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ABSTRACT 17 

The spiral-horned antelopes (Genus Tragelaphus) are among the most phenotypically diverse 18 

of all large mammals, and evolved in Africa during an adaptive radiation that began in the late 19 

Miocene, around 6 million years ago. Tragelaphus was able to exploit the habitat 20 

heterogeneity created by Plio-Pleistocene paleoclimatic fluctuations and tectonic processes to 21 

eventually occupy almost every habitat type in present day Sub-Saharan Africa. The smallest 22 

of the spiral-horned antelopes, the bushbuck (T. scriptus), is also widely distributed across 23 

Africa, but is genetically divided into unrelated Scriptus and Sylvaticus mitochondrial 24 

(mt)DNA superlineages that inhabit opposite halves of the continent – suggesting the 25 

convergent evolution of independent bushbuck species. In this study, we provide the first 26 

evidence showing that Scriptus and Sylvaticus are reciprocally monophyletic at nuclear DNA 27 

loci, and so the bushbuck comprise a single species across its continental range. Given that 28 

mtDNA will sort into species-specific lineages more quickly than nuclear DNA, only an 29 

ancient interspecific hybridization event – between a proto-nyala female and a proto-30 

bushbuck male - can reconcile the cyto-nuclear incongruence. We dated this event to the early 31 

Pliocene about 4.5 -5 million years ago. This study adds to an increasing body of evidence 32 

that suggests interspecific hybridisation may be more common than previously thought. We 33 

suggest a potential role for interspecies gene flow in adaptive radiations.  34 

Key words: adaptive radiation, interspecific hybridisation, paleoclimate, Tragelaphus, Sub-35 

Saharan Africa.  36 

*Correspondent: yoshan.moodley@univen.ac.za 37 

  38 

Page 2 of 34

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

3 

 

Speciation is at its most striking during an adaptive radiation, when specific combinations of 39 

ecological and genetic circumstances allow evolutionary forces to drive phenotypic 40 

divergence. The most recent adaptive radiations occurred during the Plio-Pleistocene 41 

(~5,400,000 – 12,000 years ago), and have been attributed to fluctuations in paleoclimate ( 42 

Blois and Hadly 2009; Bobe and Behrensmeyer 2004; Vrba 1995) and tectonic uplift 43 

(Partridge et al. 1995; Pickford 1990). This period of massive faunal diversification and 44 

turnover (Vrba 1985, 1993) is sometimes referred to as the “golden age of mammals”(Estes 45 

1990; Huxley 1965). One group of mammals in particular - the bovids - were able to 46 

adaptively exploit heterogeneity in the productive paleohabitats of the Plio-Pleistocene, 47 

radiating in several subgroups (or tribes) to become the most diverse and abundant of all 48 

herbivores (Du Toit and Cumming 1999), comprising 142 extant species (IUCN 2017).  49 

 The spiral-horned antelopes of the genus Tragelaphus (Tribe: Tragelaphini) comprise 50 

one of the more spectacular radiations within the Bovidae, occurring from the late Miocene-51 

early Pliocene (Bibi 2013, Gentry 2010). Within that timeframe, spiral-horned antelopes 52 

populated almost every habitat type in sub-Saharan Africa, and with just nine extant species 53 

they currently exhibit substantial phenotypic variation in size, physiology, life history traits, 54 

sexual dimorphism and social systems (Table 1). More remarkable, however, is the level of 55 

convergent evolution within Tragelaphus (Fig. 1), the extent of which was only revealed 56 

through molecular paraphyly between morphologically sister species, such as the kudu (T. 57 

strepciceros) and lesser kudu (T. imberbis) ( Hassanin and Douzery 1999; Matthee and 58 

Robinson 1999) and the nyala (T. angasi) and mountain nyala (T. buxtoni) ( Willows-Munro 59 

et al. 2005). A similar relationship has also been shown for the bushbuck (T. scriptus), a 60 

highly diverse species complex inhabiting most of sub-Saharan Africa and whose paraphyletic 61 

(Scriptus and Sylvaticus) mitochondrial DNA super-lineages (Moodley et al. 2009; Hassanin 62 

et al. 2012) suggest convergence to a bushbuck-like phenotype (Moodley and Wronski 2009).  63 
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However, Bibi (2013) recently suggested that the bushbuck paraphyly may have also 64 

resulted from mitochondrial lineage introgression between non-sister taxa, rather than from 65 

phenotypic convergence. This view is supported by the ability of closely related bovid 66 

species, including spiral horned antelopes, to produce fertile hybrids in captivity (Boulineau 67 

1933; Koulischer 1973), which suggests that reproductive isolation has lagged behind 68 

phenotypic divergence. Indeed Plio-Pleistocene hybridisation has already been demonstrated 69 

through nuclear and mitochondrial gene tree incongruence in the Caprini (Ropiquet and 70 

Hassanin 2005) and Bovini (Verkaar et al. 2004). Alternatively, paraphyly in the bushbuck 71 

could also conceivably have resulted from incomplete lineage sorting (ILS, Pamilo and Nei 72 

1988), but until now, the nuclear DNA data required to test these hypothesises have not been 73 

available.  74 

In this study, we obtained both nuclear and mitochondrial DNA sequences 75 

representing both Scriptus and Sylvaticus bushbuck super-lineages, combined with existing 76 

and newly generated data for all other con-generic species, in order to reconstruct the 77 

Tragelaphus species tree and test the hypothesis that the two bushbuck super-lineages 78 

Scriptus and Sylvaticus are independent species that arose via convergent evolution (Wronski 79 

and Moodley, 2009). The expectation is that convergent evolution would have affected both 80 

mitochondrial and nuclear genomes similarly, resulting in the same patterns of phylogenetic 81 

relatedness among spiral-horned antelope species for both molecular markers. Conversely, a 82 

cyto-nuclear genomic dissociation would suggest that either incomplete lineage sorting or 83 

introgression was responsible for the bushbuck’s mitochondrial paraphyly. 84 

MATERIALS AND METHODS 85 

Samples.— Bushbuck individuals representing the genetic and geographical heterogeneity of 86 

both Scriptus and Sylvaticus mitochondrial superlineages were sampled (Table 2). We also 87 

sampled an eland (T. oryx), a sitatunga (T. spekei) and two kudu, which we used in addition to 88 
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sequences from 19 other Tragelaphus individuals published previously (Hassanin and 89 

Douzery 1999; Mattheeand Robinson 1999; Willows-Munro et al. 2005). All new samples 90 

were obtained from museum collections and taxidermists (Table 2). Our data set therefore 91 

contained the two potential bushbuck “species”, the eight other Tragelaphus species, and with 92 

each species represented by one to seven individual multilocus sequence profiles (Table 1). 93 

We selected four outgroup taxa, each with a different level of relatedness to the ingroup and 94 

included a representative of the sister groups Boselaphini (Boselaphus tragocamelus), 95 

