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A B ST R A CT 

The species complex comprising the rufous-naped lark Corypha africana, Sharpe’s lark Corypha sharpii, the red-winged lark Corypha hypermetra, 
the Somali long-billed lark Corypha somalica and Ash’s lark Corypha ashi encompasses 31 recognised taxa across sub-Saharan Africa, many of 
which are extremely poorly known and some not observed for decades. Only 17 taxa have been studied molecularly and none comprehensively 
for morphology, vocalisations or other behaviours. Here, we undertake comprehensive integrative taxonomic analyses based on plumage and 
morphometrics (for 97% of the taxa), mitochondrial and nuclear loci (77%), ≤ 1.3 million genome-wide single nucleotide polymorphisms 
(68%), song (many described for the first time; 52%) and additional behavioural data (45%). All polytypic species as presently circumscribed are 
paraphyletic, with eight primary clades separated by ≤ 6.3–6.8 Myr, broadly supported by plumage, morphometrics, song and other behaviours. 
The most recent divergences concern sympatric taxon pairs usually treated as separate species, whereas the divergence of all clades including C. 
africana subspecies is as old as sister species pairs in other lark genera. We propose the recognition of nine instead of five species, while C. ashi is 
synonymised with C. somalica rochei as C. s. ashi. The geographical distributions are incompletely known, and although the nine species are gen-
erally para-/allopatric, some might be sympatric.
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I N T RO D U CT I O N
The avian family Alaudidae (larks) comprises ~100 species, 
which are widely distributed across Eurasia and Africa, with 
one species ranging to Australia and one to North America and 
Colombia (de Juana et al. 2004, Fjeldså et al. 2020a, Alström et al. 
2023, Gill et al. 2023). Larks generally inhabit open areas, such 
as various types of grasslands, open scrubland and deserts. This 
habitat choice is exceptional in comparison to the other ~1,100 
species within the large superfamily Sylvioidea (sensu Fregin 
et al. 2012, Alström et al. 2006, Fregin et al. 2012, Fjeldså et al. 
2020a; reviewed by Alström et al. 2013b, Fjeldså et al. 2020a).

Phylogenetic relationships within the Alaudidae were recon-
structed a decade ago using mitochondrial markers and a few 
nuclear markers for ~80% of the species, revealing an extremely 
high discordance between traditional morphology-based tax-
onomy and the phylogeny (Alström et al. 2013a). These findings 
were confirmed by a recent study using a genus-level sampling of 
genome-wide single nucleotide polymorphisms (SNPs) coupled 
with ≤ 17 loci in all but one species (Alström et al. 2023). As a 
consequence, a new subfamily classification was proposed (with 
subfamilies Certhilaudinae, Mirafrinae and Alaudinae), as well 
as a division of the genus Mirafra into four genera (Mirafra s.s., 
Corypha, Amirafra and Plocealauda) to balance the generic clas-
sification of the Alaudidae (Alström et al. 2023).

Most larks display different shades of brown on the upperparts 
and paler underparts, with variously prominent streaking above 
and below, rendering many species extremely similar in appear-
ance (de Juana et al. 2004). In addition, many larks show an inor-
dinately strong association between plumage coloration and the 
substrates on which they occur (Donald et al. 2017). The songs 
vary from extremely complex and varied, often including mim-
icry, to very simple and repetitive (de Juana et al. 2004, Shirihai 
and Svensson 2018). Some species have very similar songs, even 
when sympatric, whereas some closely related species have strik-
ingly different songs. Most species undertake song flights, which 
can be of short duration and at low height or lasting for long 
periods and performed at great height (de Juana et al. 2004).

Recent years have seen a surge in the number of recognised 
or proposed lark species, owing to studies using, in particular, 
molecular markers and bioacoustics (Table 1). Although the 
taxonomy of Eurasian larks is relatively well studied, relatively 
fewer studies have dealt with African species, despite the fact 
that 60% of the lark species occur exclusively in Africa (Fjeldså 
et al. 2020a). The newly resurrected genus Corypha, which 
was until recently treated as part of a very large genus, Mirafra 
(Alström et al. 2023), contains a complex of superficially similar 
but poorly known species comprising the following: the rufous-
naped lark Corypha africana (A. Smith, 1836), with 22–23 sub-
species; the red-winged lark Corypha hypermetra (Reichenow, 
1879), with four subspecies; the Somali long-billed lark Corypha 
somalica (Witherby, 1903), with two subspecies; and the mono-
typic Ash’s lark Corypha ashi (Colston, 1982)  (Clements et al. 
2022, Gill et al. 2023; Table 2). A fifth species, the monotypic 
Sharpe’s lark, Corypha sharpii (Elliot, 1897), has recently been 
recognised (del Hoyo and Collar 2016, Clements et al. 2022, 
Gill et al. 2023), although it is often treated as a subspecies of C. 
africana (Dickison & Remsen, 2014; Gill et al. 2023). This spe-
cies complex (henceforth referred to as the Corypha complex) Ta
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Integrative taxonomy of Corypha larks • 5

occurs more or less patchily in open savannah-type habitats 
across sub-Saharan Africa (Fig. 1). The species are medium-
sized to large for larks (lengths, 16–23 cm; weights, 33–68 g), 
with streaked upperparts and breasts and with variably prom-
inent rufous panels on their remiges (Ryan 2020a, 2020b, 2020c, 
Ryan et al. 2020). Until recently, only three of the taxa in this 
complex had been analysed phylogenetically for the mitochon-
drial cytochrome b (Cytb) gene (Stervander et al. 2020) and 
two of these also by three nuclear introns (Alström et al. 2013a), 
while a recent study included multilocus data for 17 of them 
(Alström et al. 2023). The song and other behaviours of C. af-
ricana are usually described briefly in the literature, without ref-
erence to subspecies (e.g. Dean 2005, Ryan et al. 2020), and the 
songs and other behaviours are poorly described for C. somalica 
(Ryan 2020c) or undescribed for C. sharpii and C. ashi. The song 
of C. hypermetra has been described in some detail by Dowsett-
Lemaire and Dowsett (1978) and Ryan (2020a). All species are 
poorly known with respect to their plumage variation, vocalisa-
tions, behaviour, distribution and other aspects of their natural 
history, and some taxa have not been observed in the field for 
decades. Alström et al. (2023) suggested, based on analyses of 
mitochondrial markers and a few nuclear markers, that nine spe-
cies should be recognised in this complex: C. somalica (with C. 
ashi treated as synonymous with C. somalica rochei, under the 
name C. somalica ashi), C. hypermetra, C. sharpii, C. kidepoensis 
(Macdonald, 1940), C. athi (Hartert, EJO, 1900), C. africana 
(s.s.), C. nigrescens (Reichenow, 1900), C. kabalii (White, CMN, 
1943) and C. kurrae (Lynes, 1923).

