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Recently, molecular analyses revealed that African and Eurasian golden jackals are 
distinct species. This finding suggests re- investigation of the phylogenetic relation-
ships and taxonomy of other African members of the Canidae. Here, we provide a 
study on the phylogenetic relationship between populations of African jackals 
Lupulella mesomelas and L. adusta inferred from 962 bp of the mitochondrial cy-
tochrome b (cytb) gene. As expected from its disjunct distribution, with one popula-
tion in eastern Africa and the other one in southern Africa, we found two mitochondrial 
lineages within L. mesomelas, which diverged about 2.5 million years ago (Ma). In 
contrast, in L. adusta with its more continuous distribution in sub- Saharan Africa, we 
found only a shallower genetic diversification, with the exception of the West African 
population, which diverged around 1.4 Ma from the Central and East African popu-
lations. Both divergence ages are older than, for example the 1.1–0.9 million years 
between the grey wolf Canis lupus and the African golden wolf C. lupaster. One 
taxonomic implication of our findings might be that the two L. mesomelas popula-
tions warrant species status. However, genome- wide data with adequate geographi-
cal sampling are needed to substantiate our results.
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While endeavouring to throw some light into 
the hopeless confusion the nomenclature of the 
jackals of Africa is now in, I do not expect the 
present communication to clear up all the dis-
putable points. 

De Winton (1899 p. 533).

1 |  INTRODUCTION

The application of molecular methods in evolutionary biol-
ogy and population genetics has provided striking insights 

into the evolutionary history of many taxonomic groups in-
cluding canids (e.g., Bardeleben, Moore, & Wayne, 2005; 
vonHoldt et al., 2011, 2016; Lindblad- Toh et al., 2005; 
Wayne et al., 1997). In combination with the unified species 
concept of de Queiroz (2007), this approach has also led to 
the discovery of cryptic species even within well- known gen-
era such as Canis (Koepfli et al., 2015; Rueness et al., 2011). 
For instance, molecular analyses have shown that the African 
subspecies of the golden jackal C. aureus anthus is more 
closely related to the northern grey wolf (C. lupus) than to the 
Eurasian golden jackal (C. aureus), and hence should be rec-
ognized as a distinct species within the genus Canis (Koepfli 
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et al., 2015; Viranta, Atickem, Werdelin, & Stenseth, 2017). 
It also became apparent that the genus Canis is a paraphyletic 
group, with the genera Lycaon (African wild dog) and Cuon 
(dhole) being more closely related to the wolf clade sensu lato 
(C. lupus including C. lupaster African golden wolf, C. la-
trans Coyote, C. simensis Ethiopian wolf, C. aureus golden 
jackal and C. familiaris dog) than the African black- backed 
(C. mesomelas Schreber, 1775) and side- striped (C. adustus 
Sundevall, 1847) jackals (Lindblad- Toh et al., 2005; Wayne 
& O’Brien, 1987). Because of this paraphyly, and as the two 
African jackal species fall significantly outside of the Canis 
clade, Viranta et al. (2017) re- established the genus Lupulella 
Hilzheimer, 1906, for these species.

The question of the nomenclature and definition of 
“lupaster” is far from being resolved as well as the ques-
tion of whether Canis should encompass Lycaon, Cuon 
and Lupulella (Gippoliti & Groves, 2012; Gonzalez, 2012; 
Koepfli et al., 2015; Viranta et al., 2017). In this study, we 
adopted the provisional taxonomy as proposed by Geraads 
(2011), Dinets (2015) and Viranta et al. (2017), that is 
Lupulella as a genus for the African jackals and C. lupas-
ter for the African golden wolf (for a discussion of the taxo-
nomic implications, see Viranta et al., 2017).

The phylogenetic relationships among and within the 
two remaining African jackal species are not well resolved, 
partly because they have been used “only” as additional 
in- groups in phylogenetic analyses of canids, without a 
proper geographic sampling of the two species (Bardeleben 
et al., 2005; Koepfli et al., 2015; Lindblad- Toh et al., 
2005; Wayne et al., 1997; Zrzavý & Řičánková, 2004) or, 
if the focus of a study, their sampling was geographically 
confined to Kenya and northern Tanzania (Wayne et al., 
1990). Previous analyses based on nuclear markers sug-
gested a common ancestry for L. adusta and L. mesome-
las (Bardeleben et al., 2005; Lindblad- Toh et al., 2005), 
whereas in analyses of mitochondrial markers, both jackal 
species did not form a monophyletic clade (Bardeleben 
et al., 2005; Koepfli et al., 2015; Viranta et al., 2017; 
Wayne et al., 1997; Zrzavý & Řičánková, 2004). When 
comparing the genetic variation within the two species, 
we expect contrasting phylogeographical signals due to the 
different distribution patterns of L. mesomelas (disjunct) 
and L. adusta (continuous).

Lupulella adusta is found in large parts of sub- Saharan 
Africa (Figure 1) from Senegal in the West to Eritrea in the 
East and South through East Africa to northern South Africa 
and Angola (Hoffmann, 2014a; Loveridge & Macdonald, 
2013). While most authors consider a white stripe from 
elbow to hip and black side stripes as the most important 
features in distinguishing the species as its name indicates 
(Walton & Joly, 2003), this is not always conspicuous. Given 
the large distribution range of L. adusta, geographic varia-
tion is expected and several subspecies have been proposed 

(Allen, 1939; Coetzee, 1977; Kingdon, 1997; Wozencraft, 
2005). However, the validity of these taxa is questionable 
(Loveridge & Macdonald, 2013; Sillero- Zubiri, 2009).