Bovinae (Bos taurus and Syncerus caffer) and Bovidae (Apyceros melampus) after Willows-96 

Munro et al. (2005). The current study is in line with the guidelines of the American Society 97 

of Mammalogists.  98 

Molecular methods.—DNA was extracted using a modified SDS-proteinase K/phenol-99 

chloroform method (Moodley and Bruford 2007) and quantified by UV spectrophotometry. 100 

Using 25ng of template DNA, we amplified the following seven gene fragments 101 

mitochondrial genes 12SrRNA, 16SrRNA and cytochrome b; and nuclear intron fragments of 102 

the stem cell factor (MGF, Lyons et al. 1997), protein-kinase CI (PRKCI, Matthee et al. 103 

2001), B-spectrin non-erythrocytic1 (SPTBN1, Venta et al. 1996) and thyrotropin (TH, 104 

Matthee et al. 2001) genes. PCR conditions were the same as in Matthee et al. (2001) and 105 

Matthee and Davis (2001). PCR products were sequenced using Big Dye terminators (Applied 106 

Biosystems) and analysed on an ABI Prism 3130 DNA sequencer. Sequence assembly, 107 

trimming (according to published reference sequences) and alignment were performed in 108 

BioEdit (Hall, 1999).  109 

Genetic diversity and tests of neutrality.—Genetic diversity of ingroup taxa was 110 

estimated for each gene fragment. Nucleotide and haplotype diversities for nuclear intron and 111 

mitochondrial alignments were calculated in DNAsp (Librado and Rozas 2009). Nuclear 112 

introns were phased using the Phase algorithm (Stephens et al. 2001), consisting of 100,000 113 
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iterations with a burnin proportion of 10%. We tested each locus for neutrality using 114 

coalescent statistics Fs (Fu and Li 1993) and D (Tajima 1989). 115 

Gene networks.—We reconstructed haplotype/allele networks for each locus to assess 116 

levels of interspecific allele sharing. Since loci located in the mitochondrial genome are 117 

tightly linked, we concatenated mtDNA sequences and reconstructed a single mitochondrial 118 

gene network. We used the median joining method in PopART (Bandelt et al. 1999; Leigh 119 

and Bryant, 2015) to calculate and draw the five resulting networks. We set the epsilon value 120 

to 0, gave equal weighting to transitions and transversions and used the correction cost 121 

algorithm.  122 

Species tree reconstruction. —Gene and species trees were reconstructed in a fully 123 

Bayesian framework using *BEAST v 2.5.0 (Bouckaert et al. 2014). Sequence alignments of 124 

each of the seven gene fragments were parameterised in BEAUti (Drummond et al. 2012). 125 

The nucleotide substitution model for each gene partition (Table 2) was determined in 126 

jModelTest (Posada, 2008) using BIC, base frequencies were estimated from the data, and 127 

gamma distributions were imposed for substitution rate priors. All site and clock models were 128 

unlinked, but alternative lognormal and exponential clock models were tested against a strict 129 

clock for each partition. After one run of one 1,000,000,000 billion MCMC iterations, 130 

sampling every 100,000 steps and discarding 20% as burnin, the standard deviations of the 131 

posterior marginal distributions of both exponential and lognormal parameters included zero 132 

for all genes. Subsequent analyses were therefore carried out under a strict clock. Clock rate 133 

priors were uniform, with initial rates of 3.4 x 10
−9

 substitutions/site/year for 12SrRNA, 4.9 x 134 

10
−9 

for 16SrRNA (Pesole et al. 1999), 9.8 x 10
−8

 for cytochrome b (Nabholz et al. 2008) and 135 

1.9 x 10
−9

 for nuclear introns (Liu et al. 2006). Tree priors were linked to yield separate 136 

mitochondrial and nuclear gene trees. The species tree was reconstructed using a birth-death 137 

speciation prior, with a linear demographic prior, assuming that prehistoric population sizes 138 
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were constant. Ten independent MCMC analyses were carried out, each of which consisted of 139 

1,000,000,000 iterations, logging parameters, gene and species trees every 100,000 iterations 140 

and discarding the first 20% of each run as burn-in. Each analysis was checked for 141 

convergence in Tracer (Rambaut et al. 2014), and in all cases effective sample size values 142 

were greater than 200, indicating a well-mixed Markov chain. Post-burnin posterior samples 143 

of gene and species trees of all ten analyses were combined in LogCombiner and maximum 144 

clade credibility gene and species trees were produced showing common ancestor heights and 145 

only nodes with a posterior probability of 1. 146 

As with all molecular dating analyses, reliability of fossil calibration dates, and their 147 

implementation can affect the accuracy of divergence time inferences (Donoghue and Benton, 148 

2007, Parham et al. 2012). Fortunately, Tragelaphine antelopes are relatively well represented 149 

in the Plio-Pleistocene fossil record (Gentry, 2010) and here we select the three relevant fossil 150 

calibration points of the 16 used by Bibi (2013) in his recent mitochondrial genome analysis 151 

of the Bovidae. To allow for the possibility of erroneous fossil dating, soft, rather than hard 152 

bounds were used on calibration dates (Yang and Rannala 2006). Calibration dates were 153 

therefore were parameterised as most recent common ancestor (MRCA) priors, with the 154 

minimum and maximum fossil dates adjusted to the 2.5% and 97.5% quantiles of a normal 155 

distribution respectively. These included 18 Ma (16 – 20 Ma) for the coalescence of all 156 

analysed bovid lineages in the analysis, 8.8 Ma (7-11 Ma) for the crown outgroup Bovini, 157 

5.72 Ma (4.7 – 6.7 Ma) for the divergence of the Crown Tragelaphini, 3.4 Ma (3.4 - 4.5 Ma) 158 

for stem T. euryceros and for stem T. strepciceros (Bibi 2013 and references therein). 159 

Monophyly was not invoked for any of the calibration points, and all resulting trees were 160 

unconstrained.  161 

RESULTS 162 
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Diversity and selection.—The complete data set consisted of 4680 bp of DNA 163 

sequence data (2080 bp mtDNA, 2,600 bp nuclear introns) for 28 individuals representing 164 

nine ingroup species and four outgroup species (Table 3). Mitochondrial DNA diversity was 165 

high, ranging in nucleotide diversity among loci from 3.7 to 9.3 % (Table 3). In comparison, 166 

nuclear loci were generally less diverse. PRKCI and TH were the least diverse loci, but 167 

nucleotide diversities of just over 1% were observed for MGF and SPTBNI. Although several 168 

D and Fs values were negative among all loci, none were significant, suggesting loci evolve 169 

neutrally, without past demographic change.  170 

Gene networks.—All three mtDNA gene networks were well sorted into species 171 

specific lineages, and with no haplotype sharing between species (Supplementary Data S1 A-172 

