus, which are known to have just three pairs of
syringeal muscles and two pairs of trachea! muscles

(Larsen and Goller 2002), can mimic many types of
sound (Tsukahara et al. 2008). The presence or absence
of certain components of the syringes or their muscula­
ture contribute largely to voice production, and has been
found to playa significant role in the classification of birds.
This is supported by evidence in studies of the syringes
of the Domestic Chicken Gallus domesticus, the male
Mallard Anas platyrhynchos and the Greater Sage-Grouse
Centrocercus urophasianus (Myers 1917, Frank et al.
2006, Krakauer et al. 2009, respectively).

The syrinx is anatomically complex and interspecifically
diverse even in species that lack special structures. Syringea!
morphology has been studied repeatedly and found to be
informative in many systematic studies on Passeriformes,
e.g. Tyrannidae (Lanyon 1986, Prum and Lanyon 1989,
Mobley and Prum 1995), Pipridae (Prum 1992) and
Furnariidae (Zimmer et 81. 2008), and non-passerines, e.g.
Anatidae (DelaGour and Mayr 1945, Humphrey 1955, 1958,
Johnsgard 1961, Livezey 1986), Charadriiformes (Brown
and Ward 1990), Falconidae (Griffiths 1994a, 1994b) and
Psitacidae (Gaban-Lima and H6f1ing 2006). As an example of
the utility of syringeal characters in non-passerines, Livezey
(1986) in his phylogenetic analysis of Anseriformes stUdied
tracheal characters and found them to be synapomorphies or
autapomorphies in some clades.
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Because of this known utility of syringeal charac­
ters in studies of phylogenetic relationships among non~

passeriformes taxa and in the spirit of using multiple lines
of evidence to test hypotheses of monophyly (Templeton
1989, Farais et al. 2000, Pruett and Winker 2010), this study
explored the gross anatomy and histology of francolin and
spurfowl syringes and the concordance of this feature with
phylogenetic relationships supported in previous studies
on this group (Crowe and Crowe 1985, Milstein and Wolff
1987, Crowe et al. 1992, Bloomer and Crowe 1998, Crowe
et al. 2006).

This is, to our knowledge, the first truly comparative paper
of syringeal morphology in francolins and spurfowls. Also,
we here present data on a number of lesser-known species
in a group that tends to be dominated by data from a few
domesticated or managed north-temperate species.

Taxonomy, distribution, ecology and morphology
Based on traditional morphological research, the 41
currently recognised species of francolins were placed within
a single genus (Francolinus) within the order Galliformes
and family Phasianidae (Hall 1963). They are distributed
throughout sub-Saharan Africa (with an isolated set of
populations of one species in Morocco), the Middle East and
Asia (Johnsgard 1988, Madge and McGowan 2002), and
are adapted to a variety of habitats, comprised of primarily
tropical and unforested vegetation types (McGowan 1994).
All francolins have 14 tail feathers and most species are
sexually monomorphic, with males having single- or double­
spurred tarsi (Hall 1963, Johnsgard 1988).

However, relatively recent morphological, ecoetholog­
ical and molecular studies of francolins (Crowe and Crowe
1985, Milstein and Wolff 1987, Crowe et al. 1992, Bloomer
and Crowe 1998, Crowe et al. 2006) have suggested that
they form two distantly related lineages: 'true' franco­
lins and spurfowls (Figure 1). 'True' francolins (allocated
to four genera: Franco/inus, Dendroperdix, Peliperdix and
ScJeropti/a) are relatively small, ground-roosting birds with
striped and barred rufous dorsal plumage resembling that of
quails Coturnix spp., with only maies possessing relatively
small tarsal spurs. Spurfowls are placed into one genus
(Pternistis) and are generally larger, can roost in trees, and
have dark dorsal piumage usually vermiculated with white
or buff, and both sexes usually have spurred (often doubly)
tarsi that are much longer in males. Furthermore, spurlowls
generally emit atonal, raucous, grating advertisement calls
(given at dawn and dusk), whereas francolins have more
tonal, often whistling, calls (Milstein and Wolff 1987). This
distinction between the two assemblages becomes blurred
owing to the Crested Francolin Dendroperdix sephaena
which, like other francolins, has quail-like plumage but, like
spurfowls, it has long tarsal spurs, roosts in trees al19has
an advertisement call with both grating and tonal elements
(Milstein and Wolff 1987). It was on the basis of this 'linking
form' that Hall (1963) decided to place all 41 species into a
single genus, Franco/inus. The decisive. evidenc13ag?ir'1?t
this placement came from DNA-based phylogenetic sWdies
(Bloomer and Crowe 1998, Crowe et al. 2006), which place
true francolins with jungie fowls (Gai/us spp.) and bamboo
partridges (Barnbusicola spp.), and spurfowls with Old
World quails (Coturnix spp.) and some Old World partridges
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(A/ectoris, Perdicuia, Telraogai/us and Ammoperdix spp.)
(Figure 1).

