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~()~IE(JE : illustrations of some of the putative taxa studied herein . 

Peliperdix coqui P. c. maharao 

U FHA. UNt C I H BDARnt 

P. c. hubbardi Peliperdix albogualris 

P. a. dewittei Pelioerdix schleaellii 
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ABSTRACT 

The Red-tailed Group of franoolins falls within the class Aves, order Gliliforrres, 

family Phasianidae and genus Pelip=rdix. These are srell franoolins oonsisting of 

three putative species (Pelip=rdix ccqui, P. all:x:xjularis and P. schle:JEilii) trot are 

largely allq:Btric. TWo species (P. ccqui and P. aJ..l:x::gularisl are oonsidered to te 

rnlytypic sp:cies, but is a large cl.i..scrEpmcy in the nmter of subs[::ecies attrfrute::l to 

P. COqUl and P. albogularis. 

The mitochondrial cytochrome b gene, organismal characters and combined data 

were used to identify diagnosable taxa, test the rroncphyly and reoonstruct the 

phylogeny of the Red-tailed Group. Sixteen exemplars of the Red-tailed Group 

(representing all species and naarlyall subs[::ecies currently roo::gnised in the genus 

Pelip=rdix) fran different geographical localities were studied. M3xim.m likel.ihxd 

(cyt b), rraxirrun prrsirrony (cyt b, organiffiBl, carbined) , distance analysis (cyt b) 

were performed to resolve the phylogenetic relationships arrong them. The trees 

obtained from DNA sequence, organismal and combined data were incongruent in 

respect to the position of some taxa. 

The rroncphyly of the Red-tailed Group seems to te well Sllf-PJrted, but the identity 

of, and interrelaticnships teTheen, the subs[::ecies and sp:cies are less well resolved.. 

The rrorphological and combined tree prcbably reflects the taxon phylogeny tetter 

than the tree based on mitochondrial INA. only. The rrost rE:rrarkable result that is 

strongly Sllf-PJrted by both organisrel and carbined trees was that they bring clear 

resolution tetween P. albogularis and P. schlegelii as two sep:rrate species fran P. 

coqui. Due to the short number of DNA sequences obtained, one cannot make a 

decision as to whether the subspecies should te elevated to species. Finally, it is 

suggested that rrore systemtic studies rrust be cbne tesed on rrultiple ~dent 

data sets in order to obtain a robust taxonomy and phylogeny for this group. 

~OFUDS: Galliformes, francolins, Red-tailed Group, Mitochondrial DNA 

genome, Taxonony, Phylogeny 
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1. INTRODUCT10N 

Living birds classified within the order Gallifonres (\\lardf<»ll") fonn a large group 

conslstlng of more than 250 species (Monroe and Sibley, 1990) occurring on all 

continents across the gl~ otrer than Antarctica (M::['cwan, 1994). Traditicrally, the 

Galliformes are divided into 12 major groupings, the megapodes, cracids, guans, 

chachalacas and curassows, guineafowls, grouse, turkeys, pheasants, partridges 

(including francolins), Old World quails and New World quails (Table 1). 

CUrrent classifications ( v-etrrore, 1960; Cracraft, 1981; Sibley and Ahlquist, 1990; 

McGowan, 1994) suggest that the order comprises at least five distinct families: 

Megapodiidae (megapodes) , Cracidae (curassows , guans and chachalacas) , 

Numididae (guineafowls), Phasianidae (pheasants, partridjes, francolins, spurf<»ll 

and relatives) and mntcphoridae (New Wxld quails) . M)st often, Galliformes have 

been placed sister to Anserifonnes (''waterfowl'') (Sibley and Ahlquist, 1990). 

Traditionally, francolins have l::::een classified with partricges in the tri1:::e R=rdicini, 

within the family Fhasianidae, although the cnly duracter that Sll!=PJrts this grcupirg 

is that they all have 14 tail fffithers (Little ard Cra...e, 2000) . The francolins ~e 

thought to form one of the largest avian genera (Bxk and Farrand, 1980), with 41 

species traditionally recx::x]Tlized, 36 African and five Asian (Hall, 1963; Crewe and 

Crowe, 1985). 

In their studies oZ southern African francolins, Milstein and \!blff (1976, 1987) 

followed Hall's phylogeny, but emphasized the major dichotomy between the two 
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clades a:nprisa::l of 'p:rrtrid:jes' (p3.tryse) arx:l 'francolins' (fisante). They aclvcx:3te::l 

splitting the southern African francolins/p3rtridges into at least four genera. The 

'p:utridges' (genera, Pelif:erdix, Sclercptila and r:axlrc::p=rdix) are generally smll, 

ground-roosting birds with quail-like cbrsal plumge, and give high-pitched, tonal 

calls. The 'franco~ns' (genus ptemistis) are gererally l.arg2r, t.rre-rc:ostinj birds with 

dark dorsal plumge vermiculated with white or buff, and give lON-pitc:hed, raucous 

calls. CrONe et al., (1992) called these the quail-francolins (= p3rtrid:jes) arx:l the 

partridge-francolins (= Pternistis spp.), respectively. 

Hall (1963) assmed that Francolinus was ITDncphyletic and divided 37 of its SfEcle.s 

into eight putatively ITDncphyletic groups: SpJtted, Vermiculated, B:lre-thrrnted, 

Montane, Scaly, ReCl-winged, Striated and Red-tailed Groups. Four of these groups 

have representatives in southern Africa. Two conflicting hypotheses have been 

suggested for the origin of francolins. Eath prq:;ose that the ancestor was qt.B.il-like. 

However, Hall (1963) supported an Asian origin and attributed the subsequent 

radiation within Africa to reduce a:npetition. CrONe and CrONe (1985) hyt:Dthesized 

an African origin, with Asia being colonized by a ncrradic or migratory ancestor that 

underwent speciation and become sedentary secondarily. 

The original erection of the genus E'rancolinus was not l::asErl en explicit phylcgenetic 

analysis. Recent studies do not support monophyly of Francolinus (Crowe and 

Crowe, 1985; Crowe et al., 1992; Bl0CIn2r and Crowe, 1998), but provide strong 

evidence for the quail- versus p3rtricge-francolin did'Otcn¥ prq:osEd by Milstein arx:l 

Wolf (1987) . 
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Red-tailed francolins are SlTBll quail-franmlins with cx::hre on sides of heads and 

vary:i.n:J arrcunts of rufoos en tail. Sexes are similar in size, hIt c:JissimiJar in pll1TB<J2. 

The lTBles have more ,xhre on the head and neck, whereas the farales have str:ip2s en 

the faoe and neck. All sr::ecies have: srort, yellOOsh legs with c:ne spJr, black bills 

(yellCMlish at base); feathered oeres; quail-like ur:perparts; black and white barred 

underparts; nusic:al ~t-like calls and rcost en th2 groond in q::B1-cDUntry babitat 

(Urban et al., 1986). Red-tailed francolins range fran Senegal to Sudan, and fran 

central Kenya west to the central Congo and Angola, and south to the former 

Transvaal and Natal (Hall 1963; M3ps 1 and 2). 8e::l-tailed franmlins are found in 

woodland, savanna and steppe, often on the same ground as other quail- and 

partridge-francolins, which suggest that their SlTBller size lTBY lTBke them non­

competitive (Hall, 1963). 