C). High mtDNA diversity was also reflected in low haplotype sharing, even within species. 173 

Identical sequences occurred in the mountain nyala and the kudu for all three mtDNA genes, 174 

but also in the Eland at cytochome b. All seven bushbuck individuals possessed unique 175 

haplotypes, but with Scriptus and Sylvaticus (light green and light blue haplotypes, 176 

Supplementary Data S1 A-C) clustering separately, each more closely allied to other species 177 

than to each other. Nuclear introns, although less diverse, were also structured into species 178 

specific groups, with some allele sharing among species (Supplementary Data S1 D-G). At 179 

PRKCI, the eland and giant eland shared an allele, whereas at TH, a single allele was shared 180 

by a bongo, a sitatunga and three Scriptus bushbuck. Importantly, all other nuclear loci linked 181 

Scriptus and Sylvaticus bushbuck into a single species-specific group, and with allele sharing 182 

between the two evident at loci SPTBNI and PRKCI.  183 

Mitochondrial vs nuclear trees.—A multilocus Bayesian framework was used to 184 

reconstruction the interspecific relationships among spiral-horned antelopes. Tree priors were 185 

linked across loci to produce mitochondrial and nuclear trees (Fig. 2). Nodal posterior 186 

probabilities were high (>0.99) for almost all interspecies ingroup nodes, although placement 187 
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of the nilgai (B. tragocamelus) relative to other outgroup taxa was less reliable for both sets of 188 

markers. Among ingroup taxa, mtDNA resolved the nodes placing the kudu sister to the 189 

mountain nyala-sitatunga-bongo-bushbuck (Sylvaticus), and bongo sister to the bushbuck 190 

(Sylvaticus) less reliably that other nodes (Fig. 2A), whereas nuclear DNA could not fully 191 

resolve the node splitting the bongo-sitatunga from the bushbuck (Fig. 2B). The 192 

mitochondrial tree (Fig. 2A) did not differ markedly from the mtDNA phylogenies produced 193 

by Moodley et al. (2009), Hassanin et al. (2012) and Bibi (2013), although it should be noted 194 

that the latter two studies did not include a representative of the mountain nyala (T. buxtoni). 195 

Therefore, the well-known paraphyly among the bushbuck, where the Scriptus lineage is 196 

sister to the nyala (T. angasi) and the Sylvaticus sister to the bongo-sitatunga clade, appears 197 

characteristic of the mitochondrial genome as a whole (Fig. 2A). Both Hassanin et al. (2012) 198 

and Bibi (2013) use mtDNA to place the kudu sister to the eland-giant eland, nuclear DNA 199 

places the kudu sister to the mountain nyala-sitatunga-bongo-bushbuck (Sylvaticus), as 200 

observed by Willows-Munro et al. (2005).  201 

In contrast to mtDNA, nuclear DNA resolved bushbuck to be fully monophyletic (Fig. 202 

2B), with Scriptus and Sylvaticus lineages coalescing in a species level bushbuck clade. 203 

Although both markers show that the bushbuck forms a tight monophyletic clade with the 204 

sitatunga, bongo and mountain nyala, the relationships among these four species is not fully 205 

resolved by the nuclear markers used here.  206 

Species Tree.—A single consensus species tree was reconstructed from five 207 

independent MCMC runs displaying all nodes supported with a posterior probability of 1. 208 

Despite their mtDNA paraphyly, the species tree resolved a monophyletic sister relationship 209 

between Scriptus and Sylvaticus bushbuck lineages. These formed part of a clade consisting 210 

of the bongo-sitatunga sister group and the mountain nyala. The eland and giant eland were 211 

also placed as sister species, corroborating the majority of their gene trees. Notwithstanding 212 
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gene tree inconsistencies, the kudu was found to be more similar to the bushbuck-bongo-213 

sitatunga-mountan nyala clade, than to the eland-giant eland clade, and the nyala and lesser 214 

kudu were the most basal tragelaphines. The species tree shows clearly that phenotypically 215 

similar taxa such as the kudu and lesser kudu, and nyala and mountain nyala, are not the most 216 

closely related genetically.   217 

Divergence.—The divergence of species tree nodes were determined using three 218 

relevant, soft bounded bovid fossil calibration points. The ingroup coalesced to a common 219 

ancestor 5.43 Ma during the late Miocene. A series of middle Pliocene diversification events 220 

is inferred to have occurred approximately between 3 and 5 Ma (Fig. 3), differentiating the 221 

nyala, both eland species, kudu and mountain nyala. The monophyletic group containing 222 

sitatunga, bongo and bushbuck arose from a common ancestor that lived about 2.3 Ma. Within 223 

this group, the bushbuck divergence of Scriptus from Sylvaticus occurred about 1.8 Ma, and 224 

the bongo and sitatunga divergence from a common ancestor 1.9. Ma.  225 

DISCUSSION 226 

High genetic diversity at the three mtDNA loci is consistent with very high control region 227 

diversity of 11.7% (Moodley and Bruford 2007). The observed cytochrome b diversity (9.3 228 

%, Table 3) is higher than most mammal species (Alpers et al. 2004; Nyakaana and Arctander 229 

,1999; Simonsen, 1997; Arctander et al. 1996a, 1996b). This exceptionally high diversity at 230 

mitochondrial loci stems from the much deeper Pliocene common ancestry of Scriptus and 231 

Sylvaticus bushbuck lineages (Fig. 3), which is not reflected in the nuclear DNA. 232 

The Influence of Paleoclimate and Geomorphology on Divergence.—The first spiral-233 

horned antelope to appear in the fossil record was a nyala-like species in the late Miocene-234 

early (about 6 Ma, Gentry 2010). Following an initial divergence of the lesser kudu in the late 235 

Miocene, the next series of interspecies divergence events differentiating the common 236 

ancestors of the nyala, kudu and eland species occurred during the middle Pliocene, followed 237 
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by late Pliocene-early Pleistocene emergence of all other species. The Pliocene was generally 238 

a warm period, with summer temperatures 5-3 Ma approximately 3C warmer than the present 239 

(Haywood and Valdes, 2004), suiting more arid adapted species, potentially like the lesser 240 

kudu. At around 4 Ma, the paleoclimate became progressively colder with intensive 241 

glaciations in the Northern Hemisphere reaching their maximum by 2.7 Ma (Bartoli et al. 242 

2011). The emergence of the savanna-adapted kudu and eland, as well as the closed thicket 243 

nyala may have been influenced by the expansion of grasslands during this cooler time, and 244 

the recession of closed canopy forest. This trend of cooling became more cyclical during the 245 

Pleistocene and, together with an upsurge in tectonic activity along the Albertine and Gregory 246 

Rifts in East Africa (Pickford 1990; Partridge et al. 1995), resulted in a period of major 247 

climate-driven faunal turnover in Africa (Bobe and Eck 2001; Hernández Fernández and Vrba 248 