In this context, the aim of this study was to examine
the gross morphoiogical and histological anatomical
structure of the syringes of selected francolins, spurfowls
and their putative sister taxa, as well as to determine
whether there are any syringeal characters that could
be taxonomically and phylogenetically informative in
investigating the diphyletic status of the 'true' francolins
and spurfowls.

Materials and methods

Syringeal sampling (gross morphology and anatomy)
We examined syringes from species that are representa~

tive of francolins and spurfowls and those that are from their
sister taxa (Table 1): Common Quail Colurnix colurnix and
Chukar Partridge A/ectoris chukar (sisters of spurfowls),
G. domesl/cus (sister to francolins) and Helmeted
Guineafow! Numida me/eagris (a distant relative to chickens,
quails, partridges, francolins and spurfowls).

It is appropriate at this point to highlight some of the
differences between the syringes of male and female birds.
As explained by Frank et al. (2007), the syrinx of male
and female birds may have morphological differences that
in turn could determine the properties of voices of birds.
However, Appel (1929) did not find differences between the
syringes of males and females in his research work in the
Brown Leghorn Fowl Gai/us gai/us, a galliform he studied
intensively, even in ovariectomised females.

On the other hand, we avoided examining syringes
from immature birds in order to ensure that differences
found between syringes were not because of age differ~

ences between individuals. As Hogg (1982) described in
Galliformes, mineralisation begins welt before maturity is
reached and virtually achieved its final extent during the
growing period, so all adult birds are considered to have a
fully developed syrinx.

Of course, it would be ideal to confirm our observations
by analysing more individuals of each of the species in this
study. However, given the difficuity experienced in gathering
multiple syringeal samples (for male and female individuals
of a particular species), and the inability to determine the
sex of some specimens from which syringes were extracted,
we analysed what we managed to acquire believing in the
value of these results.

Analyses
All syringes examined for gross morphological and anatom­
ical purposes were dissected from frozen whole bird
specimens with the exception of three that were dissected
from alcohol,preserved whole specimens provided by the
National Museum of Natural History (Ditsong Museums
of South Africa), formerly Transvaal Museum (Northern
Flagship Institution). The syringes were immersed in 70%
At~l"nol until such time that they were processed.

Syrynx gross morphology
We followed the double-stainin9 protocol in Cannell (1988)
for the clearing and staining procedures of the syringes.
Ossified tissues stained red with Alizarin red, cartilaginous



Figure 1: Strict consensus cladogram for some 'true' francolins (Dendroperdix, Peliperdix and Scleroptila spp.) and spurfowls (PtemisUs
spp.) modified from Crowe et al. (2006). Numbers at nodes are jackknife support values

birds such as Gallus gallus, Numida meleagris, Pternistis
capensis, P. swainsoni; and P. natalensis were stained for
a few more days compared to the francolins owing to the
difference in size.