The Red-tailed Group consists of three putative species (Peliperdix coqui, P. 

albogularis and P. s chlegelii) that are allq:;atric exCEpt in SOJth2rn Zaire and Angola 

where isolated p:::pulations of P. albogularis are found within the range of P. o:::qui 

(Hall, 1963). Peliperdix c:x:qui is th2 rrost wi~read of African's francolins with a 

patchy distribution of several isolated p:::pulations in the west, east, central and 

southern Africa (Hall 1963; Map 1). In southern Africa, it is most cammon in 

northe rn and eastern grassland/savannas, fran northern Namibia across northern and 

eastern Botswana, and then scattered across Zinbabwe, M::>zarrbigue, northern South 

Africa, Swaziland and northern KwaZulu Natal (Little and Crowe, 2000) . The 

rx:pulations of central and southeastern Africa exhibit considerable geographical 

variation in size (Hall, 1963). 
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~ c:xxpi has twJ characteristic calls. The test-kro.vn is a piercirg, J:EP=titi\e 

whlstle with twJ syLables, 'c::o-qui', arxl the other me, uttere::l IIDStly by rrales, is a 

tinny 'ter, ink, ink, terra terra, terra' with tre se::x:rd or thirr:I rotes teirg lcu::Est ard 

last notes falling away (Little and Crowe, 2000). 

This distinctive francolin has its closest evoluticnary links with the Pe::I-winge::l an::! 

Striated Groups of francolins (Bloemer and Crowe, 1998). Peliperdix coqui is a 

r:::olytypic species (naving m:my forms) with 12 described subspecies (Hall, 1963), 

many of which Urban et al. (1986) synonomized. For example, buckleyi was 

included in spinetorum, thikae in llBharao, vernayi, angolensis, ruahdae, c.arrt±elli, 

hoeschianus, kasaicus in naninate cx::qui. Previously, P. buckleyi was treated as a 

subspecies of P. coqui. Crowe et al. (1992) grouped P. cx::qui with llindrq:;erdix 

sephaena into a clade of genetically similar species sister to the Pe::I-winge::l Grcup 

(Sclercptila levai.lJa.ntoid2s, S. shelleyi an::! S. africanus). Blccrrer arxl CrCJ.M2 (1998) 

plaoed P. c:xxpi closest to the Pe::I-winge::l Grcup, as it was genetically IIDSt similar to 

species in the genus Scleroptila. 

Peliperdix albogularis is a small francolin with a white throat. It ranges fram 

Senegambia, Guinea and South West Mali to Central Nigeria and North Cameroon 

(MJp 2) . It h3s a high-pitdffi t:n.rtrBt-like call 'ter-ink-inkity-ink' tlBt is qrnlitati\eiy 

similar to coqui, but delivered rruch rrore rapidly . Pel.i[::erdix albogularis is also 

considered to be a r:::olytypic species with five described subspecies (Hall, 1963). 

Coubtfully valid r aces rreinertzhageni and garrl:Bgae has been included respectively 

in c:Bvittei an::! euckleyi, resulting in the three sub:p:cies currently rED:Xjl1ize::i (H3ll, 

1963) . 
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Peliperdix schlegelii has been considered to be a subspecies of P. cxxpi. It is, 

however, intermediate between the other two species, being in same respects more 

sirnilarr to a.J.b::;gularis and SEaffi to be distinct erux:Jh fran eitler to warrant ~ic 

status (Hall, 1963). It is a rare bird, foord in the EBStern C3rrerCXXl, Slx:lm, Central 

African Republic and around Lake Chad (Map 2), apparently being more closely 

associated with wcxx:lland than albogularis. Peliperdix schlegelii has tr1.JTI:et-like 

a:i\.erti.s3n:nt call 'ter, ink, terrrra' cp:ilitati'Vcly similar to tlBt of crxpi, bJt diliV2ffii 

more rapidly even faster th:m tha.t of a.J.b::;gularis. Ecl.ip::rdix schlegelii is JTClX)tWic, 

with no described subspecies. 

There is a huge discrep:mcy in the ntni:er of st.h=p=cies c:Escribed for P. CXXJUi and P. 

albogularis. Hall C963) reoognized 12 subspecies within Peliperdix CXXJUi and five 

subspecies of Peliperdix albogularis whereas Urban et al., (1986) reoognized four 

subspecies of P. coqui and three subspecies of P. albogularis. 

The species "prcblem" has troubled biolCXJists for rrore than two centuries. M3.ny 

conflicting definitions of species have been coined and consensus is still lacking 

(Grcxnbridge, 1992) . Historically, practically any reoognizable form was called a 

species. In 1942, Ernst M:J.yr rrade a strong case for the "Biological" ~es Crnapt 

(SSC), which soon became widely accepted among zoologists, especially 

ornithologists. 

The sse rests on the notion that "species are groups of a ctua 11 y or potentially 

interbreeding natural pc:pulations which are repra::lucti vel y isolated fran otler such 
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groups" (M3.yr, 1942). Hcwever, the BSC has teen criticized, and several alternative 

species mnoepts have teen prqnsed: the Phylcgenetlc Sp2cies Conoept (e .g. Nelson 

and Platnick, 1981 ; Cracraft, 1983, 1989; Nixon and Wheeler, 1990; Davis and 

Nixon, 1992; Zink and McKitrick, 1995); Evolutionary Species Concept (Simpson, 

1961); Ecological Species Concept (Van Valen, 1976); Recognition Sp2cies Concept 

(Paterson, 1985 ; ; Cohesion Species Concept (Templeton , 1989). Crowe (1999) 

described the Multifaceted Species Concept approach. This awroach requires that 

species should be diagnosable from several defensibly independent sources of 

evidence, such as rmrphology, rrolecules, ecology, physiology and I:::ehaviour. This 

awra:3.ch was awlied in this project tecause it is able to inmrp:xate all available 

evidence. 

The prirrery aims of this project were to identify diagnosable taxa within the Red­

tailed Group and test their rroncphyly Traditionally, rrorpholcgical data have teen 

used to delimit species and mntinue to te used wid2ly tcx::l:3.y, Cut!TEll1Y recent stu:lies 

have used DNA sequence data (especially that from mitochondrial DNA) to test 

traditional, morphology-based taxonomies (Wiens and Pinkrot, 2002). MtDNA is 

used tecause its fast rate of evolution relative to nuclear [N"\. (Brcwn et al., 1979; 

Pesole et al., 1999; Avise, 2000) rrakes it prrticularly suitable for stu:lies at 1Ot.er 

taxonomic levels, e.g. species within genera (Moritz et al., 1987; Moore and 

DeFilippis, 1997; Hewitt, 2001). Thus, analysis of mtCNA data allcws resolution of 

S!='2Cies limits in !TEll1y groLpS th:3.t are difficult to resolve. Also, f'BATly fonTEd ~es 

will tecame distinct in their mtCNA haplotype phylcgenies long tefore they became 

dist.irct in nu::::le:rr--ffis3::.l mrrkers. It is relatively ffiSily isolats::!, in p:rrt dE to its high 

copy number and availability of primers (Palumbi, 1996; Quinn, 1997 ) . 
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MitlfJ10ndrial genes are inheritEd rraternally as a single linkage group (Gyllensten et 

al., 1985; W:lt:anal::E et al., 1985; Perlin an:i EilEgren, 2001), an:i are thus rmre easily 

tracked through time than lnherited biparentally reccrrbining loci such as nuclear 

genes. To date, no studies have l::;.een done to test the rmncphyly of the Bed-tailEd 

Group and the validity of their putative subspecies based on mtINA sequence data. 

In thi s project, I use partial DNA sequences fram the cytochrome b gene of the 

mitochondrial genome, morphological characters (plumage) and combined 

rrorphological and rrolecular data to reconstruct the phylogeny of the Red-tailed 

Group. In doing this , I c:x:np3.re the utility of three phylogenetic rrethods: rraxirrun 

parsimony (MP), maximum likelihood (ML), and distance analysis using PAUP* 

Version 4. Ob8 (Swo fford, 2001). 