2006). This is the period during which the later events of specialisation is inferred to have 249 

occurred in Tragelaphus. The mountain nyala is likely to have adapted to the colder glacial 250 

periods, specialising to feed on the Afromontane forests and grasslands to which it is 251 

restricted today. The common ancestor of the bushbuck, bongo and sitatunga also diverged 252 

during the early Pleisticene, with Scriptus and Sylvaticus bushbuck lineages geographically 253 

isolated in the north-western and south-eastern halves of Sub-Saharan Africa. It is also 254 

possible that vicariance due to tectonic uplift during the early Pleistocene (Pickford 1990; 255 

Partridge et al. 1995) could have separated the two bushbuck lineages. Perhaps the most 256 

spectacular of all tragelaphine adaptations occurred relatively recently, after the divergence of 257 

bongo from the sitatunga about 2 Ma. Although closely related sister taxa, the bongo is a large 258 

forest specialist restricted to those parts of Africa with remaining closed canopy forest, 259 

whereas the sitatunga is a small-medium sized tragelaphine, with specially adapted hooves 260 

and fur that allow it a semi-amphibious existence along most inland waterways and swamps 261 
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in Sub-Saharan Africa. Their close evolutionary relationship points to rapid ecological 262 

specialisation during the middle to late Pleistocene.  263 

Distinguishing ILS from Gene Flow.—Both mitochondrial and nuclear gene trees 264 

showed high, species specific structuring (Fig. 2 and Supplementary Data S1), indicating that 265 

lineages appeared to have effectively sorted into monophyly, with little evidence of recently 266 

shared haplotypes through interspecific gene flow. The only instance of allele sharing was 267 

among closely related species of the bushbuck-sitatunga-bongo clade at the least diverse 268 

nuclear locus in our data set (TH). This, together with a low evolutionary rate (Table 3) 269 

suggests ILS at the TH locus, rather than interspecific gene flow, as all other bushbuck, 270 

sitatunga and bongo alleles at TH were within a single mutation of the shared allele.  271 

On the other hand, we can rule out ILS as the cause of the mtDNA paraphyly of the 272 

Scriptus and Sylvaticus bushbuck lineages since lineage sorting is dependent on population 273 

size, with the effective size of a mtDNA population sample being approximately four times 274 

lower than an equivalent nuclear DNA sample. Therefore, mtDNA is expected to sort faster 275 

than nuclear DNA. However, since unlinked nuclear introns sort Scriptus and Sylvaticus 276 

lineages into a monophyletic species clade (Supplementary Data S1 D-F, Fig. 2B), it is 277 

impossible that mtDNA lineages could be paraphyletic due to ILS. Only an ancient 278 

interspecific hybridization event – between a proto-nyala female and a proto-bushbuck male 279 

in the early stages of the Tragelaphus radiation during the early Pliocene (about 4.5 -5Ma red 280 

asterisk Fig. 3), can reconcile mitochondrial and nuclear gene trees. This hybridization event 281 

resulted in the initial split between Scriptus and Sylvaticus mtDNA lineages because all 282 

bushbuck in the north-western half of sub-Saharan Africa possess nyala-like mtDNA. It also 283 

suggests that this split may have been due to vicariance, since there is no evidence for 284 

haplotype sharing between the mtDNA lineages. This analysis also hints at a much wider 285 

paleo-distribution for the nyala (or proto-nyala), since this species is presently isolated to a 286 
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small part of south eastern Africa, within the large range of Sylvaticus bushbuck, but 287 

thousands of kilometres away from the nearest Scriptus with which they are mitochondrial 288 

sister taxa. 289 

A role for interspecific gene flow in adaptive radiations.—Hybridization between 290 

species or speciating lineages may be a key process within the adaptive radiation of 291 

Tragelaphus. This is because reproductive isolation mechanisms appear not to be fully 292 

developed in this tribe as several species produce fertile hybrids in captivity (Boulineau 1933, 293 

Koulischer 1973, van Gelder 1977). Furthermore, mitochondrial lineage introgression has 294 

been demonstrated in two other bovid radiations (Gilbert, Ropiquet and Hassanin, 2006; 295 

Verkaar et al. 2004), suggesting a potential role for this phenomenon in the speciation 296 

process.  297 

Under the classical view of speciation through divergence, gene flow could only 298 

follow hybridisation if reproductive isolation was incomplete (Hewitt 2001), since any 299 

disruption to species specific characteristics via recombination was thought to result in a 300 

reduction of fitness and selection against hybrids (Mayr 1966, Coyne and Orr, 2004). 301 

However, the potential for this classical view of speciation in facilitating adaptive rations is 302 

unlikely for two reasons. Firstly, cyclic paleoclimatic fluctuation would also have meant 303 

periodic disruption to the establishment of reproductive isolation once environmental 304 

conditions changed to favour expansion, secondary contact and the restoration of 305 

homogenising gene flow between previously isolated populations. Secondly, the combined 306 

effect of directional selection and genetic drift during rapid radiations would have severely 307 

reduced the genetic diversity of small and isolated refugial populations, with potentially 308 

detrimental consequences. Gene flow via hybridisation is one potential explanation for both 309 

problems. If gene flow is able to retard the onset of reproductive isolation among radiating 310 

lineages, the inevitable loss of genetic diversity during rapid differentiation may be offset by 311 
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the influx of genetic variation from hybrids. In a scenario where certain traits evolved or 312 

acquired by one (incipient) species are of adaptive value to another on secondary contact 313 

(Mallet 2007), selection would be expected to favour the introgression of adaptive traits via 314 

hybridization, leading to phenotypic convergence (Dasmahapatra et al. 2012, Nadeau et al. 315 

2012, Barbato et al. 2017). Plants obtain significant adaptive advantages and often speciate 316 

through polyploid hybridization (Grant 1981; Whitney et al. 2006), but hybridization without 317 

a change in chromosome number (homoploid hybridization) is considered rare in nature 318 

(Reiseberg 1997). Nevertheless, mounting empirical evidence from butterflies (Mavárez et al, 319 

Gompert et al. 2006), fruitflies (Noor, 1995; Machado et al. 2002), fish (Nolte et al. 2005), 320 

amphibians (Sequeira et al. 2005) and mammals (Gilbert, Ropiquet and Hassanin, 2006; 321 

Verkaar et al. 2004) suggest that interspecific hybridisation and gene flow may be more 322 

common than previously thought. Interestingly, almost all evidence on introgression between 323 

animal species is associated with adaptive radiations, concordant with the idea originally 324 

proposed by Mallet (2008). Therefore, the frequency of convergent evolution we observe in 325 