1 TM, Transvaal Museum; TMC, Timothy M Crowe (Percy FitzPatrick Institute of African Ornithology, University of Cape Town)
2 ? = Unknown
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c--------------~ Alectoris chukar

I '1------------- Coturnix coturnix

I 100 I Plemislis swainsonii

I 60 1'------ Ptemislis capensis

------- Ptern;stis natalensis

I Galius galius
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97 1------ Scleroptila levailianti

~r ~- Scleropttfa afncanus

--- Scleroptila levaillantoldes
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,--------------------- Numida me/eagris

Grey-winged Francolin Se/eroptila afra TMC67 M Adult
Orange River Francolin S. /evaiIJantoides TMC65 F Adult
Red-winged Francolin S. /evail/antii TMC60 F Adult
Crested Francolin Dendroperdix sephaena TM78245 M Adult
Coqui Francolin Peliperdix eoqui TM75627 F Adult
Cape Spurfowl Pternistis eapensis TMC70 M Adult
Swainson's Spurfowl P. swa;nsonii TMC48 M Adult
Natal Spurfowl P. nata/ensis TM60042? Adult
Common Quail Cotumix coturnix TMC50 F Adult
Chukar Partridge A/eetoris chukar TM74489? ?
Helmeted Guineafowl Numida meleagris TMC45 M Adult TMC17 F
Domestic Chicken Gallus domesticus TMC30 ? Adult TMC02 ?

Common name

tissues stained blue with Alcian blue and muscles stained
brownish in Lugol solution. Cleared and stained syringes
were examined using a Leica S8APO stereomicroscope
and LAS EZ version 1.7.0 software. Syringes of large
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Table 1: List of species for which syringes were analysed
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Histology
For the tissue-sectioning procedure, the syringes were
transferred from 70% ethanol to 10% buffered formalin
to stay overnight and then taken through a series of 70%,
90% and absolute ethanol and cleared in xylene (1 h in
each solution). They were then embedded In paraffin wax
and longitudinal sections of 5 ~m thickness were cut. Two
stains were used, namely the haematoxylin and eosin
(Bancroft and Gamble 2002) stain for more general biolog­
Ical examination and a more specialised multiple stain,
orcein-picroindigocarmine (Steven et al. 2000). The orcein­
picroindigocarmine stain was appropriate in analysing bird
syringes since it has the potential to differentiate tissues and
their components.

Tissue sections were stained with orcein, indigocarmine
and picric acid following the Steven et al. (2000) protocol.
The sections were deparaffinised and taken to distilled
water, stained with orcein solution for 45 min at room
temperature and rinsed in distilled water. Sections were
then differentiated in 95% ethyl alcohol (two times) for 30 s
each, rinsed in distilled water and stained with picroindigo­
carmine solution for 30 min. Slides were drained and differ­
entiated in 70% ethyl alcohol for 2 min and finally mounted
with Entellan and examined using a Nikon Stereoscopic
Zoom microscope (NIS-Elements version 2.10). The
sectioning of tissues was more difficult for the larger birds
examined and this was a contributing factor in the distor­
tion of those sections. Finally, even though the staining
of whole syringes and the sectioning of samples of larger
syringes was challenging, most of the stained syringes
and sections were intact and clear with the exceptions of
Figures 5d, 5d and 5f only.

Results

Syringeal gross morphology
The basic structure of the syringeal morphology (Figure 2)
of a typical francolin/spurfowl is characterised by cartilagi­
nous rings (which stained blue with Alcian blue), a very
distinctive mineralised tympanum (which stained red with
Alizarin red) and muscles (which stained brownish in Lugoi
solution). All the species analysed have a typical 'tracheo­
bronchialis' type of syrinx (Figures 3. 4 and 5), which means
that both the tracheal and the bronchial tissues are involved
in the formation of the syrinx and, possibly, in shaping the
structum of their vocalisatlons.