Here, we revise the taxonomy of the Corypha lark complex by 
integrating multiple genetic and phenotypic datasets across 31 
taxa: plumage and morphometrics for 97%, mitochondrial loci 
and three nuclear loci for 77%, ≤ 1.3 million genome-wide SNPs 
for 68%, song for 52% and additional behavioural data for 45% 
of the taxa; all these traits were analysed for representatives for 
all nine species proposed by Alström et al. (2023), except song 
and behaviour for C. sharpii. This work includes the first exten-
sive genomic study of this group and the first descriptions of 
songs and details of ‘wing-clapping’ behaviour for multiple taxa, 
in addition to the most comprehensive study to date of their geo-
graphical distributions.

M AT E R I A L S  A N D  M ET H O D S

Terminology
We follow Alström et al. (2023) in subdividing the traditional 
large genus Mirafra into four genera, placing the focal species 
of the present study in the genus Corypha [together with two 
southern African species, the Cape clapper lark Corypha apiata 
(Vieillot, 1816) and eastern clapper lark Corypha fasciolata 
(Sundevall, 1850)]. Our baseline species/subspecies-level 
taxonomy follows Clements et al. (2022), except that we also 
recognise Corypha africana irwini; in total, 31 taxa (Table 2). 
Binomial names are followed by ‘s.l.’ when referring to their 
traditional definition and ‘s.s.’ when referring to less inclusive 
species delimitations proposed here. When a taxon name is not 
preceded by the genus name (e.g. africana, sharpii), we refer to 
the least-inclusive described taxon (either subspecies or mono-
typic species).Ta
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DNA sampling and sequencing
From the ingroup, we obtained a total of 38 fresh or toepad 
samples from 23 taxa classified as C. africana, C. sharpii, C. 
hypermetra, C. somalica and C. ashi. This represents 74% of the 31 
taxa currently recognised in this complex (Table 2; Supporting 
Information, Fig. S1; Supplementary Material, Dataset SM1) 
and includes all the taxa that we considered a priori to belong 
to distinct groups based on morphology and/or geographical 
distributions, covering all species suggested to be recognised by 
Alström et al. (2023) based on a multilocus analysis. One other 
Corypha species (C. fasciolata), one Amirafra [formerly Mirafra, 
see Alström et al. 2023; Amirafra rufocinnamomea (Salvadori, 
1866)] and two species each from the genera Heteromirafra 

[Heteromirafra ruddi (Grant, CHB, 1908) and Heteromirafra 
archeri Clarke, 1920], Galerida [Galerida cristata (Linnaeus, 
1758) and Galerida deva (Sykes, 1832)] and Melanocorypha 
[Melanocorypha calandra (Linnaeus, 1766) and Melanocorypha 
yeltoniensis (Forster, JR, 1768)] were included as outgroups 
(based on Alström et al. 2013a, 2023; Table 2).

For the fresh samples, DNA was extracted using the DNeasy 
Blood & Tissue Kit (Qiagen, Hilden, Germany). For detailed de-
scriptions of laboratory procedures for degraded DNA samples 
from museum toepads, including all procedures, from DNA ex-
traction and USER enzyme (New England Biolabs) treatment to 
library construction, see Meyer and Kircher (2010) and Irestedt 
et al. (2022). Libraries were whole-genome resequenced on an 

Figure 1. Distribution of the Corypha africana–C. sharpii–C. hypermetra–C. somalica–C. ashi complex based on BirdLife International 
and Handbook of the Birds of the World (2020) and Kennedy and Finch (in prep.), with type localities indicated by asterisks. Note that 
information on distribution should be regarded with caution, because further research is required for precision and accuracy. The distributions 
of specific taxa are listed in Table 2, but their boundaries (particularly within and between the two large continuous ranges in southern/south-
western Africa and East Africa) are unclear and in need of updating. For example, there have been records further east in southern Tanzania 
and northern Mozambique (Baker and Baker 2014; Supporting Information, Fig. S1B), indicated on the map by a question mark. Some 
additional information on distribution can be gleaned from Supporting Information, Figure S1, which shows localities for birds that have been 
sampled genetically or whose song has been recorded.
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Illumina NovaSeq 6000 S4 (Illumina, CA, USA) for 28 of the 
taxa (35 samples) at a median coverage of 29.7× (interquartile 
range, 18.1–36.0×; minimum, 6.5×; maximum, 46.6×), and 
libraries from three of the toepad samples (C. a. chapini, C. a. 
occidentalis and C. h. kidepoensis) were sequenced at low whole-
genome coverage (≤ 1×).

In addition, Cytb for four samples of C. africana athi  
was sequenced according to protocols described by Olsson  
et al. (2005).

Phylogenetic multilocus analyses
Sequence assembly

The mitochondrial cytochrome b (Cytb), nuclear myoglobin in-
tron 2 and partial exons (myo), ornithine decarboxylase introns 
6–7 and partial exons (ODC) and recombination activating gene 
part 1 (RAG1) were harvested from the resequenced genomes in 
Geneious v.9.1.2 (Biomatters) by mapping first to the target loci 
in the Eremophila alpestris (Linnaeus, 1758) reference genome, 
then again to the consensus sequence of the assembled reads. 
For the three toepad samples (C. a. chapini, C. a. occidentalis and 
C. h. kidepoensis) sequenced at low whole-genome coverage, we 
only harvested Cytb by assembling long contigs of the enriched 
mitochondrial genome (100–200×) through baiting with lark 
mitochondrial genes and iterative mapping with MITObim 
v.1.9.1 (Hahn et al. 2013), followed by remapping of reads for 
visual verification.