Tragelaphus, suggests a role for adaptive introgression as some phenotypes appear to be more 326 

advantageous than others. The selective forces and molecular mechanisms underpinning this 327 

convergent evolution, however, are not clear and would require genome-level data to unravel. 328 

We provide the first evidence that the Scriptus and Sylvaticus bushbuck lineages are 329 

reciprocally monophyletic, sharing a relatively recent common ancestor in the early-middle 330 

Pleistocene. This observation rules out the hypothesis of convergent evolution of the 331 

bushbuck phenotype put forward by several authors (Moodley and Wron ski, Hassanin et al, 332 

Bibi ) on the basis of mtDNA paraphyly. One the other hand, a Pliocene interspecific 333 

hybridisation event reconciles mitochondrial with nuclear phylogenies, and given the high 334 

levels of phenotypic convergence we observe within the spiral-horned antelopes, it seems 335 

reasonable that highly similar phenotypes may have evolved through adaptive introgression. 336 

Page 14 of 34

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

15 

 

ACKNOWLEDGMENTS 337 

We thank the University of Venda and the Department of Higher Education and Training 338 

(DHET) of the Republic of South Africa for financial support for AR. We thank Mr G. K. 339 

Munimanda for technical assistance. 340 

SUPPLEMENTARY DATA 341 

Supplementary Data S1. —Gene networks showing lineage sorting within the spiral-horded 342 

antelopes (Tragelaphus spp). 343 

LITERATURE CITED 344 

Alpers, D. L., B. Jansen van Vuuren, P. Arctander, and T. J. Robinson. 2004. Population 345 

genetics of the roan antelope (Hippotragus equinus) with suggestions for conservation. 346 

Molecular Ecology 13:1771–1784. 347 

Angas, G. F. 1848[1849]. Description of Tragelaphus angasii Gray, with some account of its 348 

habits. Proceedings of the Zoological Society of London 1848:89-90. 349 

Arctander, P., P. W. Kat, R. A. Aman, and H. Siegismund. 1996a. Extreme genetic variations 350 

between populations of Grants gazelle (Gazella granti) in Kenya. Heredity 76:465–475. 351 

Arctander, P., P. W. Kat, B. T. Simonsen, and H. R. Siegismund. 1996b. Population genetics 352 

of Kenyan impalas – consequences for conservation. Pp. 399-412 in Molecular Genetics in 353 

Conservation (R. K. Wayne, T. B. Smith, eds.). Oxford University Press. Oxford. 354 

Bandelt, H., P. Forster, and A. Röhl. 1999. Median-joining networks for inferring 355 

intraspecific phylogenies. Molecular Biology and Evolution 16:37–48. 356 

Barbato, M, et al. 2017. Genomic signatures of adaptive introgression from European 357 

mouflon into domestic sheep. Scientific Report 7: 7623. 358 

Bartoli, G., B. Hönisch, and R. E. Zeebe. 2011. Atmospheric CO2 decline during the Pliocene 359 

intensification of Northern Hemisphere glaciations. Paleoceanography 26: PA4213  360 

Page 15 of 34

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

16 

 

Bibi, F. 2013. A multicalibrated mitochondrial phylogeny of extant Bovidae (Artiodactyla, 361 

Ruminantia) and the importance of the fossil record to systematics. BMC Evolutionary 362 

Biology 13:1–15. 363 

Blyth.1869. Proceedings of the Zoological Society of London 55. 364 

Boulineau, P. 1933. Hybridations d’antilopides. La Terre et la Vie 3:690‐691. 365 

Blois, J. L., and  E. A. Hadly. 2009. Mammalian Response to Cenozoic Climatic Change. 366 

Annual Review of Earth and Planetary Sciences 37:181-208. 367 

Bobe, R., and G. G. Eck. 2001. Responses of African bovids to Pliocene climatic change. 368 

Paleobiology 27:1-47. 369 

Bobe, R., and A. K. Behrensmeyer. 2004. The expansion of grassland ecosystems in Africa in 370 

relation to mammalian evolution and the origin of the genus Homo. Palaeogeography 371 

Palaeoclimatology Palaeoecology 207:399-420. 372 

Bouckaert, R. et al. 2014. BEAST 2: A Software Platform for Bayesian Evolutionary 373 

Analysis. PLoS Computational Biology 10: e1003537. 374 

Coyne, J.A, and H. A. Orr. 2004. Speciation. Sinauer Associates, Sunderland, MA. 375 

Dasmahapatra, K. K., et al. 2012. Butterfly genome reveals promiscuous exchange of 376 

mimicry adaptations among species. Nature. 487:94. 377 

DeMenocal, P. B. 2004. African climate change and faunal evolution during the Pliocene-378 

Pleistocene. Earth and Planetary Science Letters 220, 3-24. 379 

Donoghue, P. C. J., and M. J. Benton. 2007. Rocks and clocks: calibrating the Tree of Life 380 

using fossils and molecules. Trends in Ecology & Evolution 22:424–431. 381 

Drummond, A. J., M. A. Suchard, D. Xie, and A Rambaut. 2012. Bayesian phylogenetics 382 

with BEAUti and the BEAST 1.7 Molecular Biology And Evolution 29: 1969-1973 383 

Page 16 of 34

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

17 

 

Du Toit, J. T, and D. H. M Cumming. 1999. Functional significance of ungulate diversity in 384 

African savannas and the ecological implications of the spread of pastoralism. Biodiversity 385 

and Conservation 8:1643-1661. 386 

Estes, R. D. 1990. The behavior guide to African mammals: including hoofed mammals, 387 

carnivores, primates. University of California Press. Berkeley, Los Angeles, London. 388 

Fu, Y., and W. Li. 1993. Statistical tests of neutrality of mutations. Genetics 133:693–709 389 

Gentry, A. W. 2010. Bovidae. Pp. 747-804 in Cenozoic mammals of Africa (L. Werdelin, W. 390 

J. Sanders, eds.). University of California Press. Berkley 391 

Gilbert, C., A. Ropiquet, and A. Hassanin. 2006 Mitochondrial and nuclear phylogenies of 392 

Cervidae (Mammalia, Ruminantia): Systematics, morphology, and biogeography. Molecular 393 

phylogenetics and evolution 40:101-117. 394 

Gompert, Z., J. A. Fordyce, M. L. Forister, A. M. Shapiro, and C. C. Nice. 2006. Homoploid 395 

hybrid speciation in an extreme habitat. Science. 314:1923–1925. 396 

Grant, V. 1981. Plant Speciation. 2nd ed. Columbia University Press. New York. 397 

Gray, 1847. Taurotragus derbianus. The Annals and magazine of natural history, [ser. 398 

1],20:286. 399 

Hall, T. A. 1999. BioEdit: a user-friendly biological sequence alignment editor and analysis 400 

program for Windows 95/98/NT. Nucleic Acids Symposium Series 41:95–8. 401 

Hassanin, A., and E. J. P. Douzery. 1999. The tribal radiation of the family Bovidae 402 