Two significant gross morphological differences between
true francolins and spurfowls were observed. Firstly,
unlike their putative sister taxon G. domesticus, which has
a mineralised triangular-shaped tympanum (Figure 4a),
francolins (Figure 4b-f) and N. me/eagrls (Figure 3) have a
shield-like calcified tympanum clearly visible from the ventral
perspective (Table 2). Numida meleagrls. G. domestieus
and francolins show extensive mineral deposition in the
tympanum in both ventral and dorsal views but Coqui
Francolin Peliperdix coqui and Red-winged Francolin
Seleropti/a /evail/anti! (Figure 4c and d, respectively) show
reduced mineral deposition on the dorsal side compared
with the ventral side. In spurfowls, as in their putative sister
taxa A. ehukar and C. coturnlx (Figure 5a and b, respec­
tively), the tympanum is diamond-shaped with the degree of
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calcification not as extensive as in francolins and relatives
(Figure 5c-e). Secondly, on the ventral side, the first
bronchial half rings are well mineralised in G. domesticus
(Figure 4a) and francolins (Figure 4c, d and f) but not so in
D. sephaena (Figure 4b), spurfowls (Figure 5c-e) and their
reiatives A. chukarand C. eoturnlx (Figure 5a and b).

Another observation was that some species such as
S. /evaillantoides, G. domesticus and N. me/eagris show
mineral deposition in some tracheal rings.

Histology
The histological structure of the syringes of francolins,
spurfowls and their near relatives appears to be basically
similar but with some differences observed (Figure 5). The
pessulus, which is present in all the species examined
(Figure 5a-h), varies considerably in size and shape. It
is generally small and rounded in the two true francolins,
i.e. S. /evail/anti! and Grey-winged Francolin S. alra, and
N. me/eagris (Figure 5a, band h, respectively) (Table 3).
The pessulus is large and also rounded in O. sephaena
(Figure 5c) and in spurfowls even though it is almost
triangular in Natal Spurfowl Pternlstis nata/ensls (Figure
5f) and C. coturnix (Figure 5g). It is markedly large and
triangular in G. domesticus (Figure 5d). Myers (1917) made
similar observations in G. domesticus.

A distinctive interclavicular air sac, which is bound by the
internal tympaniform membrane, is found in the two franco M

lins (S. /evail/anti! and S. alra), Cape Spurfowl Pternist/s
capensls, C. eoturnix and N. rne/eagris (Figure 6a, b, e, g
and h, respectively) and is absent in D. sephaena and
G. domestleus (Figure 5c and d, respectively), while its
presence could not be determined in P. nata/ensls (Figure 51).
It was observed that the inner wall of the interclavicular air
sac and sometimes the medial bronchial wall are lined with a
layer of connective tissue that differs in thickness. Connective
tissue fills spaces and provides support to organs. The
francolins S. levail/anti! and S. alra (Figure 5a and b) and
their relative G. domestlcus (Figure 5d) have thin connec­
tive tissue lining the walls of the membranes that tends to
be moderate in P. nata/ensis, C. coturnix and N. me/eagris
(Figure 5f, 9 and h, respectively). Numlda me/eagrls has
connective lining that runs along the medial bronchial walls.
Pternistis capensis (Figure 6e), as in D. sephaena (Figure
5c), has a large amount of connective tissue that is restricted
to the far corners of the internal tympaniform membrane. This
tissue pushes against the internal tympaniform membrane
forcing it to expand and hence results in the narrowing of the
surrounding airway. On the other hand, the external tympani­
form membrane, which is found in all the species examined,
differs remarkably in length. This structure is extremely long
in G. domestlcus (Figure 5d) and much shorter in the other
species (Figure 5a-c and e-h).

Discussion

Although limited samples and characteristic features were
covered in this study, the syringeal structure of franco­
lins and spurfowls is basically the same. However, there
are some marked differences that distinguish francolins
from spurfowls. The syrinx gross morphology is generally
consistent and is in support of the split of francolins versus
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spurfowls. The shape of the tympanum places D. sephaena
decisively with other francolins even though its first bronchial
half rings are not mineralised as in other francolins and
their relative G. domesticus. However, D. sephaena, as in
the two spurfowls P. capensis and P. natatensis and their
evolutionary relatives C. cotumix and A. chukar, shows