2. RESEARCH OBJECTIVES 

2.1 Main study objective 

• To investigate taxonomic and phylogenetic relationships arrong Peliperdix c:x:x::JUi, 

P. schlEgEilii. an:i P. aJ.I::x:gularis inclLdirg tlcir p1tati-..e sti:t:p:cies: P. c . cxxpi, P. 

c. vemayi, P. c. angolensis, P. c. ruahdae, P. c. hul:±:ardi, P. c . thikae, P. c. 

rreharao, P. c. spinetonrn, P. c. canp::elli, P. a. albogularis an:i P. a. ruckleyi 

3. RESEARCH QUESTIONS 

• Is the Red-tailed Group monophyletic? 

• Are coqui and P. albogularis single polytypic species or several species? 
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4. MATERIALS AND METHODS 

4.1 Data CollectIOn 

The mitochondrialr::NA fran 16 exanplars fran 11 ~cies/subsr:;ecies of red-tailed 

francolins was anal ysed in this study. Taxa collected including subsr:;ecies and 

outgroup, tissue typo fran which DNA was extracted, localities and institutions 

holding vouchers are listed in Table 2. The entire Red-tailed Group \vas rooted with 

D. sE:phaena and S. l evaillantii as closely related outgroups and (alius gallus as a 

distantly related outgroup (e.g. Crowe et al., 1992 and Bloemer and Crowe, 1998). 

Fresh tissue, feathers and toe-pads samples were obtained fran all currently 

recognised taxa of the Red-tail ed Group When possibl e, one individual fran two 

different geographical localities was sarrpled for each p..ltative taxm. The reasm of 

doing this was to see whether conspecific/subspecific individuals differ 

geographically. 

OrganisreJ. (lTDrpho-/::;ehavioural) d3ta were extracted fran urten et al., (1986); Hall 

(1963); Clancey, (1967); Mackworth-Praed and Grant (1952 , 1962, 1970). 

Distributional inforrrstion for putative sr::ecies and subsr::ecies were cbtained fram 

Mackworth-Praed and Grant (1952 , 1962, 1970,), Clanoey (1967 ) and. Snow (1978) 

The mitochondrial DNA (mtDNA) data used in this study were generated in two 

molecular laboratories (Department of Botany UCT and Swedish Natural History 

Museum) and sequenoe iniorrrstion was cmbined at a later stage. Fourteen sr::ecies 

including subsr:;ecies and outgroups were sequenced. In this study, Gallus gallus 

cytochrome b sequences were downloaded fran Internet GenBank accession number 

NC001323, to help ",ith alignrrent. All other taxa were sequenoed for this project. 
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4.2. LABORATORY PROCEDURES 

4.2.1 DNA Extractions 

Genamc CNA fran fresh tissue, feather roses and tce--p3.ds was extracted using DvO 

different extractior protoools. Genanic rnA. fran fresh tissue (livers ar.d hearts) ard 

tce--p3.ds were extracted using standard techniques of proteinase K digesticn follam 

by QIAanp® CNA extraction mini kit protocol (Qiagen, Hilden, Gerrrany). This was 

done following the manufacturer's reccmmendations. Feathers tips were firstly 

washed several tirres in 70% ethanol and then once in distilled water. The tips 'here 

then placed in a 1.5 ml microcentrifuge tube with 20 III of 0.04 Dithiothreitol (DIT) 

ad::::Ed to the first digesticn step to rrake the feathers soft so that can dissolv::o EBSily 

and again to increase the CNA yield. The tissues were ocrrpletely digested for 12-18 

hours at 37°C. 

4.2.2 Polymerase Chain Reactions (PCR) Amplifications 

The Polymerase Chain Reaction (PCR) amplification for fresh tissue, feathers and 

toe-pads was carr ied out with pUReTag® Ready-To-Go PCR Beads (Amersham 

Pharrracia Biotech, Uf:psala, Sweden) as 25 III reaction oontaining stabilizers, !?SA, 

dATP, dCTP, dGTP, dTTP, ~2.5 units of puReTag DNA polymerase and reaction 

buffer. W1en a l::B3.d is reccnstituted to a 25 III final volUte, the o::::mentratim of 83m 

dNTP is 200 ruM in 10 Mm Tris-HCI, 50 ruM KCI and 1.5 Mm MgCI2. Only 1-3 ~l 

of DNA template and 1 ~l template specific primers were added. 

Six different priners (Table 3) 'here used of which farr 'here d2signe::l sp::ci.ficaliy for 

this group. The standard Polymerase cycling parameters for double stranded 
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arrplificatim 'N2re 5 minutes at 95°C initial d=rBturatim, follo".,ffi by 35 cycles of 50 

seconds at 95°C de~aturation, 50 seconds at 54°C annealing, 1 minute at 72°C 

extension. The cycling was ended with 8 minutes sequence extension at 72°C. 

Ancient and fresh DNA templates were found not to arrplify to similar degrees under 

this condition. Feathers and tre-p3ds reactions were carried out with the follOtJing 

thermocycling conditions: the sanples were preheated at 95°C for 5 minutes, 

followed by 45 cycles of 50 seconds at 94°C denaturation, 50 seconds at 52°C 

annealing, 1 minute at 72°C extension. The cycling was ended with 8 minutes 

sequence extension at 72°C. 

Feathers were arrplified using two different prirrers. The prirrers used are presente::! 

in Table 4 with seqc.ences and references. To avoid evap::lration the KR r63ctim was 

overlaid with one Jrop of mineral oil (Sigma). Negative controls, without any 

template DNA, were routinely screened as a control for contaminations. Thermal 

cycling for all fragments were performed in GenAmp PCR system 9700 (Applied 

Biosystems) and Perkin Elmer DNA Thermal Cycler 480. 

The presence of KR products for fresh tissue were determined by electrq::tDresis of 

5 III products on a 0.8% TAE agarose gel and 1.2% for ancient DNA template staine::! 

with ethidium branide in order to check the sp2cificityof the arrplifications and 

visualised under W fluorescence. The rrolecular weight rrarker was also used as a 

standard to confinn that KR products were of the predicted size. More SEqUel1c.irg, 

anplified products were firstly purified with QIAquick~ PeR Purification Kit 

Protocol (Qiagen), according to manufactures recommendations and using both 

microcentrifuge and vacuum cleaner. 
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4.2.3 Sequencing 

All the sequences W2re cycle sequenced in both directions using ABI PriS'Tl BigDye 

Tenninator prCXl2Ciure in an ABI 377 autarated sequencer using all prirrers descrited 

in Tables 3 and 4. The cycle sequencing reactions were performed in ~ reaction 

involving a totallTBster mix volUTe of 20 J1l with 5X sequencing buffer of 2.75 J1l, 

Terminator Ready Reaction (TRR) of 2.5 1-11, 0.5 pl of Primer and 1. 5-3 J1l and 

Distilled water. The standard cycle sequencing protocol were 30 seconds at 96°C 

denaturation, 15 seconds at 50°C annealing and 4 minutes at 60°C extension. The 

cycle was er.cW at 4°C soak in order to step any activity that rray take place and also 

serves as a refrigerator before furt.l'er steps am be d::ne. This was d::ne for 25 q,cles. 