Lupulella mesomelas is found in southern Africa as well 
as in north- eastern Africa and the Horn of Africa (Figure 1) 
(Loveridge & Nel, 2013). Its two areas of occurrence are 
separated by a distribution gap of 1,000 km from central 
Tanzania to central Zimbabwe (Ansell, 1960; Loveridge & 
Macdonald, 2002; Loveridge & Nel, 2013). Five subspecies 
have been described (Coetzee, 1977), but given the disjunct 
distribution of L. mesomelas, these were later reduced to only 
two, the Cape jackal L. m. mesomelas in southern Africa 
and the East African jackal L. m. schmidti in eastern Africa 
(Kingdon, 1997; Walton & Joly, 2003).

So far no comprehensive study has been carried out to 
determine the genetic variation and phylogenetic relation-
ships between species and populations of African jackals. 
But as de Winton nicely phrased it in 1899 (p. 533), we 
do not expect to clear up all the disputable points about 
the phylogeny and taxonomy of African Canini. We aim to 
contribute the first data to close the gap in our knowledge 
about the evolutionary history of canids by reconstructing 
the phylogenetic relationships among mitochondrial lin-
eages of African jackals. We therefore generated sequence 
data of a 962- bp- long fragment of the mitochondrial cyto-
chrome b (cytb) gene from modern and historic Lupulella 
specimens and compared them with orthologous data from 
related species.

F I G U R E  1  Distribution map of African jackals (IUCN species 
distribution maps, Hoffmann, 2014a, 2014b). Arrows indicate 
countries from where samples or cytb sequences were available for the 
study
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2 |  MATERIALS AND METHODS

2.1 | Sample collection
We collected samples from 15 L. mesomelas individu-
als (three modern tissue samples from South Africa and 12 
museum samples from Kenya, Tanzania and Namibia) and 
13 L. adusta samples (nine faecal samples from Ethiopia and 
four museum samples from Angola, Tanzania and Namibia) 
(Table S1). The museum samples consisted of small pieces of 
skin (ca. 5 × 5 mm) provided by the Museum für Naturkunde 
Berlin (MfN), Germany. The faecal samples were collected 
during field studies in Ethiopia, dried and stored on silica 
beads. The three tissue samples (dry ear tips) from South 
Africa were obtained from black- backed jackals that were le-
gally killed by professional hunters employed by farmers on 
their private land as a means to protect their small livestock. 
No animal was disturbed, harmed or killed for the sake of 
this study.

2.2 | Laboratory methods
DNA from museum samples was extracted following meth-
ods described in Rohland, Siedel, and Hofreiter (2004), while 
DNA extraction from modern tissue and faecal samples was 
carried out with Dynabeads MyOneTM SILANE according 
to Atickem et al. (2013). The ca. 1,020- bp- long fragment of 
the cytb gene was amplified either in a single PCR reaction 
(modern tissue and faecal samples; primers Canis- Cyt- 1_F 
and Canis- Cyt- 6_R) or via six overlapping PCR products (mu-
seum samples) (Table 1). PCR reactions with a total volume 
of 25 μl and 10–50 ng genomic DNA were performed with 
the AmpliTaq Gold 360 Master Mix (Applied Biosystems) 
in a Labcycler (Sensoquest). PCR conditions consisted of a 

predenaturation step at 95°C for 10 min, followed by 40–50 
cycles, each with denaturation at 95°C for 30 s, annealing at 
50°C for 30 s and extension at 72°C for 30 s (museum sam-
ples) or 60 s (modern tissue samples). At the end, a final 
extension step at 72°C for 7 min was added. PCR perfor-
mance was checked on 1% agarose gels, and PCR products 
were excised from the gel and purified with the QIAquick 
Gel Extraction Kit (Qiagen). Sequencing was conducted 
on an ABI 3130xL sequencer (Applied Biosystems) using 
the BigDye Terminator 3.1 Cycle Sequencing kit (Applied 
Biosystems) and the amplification primers. Reactions with 
a total volume of 10 μl contained 1 μl of BigDye, 1.5 μl of 
sequencing buffer, 3.3 pmol of primer and 10–25 ng of PCR 
product. Cycling was performed in a Labcycler with 25 cycles 
of denaturation at 96°C for 30 s, annealing at 50°C for 15 s 
and extension at 60°C for 4 min. Before sequencing, reac-
tions were purified with the standard ethanol/EDTA/sodium 
acetate precipitation method (Applied Biosystems). Obtained 
sequence electropherograms were checked in 4Peaks 1.8 (nu-
cleobytes.com/4peaks/), and sequences were assembled in 
SeaView 4.5.4 (Gouy, Guindon, & Gascuel, 2010). SeaView 
was also used to verify correct translation of nucleotide se-
quences into amino acid sequences. Sequences are available 
in GenBank (accession numbers MF196934- MF196961).