Phylogenomic analyses
Single nucleotide polymorphism calling and variant filtering

We called variants relative to the Eremophila alpestris reference 
genome (GCA_009792885.1; Mason et al. 2020) for the 35 
higher-coverage resequenced samples (27 ingroup samples 
and eight outgroup taxa), after trimming Illumina adapters 
with Fastp v.0.20.0 (Chen et al. 2018) and evaluating sequence 
quality with FastQC (Andrews 2010). Read mapping and 
variant calling were performed using the accelerated wrapper 
tools in the Sentieon toolkit v.201911 (Freed et al. 2017). 
Reads were mapped using BWA-mem v.0.7.17-r1188 (Li 2013), 
and PCR duplicates removed using the LocusCollector and 
dedup modules in Sentieon. We called variable positions using 
HaplotypeCaller GATK v.4.1 (McKenna et al. 2010) and per-
formed joint genotyping of all samples using GenotypeGVCFs 
(GATK v.4.1) using the Haplotyper and Genotyper mod-
ules in Sentieon. Finally, we applied the following common 
GATK filters to SNPs using the VariantFiltration command in 
GATK v.4.1: RPRS < −8, QD < 2.0, FS > 60.0, SOR > 3.0, 
MQ < 40.0 and MQRankSum < −12.5. We also set geno-
types with a depth < 2 or depth > 100 and those with a geno-
type quality < 20 to no call using the SelectVariants command 
in GATK v.4.1. Filtered SNPs, indels, sites with > 90% missing 
data, and non-biallelic SNPs were subsequently removed from 
the callset using BCFtools (Danecek et al. 2021).

For phylogenetic analyses, we performed further stringent 
SNP filtering using VCFtools v.0.1.17 (Danecek et al. 2011) to 
require a minimum genotype quality of 20 (--minGQ 20) and 
full sample coverage, i.e. none with missing data (--max-missing-
count 0), and excluding SNPs mapped to scaffolds ≤ 0.5 Mbp, 
rendering 1,267,287 SNPs. This ‘35-sample 1.3M SNP set’ was 

used for analyses with IQ-TREE and served as a starting point 
for further data reduction for other analyses (see below).

Maximum likelihood tree of 1.3 million SNPs
Using IQ-TREE multicore v.1.6.12 (Nguyen et al. 2015), we im-
plemented ModelFinder (Kalyaanamoorthy et al. 2017) to iden-
tify the best substitution model for the 35-sample 1.3M SNP set, 
applied ascertainment bias correction (-m MFP+ASC), and cal-
culated node support with 1,000 replicates of ultrafast bootstrap 
(Hoang et al. 2018). In order to obtain a rooted, ultrametric tree, 
we used the root and chronos functions in Ape v.5.6-2 (Paradis 
and Schliep 2019) in R v.4.1.2 (R Core Team 2021). We used dis-
crete evolutionary rates, set the smoothing parameter λ to 10, and 
calibrated the tree with the approximate 95% highest posterior 
density ages from Alström et al. (2013a) for seven overlapping 
nodes outside the focal group, connecting: (1) Galerida spe-
cies at 6.0–8.5 Mya; (2) Melanocorypha species 4.0–6.0 Mya; 
(3) Heteromirafra species 4.75–8.75 Mya; (4) Galerida and 
Melanocorypha 9.75–12.25 Mya; (5) Galerida/Melanocorypha 
and all other species (root node) 13.25–17.0 Mya; (6) 
Heteromirafra and Corypha 12.0–15.25 Mya; and (7) Amirafra 
rufocinnamomea and Corypha 10.25–14.0 Mya.

Species tree inferred from individual nuclear locus trees
ASTRAL-III (Zhang et al. 2018) infers a species tree based on 
individually precomputed trees from discrete loci, such as gene 
sequences. Applying this to the 35-sample 1.3M SNP set, we 
mimicked loci by extracting SNPs occurring in non-overlapping 
50 kbp windows (‘loci’) spaced at 1 Mbp intervals, for the 
ingroup, C. fasciolata and A. rufocinnamomea (29 samples). 
This was done for two independent window sets, for which 
the distance between windows among the sets was 500 kbp 
(i.e. window set A was extracted at 0.5, 1.5, 2.5 … Mbp of each 
scaffold, whereas window set B was extracted at 1.0, 2.0, 3.0 … 
Mbp). In both sets, we retained only windows containing ≥ 10 
informative sites, resulting in 626 windows comprising 32,001 
SNPs (set A) and 599 windows comprising 28,256 SNPs (set B). 
For individual windows within the two sets, we obtained max-
imum likelihood (ML) ‘locus trees’ using IQ-TREE (Nguyen 
et al. 2015) with the same settings and procedures as described 
above (see ‘Maximum likelihood tree of 1.3 million SNPs’). 
Contracting branches with very low support improves accuracy 
of ASTRAL (Zhang et al. 2018), hence we used Newick utilities 
( Junier and Zdobnov 2010) to remove branches with ultrafast 
bootstrap support ≤ 10%, before running ASTRAL-III v.5.7.8 
(Zhang et al. 2018). Given that ASTRAL-III estimates terminal 
branch lengths only for taxa with multiple samples, we only con-
sidered the topology and node support (not branch lengths) of 
the ASTRAL-III species trees.

Coalescence-based species tree analyses
Using VCFtools, we extracted data for the ingroup, C. fasciolata 
and A. rufocinnamomea (29 samples), from the 35-sample 1.3M 
SNP set, which we then thinned by 50 kbp physical distance to 
avoid linkage. We used vcf2phylip v.2.8 (Ortiz 2019) to convert 
.vcf files to phylip and binary nexus files comprising 17,467 SNPs.