5. DATA ANALYSIS 

5.1 Molecular Data Analysis 

For each taxon multiple sequence fragments obtained by sequencing with different 

primers were assembled to complete sequences with SegMan rI™ DNASTAR 

package (rnAstar Inc). The sequences were easily aligned using M2gaAlign Version 

4.03. The alignments were subsequently confirmed by eye and adjusted manually. 

Three methods of phylogenetic inference were employed: Maximum Parsimony, 

Maximum likelihood and Distance Analysis. 

Maximum Parsimony and Maximum likelihood were performed using the heuristic 

search option in PAUP* Version 4.0b8 (Swofford, 2001). The Maximum Parsimony 

settings were as follows: parsimony criterion, heuristic search, 1000 replicates, 

starting trees cbtained by stepif.ise ad::litim (ranc:bn ad::litim 5e:]Uence, 1 replicates), 

TBR branch swapping algorithm, MulTrees option in effect, zero branch length 
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collapsed to polytamy, and steepest descent option not in effect, all characters 

unordered and un informative characters included. 

The reliability of specific groupings or ncdal sLHDrt was assessed by boot..5t:.raf:ping 

Welsenstein, 1985). A nurrter of stLdies mve suggested t.h3t the bootstrap prq;ortion 

in p3.rsmnny analysis is a conservative estirrBtor of the prd:Bbility t.h3t a clade is 

correct, as lcng as the rreth:x:l used to estirrate tbylo;;enetic relationship is a:nsistent 

(Hillis ard Eilll, 1993; Paxlrigo et al., 1994). In fact, s=wr:al stu:lies mV2 su::wste::l 

that for rraximJm p3.rsmnny l::x:x:>tstrap values ~ 70%, the prc:h3bility of a clade being 

correct is at least 95% ard are crnside:re:i to be W2il sur:p::>rt:a:i (Hillis ard &ill, 1993). 

In this study, all the clad2s shewing less tmn 50% bootstrap in all the amJ. ysis are 

considered unreliable and have been collapsed. Bootstrap was perfoumed under 

heuristic s=arch strctegy with 800 replicates, starting trees \\ere cbtained by stEpNise 

addition with 10 randan addition sequence for each bootstrap replicates (M3.ddison, 

1991). One tree was held after each replicate. 

Tree-bisection-reconnection (TBR) branch-swar:ping algorithm was errployed; initial 

MaxTree settings=400 and auto-increased by 100; gaps were coded as missing data. 

Searches for Maximum Parsimony trees were perfoumed with all characters coded as 

unordered. The phylogenetic results are presented by a strict consensus tree 

(calculated fr om all the most parsimonious tree obtained) . 

Maximum likelihood analysis was performed iteratively using HKY85 with gamma 

and invariable site (Hasegawa et al., 1985) model of DNA sequence evolution. A 

starting tree was generated by heuristic search under the p3rSirrcny criterim (usirg 
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PAUP*s defaults setting). The choice of the rrcdel for the rrcdel-t:Bsed analyses was 

detenmined by a likelihood ratio test implemented in MOdeltest 3.06 (Posada, 2001; 

Posada and Crandall, 1998). With this rrethod the simplest rrcdel of evolution that 

cannot be rejectEd 1n favarr of a rmre cmplex rrcx::Icl is chosen (Ericsc:n et al., 2001). 

Nodal support was estimated wlth 100 bootstrap replicates because of time 

restrictions due t o the lengthy time taken by the maximum likelihood rrethod. 

Distance-based analysis was performed using HKY85 (Hasegawa et al., 1985) rrcdel 

of DNA sequence evclution, since this model accommodated site-site heterogeneity 

and unequal nucleotide frequencies, respectively. Distance trees VJere inferred fran 

distance lTBtrices Lsing neighbour joining algoritlm (Saitou and Nei, 1987). Ncx:lal 

support was estimated with 1000 bootstrap replicates. Painvise estilTBtes of 

nucleotide sequence divergence was estimated using the Kimura two-parameter 

distance criterion (Kimura, 1980). 

5.2 Morphological and Combined Data Analysis 

Morphological characters were analysed using maximum parsimony in WinClada 

Version 1.00.08 (Nixon, 1999-2000) and NONA (Goloboff, 1999). Fifteen morpho­

behavioural characters were analysed (Tables 5 and 6). Those few organiSlTBl 

characters treated as ordered (rrarked with * in Table 5) W2re treate::i as such t.ecause 

there seemed to be a logica l transformation series between states. 

rfhe lTBXimum parsimony settings were as follows: 200 iterations, 1 tree to hold, 

characters to sanple +/- 10% of nmber, rarrlm o::nstraint level=10. If rrultiple trees 

were found, a strict oonsensus tree was scught. Branch sur:p:>rt for the na::es in these 
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trees was deterrrQned using the bootstrap option in WinClada with the settings as 

follows: 1000 replications; 1000 search repetitions [= multiple * N in Nona]; 1 

starting tree per rep [=hold / ]; random seed = 0 [0 = time]; no MAX TBR. 

Separate and ccrrbined morphological analyses were performed due to variability 

l::::etween the rrales and femles. Ccrrbination of the two data sets (morphological and 

molecular) was done using this programme. 

6. RESULTS 

6.1 Organismal data (Male) 

Analysis of rrale organisml data yielclecl 19 equally p3.rsirrmicus trees with a length 

of 69 steps (Consist ency Index (CI) 0.76, 8etention Index (RI) 0.79). The strict 

oonsensus of these t rees resulted in nine ncxles oollapsed (Fig. 1). M:nq::hylyof the 

Bed-tailed Group was Sl.J!=tXlrted with 62 ; bootstrap sl.J!=tXlrt (Fig 2). The tree singles 

out schlegelii and a.l..to:jularis as two sep:rrate taxa distinct fran P. cxxpi, with 91% 

bootstrap support for albogularis and 99 % support for schlege l ii. 

The putative taxa thought to comprlse P. coqui were unresolved. The two West 

African spinetorum exerrplars link with east African ruahdae with 60% bootstrap 

SLJW)rt. A clade oonsisting of the southern Africa vernayi and carrp::elli c:btained 

69 % bootstrap s~pport. 

6.2 Organismal data (female) 

Sep3.rate analyses fo:: the femle morphological data yielded 13 equally p3.rsirrmicus 

trees with a length of 65 steps (Consistency Index (eI) 0.81, 8etention Index (RI) 
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0.84). The strict consensus of these trees resulted in six collapsed nodes (Fig 3). The 

monophyly of the Red-tailed Group supported weakly (52% -- Fig.4). 

The two specIes. schlegelii and albogularis were very well supported with 100% 

bootstrap support for schlegelii and 91 % for albogularis. The two ::,pinetorum 

examplars are sister taxa with ruahdae at an 80% bootstrap support level. The two 

southern African vernayi and campbelli linked with 64% bootstrap support. 

6.3 Combined organismal data (Male and Female) 

Combined analysis for both male and females yielded two equally parsimonious trees 

with a length of 90 steps (Consistency Index (Cl) 0.81, Retention Index (RI) 0.82). 

The strict consensus of these trees (Fig. 5) resulted in one collapsed node. The 

monophyly of the Red-tailed Group has strong support (71 % -- Fig. 6) The two 

albogularis exemplars received 95% bootstrap support while the two schlegelii 

obtained 100% bootstrap support, with weak support (51 %) for their sister status. The 

two spinetorum linked with ruahdae with 76% bootstrap support. The southern Africa 

vernayi and campbelli obtained 83% bootstrap support. 