To avoid cross- sample contamination, particularly be-
tween museum samples as well as among museum and 
modern samples, we conducted all working steps (DNA ex-
traction, PCR setup, gel electrophoresis, gel extraction, etc.) 
in separate laboratories and under Captair Bio PCR (Erlab) 
or Safe 2020 biological safety cabinets (Thermo Fisher 
Scientific). Analyses of modern and historic samples were 
strictly separated. Historic samples were handled in our an-
cient DNA laboratory, and modern samples were investigated 
in our standard molecular genetic laboratories. Further, gloves 
were regularly changed, and we used only dual- filter tips and 
ran various negative controls during all DNA extraction and 
PCR amplification steps of modern and historic samples. For 
museum samples, workbenches were decontaminated with 
UV light and bleach before and after each sample. For some 
samples, PCR amplification and sequencing were repeated. 
To minimize the risk of amplifying nuclear mitochondrial- 
like sequences (numts), we designed Canini- specific primers 
on the basis of Canini sequences deposited in GenBank and 
which we used as additional data for our phylogenetic tree 
reconstructions (Table S1).

2.3 | Phylogenetic analyses
To reconstruct phylogenetic trees, we expanded our data set 
with additional cytb sequences from GenBank (Table S1). 
The data set contained 73 sequences from Canini representa-
tives as well as one Vulpes vulpes sequence, which was used 
for rooting purposes. After removing identical sequences, a 

T A B L E  1  Primers applied in this study

Primer ID Sequence 5′–3′

PCR 
product 
length

Canis- Cyt- 1_F CGTTGTAYTTCAACTATAAG 205 bp

Canis- Cyt- 1_R CTGTRTCYGATGTATAGTG

Canis- Cyt- 2_F GGAGTATGCYTRATTCTAC 220 bp

Canis- Cyt- 2_R CTATGAATACATAGGATCC

Canis- Cyt- 3_F TACATGTRGGACGAGGC 235 bp

Canis- Cyt- 3_R GTTGCTTTGTCYACTGAG

Canis- Cyt- 4_F TAGTAGARTGRATCTGAGG 193 bp

Canis- Cyt- 4_R TAGTARGGGTGRAATGGAA

Canis- Cyt- 5_F TCAGGAATYACATCAGACT 216 bp

Canis- Cyt- 5_R GATRGCRTAGGCGAATAG

Canis- Cyt- 6_F GAYAAYTACACCCCTGCA 223 bp

Canis- Cyt- 6_R AAARTCAGAAYARGCATTGG

info:ddbj-embl-genbank/MF196934
info:ddbj-embl-genbank/MF196961
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total of 53 sequences remained in the final data set. Forty- 
seven of them were full- length (962 bp), while the remaining 
six sequences, obtained from GenBank, were only 402 bp 
in length. The missing 560 bp in these sequences was sub-
stituted by Ns. The alignment was generated with Muscle 
3.8.31 (Edgar, 2010) in SeaView (Gouy et al., 2010) and 
corrected by eye. We reconstructed phylogenetic trees with 
the maximum- likelihood (ML) and Bayesian algorithms 
using IQ- TREE 1.5.2 (Nguyen, Schmidt, von Haeseler, & 
Minh, 2015) and MrBayes 3.2.6 (Ronquist et al., 2012), re-
spectively. For both reconstructions, we applied the optimal 
model of sequence evolution (TrN+I+G), which we de-
termined with ModelFinder (Chernomor, von Haeseler, & 
Minh, 2016; Kalyaanamoorthy, Minh, Wong, von Haeseler, 
& Jermiin, 2017) in IQ- TREE under the Bayesian informa-
tion criterion. The ML analysis was run with 10,000 ultrafast 
bootstrap (BS) replications (Minh, Nguyen, & von Haeseler, 
2013). The Bayesian tree was reconstructed in four independ-
ent Markov Chain Monte Carlo runs. We ran all repetitions 
for 10 million generations with tree and parameter sampling 
occurring every 1,000 generations, and applied a burn- in of 
25%. We checked convergence of all parameters and the ad-
equacy of the burn- in by assessing the uncorrected potential 
scale reduction factor (Gelman & Rubin, 1992), calculated 
by MrBayes. Posterior probabilities (PP) for nodes and a 
phylogram with mean branch lengths were calculated from 
the posterior density of trees using MrBayes. Phylogenetic 
trees were visualized in FigTree 1.4.2 (http://tree.bio.ed.ac.
uk/software/figtree/).

We estimated divergence times using a Bayesian approach 
implemented in the BEAST 2.4.2 package (Bouckaert et al., 
2014). As in Koepfli et al. (2015), we assumed a strict clock 
model of lineage variation and a Yule prior for branching 
rates. Likewise, for comparative reasons, we applied the 
same fossil- based calibration points and identical setting 
as Koepfli et al. (2015). Accordingly, we calibrated the 
split between Canini and Vulpini at 9–12 million years ago 
(Ma) and the most recent common ancestor (MRCA) of the 
genus Canis (sensu stricto; Figure 2) at 1–3 Ma. For both 
calibration points, we used a lognormal distribution with 
following settings: mean = 0.0, standard deviation = 0.7 
and offset = 8.7 for the Canini- Vulpini split resulting in a 
95% highest posterior density (HPD) of 9.0–11.9 Ma, and 
mean = 0.0, standard deviation = 0.5 and offset = 0.7 for the 
MRCA of Canis resulting in a 95% HPD of 1.1–3.0 Ma. We 
performed two independent analyses each with 25 million 
generations and tree and parameter sampling occurring every 
1,000 generations. To assess the adequacy of the burn- in and 
convergence of all parameters, we inspected the trace of the 
parameters across generations using Tracer 1.6 (http://beast.
bio.ed.ac.uk/Tracer). Sampling distributions of independent 
runs were combined with LogCombiner 2.4.2, and trees with 
mean node heights were summarized with TreeAnnotator 

2.4.2 using a burn- in of 10%. Trees were visualized in 
FigTree.