Snapper v.1.1 is a new, computationally streamlined method 
to infer a species tree under the multi-species coalescent from 
SNP data using diffusion models (Stoltz et al. 2021), available in 
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BEAST v.2.7.1 (Bouckaert et al. 2019). We imported the binary 
nexus alignment into Beauti, and we specified Snapper analyses 
with a beta root prior and log-likelihood correction, applying 
a Yule model tree prior. Initially, we ran analyses for 50,000–
100,000 generations, after which we optimized operators. We 
ran four replicates of the final analyses for 7,800,000–9,500,000 
generations, sampling every 250th generation. We inspected re-
sults in Tracer v.1.7.1 (Rambaut et al. 2018) for stationarity and 
convergence between replicate runs. Although the posterior 
levelled and converged in a relatively efficient manner, certain 
coalescent rate parameters, and thereby the tree likelihood, con-
tinued to display some difference between runs. After discarding 
58–92% as burn-in, we combined the runs with LogCombiner, 
acknowledging low effective sample sizes (ESS) for the param-
eters mentioned above. We then computed a maximum clade 
credibility tree with average node heights, using TreeAnnotator, 
both tools from BEAST v.2.7.1.

SNAPP v.1.5.2 (Bryant et al. 2012) also infers a species tree 
from SNP data under the multi-species coalescent, but unlike 
Snapper it integrates mathematically over each SNP tree. It is 
computationally more demanding, which we bypassed in part 
by including only a single representative per taxon (22 samples 
and 16,412 SNPs) and by running the ruby script snapp_prep.rb  
(https://github.com/mmatschiner/snapp_prep; Stange et al. 
2018) to link theta across branches in order to eliminate the 
estimation of branch-specific population sizes. We ran linked-
theta SNAPP v.1.5.2 analyses in BEAST v.2.6.7 (Bouckaert et al. 
2019) at four different seeds for 1,500,000 generations, sampling 
every 500th generation. The output was assessed and processed 
like Snapper analyses (above) in BEAST v.2.7.1, and for SNAPP 
analyses we could ensure sufficient ESS (> 200) and conver-
gence between replicates.

Bayesian four-locus analyses
Given that SNPs were not available for all samples, we also 
assembled a matrix based on Cytb, myo, ODC and RAG1 
sequences, with the two additional Corypha species, Amirafra 
and Heteromirafra as outgroups. These sequences were checked 
and aligned by ClustalW (Thompson et al. 1994) implemented 
in Bioedit v.7 (Hall 1999), together with GenBank sequences 
from C. a. transvaalensis (2), C. h. gallarum, C, apiata and 
Corypha angolensis (Barboza du Bocage, 1880) (Supporting 
Information, SM1). The best-fitting models were calculated in 
jModeltest (Darriba et al. 2012): GTR+I+G for Cytb, TN93 for 
myo, HKY+G for ODC and GTR+G for RAG1. This multilocus 
dataset including 37 ingroup and six outgroup samples was ana-
lysed in BEAST v.1.8.4 (Drummond et al. 2012). We applied 
the Cytb molecular clock rate of 2.1% divergence/Myr based on 
Weir and Schluter (2008), setting mean rate to 0.0105 substitu-
tions/site/lineage/Myr and a normally distributed clock prior 
with SD of 0.001. We set the rate on Cytb and allowed the other 
loci to be estimated. The final analysis was run under an uncor-
related log-normal relaxed clock model (Drummond et al. 2006) 
and a Yule tree prior. Markov chain Monte Carlo (MCMC) 
chains were run for 200,000,000 generations, sampling every 
5,000 generations, on the CIPRES Science Gateway (Miller 
et al. 2010). We used Tracer v.1.7.1 (Rambaut et al. 2018) to 
check the posterior distribution and ESS of the MCMC output 
(ESS ≥ 200). TreeAnnotator v.2.2.1 (Rambaut and Drummond 

2015) was used to summarise trees with mean node height 
after discarding the first 25% of the trees as burn-in (well after 
stationarity was reached). The tree and divergence times were 
displayed in FigTree v.1.7.1 (Rambaut 2016).

Phylogenetic affinity of nuclear SNP alleles in Corypha hypermetra 
kidepoensis

Corypha h. kidepoensis was sequenced only at low whole-genome 
coverage, preventing standard variant calling. However, analyses 
of Cytb suggested that C. h. kidepoensis was sister to C. sharpii 
rather than to the other C. hypermetra subspecies (see Results). 
To investigate whether this was only a mitochondrial signal, 
we assessed the nuclear phylogenetic affinity of kidepoensis by 
selecting all sites in the 35-sample 1.3M SNP set where the two 
C. hypermetra samples (C. h. hypermetra and C. h. gallarum) were 
fixed for one allele while the two sharpii samples were fixed for 
the alternate allele, tallying which allele the kidepoensis reads rep-
resented, if present (irrespective of coverage).

Detection of introgression
We extracted data for the ingroup, C. fasciolata and A. 
rufocinnamomea from the 35-sample 1.3M SNP set, which re-
sulted in a matrix of 1,226,324 SNPs. We then computed D 
and f4 statistics in Dsuite v.0.4 r43 (Malinsky et al. 2021) for 
every species trio, with A. rufocinnamomea as the outgroup. The 
F-branch statistic (fb; Malinsky et al. 2018) was subsequently 
used to characterise excess allele sharing (a sign of potential 
introgression) among branches of the Corypha tree, based on 
three alternative topologies according to the SNAPP, ASTRAL/
IQ-TREE and multilocus trees. The P-values were Bonferroni-
corrected at α = 0.01.

Morphological sampling and analyses
Specimens were examined in the Natural History Museum, 
Tring, UK (specimen photographs are shown in Supporting 
Information, Fig. S2), independently and together by P.A., M.S. 
and P.F.D. For some of the taxa, the sample sizes were very small, 
in four cases only single adult specimens (of which three were 
holotypes; Supporting Information, SM2). Comparisons were 
also hampered by different taxa being collected at different times 
of the year, hence being at different stage of plumage wear. Series 
of specimens were compared directly, and differences and simi-
larities were noted, first by P.A., and then the notes were checked 
by P.F.D. and M.S. Differences were not quantified in any more 
objective way, such as by using a spectrophotometer. In our 
opinion, in order for such measurements to be meaningful, 
they need to be made on live birds, when the different feather 
tracts can be accessed properly, especially on the upperparts 
and wings. They also need to be made on birds in comparable 
plumage, which is often impossible with museum specimens 
(e.g. some taxa were mainly or exclusively represented by speci-
mens in worn plumage, whereas others were mainly or only rep-
resented by fresh specimens).