6.4. Phylogenetic analysis of DNA data 

A total of 249 base pairs of cytochrome b sequence were obtained from all the 

individual samples (Appendix 1). The cytochrome b sequences included only 65 

phylogenetically parsimony informative characters. Separate analysis of maximum 

parsimony (MP - Fig. 7), maximum-likelihood (tv1L - Fig. 8) and distance inference 

of the mitochondrial DNA sequences produced mainly non-conflicting or almost 

identical topologies, although the resolution and the bootstrap support vary among the 
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tree. ivBx.irrun p:trsirrony (MP) analyses of the unweighted d3.ta resulted in 42 I1Dst 

parsimonious trees (Length=235, Consistency Index=0.667, and Retention 

Index=O. 681) . 

In the maximum parsimony tree (Fig 7), monophyly of the Red-tailed Group was 

s\JfVlrted with 68% 'ccotstrap sUffDrt. A 89% 'ccotstrap sUffDrt was cbtained for a 

clade consisting of the southern African arg:::Jlensis ard o::qui o::qui, with 92' for the 

V€st African spinetorum, 88% for the East African thikae and 68% for ruahd3.e. The 

a.l.l:x:gularis exerrplars are placed together (78%) with !1'Bharao as their sister taxcn. 

In the maximum likelihcxxl tree (Fig 8), rmncphyly of the 8ed-tailed Group had no 

bootstrap support, although a few clades that were supported in the maximum 

parsimony were a lso supported. 

The groups supported included the West African spinetorum with 90* 'ccotstrap 

values, the East African thikae with 80t and albogularis with 60~ 'ccotstrap values. 

The group that receives no support although previously s\JfVlrted was ruahdae, 

angolensis and CXXJUi CXXJUi. In the neighbour-joini.rq tree (Fig 9) slightly different 

groupings were cbtained and differently S\JfVlrted. The V€st African spinetorum 

obtained 71%, the East African thikae obtained 57%, and the southern African 

angolensis and coqui coqui obtained 96%. The albogularis species were both 

supported with 78 ~ and 67%. The ruahdae/coqui was again not S\JfVlrted in the 

neighbour-joining tree. 

The main discrep:mc} between the three phylogenetic trees concerns the position of 

schlegelii and o::qui canp::elli as sister taxa. In all three r:hylcgenetic analysis, t:re 

19 

Univ
ers

ity
 of

 C
ap

e T
ow

n



schlegelii/carrpbelli clade receives no bootstrap support, but they were grouped 

together. The reasons for this grouping might be contamination during peR 

ampllfications, or wrong labelling of the PCR tubes, or \v.rong labeillng of samples 

oollected in th2 field, or misaligment or inoorrect SEqLJetYE. sin:e t:h2 Tho ~es are 

very widely separated geographically, there is little chance that they can l::e one 

speCles. Other taxa that did not receive StJAX)rt were rraharao (Ethiopia), hlittardi 

(Ken ya ) and sch l egelii from Sudan. 

6.5. Combined morphology and molecular data (Male and Female) 

Combination of the molecular and morphological data for both male and female 

species yielded twc· trees with a length of 417 steps (Consistency Index (CI) 76, 

8etention Inc:ex (RI) 68). The strict oonsensus of these trees resulted in c::ne oolJ.ap::Ed 

node. In the consensus tree the Red-tailed Group was monophyletic (Fig 10), with 

84% bootstrap support; the albogularis exemplars had 100~ bootstrap stJAX)rt, and 

98% for schlegelii (fig. 11). The two ruahdae were stJAX)rted with 100 bootstrap 

support and the two thikae were supported with 86% bootstrap value. The southern 

African vernayi and campbelli were supported with 91% bootstrap values. In every 

analysis, all ccx:JUi taxa were grouped acoording to sane taxa fran either sane or 

closest geographical localities. 

7. DISCUSSION 

7.1 Taxonomic and phylogenetic relationships 

The taxonanic delimitation of the ingroup is prcblematic l::ecause of the uncertainty 

regarding the subsr::ecies and the overall limited understanding of the relationships 

among them. Although the monophyly of the Red-tailed Group seems to be well 
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supported, the inter relationships within the groups are less well resolved. For 

exarrple, scnle::je.lii and alI::Dgularis are separate ~es fran o:::x::.!1Ji taxa. There is m 

resolution armng other different ccqui taxa, with the possible exCEptim of nBlxlae 

and spinetorum The separate rrorphological and, the carbined rrorphological data 

yielded almost identical results with high bootstrap support values separating 

all::cgularis and schlegelii, and serre of the o:::x::.!1Ji taxa includirg spinetonrn, nBlxlae, 

vernayi and campbelli. 

In every analysis, the sample from putative taxa fran two different geographical 

localities were always grouped together or form sister taxa. For exarrple, ooqui 

ruahdae from B:Jtswana form sister taxon with ccqui ruahda.e fran Uganda.. Different 

species fran very close oountries were also closely related. ~ fran the sane 

species fran different geographical localities were also found to be different fran 

each other in nucleotide sequences (Table 7) For example, schlegelii fran Suda.n 

(0.12) was found to be different fran that of Central African Republic (0.40) even 

though they are same species and form sister taxa in the clac:b;Jram. This was also 

cbtained in carrptelli from Settlers (0 .23) and caJ11±elli franMJzarrbique (0.10). 

7.2 Incongruence between data sets 

The trees based on rmlecular and rmrphological da.ta are ino::ngru2l1t with each other. 

The main discrepancies between the trees are that schlegelii occupies a different 

position in the rmlE.."CLllar tree as c:r::np:1red to the rmr:r:hologica.l tree althoogh there is 

better agreEITent between rrorphology and a::nbined da.ta tree. In the rmlecular data 

tree, schlegelii form Sudan and those fran Central African Republic fom two non­

sister clades. 
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The relative position of these clades differs between the trees. In a:::;ntrast, in the 

morphological and c ombined tree, schlegelii from Sudan and Central African 

Republlc are sister taxa, although in the rrolecular data schlegelii fran Sudan are 

sister taxa \Vith one of ccqui subspecies carrp::elli. There "'laS no l::xxJtstrap sUHDrt 

between carrr:telli and schlegelii in all the three phylogenetic analysis , but both 

supported separately in the morphological or combined data results. 

7.3 Combining data sets 

There is much disagrearent as to whether different data sets should be cxnbined or 

analysed separately in phylogenetic inference. According to Wiens (1998) cxnbined 

analysis provide a rxor estinate of the sp3Cies with different histories, but gives an 

irrproved est.irrate in regicns that share the sarre histories. In this sttdy, cmbinatioo 

of two different data sets (rrorphology and rrolecular) was useful since the 

combination brings good resolution between schlegelii and albogularis as two 

separate specie s from coqui taxa. 

caroined rmrphological data for both rrales and fffiBles was also gcxxi in bringing a 

clear sep:rratioo for schle:;relii and aJ.lx:gularis, but brings ro resolutioo for the o:qJi 

taxa. In the strict consensus tree l::e.sed on cxnbined rrorpholcgy and rrolecular data 

(Fig 7), nearly all nodes had rED3ived high bootstrap sq::pJrt values as c:x::np:rred with 

the sep3.rate rrolecular results. Olly three clades received no sUHDrt values due to 

poor resolution. However, the other positions that are in ccnflict between the 

rrolecular and rmrphology-based trees received high sur::port in the carbined data 

tree. 
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The trees inferre::l fran separate analyses of the data p:ut.itions are equally rcorly 

resolve::l for the <XX:jUi taxa d2spite the strong sll[p:)rt for rrost clacEs. The crnbi.ne::l 

tree, although poorly resolve::l in some of the coqui clad2s, agrees best with the 

traditional, non-cladistic, rm:q:::h::llcgy-b3sed classificatim. The ina:n;r.ruence tetwE€n 

the trees resect on rmlecular ard rm:q:::h::llogical d3.ta is either due to less infomatim 

available for exarrple, nmter of l::Bse fBir SEql.Jffices cbtained or the tiP? of the gene 

used. 