3 |  RESULTS

We successfully sequenced 962 bp of the mtDNA cytb gene 
from 15 L. mesomelas and 13 L. adusta individuals, result-
ing in eight and eleven unique haplotypes, respectively. All 
obtained sequences were correctly transcribed into amino 
acid sequences without any premature stop codons and were 
highly similar to those of conspecifics derived from GenBank, 
thus limiting the possibility that we amplified numts. In the 
alignment consisting of 53 unique haplotypes, we found 348 
variable sites, of which 264 were parsimony- informative.

The topology of our time tree is similar to the cytb tree re-
ported by Koepfli et al. (2015). The first divergence (≈6 Ma) 
within the Canini separates the Neotropical species, here 
the maned wolf (Chrysocyon brachyurus) and the bush dog 
(Speothos venaticus), from the Old World and Nearctic taxa 
(Figure 2, Fig. S1). Subsequently (≈5.1 Ma), a clade con-
taining Lycaon, Cuon and Lupulella adusta diverged from a 
clade comprising Canis and Lupulella mesomelas. L. adusta 
diverged from a common clade of Cuon and Lycaon around 
4.6 Ma, whereas the lineages of L. mesomelas and Canis 
split around 3.8 Ma. The major Canis clade consists of two 
wolf clades (grey wolves [C. lupus II] and wolves of China 
[C. lupus I]), probably two lineages of African golden wolves 
(C. lupaster North Africa, C. lupaster Kenya), Ethiopian 
wolves (C. simensis), Eurasian golden jackals (C. aureus) 
and coyotes (C. latrans). The most interesting findings of our 
phylogenetic reconstruction are, however, a confirmation of 
the mitochondrial paraphyly of the two African jackal taxa 
(Lupulella) and their deep intraspecific splits. The two geo-
graphic lineages of L. mesomelas split around 2.6 Ma, and 
the extreme West African L. adusta lineage diverged from its 
presumed conspecifics in Central and Eastern Africa around 
1.4 Ma. The terminal clades in our tree are all strongly sup-
ported with the exception of the non- West African L. adu-
sta clade and the North African C. lupaster clade. Most of 
the deeper splits, however, are only poorly supported, which 
most likely results from the relatively low genetic informa-
tion available for this study (only 962 bp). One of the mu-
seum specimens (ZMB_Mam_52394) from the Caprivi Strip 
in Namibia (Fig. S2c) was classified as L. adusta, but its cytb 
sequence clustered clearly with those of L. mesomelas (hap-
lotype 15 in Fig. S1).

4 |  DISCUSSION

Although our geographic sampling was limited and we had 
to restrict our analysis to the genetic information available at 

http://tree.bio.ed.ac.uk/software/figtree/
http://tree.bio.ed.ac.uk/software/figtree/
http://beast.bio.ed.ac.uk/Tracer
http://beast.bio.ed.ac.uk/Tracer
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GenBank, we found some interesting results. The phyloge-
netic reconstruction revealed a deep divergence between the 
two geographically disjunct populations of the black- backed 
jackal. Although our analysis was based on just a short frag-
ment of the mitochondrial genome, reciprocal monophyly of 
both clades is strongly supported. The divergence age of the 
two clades is most likely older than the divergence between 
coyotes and other members of Canis (Figure 2). Similarly, 
we found a relatively deep divergence between side- striped 
jackals from West Africa (Guinea) and those from Central/
East Africa. The divergence age in this case is similar to that 
between different wolf clades (C. lupus I, C. lupus II and 
C. lupaster) (Figure 2).

Due to the use of only a small fragment of the mitochon-
drial genome, most of the deeper relationships among various 
Canini clades are not well supported. Therefore, our results 
do not contribute much to the resolution of their phylogenetic 
relationships. However, at least the phylogenetic position of 
the African jackals outside the Canis clade seems unambigu-
ous. It remains open whether the two African jackal taxa are 

monophyletic as suggested by nuclear DNA studies (Koepfli 
et al., 2015; Lindblad- Toh et al., 2005; Perini, Russo, & 
Schrago, 2010) or, as in our reconstruction and in other 
mitochondrial DNA studies, paraphyletic (Koepfli et al., 
2015; Viranta et al., 2017). Paraphyly would then justify the 
re- establishment of the genus name Schaeffia Hilzheimer, 
1906; for the L. adusta clade (Viranta et al., 2017). Gene tree 
 discordance is a common phenomenon and may be explained 
by differences in nucleotide composition, homoplasy, incom-
plete lineage sorting or hybridization (Ballard & Whitlock, 
2004; Funk & Omland, 2003; Koepfli et al., 2015; Roos 
et al., 2011). However, to determine which process is respon-
sible for the discordance between nuclear and mitochondrial 
phylogenies needs further investigations.