2mm

•

• bhrl

119

no mineral deposition in their first bronchial half rings with
P. swainsonii showing short first bronchial half rings with
very little mineralisation. Thus, the aspect of mineral deposi­
tion is not fully consistent among francolins and spurfowls.
Our observation on the degree of mineralisation in tracheal
rings of S. levailfantoides, G. domesticus and N. meleagris

......------mt

---slm

,..---mi

bcr

Figure 2: Example of a ventral view of the syrinx of a typical Coqui Francolin Peliperdix coqui with illustration of the different parts.
tim = Tracheo-Iateralis muscle, tcr = tracheal cartilaginous ring, mt = membrana-trachealis, stm = sterno-trachealis muscle, t = tympanum,
etm = external tympaniform membrane, bhr1 = bronchial half ring 1, mi = membrane-interanularis, bcr = bronchus cartilaginous ring. Red
colour =mineralised cartilage, blue = cartilage, transparent light brown =muscle

Numida me/eagris

I 5mm

Ventral view

Numida me/eagris

H
1 mm

Figure 3: Ventral (left) and dorsal (right) views of the syrinx of Helmeted Guineafowl Numida me/eagris. Red colour = mineralised cartilage,
blue =cartilage, transparent light brown = muscle
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(a)

(b)

Ventral view

5mm

Dorsal view

Gallus domesticus

I 2mm I
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(c)

Ventral view

2mm

Ventral view

Peliperdix coqui

Dorsal view

1 mm

Dorsal view

Figure 4: Ventral (left) and dorsal (right) views of the syringes of (a) Gallus domesticus, (b) DendropercHx sephaena, (c) Pefiperdix coqui,
(d) Scleroptila levaillanlii, (e) Orange River Francolin S. levaillantoides and (f) S. afra. Red colour = mineralised cartilage, blue = cartilage,
transparent light brown = muscle
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Ventral view

(e)

Ventral view

(1)

Ventral view

Figure 4: (cont.)

I 2mm I

Scleroptila levaillantii

I 2mm I

Dorsal view

Scleroptila afra

I 2mm I I 2mm I
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(a)

(b)

(c)

I 2mm I

2mm

Dorsal view
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2mm

1 mm

I----l

Figure 5: Ventral (left) and dorsal (right) views of the syringes of (a) Alectoris chukar, (b) Cotumix cotumix, (c) Ptemistis natafensis,
(d) P. capensis and (e) Swainson's Spurfowl P. swainsonii. Red colour == mineralised cartilage, blue = cartilage, transparent light brown = muscle
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(d)

Ventral view

Dorsal view

Pfemistis natalensis

Ptemistis swainsonii

2mm

2mm

Figure 5: (cant.)

Table 2: Comparison of gross morphological features of the syringes

Taxon

Sc(eroptifa afra

S. levai/lantoides

S.Ievaillantii
Dendroperdix sephaena

Pefiperdix coqui
P. capensis

P. swainsonii
P. natalensis
Cotumix cotumix
Alectoris chukar

Numida meleagris

Gallus domesticus

Tympanum shape

Shield-like
Shield-like

Shield·like

Shield-like

Shield-like

Diamond
Diamond

Diamond
Diamond
Diamond
Shield-like

Triangular

Bronchial half ring 1 mineralisation

Mineralised

Mineralised
Mineralised

Non-mineralised

Mineralised
Non-mineralised

Mineralised
Non-mineralised
Non-mineralised

Non-mineralised

Mineralised
Mineralised

Tracheal ring mineralisation

Non-mineralised

Mineralised
Non-mineralised

Non-mineralised

Non-mineralised

Non-mineralised
Non-mineralised

Non-mineralised
Non-mineralised
Non-mineralised

Mineralised

Mineralised
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(a)

(c)

(b)