8. CONCLUSIONS AND RECOMMENDATIONS 

Generally, the results of rmlecular, rmrphological and a:nbined data shON that the 

Red-tailed Group is a well-corroborated monophyletic group, even though the 

interrelationships within the subspecies are less well resolve::l. Results on the 

o::nbi.ne::l d3.ta presented here are cx:ngruent with the traditimal classificatim of &ese 

species.8esults on the rmlecular d3.ta bring less resolutim m schlegelii ard serre of 

the coqui taxa. The combined data yielded a well-resolved and independent 

hyt::Othesis of relationships that will a1lON critical evaluation of the traditional 

phylogeny and the characters that have been employed to support it. 

I::espite the daTOnstrate::l and potential ability of o::nbi.ne::l d3.ta to trace r=nylogenetic 

relaticnships, there rErrBins a nee::! for suitable rrolecular rrerker to be id2ntified tlBt 

will help to differentiate species and subspecies. tvblecular d3.ta fran a single gene 

region reveal only one facet of evolution, and may be misleading because of 

harcplasy. It is knONn that CErtain positions in the cytochrome b sequenCE are rrore 

conserve::l than other. Fran this, I would conclud2 that resolution of the branching 
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order would require the oollectim of a .larger mnte.r of rmlecular dlaracters and the 

enployrrent of genes evolving at varying rates, so that the taxonany, phylogeny and 

blogeographical relationships of the Red-tailed Group are fully understood. 

Although this study Epresents the first extensive, inplicitly P"lylCXJffi2tic h'y!X)thesis 

of relatiCi1Ships for the Recl-tailed Grc.q:.J, it shJuld by no rreans be cx::nsicered th2 last 

word on the phy~ogenetics of the Red-tailed Group. 
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KEY 

A = P c. angolensis 
Ca = P c. campbelii 
Co = P c. coqui 
Ho = P c. hoeschianus 

I Hu = P c. hubbardi 
I K = P c. kasaicus 
M = P c. maharao 
R = Pl.'. ruahdae 
S = P c. spine/orum 
T = P c. thikae 
V = P c. vernayi 

Map 1. Distributions of the Peliperdix coqui species and subspecies according to 
Mackworth-Praed et aI. , (1952, 1962, 1970); Snow (1978); and Clancy (1967) . 
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----1 
A = Peliperdix aiboglliaris I 
B = P a. buckleyi - C I 
0= P a. dewillei 
M = P G. meinertzhageni 
S = Peliperdix schlegelii 

Map 2. Distributions of the Peliperdix a/bogu/aris and P. shclegelii species 
and subspecies according to Mackworth-Praed et ai. , (1952, 1962, 1970); 
Snow (1978); and Clancy (1967). 
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Appendix 1. Cyto c hrome b sequences (bases 595-843 of the 1143) from 
the francolins studied herein. 

Dendroperdix_sephaena 
ACATTCCTGCACGAATCAGGCTCAAACAACCCCCTAGGCATCTCATCTAACTCCGACAAAATCCCATTC 
CACCCATACTACTCCCTCAAAGACGCCCTAGGTCTAGCCCTCATACTCACTCCGTTCCTCACACTAGCC 
CTATTCTCCCCCAACCTCCTAGGTGACCCAGAAAACTTCACCCCAGCAAACCCACTAGCAACCCCCCCA 
CACATCAAACCAGAATGATACTTTCTATTCGCCTATGCCATC 
Scleroptila_levaillantii 
ACATTCCTCCATGAGTCAGGCTCTAACAACCCCCTAGGCATCTCATCTAACTCTGACAAAATCCCATTC 
CACCCATACTACTCCCTTAAAGACATTCTAGGCCTAACCCTAATATTCATCCCATTCCTTACACTAGCC 
CTATTTTCCCCAAACCTCCTAGGCGACCCAGAAAACTTCACCCCAGCCAACCCATTAACAACTCCCCCT 
CACATCAAACCAGAATGATACTTCCTATTCGCCTACGCTATC 
Peliperdix_coqu~ Settlers_Natal 
ACCTTCCTCCATGAATCAGGCTCAAACAACCCCCTAGGCATCTCATCCAACTCCGACAAAATCCCATTC 
CACCCATACTACTCCCTCAAAGACACCCTAGGCCTAGCCCTCATATTCATCCCACTCCTAATACTAGCC 
CTGTTTTCCCCAAACCTGCTAGGCGACCCGGAAAACTTCACCCCAGCAAACCCCCTAGTAACCCCCCCA 
CACATCAAACCAGAGTGGTACTTCCTATTCGCATACGCCATC 
P_c_vernayi_Botswana 
CCTTCGCTCCACGAAACAGGCTCAAACAACCCCCTAGGCATCTCATCCAACT?CGACA?AA?CC?AT?C 
CACCCATACTACT?CCTCAAAGACACCCTAGGCCTAGCCCTCATATTCATCCCACTC?TAATACTAGCC 
CTGTTTTCCCCAAACCTGCTGGGCGACCCAGAAAACTTCACCCCAGC?AACCCCCTAGTAACCCCCCCA 
CACATCAAACCAGAATGATACTTCCTATTTGCATACGCC??? 
P_c_campbelli_Mo zambique 
??GCTTCGTCACGAAACAGGTCGAAACAACCCCGTAGGCATCTCATCCAACTCCGACAAAATCCCATTC 
CACCCATACTACTCCGTCAAAGACACCCTAGGCCTAGCCCTCATATTCATCCCACTCCTAATACTAGCC 
CTGTTTTCCCCAAACCTGCTGGGCGACCCAGAAAACTTCACCCCAGCAAACCCCCTAGTAACCCCCCCA 
CACATCAAACCAGAATGATACTTCCTATTTGCATACGCCATA 
P_c_campbelli_Natal 
TCCTTCCTCCACGAAACAGGCTCAAACAACCC?CTAGGCATC?CATCAAACTG?GATAAAAT?CCATTC 
CA?CCATACTTCTC?TCAAAAGACAT?CTAGGCTTCA?AGCCATA?T?CTTCCCCTTATATCCCTCGCC 
ATATTCTCACC?AACCTCCTAGGAGACCCAGAAAACTT?ACACC?GCAAACCCA?TAGTAAC?CCTCC? 
CATATCAAACCTGAATGATACTTCCTATTTGCATACGCCAT? 
P_c_thikae_Tanganyika 
???????TCCACGAATCAGGCTCAAACAACCCCCTAGGCATCTCATCCAACTCCGACAAAATCCCATTC 
CACCCATACTACTCCCTCAAAGACACCCTAGGCCTAGCCCTCATATTTATCCCACTTCTAACACTAGCC 
CTATTTTCCCCCAACTTCAT?GGCGACCCAGAAAACTTCACCCCAGCAAACCCCCTAGTAACCCCCCCG 
CACAT?AAACCCGAATGATACTTCCT???????????????? 
P c thikae Tanzania 

- - -
???TCATTCCACGAATCAGGCTCAAACAACCCCCTAGGCATCTCATCCAACTCCGACAAAATCCCATTC 
CACCCATACTACTCCCTCAAAGACACCCTAGGCCTAGCCCTCATATTTATCCCACTTCTAACACTAGCC 
CTATTTTCCCCCAACTTCGTAGGCGACCCAGAAAACTTCACCCCAGCAAACCCCCTAGTAACCCCCCCG 
CACATCAAACCCGAATGATACTTCCTATTAG??????????? 
P c ruahdae Rwanda 