Measurements of wing length (maximum chord) and tail 
length were recorded with a ruler to the nearest 0.5 mm. Bill 
length (to skull), tarsus length, length of the hind claw, length 
of the outermost primary (P10) and the distance from the tip 
of P10 to the wing tip were recorded with digital callipers to the 
nearest 0.1 mm. All measurements were made by M.S., except 
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some complementary measurement of P10, recorded by P.F.D. 
A total of 195 specimens (133 males, 51 females and 11 un-
determined) were measured and classified to taxon (Supporting 
Information, SM2), of which 12 had only partial data owing to 
physical damage.

The dataset of 183 specimens (124 males, 50 females and 9 
undetermined) with complete data was explored and analysed 
in R v.4.1.2 (R Core Team 2021). Given that the sample size was 
relatively low for several taxa and that most larks exhibit mod-
erate sexual size dimorphism (de Juana et al. 2004), we first ex-
plored the effect of sex through general linear models for each 
morphometric variable, with taxon and sex as factors, allowing 
interaction between the factors. For two measurements (hind 
claw and P10) there were weakly significant interaction terms 
between sex and taxon (for three and two taxa, respectively) 
but no significant main effect of sex. For tail length, there was a 
weakly significant interaction term between sex and taxon (for 
three taxa) and a strong effect of sex. For four measurements 
(wing, tarsus, bill and P10–wing tip) there were no interactions 
between taxon and sex, while sex as factor had a significant ef-
fect. In order to enable analyses of the whole dataset rather than 
males only, we adjusted the measurements of wing, tarsus, bill, 
P10–wing tip and tail, for females and unsexed birds, based on 
the effect of sex determined from rerunning the above models 
without interaction terms. Given that the distribution showed 
some degree of skew for most morphometric variables, we log10-
transformed the seven variables.

We performed a principal component analysis (PCA) on 
all seven variables simultaneously using the prcomp function 
and explored the distribution of eigenvalues using the pack-
ages factoextra and corrplot. The PCA was visualized with 
the function ggplot_pca, using packages AMR (Berends et 
al. 2022) and ggplot2 (Wickham 2009). We also performed 
linear discriminant analysis (LDA), using various group-
ings of specimens (main clades or sub-clades, as indicated in 
phylogenies, and suggested species definitions; see Results 
and Discussion) as explanatory variables. We fitted different 
numbers and combinations of morphometrics as dependent 
variables (scaled to zero mean and unit variance) to the dis-
criminant model, achieving the best results by including all 
seven. ANOVA and Tukey’s post hoc tests were used to iden-
tify significant pairwise differences between taxa for specific 
measurements.

Song sampling and analyses
The typical songs are simple and stereotyped and are usually de-
livered from a perch, such as a bush, a rock or a mound (e.g. ter-
mite hill). More complex songs that include mimicry of other 
species are occasionally given, sometimes in flight, at least in 
africana/transvaalensis, tropicalis, athi and malbranti. We did not 
analyse these complex songs, because they are delivered very 
infrequently, and very few sound recordings are available. We 
obtained songs of usable quality from 148 different individuals 
of 18 taxa from xeno-canto (https://xeno-canto.org), Macaulay 
Library (https://www.macaulaylibrary.org) and the British 
Library sound archive (https://www.bl.uk/collection-guides/
wildlife-and-environmental-sounds), as well as from colleagues 
and friends (see Acknowledgements) and our own recordings; 
all previously unpublished recordings have been made available 

in Macaulay Library (Supporting Information Figs S1B; SM3). 
Despite our best efforts, for 13 taxa we have been unable to find 
any sound recordings at all, and for some taxa our sample size 
is very small. However, we obtained sound recordings from 
all the primary clades identified in the molecular analyses (see 
Results), i.e. the proposed species according to Alström et al. 
(2023), except for the single-taxon lineage sharpii, which has not 
been observed since 1975 (Ash and Atkins 2009). The sound 
terminology is explained in the Supporting Information (Fig. 
S3). Sonograms were produced in Raven Pro v.1.5 (Bioacoustics 
Research Program 2017).

For each sound file, three song strophes were measured. In 
cases where the file contained two or more different song types, 
three strophes of each unique song type were measured. In total, 
207 song strophes with unique patterns were measured; all 
measurements were made by M.N. and P.A. For each strophe, 
the following characteristics were measured/noted: duration 
(in seconds), duration 90% (in seconds), minimum frequency 
(in hertz), maximum frequency (in hertz), centre frequency (in 
hertz), bandwidth (in hertz), bandwidth 90% (in hertz), average 
entropy (in bits), number of syllables, duration of each syllable 
(in seconds), duration of each gap between syllables (in seconds) 
and number of elements in each syllable. Bandwidth refers to the 
difference between maximum and minimum frequency; band-
width 90% and duration 90% ignore the top and bottom 5%. 
Centre frequency is the frequency that splits the selected spec-
trum into two parts of the same energy (Charif et al. 2010: p. 
171). Average entropy is estimated by taking the average of the 
entropy in each frame in the selection (Charif et al. 2010: p. 170).

For each unique strophe type, the mean values of each 
of the different measurements were calculated. For the taxa 
hypermetra, gallarum, kidepoensis, somalica and song type 2 of 
athi (see Results), the number of syllables, duration of each syl-
lable (in seconds) and duration of each gap between syllables (in 
seconds) were not measured because of the different song struc-
ture of these taxa (see Results). Instead, the proportion of dif-
ferent element types, the maximum number of times a repeated 
element/element block was given, the duration of the longest 
element/syllable, the duration of the shortest element and the 
duration of the longest gap between elements were measured/
noted (otherwise, same as above). All original sound data are in 
the Supporting Information (SM3).