(Artiodactyla) and the evolution of the mitochondrial cytochrome b gene. Molecular 403 

Phylogenetics and Evolution 13, 227-243. 404 

Hassanin, A., et al. 2012. Pattern and timing of diversification of Cetartiodactyla (Mammalia, 405 

Laurasiatheria), as revealed by a comprehensive analysis of mitochondrial genomes. Comptes 406 

Rendus Biologies 335:32-50. 407 

Page 17 of 34

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

18 

 

Hernández Fernández M, and E. S. Vrba. 2006. Plio-Pleistocene climatic change in the 408 

Turkana Basin (East Africa): evidence from large mammal faunas. Journal of Human 409 

Evolution 50:595-626. 410 

Hewitt, G. M. 2004. The structure of biodiversity - insights from molecular phylogeography. 411 

Frontiers in Zoology 1:4. 412 

Hewitt, G. M. 2001. Speciation, hybrid zones and phylogeography - or seeing genes in space 413 

and time. Molecular Ecology 10:537-549. 414 

Huxley, J. S. 1965. Serengeti: a living laboratory. New Scientist 26:504-508. 415 

IUCN SSC Antelope Specialist Group. 2016. Tragelaphus scriptus (errata version published 416 

in 2017). The IUCN Red List of Threatened Species 2016: e.T22051A115165242. Accessed 417 

31 May 2018. 418 

IUCN SSC Antelope Specialist Group. 2016. Tragelaphus angasii (errata version published 419 

in 2017). The IUCN Red List of Threatened Species 2016: e.T22052A115165681. 420 

http://dx.doi.org/10.2305/IUCN.UK.2016-3.RLTS.T22052A50196443.en. Accessed 31 May 421 

2018. 422 

IUCN SSC Antelope Specialist Group. 2016. Tragelaphus buxtoni, (errata version published 423 

in 2017). The IUCN Red List of Threatened Species 2016: e.T22046A115164345. Accessed 424 

31 May 2018. 425 

IUCN SSC Antelope Specialist Group. 2016. Tragelaphus imberbis (errata version published 426 

in 2017). The IUCN Red List of Threatened Species 2016: e.T22053A115165887. Accessed 427 

31 May 2018. 428 

IUCN SSC Antelope Specialist Group. 2016. Tragelaphus eurycerus (errata version published 429 

in 2017). The IUCN Red List of Threatened Species 2016: e.T22047A115164600. Accessed 430 

31 May 2018. 431 

Page 18 of 34

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

19 

 

IUCN SSC Antelope Specialist Group. 2016. Tragelaphus spekii (errata version published in 432 

2017). The IUCN Red List of Threatened Species 2016: e.T22050A115164901. Accessed 31 433 

May 2018. 434 

IUCN SSC Antelope Specialist Group. 2016. Tragelaphus strepsiceros. The IUCN Red List 435 

of Threatened Species 2016: e.T22054A50196734 Accessed 31 May 2018. 436 

IUCN SSC Antelope Specialist Group. 2016. Tragelaphus oryx (errata version published in 437 

2017). The IUCN Red List of Threatened Species 2016: e.T22055A115166135. Accessed 31 438 

May 2018. 439 

IUCN SSC Antelope Specialist Group. 2017. Tragelaphus derbianus. The IUCN Red List of 440 

Threatened Species 2017: e.T44172A50197518. Accessed 31 May 2018. 441 

Koulischer, L., J. Tijkens, and J. Mortelmans. 1973. Chromosome studies of a fertile 442 

mammalian hybrid: the offspring of the cross bongo x Sitatunga (Bovoidea). Chromosoma 443 

41:65‐270. 444 

Leigh, J. W., and D. Bryant. 2015. PopART: Full-feature software for haplotype network 445 

construction. Methods in Ecology and Evolution 6:1110–1116. 446 

Librado, P., and J. Rozas. 2009. DnaSP v5: a software for comprehensive analysis of DNA 447 

polymorphism data. Bioinformatics 25:1451-1452. 448 

Liu, G. E., L. K. Matukumalli, T. S. Sonstegard, L. L. Shade, and C. P. Van Tassell. 2006. 449 

Genomic divergences among cattle, dog and human estimated from large-scale alignments of 450 

genomic sequences. BMC genomics. Dec 7:140. 451 

Lydekker, R. 1910. The spotted kudu. Nature 84:396-397. 452 

Lyons, L. A., T. F. Laughlin, N. G. Copeland, N. A. Jenkins, J. E. Womack, S. J. O’Brien. 453 

1997. Comparative anchor tagged sequences (CATS) for integrative mapping of mammalian 454 

genomes. Nature Genetics 15:47–56. 455 

Page 19 of 34

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

20 

 

Machado, C. A., R. M. Kliman, J. A. Markert, and J. Hey. 2002. Inferring the history of 456 

speciation from multilocus DNA sequence data: the case of Drosophila pseudoobscura and 457 

close relatives. Molecular Biology and Evolution 19:472–488. 458 

Mallet, J. 2007. Hybrid speciation. Nature 446:279-283. 459 

Matthee, C. A., and T. J. Robinson. 1999. Cytochrome b phylogeny of the family bovidae: 460 

Resolution within the Alcelaphini, Antilopini, Neotragini, and Tragelaphini. Molecular 461 

Phylogenetics and Evolution 12:31-46. 462 

Matthee, C. A., J. D. Burzlaff, J. F. Taylor, S. K. Davis. 2001. Mining the mammalian 463 

genome for artiodactyl systematics. Systematic Biology 50:1-24. 464 

Matthee, C. A., and S. K. Davis. 2001. Molecular insights into the evolution of the family 465 

Bovidae: a nuclear DNA perspective. Molecular Biology and Evolution 18: 1220-1230. 466 

Mavárez, J., C. Salazar, E. Bermingham, C. Salcedo, C. D. Jiggins, M. Linares. 2006. 467 

Speciation by hybridization in Heliconius butterflies. Nature 411:868–871. 468 

Mayr, E. 1966. Animal Species and Evolution. The Belknap Press of Harvard University 469 

Press. Cambridge. 470 

Moodley, Y., and M. W. Bruford. 2007. Molecular biogeography: towards an integrated 471 

framework for conserving pan-African biodiversity. PloS One 5: e454. 472 

Moodley, Y., M. W. Bruford, C. Bleidorn, T. Wronski, A. Apio, and M. Plath. 2009. Analysis 473 

of mitochondrial DNA data reveals non-monophyly in the bushbuck (Tragelaphus scriptus) 474 

complex. Mammalian Biology 74:418-422. 475 

Nabholz, B., S. Glémin, and N. Galtier. 2008. Strong variations of mitochondrial mutation 476 

rate across mammals-the longevity hypothesis. Molecular Biology and Evolution 25:120–130.  477 