- - -
TCCTTCCTCCACGAAACAGGCTCAAACAACCCCCTAGGCATCTCATCCGA?TCCGACAAAATCCCATTC 
CACCCATACTACTCCCTCAAAGACACCCTAGGCCTAGCCCTCATATTCATCCCACTCCTAATACTAGCC 
CTGTTTTCCCCAAACCTGCTGGGCGACCCAGAAAACTTCACCCCAGCAAACCCCCTAGTAACCCCCCCA 
CACATCAAACCAGAATGATACTTCCTATTTGCATACGCCATA 
P_c_ruahdae_Uganda 
???????TCCACGAAACAGGCTCAAACAACCCCCTAGG?ATCTCATCAGAGTCAGACAAAATCCCATTC 
CACCCATACTACTCCCTCAAAGACACC?TAGG??TAGCCCT?ATATTCATCCCACT?GTA?TACTA?C? 
CTGTTTT?CCCAAACCTGCTGGG?GACCCAGAAAACTTCAC?CCAGC?AACCCCCTAG?TAC?CC?CC? 
CACATC?AACCAGAATGATACTTCCTATTTGCATACGCCAT? 
P_c_hubbardi_Kenya 
ACCTTCCTCCATGAATCAGGCTCAAACAACCCCCTAGGCATCTCATCCAACTCCGACAAAATCCCATTC 
CACCCATACTACTCCCTCAAAGACACCCTAGGCCTAGCCCTCATATTCATCCCACTTCTAACACTAGCC 
CTATTTTCCCCAAAC?TCCT?GGCGACCCAGAAAACTTCACCCCAGCAAACCCCCTAGTAACCCCCCCA 
CACATCAAACCAGAATG~TACTTCCTGTTTGCATACGCCATT 

P_c_maharao_Abyssinia 
?????TCCTCCCGAAACAGGCTCAAACAACCCCGTAGGCATCTCATCCAACTCCGACAAAATCCCATTC 
CACCCATAGTACTCCCTCAAGGACACCCTAGGCCTAGCCCTCATATTT?TCCCACTCCTAAATCTAGCC 
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CTATTTTCCCCAAACTCGCTAGGCGACCCAGAAAACTTTACCCCAGCAAACCCCCTGGTAACCCCCCCA 
CATATCAAACCAGAATGATACTTCCTATTTGCATACGCCATA 
P_schlegelii_Sudan 
TCCTTCCTCCACGAAACAGGCTCAAACAACCCCCTAGGCATCTCATCCAATTCCGACAAAATCCCATTC 
CACCCCTACTACTCTCTTAAAGACACCCTAGGCCTCGCCCTCATACTCATTCCACTTCTAACACTAGCC 
CTATTCTCCCCAAATCTCCTGGGTGACCCAGAAAACTTCACCCCAGCAAACCCCCTAGTAACCCCCCCA 
CATATCAAACCAGAATGATACTTCCTATTTGCATACG????? 
P_schlegelli_CAR 
???TCATTCCACGAATCAGGCTCTAACAACCCCCTAGGCATCTCATCCAACTCTGACAAAATCCCATTC 
CATCCATACTACTCCCTTAAAGACATCCTAGGGTTTAGCCCTAATATTCATCCCACTCCTCACACTAGC 
CCTATTTTCCCCAAACCTTTAGGAGACCCAGAAAACTTTACCCCAGCAAACCCACTAGTAACCCCCCC? 
CACATCAAACCCGAATGATA?????????????????????? 
P_c_spinetorum_Ni geria 
ACCTTCCTCCACGAAACAGGCTCAAACAACCCCCTAGGCATCTCATCCA??T?GGACAAAATCC?ATT? 
C?CCCATACTACTCCCTCAAAGACACTCTAGGC?TAGCCCTCATATTTATTCCACTTCTAACACTAACC 
CTATTTTCCCCAAACTTCCTAGGCGACCCAGAAAACTTCACCCCAGCAAACCCCCTAGTAACCCCCCCA 
CACATCAAACCAGAATGATACTTCCTATTTGCATACGCCATA 
P_c_spinetorum_Azare_Nigeria 
?????????CACGAAACAGGCTCGAAACAACCCCTAGGCAT?TCATCCAACTCCGACAAAATCCCATTC 
CACCCATACTACTCCCTCAAAGACACTCTAGGCCTAGCCCTCATATTTATTCCACTT?TAACACTAACC 
CTATTTTCCCCA~CTTCCTAGGCGACCCAGAAAACTTC?CCCCAGCAAACCCCCTAGTAACCCCCCCA 

CACATCAAACCAGAATGATACTTCCTATTTGCATACGCC??? 
P_a_buckleyi_Cameroon 
???TCATTCCACGAATCAGGCTCAAACAACCCCCTAGGCATCTCATCCAACTCCGACAAAATCCCATTC 
CACCCTTACTACTCCCTCAAGGACACCCTAGGCCTTGCCCTCATATTTACCCCATTCCTAATACTAGCC 
CTATTCTCCCCTAACCTCCTAGGCGACCCAGAAAACTTTACCCCAGCAAACCCCCTAGTAACCCCCCCA 
CACATCAAACCCGAATGATACTTCC???????????? ? ??? ? 
P a albogularls_Nigerla 
???CCATTCCACGAATCAGGCTCAAACAACCCCCTAGGCATCTCATCCAACTCCGAC?AAATCCCATTC 
CACCCTTACTACTCCCTCAAGGACACCCTAGGCCT?GCCCTCATATTTACCCCATTCCTAATACTAGCC 
CTATTCTCCCCTAACCT?C??GGCGACCCAGAAAACTTTACCCCAGCAAACCCCCTAGTAACCCCCCCA 
CACATCAAACCCGAATGATACTTCCTATT????????????? 
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Table 1. Traditionally recognized major groupings within the order Galliformes 

Common NamE Scientific Name Geographic(ll Range 

Megapodes Meg(lpodiidae Australasia 

Cracids Cracidae South and Central America 

Curassows Cracidae South and Central America 

Chacll(llacas Cracidae Southern North America 

Guineafowls Numididae Africa 

Grouse Tetraonidae North America 

Turkeys Meleagrididae North America 

Pheasants. junglefowl Phasianidae Asia and Africa (I spp.) 

(chickens) and peafowls 

Partridges and francolins Perdicini Eurasia, Afric(l (lnd 

Australasia 

Old World quails Coturnicini Eurasia, Africa and Australasia 

New World quails Odontophori nae North and South America 
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Table 2 . List of taxa from which fresh tissue , feathers and toe- pads DNA 

were extracted 

Species and Ti s sue type Localities 
subspecies 

Museum Card 
No/collection No/collection 
No. date 

Peliperdix Fresh tissue- Settlers, N3tal, FitzPatrick-64 Not specified 
coqui Heart South Africa 

Peliperdix Fresh tissue- Zimbabwe FitzPatrick-60 20 - 07 - 1994 
coqui Heart & Liver 

P.c. hubbardi Fresh tissue- Kenya not specified not specified 
Li ve r 

P.c . angolensis Fresh tissue- Zambia FitzPatrick-87 11-08 - 1994 

P.c. 
spinetorum 

P.c. 
spinetorum 

P. c . canpbelli 

P. c . canpbelli 

P.c. ruahdae 

P.c. ruahdae 

P. c . vernayi 

P. c. maharao 

P. c . thikae 

P. c . thikae 

Li ve r 

Feathers 

Feathers 

Fe a thers 

Feat he rs 

Feathers 

Feat hers 

Feat hers 

Fe a thers 

Toe -pads 

Toe - pads 

Feat hers 

Kano, Nigeria BM 135.12.6-1 2073 

Azare, Nigeria 

Natal, South 
Africa 

Coguno, 
Mozambique 

Ankole, 
Uganda 

Rwinkwaku , 
Rwanda 

Nkare, 
Botswana 

Abbyssinia, 
Ethiopia 

Tanzania 

Tanganyika 
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P.a. buckleyi Toe -pads Garova, E'M 23890 -
Cameroon 