We used LDA to assess similarity and clustering in song struc-
ture in multivariate space between the five major clades un-
covered within C. africana s.l. (i.e. africana, kabalii, athi, kurrae 
and nyikae), excluding the type 2 song of athi (see Results). In a 
separate analysis, we did the same for the songs of C. somalica, C. 
hypermetra and the type 2 song of athi. We did not include all taxa 
simultaneously because different variables were measured for 
each group; some of the metrics for the somalica/hypermetra/athi 
type 2 vocalisations had no obvious homologues within the 
broad C. africana group. Clinal variation within taxa was assessed 
by plotting linear discriminant scores of the first two axes against 
latitude and longitude. In each analysis, we used correlation 
clustering to identify and remove strongly intercorrelated (at 
r > 0.6) variables. In the LDA analysis, all variables were scaled 
to zero mean and unit variance owing to their greatly different 
scales of measurement. Confusion matrices were used to assess 
the discriminatory power of the models. ANOVA and Tukey’s 
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post hoc tests were used to identify significant pairwise differ-
ences between taxa in individual vocal metrics.

R E SU LTS

Phylogeny
Single nucleotide polymorphism analyses

The SNAPP analyses based on 16,412 SNPs with Corypha 
fasciolata and Amirafra rufocinnamomea as outgroup (Fig. 2A) 
recovers a tree with eight primary clades (I–VIII), with esti-
mated divergence times of 3.0–5.4 Mya and posterior probabil-
ities (PPs) of 1.00 for all nodes except two terminal nodes within 
clades III and VIII, which are virtually undifferentiated: C. ashi 
and C. s. rochei are supported as sisters, diverged 24,000 years 
ago (24 kya) with a PP of 0.97 and, in turn, diverged from C. s. 
somalica 114 kya. The deepest divergence among C. a. bamendae, 
C. a. stresemanni and C. a. kurrae is estimated at 12 kya, with the 
former two recovered as sisters with a PP of 0.61.

Corypha africana s.l. is recovered as paraphyletic, because 
C. a. athi and C. a. harterti (clade IV) form a clade with C. 
hypermetra (clade I), C. sharpii (clade II) and C. ashi and C. 
somalica (clade III). Clades I–IV and V–VII form a large mono-
phyletic group that, in turn, is sister to clade VIII (Fig. 2A). 
Divergence times within the eight main clades range from 3 kya  
to 1.4 Mya (Fig. 2A).

The Snapper analyses were based on 17,467 SNPs, 
which include all sites analysed with SNAPP and an add-
itional 1,000 derived from analysing multiple individuals for 
some taxa. Replicate runs did not converge as efficiently as 
SNAPP analyses, and the final tree likelihood varies between 
−460,520 and –460,511 (SDs of 4–7) and posterior between 
–460,559 and –460,549 (SDs of 31–37). However, all repli-
cates produce the same backbone tree topology, while clades 
of more than two closely related taxa have effectively unre-
solved within-clade topology, with PP < 0.5, and the final 
tree was therefore produced from the combined replicates 
(Supporting Information, Fig. S4). The relationship between 
the eight primary clades is identical to the SNAPP tree (Fig. 
2A). The divergence times among the eight primary clades 
(I–VIII) are estimated to be older than by SNAPP, 3.4–7.7 
Mya, while the unresolved within-clade divergence is re-
constructed as very young across all main clades (3–50 kya; 
Supporting Information, Fig. S4).

The ASTRAL tree summarising ML analyses of 32,001 SNPs 
across 626 unlinked 50 kbp windows (Fig. 2B) differs from the 
SNAPP tree in placing clade VI as sister to all clades except clade 
VIII with 100% support (replicated in the separate set of 599 
windows comprising 28,256 SNPs; Supporting Information, 
Fig. S5). The IQ-TREE ML tree, based on 1.3 million concat-
enated SNPs and including eight outgroup taxa, of which six are 
closely related species pairs (Supporting Information, Fig. S6), 
recovers the same topology as the ASTRAL tree, with all nodes 
receiving 100% bootstrap support except the sister relation-
ship between kabalii and malbranti (clade VI), which receives 
95% bootstrap support. This contrasts to the three SNAPP and 
ASTRAL trees, in which kabalii is sister to irwini with PP of 1.00 
and 71% support, respectively. The estimated divergence times 
of clades I–VIII are 2.45–4.9 Mya.

Multilocus analysis
The BEAST analysis based on the mitochondrial Cytb and 
three nuclear loci (5,285 bp) includes three taxa for which only 
Cytb was available: C. africana chapini, C. a. occidentalis and C. 
hypermetra kidepoensis (Fig. 3). The last taxon (clade IIb) is sister 
to C. sharpii (clade IIa) with strong support and rather deep di-
vergence [2.4 Mya, 95% highest posterior distribution (HPD) 
1.7–3.3 Mya], whereas the other two belong to the africana 
clade (clade Va). In other respects, it resembles the ASTRAL 
and IQ-TREE trees, except that clade VI is sister to clades V and 
VII, albeit with extremely weak support (PP of 0.58). Moreover, 
unlike the other analyses, within clade VI, a sister relationship 
between malbranti and irwini is recovered with a PP of 1.00. 
Divergence times are older than in the SNAPP and IQ-TREE 
trees, ranging from 4.3 Mya (95% HPD 3.3–5.4 Mya) to 6.8 Mya 
(95% HPD 5.3–8.6 Mya) between clades I–VIII; clade III and 
clade VII exhibit particularly deep divergence in comparison to 
the previous analyses.

Unlike the multilocus study by Alström et al. (2023), C. 
fasciolata and C. apiata do not form the sister clade to the pre-
sent clade VIII, but instead form the sister clade to the entire C. 
africana–C. sharpii–C. hypermetra–C. somalica–C. ashi complex. 
The same applies to C. fasciolata in the IQ-TREE analysis of SNP 
data (Supporting Information, Fig. S6).

Nuclear analyses of C. hypermetra kidepoensis and C. sharpii
To test the unexpected sister relationship between C. hypermetra 
kidepoensis and C. sharpii that was recovered by the mitochon-
drial Cytb, we utilised low-coverage SNPs from kidepoensis. For 
33,982 SNPs, where sharpii and C. h. hypermetra/gallarum are 
fixed for different alleles, kidepoensis shares alleles with sharpii 
in 75.1% and with hypermetra/gallarum in 24.9%. This pattern is 
consistent across the genome, with the interquartile range across 
scaffolds being 72.2–79.5% for alleles shared with sharpii and 
20.5–27.8% for alleles shared with hypermetra/gallarum.