Nadeau, N. J., et al. 2012. Genomic Islands of divergence in hybridizing Heliconius 478 

butterflies identified by large-scale targeted sequencing. Philosophical Transactions of the 479 

Royal Society B: Biological Sciences 367:343–353. 480 

Page 20 of 34

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

21 

 

Nolte, A. W., J. Freyhof, K. C. Stemshorn, and D. Tautz. 2005. An invasive lineage of 481 

sculpins, Cottus sp. (Pisces, Teleostei) in the Rhine with new habitat adaptations has 482 

originated from hybridization between old phylogeographic groups. Proceedings of the Royal 483 

Society of London B: Biological Sciences 272:2379–2387. 484 

Noor, M. A. 1995. Speciation driven by natural selection in Drosophila. Nature 375:674–675. 485 

Nyakaana, S., and P. Arctander. 1999. Population genetic structure of the African elephant in 486 

Uganda based on variation at mitochondrial and nuclear loci: evidence for male-biased gene 487 

flow. Molecular Ecology 8: 1105–1115. 488 

Ogilby, W. 1837. A view pointing out the characters to which the most importance should be 489 

attached in establishing generic distinctions among the Ruminantia. Proceedings of the 490 

Zoological Society of London 4:131-139. 491 

Pallas. 1766. Tragelaphus scriptus. Misc. Zool.: 8. 492 

Pallas. 1766. Tragelaphus oryx. Misc. Zool.: 9. 493 

Pamilo, P, and M. Nei. 1988. Relationships between gene trees and species trees. Molecular 494 

Biology and Evolution 5:568-583. 495 

Parham, J. F., et al. 2012. Best practices for justifying fossil calibrations. Systematic Biology 496 

61:346–359. 497 

Partridge, T. C., B. Wood, and P. B. deMenocal. 1995. The influence of global climatic 498 

change and regional uplift on large-mammalian evolution in East and Southern Africa. Pp. 499 

330-355 in Paleoclimate and Evolution with emphasis on Human Origins (E. S. Vrba, G. H. 500 

Denton, T. C. Partridge, L. H. Burckle, eds.). Yale University Press. New Haven, 501 

Connecticut. 502 

Pesole, G., C. Gissi, A. De Chirico, and C. Saccone. 1999. Nucleotide substitution rate of 503 

mammalian mitochondrial genomes. Journal of Molecular Evolution 48:427–434 504 

Page 21 of 34

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

22 

 

Pickford, M. 1990. Uplift of the roof of Africa and its bearing on the evolution of mankind. 505 

Human Evolution 5:1-20. 506 

Posada, D. 2008. jModelTest: Phylogenetic Model Averaging. Molecular Biology and 507 

Evolution 25:1253-1256. 508 

Rambaut, A., M. A. Suchard, D. Xie, and A. J. Drummond. 2014. Tracer v1.6. Available from 509 

http://beast.bio.ed.ac.uk/Tracer 510 

Rieseberg, L. H. 1997. Hybrid origins of plant species. Annual Review of Ecology and 511 

Systematics 28:359-389. 512 

Ropiquet, A., and A Hassanin. 2005. Molecular evidence for the polyphyly of the genus 513 

Hemitragus (Mammalia, Bovidae). Molecular Phylogenetics and Evolution 36:154-68. 514 

Sequeira, F., J. Alexandrino, S. Rocha, J. W. Arntzen, and N. Ferrand. 2005. Genetic 515 

exchange across a hybrid zone within the Iberian endemic golden-striped salamander, 516 

Chioglossa lusitanica. Molecular Ecology 14:245-54. 517 

Simonsen, B. T. 1997. Population Structure and History of African Bovids. Ph.D. dissertation, 518 

Department of Population Biology, Zoological Institute, University of Copenhagen. 519 

Speke, J. H. 1863. Tragelaphus spekei. Journal of the Discovery of the Source of the Nile. 520 

Blackwod, London: 223. 521 

Stephens. M., N. J. Smith, and P. Donnelly. 2001. A new statistical method for haplotype 522 

reconstruction from population data. The American Journal of Human Genetics 68:978–989. 523 

Tajima, F. 1989. Statistical method for testing the neutral mutation hypothesis by DNA 524 

polymorphism. Genetics 123:585–595. 525 

Van Gelder, R. G. 1977. An eland x kudu hybrid, and the contents of the genus Tragelaphus. 526 

Lammergeyer 23: 1‐6. 527 

Page 22 of 34

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

23 

 

Venta, P. J., J. A. Brouillette, V. Yuzbasiyangurkan, and G. J. Brewer. 1996. Gene-specific 528 

universal mammalian sequence-tagged sites: Application to the canine genome. Biochemical 529 

Genetics 34:321–341. 530 

Verkaar, E. L. C, I. J. Nijman, M. Beeke, E. Hanekamp, and J. A. Lenstra. 2004. Maternal and 531 

paternal lineages in cross-breeding bovine species. Has wisent a hybrid origin? Molecular 532 

Biology and Evolution 21:1165–1170. 533 

Vrba, E. S. 1985. Environment and Evolution - Alternative Causes of the Temporal 534 

Distribution of Evolutionary Events. South African Journal of Science 81:229-236. 535 

Vrba, E. S. 1993. Turnover-Pulses, the Red Queen, and Related Topics. American Journal of 536 

Science 293:418-452. 537 

Vrba, E. S. 1995. On the connections between paleoclimate and evolution. Pp 24-4 in 538 

Paleoclimate and Evolution with emphasis on Human Origins (E. S. Vrba, G. H. Denton, T. 539 

C. Partridge, L. H. Burckle, eds.). Yale University Press. New Haven, Connecticut.  540 

Wronski, T., Y. Moodley. 2009 Bushbuck, harnessed antelope or both? Gnusletter 28:18-19. 541 

Whitney, K. D., R. A. Randell, and L. H. Rieseberg. 2006. Adaptive introgression of 542 

herbivore resistance traits in the weedy sunflower Helianthus annuus. American Naturalist 543 

167:794-807. 544 

Willows-Munro, S., T. J. Robinson, and C. A. Matthee. 2005. Utility of nuclear DNA intron 545 

markers at lower taxonomic levels: Phylogenetic resolution among nine Tragelaphus spp. 546 

Molecular Phylogenetics and Evolution 35:624-636. 547 

Yang, Z., and B. Rannala. 2006. Bayesian estimation of species divergence times under a 548 

molecular clock using multiple fossil calibrations with soft bounds. Mol. Biol. Evol. 23:212–549 

226. 550 

551 

Page 23 of 34

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

24 

 