- 509 

Pellperdix Feathers Nigeria 
al.bogu lari s 

Peliperdix Mboro, AM 788909 -
schlegelii Toe-pads Bahrel-el-

gahzel , Sudan 

Peliperdix Fresh tissue- Central - -
schlegelii Li 'ver Afrlcan 

Republic 

-
Dendroperdix Fresh tissue- FitzPatrick-

Liver South Africa 80Fl -4#3 

sephaena 
Kenya FitzPatrick- -

8#109 

Scleroptila Fresh tissue- Santa Estate 

Liver 
levaillantii FitzPatrick- -

Grootvaders- 1#59 

Fresh tissue- bos 

Liver 

AM=American Museum of Natural History, FM=Field Museum of 
Natural History , BM=British Museum of Natural History, TM= 
Transvaal Museum of Natural History 
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Table 3. Sequences and Sources of Prirrers Used for FCR and Sequencing fresh tissue 

and toe-pads rnA tenplate of the Red-tailed Group of the Mitochondrial cytochrare 

b gene 

Name of pri.rrer Sequence 5' to 3' References 

114990 i 5' -

CCATCCAACATCTCAGCAGTGATGAAA- Shortened 114 844 1 

3' of 

Kocher et al. (1989) 

H15696 5'-

AATAGGAAGTATCATTCGGGTTTGATG- H15547 of 

3' Edward et al. (1991) 

1QUAI1 5'-ATGGCACCCAATATCCG-3' Bowie (2002 ) 

HQUAI1 5'-TTTGTTTTCTAGTGTTCCG-3' Bowie (2002 ) 

12-2312 5'-:::ATTCCACGAATCAGGCTC-3' Bowie (2002 ) 

Hl-2311 5'-ACGAAAGCGGTTGCTATGAGTG-3' Bowie (2002) 
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Table 4. Sequences and Sources of Primers Used for 8CR and Sequencing feathers 

DNA template of the Red-tailed Group of the Mitochondrial cytochrome b gene 

Name of Primer Sequence 5' to 3' Reference 
PSI. 5 '-

CCTTCCTCCACGAAACAGGCTCAAACAAC Swedish 
CC-3' Museum 

Laboratory 
H814 5' -

ATGGCGTATGCAAATAGGAAGTATCATTC Swedish 
-3' Museum 

Laboratory 
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Table 5. Organisml characters used in cladistic analysis of Ped-tailed Grcup. Those 

marked with * were treated as ordered. 

Characters States 

1. Back Plumage* Quail-like but much reduced=1 

Quail-like and less well defined=2 

Quail-like very constant and well defined=3 

Redish-brown with white strlation=4 

2. Eye Stripes and 
absent = 0 black and white but ill defined=1 

Necklace* 
black and white well defined=2 white=3 reddish ochre 

with black and white gorget=4 

3. Chin and Throat Colour ochre=1 white=2 rufous yellow=3 buff=4 

4. Upper parts plumage 

5. Wing Coverts 

6. Legs Colour 

Dark greyish brown=1 Light Vlnaceous brown=2 

Dark grey=3 Pale with pink=4 Brownish-grey=5 

Rufous-chestnut=6 rich red-brown=7 

Dark greyish brown=1 Heavily washed chestnut=2 

Rufous=3 Light vinaceous brovn streaked whitish and 

barred grey=4 

Yellow=1 Orange-yellow=2 
brown=4 

dull red=3 yellowish 

7. Under tail coverts Pale-reddish brown barred black=1 

Rufous-buff barred black=2 Vermiculated black=3 

Buff barred br own=4 
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8. Colour of Pri..mc.ries* greyish-brown=l Brown=2 Washed rufous=3 

9. Shaft streaks 

10. Breast Plumage 

11. Abdomen colour 

12. Wing colour 

13. Body mass - adult 

male* 

14. Sexual plumage 

dimorphism* 

15. Advertisement call* 

Rufous wi th brown tips=4 Heavily washed rufous=5 

Rufous-chestnut with grey-brown tips=6 

Ochre shaft streaks=l Narrower creamy steaks=2 

Broad white streaks=3 

black and white=l light vinaceous brown=2 Pinkish 

grey=3 palebuff=4 light vestigial brown=5 

chestnut=6 more buffy, transverse browner barrings=7 

Unbarred=O black and white=l pink or greywash=2 

White=3 plain cream=4 rich ochre=5 black 

markings=6 chestnut brown=7 

no chestnut=O chestnut=l rufous=2 more rufous=3 

grey=4 mottle brown buffy=5 

. 500g=0 350-400g=1 <300g=2 

O=absent l=moderate 2=marked 

whistling or rauoous=O tnnpet-like ter, ink, ink, terra 

terra, terra=1 as 1 but faster=2 as 1 bJt faster still=3 

as 1 but even faster=4 
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Ta b l e 6 . Da t a m~trix using chara c ters listed in Table 5 . 

Taxa Characters and states 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

D. sephaena-sexes alike 4 3 2 7 1 3 2 1 3 1 7 5 1 1 0 

S. leva il/antii-sexes alike ? 4 2 1 3 4 3 6 2 6 6 3 0 0 0 

P. c. coqui-M a I e 3 0 1 1 1 1 1 1 2 1 1 1 2 2 1 

Female 3 2 2 1 1 1 1 1 2 3 2 0 2 2 1 

P. c.ruahdae-Male 3 0 1 4 1 1 1 5 1 5 0 2 2 2 1 

Female 3 2 1 4 1 1 1 5 1 5 0 2 2 2 1 

P.c. campbelli-Male 3 0 2 2 4 1 4 1 1 4 0 4 2 2 1 

Female 3 2 2 2 4 1 4 1 1 2 0 4 2 2 1 

P. c. vernayi-Male 3 0 2 2 4 1 5 1 1 7 0 4 2 2 1 

Female 3 2 2 2 4 1 5 1 1 7 0 4 2 2 1 

P.c.thikae-Male 3 0 2 3 1 1 1 3 1 5 0 3 2 2 1 

Female 3 2 2 3 1 1 1 3 1 3 0 3 2 2 1 

P. c. spinertorum-Male 3 0 1 4 1 1 1 5 1 1 0 2 2 2 1 

Female 3 2 1 4 1 1 1 5 1 3 0 2 2 2 1 

P.c. hubbardi-Male 3 0 2 3 1 1 1 3 1 4 0 4 2 2 1 

Female 3 2 2 3 1 1 1 3 1 3 0 4 2 2 1 

P.c.maharao-Male 3 0 2 3 1 1 1 3 1 2 0 2 2 2 1 

Female 3 2 2 3 1 1 1 3 1 3 0 2 2 2 1 

P. sch/ege/ii-Male 1 0 3 6 3 1 3 2 3 1 3 2 2 2 3 

Female 1 0 3 6 3 1 3 2 2 3 4 2 2 2 3 

P. a. buck/eyi-Male 2 0 2 5 2 2 2 4 1 6 5 3 2 2 2 

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

P. a. a/bogularis-Male 2 0 2 5 2 2 2 4 1 6 5 3 2 2 2 

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