Historical introgression and assessment of tree topology
The Dsuite analyses yield widespread significant fb values across 
tree topologies, although most are at low levels (fb < 0.05; 
Table 3). The ASTRAL tree topology produces the fewest and 
the lowest significant fb values (maximum 0.115), whereas the 
SNAPP tree topology produces the most and the highest sig-
nificant fb values (maximum 0.221; Table 3). With the ASTRAL 
topology, the three most prominent potential historical intro-
gression events are inferred between the most recent common 
ancestors of: (1) clade IV–clade V; (2) clade I–clade IV; and 
(3) clade V (and Va)–[kabalii, irwini] (Supporting Information, 
Fig. S7A). Applying the SNAPP topology, (1) and (2) above are 
also recovered, at similar fb levels as with the ASTRAL topology, 
but with two additional events at even higher fb (> 0.20): clade 
V–clades I–IV and clade V–clade VII (Supporting Information, 
Fig. S7B). Additionally, although at lower fb levels, historical 
introgression is inferred also between clade VII and clades I–IV 
(Supporting Information, Fig. S7B).

Morphology
The eight most deeply diverged clades in the phylogenetic ana-
lyses (I–VIII) are broadly supported by plumage (summary in 
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Table 4; a full description of this table is provided in Supporting 
Information, SM4, with expanded descriptions in Supporting 
Information, SM5; a photographic overview is given in 

Supporting Information, Fig. S2; photographs of plumage de-
tails are in Supporting Information, Fig. S8). However, no indi-
vidual trait is unique to a single clade, because traits are partly 
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Figure 2. Phylogenies of the Corypha africana–C. sharpii–C. hypermetra–C. somalica–C. ashi complex, with Corypha fasciolata as the 
outgroup (the more distant outgroup species Amirafra rufocinnamomea has been removed) based on the multi-species coalescent, produced 
within a Bayesian framework in SNAPP on 16,412 single nucleotide polymorphisms (SNPs) and single individuals per taxon (A) and with 
ASTRAL, summarising taxon quartets in maximum likelihood (ML) analyses of 32,000 SNPs across 626 unlinked windows for all samples 
(B). Node support values are posterior probabilities (PPs) for SNAPP and local PPs for ASTRAL, with an asterisk indicating a PP of 1.00. 
Clades that are discussed in the text are labelled I–VIII and with the name of the taxon that has priority in the respective clade. The names of 
C. africana s.l. are in black font; the other species are in other colours. Topological incongruence between these two trees, the Snapper species 
tree (Supporting Information, Fig. S3), the ML IQ-TREE tree (Supporting Information, Fig. S5) and/or the Bayesian multilocus tree  
(Fig. 3) are indicated by a red ‘#’.
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or completely overlapping between different clades. Moreover, 
in some clades there is considerable variation among (and 
also within) taxa. Nevertheless, based on a combination of 

characters, all eight main phylogenetic clades are broadly sup-
ported by plumage. In general, differences are most pronounced 
in fresh plumage, diminishing with wear and bleaching.

Morphometrics (Supporting Information, SM2) also broadly 
support the eight main clades, summarised for each measure-
ment per clade in Supporting Information, Figure S9 and per 
taxon/taxon group in Supporting Information, Table S1. The 
PCA based on seven morphometric measurements partitions 
49.8% of the variation along the first principal component (PC1), 
24.8% along PC2 (cumulative 74.6%) and 11.2% along PC3 (cu-
mulative 85.8%; Supporting Information, Fig. S10) and separates 
clades I (the ‘hypermetra clade’), II (the ‘sharpii clade’), VII (the 
‘nigrescens clade’) and VIII (the ‘kurrae clade’; Fig. 4). Clade VI 
(the ‘kabalii clade’) is moderately distinct, as is clade IIIa (C. s. 
somalica), whereas clade IIIb (C. s. rochei and C. ashi) overlaps 
with clades IV (the ‘athi clade’) and V (the ‘africana clade’; in 
particular Vb, the ‘tropicalis clade’; Fig. 4). The LDA yields high 
classification accuracy: 90.1% and 90.7% when grouped by num-
bered clades and subclades (cf. Figs 2, 3) and by proposed species 
delimitation (see Discussion), respectively (Table 5).

Figure 3. Multilocus tree for the Corypha africana–C. sharpii–C. hypermetra–C. somalica–C. ashi complex based on Bayesian analysis (BEAST) 
of concatenated mitochondrial and nuclear loci (5,285 bp). Posterior probabilities (PPs) are indicated at the nodes, with an asterisk indicating 
a PP of 1.00. Clades that are discussed in the text are labelled I–VIII and with the name of the taxon that has priority in the respective clade. 
The names of C. africana s.l. are in black font; the other species are in other colours (the six outgroup species are all in pale blue). The three 
taxa that are not present in any other analyses are indicated by a red ‘§’. Topological incongruence compared with other phylogenetic trees is 
indicated by a red ‘#’. The blue lines indicate the divergence times of two of the outgroup species pairs.

Table 3. Summary of the f branch statistic (fb) values calculated with 
Dsuite, based on different tree topologies (only significant fb values 
are included).

Tree topology

SNAPP ASTRAL Multilocus

N fb 135 116 126
∑ fb 5.57 3.58 4.77
x̄ fb

0.041 0.031 0.038
Maximum fb 0.221 0.115 0.168
N fb > 0.05 37 23 31
N fb > 0.10 12 3 11
N fb > 0.15 6 0 1
N fb > 0.20 2 0 0
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Table 4. Summarised categorization of plumage differences among taxa in the Corypha africana–C. sharpii–C. hypermetra–C. somalica–C. ashi 
complex.