; ",' $

Mandiwana-Neudani. Kopuchian, louw and Crowe

,0. : stm
tj) " 4,~:.~

l',~$
/., , '.;;'j" 1000 ~m

It~ -{g I--=S'--c/'--e-ro-p--:t,::-"a-a-,,'--ra-

tim

IGallus domesticus I

Figure 6: Histological structure of the syringes of francolins. (a) ScJeroptila levaillantii, (b) S. afra, (c) Dendroperdix sephaena, (d) Gallus
domes/icus, (e) Peliperdix capensis, (f) P. natalensis, (9) Coturnix coturnix and (h) Numida meleagris. tim = Tracheo-Iateralis muscle,
It = lumen of trachea, ias = interclavicular air sac, ct = connective tissue, P = pessulus, ilm = internal Iympaniform membrane, etrn = external
tympaniform membrane, mbw = medial bronchial wall, bd = bronchiodesmu5, bl = bronchial lumen, slm = sterno-trachealis muscle

could not at this stage translate to any coherent conclu­
sion apart from the fact that a similar observation was made
by other authors and Hogg (1982) thought this could have
to do with conferring rigidity in the tracheal rings, which is
an adaptation to vocalisation. With regard to the histology
of the syringes. the features that separate francolins from
spurfowls are based on the size of the pessulus. There is
variation in shape of the pessulus, the presence/absence
of the defined interclavicular air sac and the amount of
connective tissue such that differences are observed even
between the two spurfowl species. However, the amount of
connective tissue puts species with tonal and whistling calls
together (S. levaillantii and S. afra) from those that have
atonal, raucous and grating calls (P. capensis, P. nata/ensis
and D. sephaena). This feature could be related to differ­
ences in sounds between them, given that whistle-like

sounds could be generated by shearing forces as a column
of air is forced through a narrow aperture (see Gaunt et al.
1982), and the connective tissue could exert pressure to
modify the lumen of the syrinx, which could be considered
the column where air pass trough, generating the sound.
At a first glance, this explanation would be contrary to what
we would expect, given that spurfowls have thick connec­
tive tissue that would narrow their syrinx, but they have
raucous calls. However, we know that the syrinx is only one
component in a vocal system (Gaunt et al. 1982) and other
factors may be modulating the final sound we hear.

This study had the goal to identify features that are
consistent with the francolin-spurfowl dichotomy hypothesis.
It would, however, be interesting to investigate the role of
these features in voice production but unfortunately this was
beyond the scope of this study.
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(e)

(g)

IPtemistis capensis I

1000 ~m
~

ICotumix cotumix I

(f)

etm .....iiili!P

'I
.-? -'t,P;...:..r • t:' (

ct ~.

itm

P-bl

1000 ~m
....-.--..<

INumida meJeagris I

Figure 6: (cont.)

Table 3: Comparison of the histological features of syringes

Taxon
Pessulus

shape and size
Interclavicular air sac'

Amount of
connective tissue

External tympanjform
membrane

Scleroptila afra Rounded, small Bound by internal tympaniform membrane
S. /evaiIJantii Rounded, small Bound by internal tympaniform membrane
Dendroperdix sephaena Rounded, larger Absent
Pe/iperdix capensis Rounded, larger Bound by internal tympaniform membrane
P. natalensis Triangular, larger ?
Cotumix cotumix Triangular, larger Bound by internal tympaniform membrane
Numida mefeagris Rounded, small Bound by internal tympaniform membrane
Gallus domesticus Triangular, larger Absent

1 ? = Presence or absence of feature could not be determined from distorted tissue section

Thin
Thin
Thick
Thick
Moderate
Thin
Thin
Thin

Shorter
Shorter
Shorter
Shorter
Shorter
Shorter
Shorter
Long

Conclusions

A number of gross morphological and histological features
were identified as differentiating francolins from spurlowls

(though with exceptions mainly in D. sephaena). What
emerged as an area for future research was investigation
into the role of each part in shaping francolin and spurlowl
vocalisations also including other galliform species in addition
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to the sampled francolin and spurfowl evolutionary relatives.
This will definitely require a reasonable number of individual
samples per species so that any presence or absence of
intra-linter-specific variations could be determined.

Finally, it could be concluded that the outcome of this
work points to the distinction between francolin and
spurfowl assemblages with D. sephaena (as indicated in
Hall 1963) still presenting some difficulties owing to its
possession of characteristic features that are typical of
both francolins and spurfowls.
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