In two early papers, Wayne et al. (1990, 1997) found a 
large genetic divergence among L. mesomelas from Kenya 
and northern Tanzania. Among the detected four haplotypes, 
three were closely related, whereas one was significantly dif-
ferent (8%). This is in contrast to our results. Although our 
geographic sampling of L. mesomelas in East Africa covered 

F I G U R E  2  Ultrametric tree showing phylogenetic relationships and divergence times within Canini based on 962 bp of the cytb gene. 
Node bars indicate 95% HPDs of estimated divergence times. Numbers at nodes refer to ML BS and Bayesian PP support values; * denotes ML 
BS ≥ 95% and Bayesian PP ≥ 0.99. The uncollapsed tree is presented in Fig. S1
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the same area (Kenya and northern Tanzania), we found only 
five closely related haplotypes. A possible explanation for 
this contrast might be that the divergent haplotype found by 
Wayne et al. (1990, 1997) is in fact a nuclear mitochondrial 
DNA segment (numt) (Thalmann, Hebler, Poinar, Päabo, & 
Vigilant, 2004).

Lupulella mesomelas and L. adusta have overlapping 
ranges in both eastern and Southern Africa. So far, no evi-
dence for hybridization between the two species or between 
Lupulella and other Canini has been reported, although hy-
bridization seems to be common in other Canini (Galov et al., 
2015; Gottelli et al., 1994; Randi et al., 2014; Stronen et al., 
2012). At least two Canis taxa, red wolves (Canis rufus) and 
eastern wolves (Canis lycaon), are most likely results of ge-
netic admixtures between grey wolves and coyotes (vonHoldt 
et al., 2016). We have at least one case in our study, where 
introgression between the two jackal species cannot be ex-
cluded, if there was no misidentification. The museum speci-
men ZMB_Mam_52394 is labelled as Canis adustus, and its 
fur pattern supports this classification (Fig. S2c). However, 
its haplotype is clearly L. mesomelas. The geographic prov-
enance of the sample is the region of range overlap between 
the two jackal species within the Caprivi Strip, Namibia 
(S19.65° E17.33°), where hybridization might be possible. 
The fur pattern of the specimen suggests L. adusta, which can 
be the case if the hybridization event happened several gen-
erations before with subsequent backcrossing with L. adusta 
(e.g., mitochondrial capture, Zinner, Arnold, & Roos, 2009, 
2011). Further molecular analysis might help to solve the 
question about hybridization.

A disjunct distribution pattern as of L. mesomelas is found 
in other savannah- dwelling species, including bat- eared fox 
Otocyon megalotis, aardwolf Proteles cristatus (Kingdon & 
Hoffmann 2013) and several ungulates (Lorenzen, Heller, & 
Siegismund, 2012). In particular with respect to the other car-
nivores, it would be interesting to test whether the divergence 
ages between eastern and southern populations are similar to 
that found for L. mesomelas, which would indicate a common 
climatic–ecological trigger for the distribution patterns.

4.1 | Possible taxonomic and conservation 
implications
Due to the short fragment of the cytb gene we used in our anal-
ysis, our results remain preliminary, in particular with respect 
to taxonomic revisions. However, if subsequent studies based 
on more genetic information confirm our results, the two pop-
ulations of black- backed jackals that were previously consid-
ered as subspecies L. m. schmidti and L. m. mesomelas might 
be elevated to two distinct species. There are also morpho-
logical differences between the two populations. For instance, 
the skulls of L. mesomelas from East Africa have a shorter 
total length and are wider and less variable than the skulls of 

L. mesomelas from southern Africa (Valkenburgh & Wayne, 
1994). Similarly, the two clades of L. adusta might constitute 
two separate taxa, whereby it would be interesting to inves-
tigate whether the earlier Canis anthus Cuvier, 1820, from 
Senegal matches genetically the West African L. adusta clade. 
Of course, for such an analysis, one would need to examine 
DNA from the type specimen, but unfortunately, this seems 
to be untraceable according to Viranta et al. (2017). The “tra-
ditional” taxonomy of Canis assumes that four species occur 
in Africa: C. adustus, C. aureus, C. mesomelas and C. simen-
sis (e.g., Wozencraft, 1993, 2005), but historical papers on 
Libyan mammals (e.g., Hufnagl, 1972) already stressed the 
presence of two kinds of canids, a larger one (lupaster) and a 
smaller one (variegatus = anthus = soudanicus, etc.). A more 
complete geographical sampling probably will indeed reveal 
even more cryptic lineages within African canids.

A possible revision of the jackal taxonomy may also have 
implications on their conservation status that might need re-
assessment (Agapow et al., 2004; Gippoliti, Cotterill, Zinner, 
& Groves, 2017; Groves et al., 2017). To date, both species 
have been listed as Least Concern by the IUCN Red List of 
Threatened Species (Hoffmann, 2014a, 2014b), and in some 
countries, they are even regarded as vermin (e.g., South 
Africa, Bergman et al., 2013). However, if the taxa exhibit 
smaller distribution ranges or lower population densities fol-
lowing a revision, their respective conservation status might 
need to be changed. The first population to prioritize for a new 
assessment would probably be the West African L. adusta.

5 |  CONCLUSION

Our study brings new evidence that the evolutionary his-
tory of African canids is more complicated than previously 
thought. Within L. mesomelas, we found that the two dis-
junct geographical populations comprise two old mitochon-
drial lineages, probably older than the divergence between 
grey wolves and Eurasian golden jackals. We also found that 
within L. adusta, no spatial genetic structure is obvious, be-
sides the divergence between the West and the Central/East 
African lineages. Our study highlights the need for more 
taxonomic and molecular studies on African canids based on 
consistent geographic sampling. Genomic data are needed to 
solve some of the questions we have discussed above, for ex-
ample hybridization among Lupulella species, the rank of the 
Lupulella clades and the possible relationships among Canis 
anthus and the West African L. adusta clade.