FIGURE LEGENDS 552 

Fig. 1.—Convergent evolution in Tragelaphus. Highly similar, but independently evolved, 553 

nyala and kudu phenotypes. Red lineages on each tree show the two species in picture, 554 

whereas black lineages represent other species within the genus. Phylogenies are identical and 555 

redrawn after Fig. 2 in Willows-Munro et al. (2005). 556 

 557 

Fig. 2.—Mitochondrial vs nuclear phylogenetic trees representing the diversity of the 558 

Tragalaphus radiation. A. Combined mtDNA tree showing the paraphyletic Scriptus 559 

(yellow) and Sylvaticus (cyan) bushbuck lineages. B. Combined nuclear DNA tree showing 560 

monophyletic bushbuck lineages. Branches are coloured by posterior probability. 561 

 562 

Fig. 3.—Species tree reconstruction and divergence times among the spiral-horned 563 

antelopes (Tragelaphus spp.). Thick black lines show the Tragelaphus species tree, on which 564 

thick blue lines indicate the 95% HPD for nodal divergence times. The mitochondrial DNA 565 

tree (light grey) is overlaid onto the species tree for direct comparison. The red lineage is the 566 

Scriptus bushbuck mtDNA lineage. The red asterisk marks the Pliocene hybridization event 567 

between a proto-nyala female and proto-Scriptus bushbuck male that reconciles the two trees. 568 

 569 
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Tables 570 

Table 1.—Geographic, habitat and feeding heterogeneity among the spiral-horned antelopes (Tragelaphus spp.) 571 

Species Common 

name 

Taxonomic 

Reference 

N Distribution Habitat Feeding 

strategy 

SD* Shoulder 

height 

(cm) 

Weight 

(kg) 

Tragelaphus 

scriptus 

Bushbuck Pallas, 1766 7 Sub-Saharan 

Africa 

Rainforest, forest edge, 

gallery forest, thickets, 

bush, sub-desert. 

mainly 

browsing 

yes 61-100 24-80 

Tragelaphus angasi Nyala Angas, 1848 2 South-east Africa Dense thickets, forest, and 

open-thicket woodland 

mosaic. 

mixed yes 80-121 62-140 

Tragelaphus buxtoni Mountain 

Nyala 

Lydekker, 

1910 

2 Ethiopian 

Highlands 

East African Afromontane 

forest and grassland. 

mixed yes 90-135 150-

300 

Tragelaphus 

imberbis 

Lesser 

Kudu 

Blyth, 1869 1 North-East Africa Semi-arid Acacia-

Commiphora thornbush. 

mainly 

browsing 

yes 90-110 56-108 

Page 25 of 34

https://mc.manuscriptcentral.com/jmamm

Manuscripts submitted to Journal of Mammalogy



For Review Only

26 

 

Tragelaphus 

euryceros 

Bongo Ogilby, 1837 2 Central Africa Congolian Rainforest, East 

African Afromontane forest. 

mainly 

browsing 

no 110-130 210-

405 

Tragelaphus spekei Sitatunga Speke, 1863 2 West, Central and 

East Africa 

Waterways and swamps. mixed yes 75-125 40-130 

Tragelaphus 

strepciceros 

Kudu Pallas, 1766 4 Central, East and 

southern Africa 

Mixed scrub woodland, 

Acacia and Mopane bush. 

mainly 

browsing 

yes 100-150 120-

315 

Tragelaphus oryx Eland Pallas, 1766 3 East and Southern 

sub-Saharan 

Africa 

Acacia savanna, miombo 

woodland, sub-desert 

mainly 

browsing 

no 125-178 300-

942 

Tragelaphus 

derbanius 

Giant 

Eland 

Gray, 1847 1 West and 

Northern sub-

Saharan Africa 

Sudanian and Guinean 

savannas 

mainly 

browsing 

no 140-176 300-

907 

 572 

 573 
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Table 2.—Spiral-horned antelope (Tragelaphus spp.) sequence data generated for this study 574 

Species Lineage 

(haplogroup*) 

Common 

name 

Voucher Source Country/Region 

Tragelaphus scriptus Scriptus 

(phaleratus) 

Bushbuck 17820 Royal Museum for 

Central Africa, 

Tervuren 

Democratic 

Republic of 

Congo 

Tragelaphus scriptus Scriptus (decula) Bushbuck DDF1 Travel Ethiopia, 

Addis Abeba 

Ethiopia 

Tragelaphus scriptus Scriptus 

(scriptus) 

Bushbuck SL01 O'Donoghue 

Collection 

Sierra Leone 

Tragelaphus scriptus Sylvaticus 

(ornatus) 

Bushbuck Zimbabwe07 Bromley Game Skin 

Tannery, Harare 

Zimbabwe 

Tragelaphus scriptus Sylvaticus 

(zambezi) 

Bushbuck Zimbabwe18 Taxidermy 

Enterprises, 

Bulawayo 

Zimbabwe 

Tragelaphus oryx N/A Eland E01 Nico van Rooyen 

Taxidermy, Rosslyn 

South Africa 

Tragelaphus spekei N/A Sitatunga S01 Nico van Rooyen 

Taxidermy, Rosslyn 

Unknown 

Tragelaphus 

strepciceros 

N/A Greater 

Kudu 

K01 Nico van Rooyen 

Taxidermy, Rosslyn 

South Africa 

Tragelaphus N/A Greater K02 Nico van Rooyen South Africa 
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strepciceros Kudu Taxidermy, Rosslyn 

*mtDNA haplogroups after Moodley et al. 2007 575 

 576 

577 
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Table 3.—Diversity, selection and model settings for seven gene fragments among spiral-578 

horned antelopes (Tragelaphus spp). 579 

  Diversity Selection Reconstruction 

 Size 

(bp) 

P H HD π D Fs Model shape posterior 

clock 

rate 

Mitochondrial          

12SrRNA 593 87 22 0.993 0.03647 -0.58082 -5.2151 HKY 

+G 

0.072 6.8 x 10
-3

 

16SrRNA 347 64 20 0.982 0.0470 -0.68065 -3.9721 HKY 

+G 

0.194 9.0 x 10
-3

 

cytochrome 

b 

1140 364 22 0.993 0.09303 -0.18439 0.3781 HKY 

+G 

0.193 1.8 x 10
-2

 

Nuclear Intron          

MGF 671 44 21 0.962 0.01110 -0.96585 -3.2605 GTR 

+G 

0.558 1.6 x 10
-3

 

PRKCI 498 24 14 0.897 0.00876 -0.91712 -1.7387 HKY N/A 9.9 x 10
-4

 

SPTBN1 765 47 16 0.924 0.01242 -0.62365 0.8428 GTR 

+G 

0.427 1.7 x 10
-3

 

TH 666 26 16 0.926 0.00729 -0.58101 -2.2164 GTR 

+G 

0.298 1.1 x 10
-3

 

P, polymorphic sites; H, haplotypes/alleles; HD, haplotype diversity; D, Tajima’s D; Fs, Fu’s 580 

Fs. 581 

582 
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