ACKNOWLEDGEMENTS

We are grateful to Christiane Schwarz for help in the labo-
ratory and Håkan Pohlstrand for help during fieldwork in 
Ethiopia. We also thank two reviewers for their constructive 



   | 7ATICKEM ET Al.

critique. Further, we thank the Alexander von Humboldt- 
Foundation (Georg Forster- Research Grant [HERMES]) and 
The Rufford Foundation for financial support of this project.

ORCID

Dietmar Zinner  http://orcid.org/0000-0003-3967-8014

REFERENCES

Agapow, P. M., Bininda-Emonds, O. R. P., Crandall, K. A., Gittleman, 
J. L., Mace, G. M., Marshall, J. C., & Purvis, A. (2004). The im-
pact of species concept on biodiversity studies. Quarterly Review of 
Biology, 79, 161–179.

Allen, G. M. (1939). A checklist of African mammals. Bulletin of the 
Museum of Comparative Zoology, Harvard, 83, 1–763.

Ansell, W. F. H. (1960). Mammals of Northern Rhodesia. Rhodesian 
Department of Game and Fisheries: Lusaka, Northern Rhodesia.

Atickem, A., Rueness, E. K., Loe, L. E., Serbezov, D., Bekele, A., & 
Stenseth, N. C. (2013). Population genetic structure and connectiv-
ity in the endangered Ethiopian mountain Nyala (Tragelaphus bux-
toni): Recommending dispersal corridors for future conservation. 
Conservation Genetics, 14, 427–438.

Ballard, J. W. O., & Whitlock, M. C. (2004). The incomplete natural 
history of mitochondria. Molecular Ecology, 13, 729–744.

Bardeleben, C., Moore, R. L., & Wayne, R. K. (2005). A molecular 
phylogeny of the Canidae based on six nuclear loci. Molecular 
Phylogenetics and Evolution, 37, 815–831.

Bergman, D. L., De Waal, H. D., Avenant, N. L., Bodenchuk, M., 
Marlow, M. C., & Nolte, D. L. (2013). The need to address black- 
backed jackal and caracal predation in South Africa. Wildlife 
Damage Management Conferences Proceedings.. Paper 165.

Bouckaert, R., Heled, J., Kühnert, D., Vaughan, T., Wu, C. H., Xie, D., 
… Drummond, A. J. (2014). BEAST 2: A software platform for 
Bayesian evolutionary analysis. PLoS Computational Biology, 10, 
e1003537.

Chernomor, O., von Haeseler, A., & Minh, B. Q. (2016). Terrace aware 
data structure for phylogenomic inference from supermatrices. 
Systematic Biology, 65, 997–1008.

Coetzee, C. G. (1977). Order Carnivora. In J. Meester, & H. W. Setzer 
(Eds.), The mammals of Africa: Identification manual, Part 8 (pp. 
1–42). Washington DC: Smithsonian Institution Press.

Dinets, V. (2015). The Canis tangle: A systematics overview and taxo-
nomic recommendations. Vavilov Journal of Genetics and Breeding, 
19, 286–291.

Edgar, R. C. (2010). Quality measures for protein alignment bench-
marks. Nucleic Acids Research, 38, 2145–2153.

Funk, D. J., & Omland, K. E. (2003). Species- level paraphyly and poly-
phyly: Frequency, causes, and consequences, with insights from ani-
mal mitochondrial DNA. Annual Review of Ecology, Evolution, and 
Systematics, 34, 397–423.

Galov, A., Fabbri, E., Caniglia, R., Arbanasić, H., Lapalombella, S., 
Florijančić, T., … Randi, E. (2015). First evidence of hybridization be-
tween golden jackal (Canis aureus) and domestic dog (Canis familiaris) 
as revealed by genetic markers. Royal Society Open Science, 2, 150450.

Gelman, A., & Rubin, D. B. (1992). Inference from iterative simulation 
using multiple sequences. Statistical Science, 7, 457–472.

Geraads, D. (2011). A revision of the fossil Canidae (Mammalia) of 
north- western Africa. Paleontology, 54, 429–446.

Gippoliti, S., Cotterill, F. P. D., Zinner, D., & Groves, C. P. (2017). Impacts 
of taxonomic inertia for the conservation of African ungulate diversity: 
An overview. Biological Reviews, https://doi.org/10.1111/brv.12335

Gippoliti, S., & Groves, C. P. (2012). “Taxonomic inflation” in the his-
torical context of mammalogy and conservation. Hystrix, 23, 8–11.

Gonzalez, T. (2012). The Pariah case: some comments on the origin and 
evolution of primitive dogs and on the taxonomy of related species. 
PhD thesis. Canberra: Australian National University.

Gottelli, D., Sillero-Zubiri, C., Applebaum, G. D., Roy, M. S., Girman, 
D. J., Garcia-Moreno, J., … Wayne, R. K. (1994). Molecular genet-
ics of the most endangered canid: The Ethiopian wolf Canis simen-
sis. Molecular Ecology, 3, 301–312.

Gouy, M., Guindon, S., & Gascuel, O. (2010). SeaView version 4: A mul-
tiplatform graphical user interface for sequence alignment and phylo-
genetic tree building. Molecular Biology and Evolution, 27, 221–224.

Groves, C. P., Cotterill, F. P. D., Gippoliti, S., Robovský, J., Roos, C., 
Taylor, P., & Zinner, D. (2017). Species definitions and conserva-
tion: A review and case studies. Conservation Genetics, https://doi.
org/10.1007/s10592-017-0976-0

Hilzheimer, M. (1906). Die geographische Verbreitung der afrikan-
ischen Grauschakale. Zoologischer Beobachter, 47, 363–373.

Hoffmann, M. (2014a). Canis adustus. The IUCN Red List of Threatened 
Species 2014: e.T3753A46254734. Retrieved from https://doi.org/ 
10.2305/iucn.uk.2014-1.rlts.t3753a46254734.en Downloaded on 08 
February 2017.

Hoffmann, M. (2014b). Canis mesomelas. The IUCN Red List of 
Threatened Species 2014: e.T3755A46122476. Retrieved from 
https://doi.org/10.2305/iucn.uk.2014-1.rlts.t3755a46122476.en 
Downloaded on 08 February 2017.

vonHoldt, B. M., Cahill, J. A., Fan, Z., Gronau, I., Robinson, J., Pollinger, 
J. P., … Wayne, R. K. (2016). Whole- genome sequence analysis 
shows that two endemic species of North American wolf are admix-
tures of the coyote and gray wolf. Science Advances, 2, e1501714.

vonHoldt, B. M., Pollinger, J. P., Earl, D. A., Knowles, J. C., Boyko, A. 
R., Parker, H., … Wayne, R. K. (2011). A genome wide perspective 
on the evolutionary history of enigmatic wolf- like canids. Genome 
Research, 21, 1294–1305.

Hufnagl, E. (1972). Libyan mammals. Cambridge: Oleander Press.
Kalyaanamoorthy, S., Minh, B. Q., Wong, T. K. F., von Haeseler, A., & 

Jermiin, L. S. (2017). ModelFinder: Fast model selection for accu-
rate phylogenetic estimates. Nature Methods, 14, 587–589.

Kingdon, J. (1997). The Kingdon field guide to African mammals. 
London: Academic Press.

Kingdon, J. & Hoffmann, M. (Eds.) (2013). Mammals of Africa. 
Vol. V Carnivores, pangolins, equids and rhinoceroses. London: 
Bloomsbury.

Koepfli, K. P., Pollinger, J., Godinho, R., Robinson, J., Lea, A., 
Hendricks, S., … Wayne, R. K. (2015). Genome- wide evidence re-
veals that African and Eurasian golden jackals are distinct species. 
Current Biology, 25, 2158–2165.

Lindblad-Toh, K., Wade, C. M., Mikkelsen, T. S., Karlsson, E. K., 
Jaffe, D. B., Kamal, M., … Lander, E. S. (2005). Genome sequence, 
comparative analysis and haplotype structure of the domestic dog. 
Nature, 438, 803–819.

Lorenzen, E. D., Heller, R., & Siegismund, H. R. (2012). Comparative 
phylogeography of African savannah ungulates. Molecular Ecology, 
21, 3656–3670.

http://orcid.org/0000-0003-3967-8014
http://orcid.org/0000-0003-3967-8014
https://doi.org/10.1111/brv.12335
https://doi.org/10.1007/s10592-017-0976-0
https://doi.org/10.1007/s10592-017-0976-0
https://doi.org/10.2305/iucn.uk.2014-1.rlts.t3753a46254734.en
https://doi.org/10.2305/iucn.uk.2014-1.rlts.t3753a46254734.en
https://doi.org/10.2305/iucn.uk.2014-1.rlts.t3755a46122476.en


8 |   ATICKEM ET Al.

Loveridge, A. J., & Macdonald, D. W. (2002). Habitat ecology of two 
sympatric species of jackals in Zimbabwe. Journal of Mammalogy, 
83, 599–607.

Loveridge, A. J., & Macdonald, D. W. (2013). Canis adustus side-
striped jackal. In J. Kingdon, & M. Hoffmann (Eds.), Mammals of 
Africa, Vol. V (pp. 39–44)., Carnivores, pangolins, equids and rhi-
noceroses London: Bloomsbury.

Loveridge, A. J., & Nel, J. A. J. (2013). Canis mesomelas black-backed 
jackal. In J. Kingdon, & M. Hoffmann (Eds.), Mammals of Africa, 
Vol. V (pp. 31–35)., Carnivores, pangolins, equids and rhinoceroses 
London: Bloomsbury.

Minh, B. Q., Nguyen, M. A. T., & von Haeseler, A. (2013). Ultrafast 
approximation for phylogenetic bootstrap. Molecular Biology and 
Evolution, 30, 1188–1195.

Nguyen, L. T., Schmidt, H. A., von Haeseler, A., & Minh, B. Q. 
(2015). IQ- TREE: A fast and effective stochastic algorithm for es-
timating maximum likelihood phylogenies. Molecular Biology and 
Evolution, 32, 268–274.

Perini, F. A., Russo, C. A. M., & Schrago, C. G. (2010). The evolu-
tion of South American endemic canids: A history of rapid diver-
sification and morphological parallelism. Journal of Evolutionary 
Biology, 23, 311–322.

de Queiroz, K. (2007). Species concepts and species delimitation. 
Systematic Biology, 56, 879–886.

Randi, E., Hulva, P., Fabbri, E., Galaverni, M., Galov, A., Kusak, J., … 
Caniglia, R. (2014). Multilocus detection of wolf x dog hybridization 
in Italy, and guidelines for marker selection. PLoS ONE, 9, e86409.

Rohland, N., Siedel, H., & Hofreiter, M. (2004). Nondestructive DNA 
extraction method for mitochondrial DNA analyses of museum 
specimens. BioTechniques, 36, 814–821.

Ronquist, F., Teslenko, M., van der Mark, P., Ayres, D. L., Darling, A., 
Höhna, S., … Huelsenbeck, J. L. (2012). MrBayes 3.2: Efficient 
Bayesian phylogenetic inference and model choice across a large 
model space. Systematic Biology, 61, 539–542.

Roos, C., Zinner, D., Kubatko, L. S., Schwarz, C., Yang, M., Meyer, 
D., … Osterholz, M. (2011). Nuclear versus mitochondrial DNA: 
Evidence for hybridization in colobine monkeys. BMC Evolutionary 
Biology, 11, 77.

Rueness, E. K., Asmyhr, M. G., Sillero-Zubiri, C., Macdonald, D. W., 
Bekele, A., Atickem, A., & Stenseth, N. C. (2011). The cryptic 
African wolf: Canis aureus lupaster is not a golden jackal and is not 
endemic to Egypt. PLoS ONE, 6, e16385.

Sillero-Zubiri, C. (2009). Family Canidae (dogs). In D. E. Wilson, & R. 
A. Mittermeier (Eds.), Handbook of Mammals of the World, Vol. 1 
(pp. 352–447)., Carnivores Barcelona: Lynx Edicions.

Stronen, A. V., Tessier, N., Jolicoeur, H., Paquet, P. C., Hénault, M., 
Villemure, M., … Lapointe, F. J. (2012). Canid hybridization: 
Contemporary evolution in human- modified landscapes. Ecology 
and Evolution, 2, 2128–2140.

Thalmann, O., Hebler, J., Poinar, H. N., Päabo, S., & Vigilant, L. (2004). 
Unreliable mtDNA data due to nuclear insertions: A cautionary tale 
from analysis of humans and other great apes. Molecular Ecology, 
13, 321–335.

Valkenburgh, B. V., & Wayne, R. K. (1994). Shape divergence asso-
ciated with size convergence in sympatric East African jackals. 
Ecology, 75, 1567–1581.

Viranta, S., Atickem, A., Werdelin, L., & Stenseth, N. C. (2017). 
Rediscovering a forgotten canid species. BMC Zoology, 2, 6.

Walton, L. R., & Joly, D. O. (2003). Canis mesomelas. Mammalian 
Species, 715, 1–9.

Wayne, R. K., Geffen, E., Girman, D. J., Koepfli, K. P., Lau, L. M., 
& Marshall, C. R. (1997). Molecular systematics of the Canidae. 
Systematic Biology, 46, 622–653.

Wayne, R. K., Meyer, A., Lehman, N., Van Valkenburgh, B., Kat, P. W., 
Fuller, T. K., … O’Brien, S. J. (1990). Large sequence divergence 
among mitochondrial DNA genotypes within populations of eastern 
African black- backed jackals. Proceedings of the National Academy 
of Sciences USA, 87, 1772–1776.

Wayne, R. K., & O’Brien, S. J. (1987). Allozyme divergence within the 
Canidae. Systematic Biology, 36, 339–355.

de Winton, W. E. (1899). 5. On the species of Canidœ found on the con-
tinent of Africa. Proceedings of the Zoological Society of London, 
67, 533–555.

Wozencraft, W. (1993). Family Canidae. In D. E. Wilson, & D. M. 
Reeder (Eds.), Mammal species of the world: A taxonomic and 
geographic reference, 2nd ed. (pp. 279–287). Washington DC: 
Smithsonian Institution Press.

Wozencraft, W. C. (2005). Order Carnivora. In D. E. Wilson, & D. M. 
Reeder (Eds.), Mammal species of the world: A taxonomic and geo-
graphic reference, 3rd ed. (pp. 532–628). Baltimore, MD: Johns 
Hopkins University Press.

Zinner, D., Arnold, M. L., & Roos, C. (2009). Is the new primate genus 
Rungwecebus a baboon? PLoS ONE, 4, e4859.

Zinner, D., Arnold, M. L., & Roos, C. (2011). The strange blood: Natural 
hybridization in primates. Evolutionary Anthropology, 20, 96–103.

Zrzavý, J., & Řičánková, V. (2004). Phylogeny of recent Canidae 
(Mammalia, Carnivora): Relative reliability and utility of morpho-
logical and molecular datasets. Zoologica Scripta, 33, 311–333.

SUPPORTING INFORMATION

Additional Supporting Information may be found online in 
the supporting information tab for this article. 

How to cite this article: Atickem A, Stenseth NC, 
Drouilly M, Bock S, Roos C, Zinner D. Deep 
divergence among mitochondrial lineages in African 
jackals. Zool Scr. 2018;47:1–8.  
https://doi.org/10.1111/zsc.12257

https://doi.org/10.1111/zsc.12257