Clade Sub-
clade

Taxon Crown Mantle/
scapulars 

(fresh)

Base colour 
of breast to 
undertail-

coverts

Breast 
streaking

Streaking 
on flanks 

Streaking on 
undertail-

coverts

Bases to 
primaries + outer 

secondaries

Tertials + inner 
greater coverts 

(fresh)

R5–
R6

 Va Va africana/
transvaalensis 
(N > 10)

1 1 1 1 1 1 1 1 1

grisescens (N = 7) 1 1 1 1 1 1 1 1 1

ghansiensis 
(N = 2)

1x 1x 1x 1 1 1 1 2* (1)

pallida (N = 4) 1x 1y 1 1 1 1 1 – 1

chapini 1 1 1 1 1 1 1 1 1

occidentalis 1 1 1 1 1 1 1 1 1

gomesi (N = 1) 1 1z 1 1 1 1 1 2x* –

Vb tropicalis 
(N > 10)

1 1 1 1 1 1 1 3 1

ruwenzoria 
(N > 10)

1 1 1 1 1 1 1 3 1

VII nigrescens 
(N = 2)

4 2 1 1 2 2 2 4 2

nyikae (N = 6) 5 3 1 1 2 2 2 5 2

VIb kabalii (N = 6) 6 4 1 2 1 1 1 6 1

irwini (N = 2) 7 5 1 3 1 1 1 6 1

malbranti (N = 1) 8 – 1 3 1 1 2 – (1)

VIIIc kurrae (N = 4) 9 6 2 1 1 1/2 2 7 1

batesi (N = 1) 9 6 2 1 1 1 2 7 1

henrici (N = 2) 9 6x 2 1 1 2 2 7x 1

bamendae 
(N = 4)

9 6x 2 1 1 2 2 7x 1

stresemanni 
(N = 3)

10 6y 2 4 1 2 2 7y 1

IV athi (N > 10) 4 1v 1 1 1 1 1 8 1

harterti (N = 3) 11 1w 1 1 1 1 1 8 1

I hypermetra 
(N > 10)

4 7 1 1 1 2 1 9 1

gallarum (N = 9) 1 7 1 1 1 2 1 9 1

II IIbd kidepoensis 
(N = 6)

1 7x 1 1x 1 1/2 1 9 1

kathangorensis 
(N = 1)

1y 7x 1 1 1 1 1 9 1

IIa sharpii (N = 6) 13 8 3 5 1 1 1 10 3

III IIIa somalica (N = 8) 13 8x 3 6 2 2 2 11 4

IIIb rochei (N = 1) 13 – 3x 7 2 2 2 – 4

ashi (N = 5) 14 9 3x 7 2 2 2 12 4

Here, each state (variant) of a particular plumage character is represented by a number (where, e.g. 1x is a variation of 1) and colour; white boxes represent unique states, and ‘–’ 
indicates that no reasonably fresh specimens have been examined or that the character has not been studied. For a full description of each character in each taxon, see the table in the 
Supporting Information (SM4); see also the expanded descriptions in the Supporting Information (SM5).
aghansiensis, pallida and gomesi have not been sequenced.
bThe taxa in this clade are characterized further by their less distinct supercilia and less distinctly streaked nape in comparison to the other taxa.
cbatesi has not been sequenced.
dkathangorensis has not been sequenced.
*The two examined specimens of ghansiensis and single gomesi have very fresh plumage, and it is possible that with wear, they turn out not to be distinct from other taxa in clade V 
(category 1 or 3).
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Figure 4. Principal component analysis (PCA) based on seven morphometric variables: the lengths of wing, bill, tarsus, tail, hind claw and 
outermost primary, and the distance from the outermost primary to the wing tip. Ellipses indicate the 68% confidence interval (±1 SD) for 
each clade. Loadings for each trait, drawn with maps and their relative contributions across all principal components (PCs), can be viewed in 
the Supporting Information (Fig. S9). Photographs are by Nik Borrow (II, kidepoensis Kidepo National Park, Uganda, May; III, somalica Tuuyo 
Plains, Somaliland, September; VII, nyikae Nyika National Park, Malawi, December), Maans Booysen, Birding Weto, CC BY-SA 4.0 https://
creativecommons.org/licenses/by-sa/4.0, via Wikimedia Commons (VI, malbranti Longa, Angola), Paul F. Donald (Va, pallida, Caprivi 
Strip, Namibia, November), Emmanuel Barde Elisha (VIII, bamendae Mambilla Plateau, Nigeria), Stratton Hatfield (I, hypermetra Tsavo 
East National Park, Kenya, March), Peter Steward (IV, athi Nairobi National Park, Kenya, March) and The Trustees of The Natural History 
Museum, London (II, sharpii NHMUK, identity and collection information lacking). The taxa with photographs are also indicated by ‘#’, and 
‘*’ for sharpii.
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Songs
The eight primary clades (I–VIII) are broadly supported by song. 
Although we were not able to obtain sound recordings from all 
taxa, we have analysed songs of representatives of all primary 
clades, which correspond to the species proposed by Alström 
et al. (2023) (although sharpii is missing, and its placement to-
gether with kidepoensis in clade II rests on Cytb and SNPs). In 
all taxa, there is considerable individual variation in the typical 
song, which complicates comparisons among taxa. However, in 
C. africana s.l. the individual repertoires are fairly small, with a 
maximum of six different phrases (strophes) recorded in a single 
male (Supporting Information, SM3). The repertoires are larger 
in the hypermetra clade (≤ 18 phrases) and in somalica (≤ 10 
phrases; Supporting Information, SM3).

The songs can be separated broadly into two types. The first 
of these is given by athi (clade IV); africana, transvaalensis, 
grisescens, pallida, tropicalis and ruwenzoria (clade V); kabalii 
and malbranti (clade VI); nyikae and nigrescens (clade VII); 
and bamendae (clade VIII; Fig. 5: strophes 1–40). These songs 
are built up of short, di- or trisyllabic whistles, which are inter-
spersed by silent pauses of a few seconds [the durations of pauses 
depend on the level of excitement (P.A., personal observation) 
and have therefore not been measured]. The main differences 
among the groups (clades) concern the duration of the phrases, 
the maximum frequency, the presence or absence of frequency 
modulations (as indicated by average entropy), the relative dur-
ations of syllables, and the duration of the gaps between syllables 
(Fig. 6; expanded descriptions in Supporting Information, SM5; 
original data and mean values in Supporting Information, SM3). 
There are significant differences between taxa in all these vari-
ables (see below).

The second song type is given by hypermetra and gallarum 
(clade I); kidepoensis (clade IIb); somalica (clade III); and athi 
(clade IV; Fig. 5: strophes 41–57). This differs from the first type 
by, for example, having longer strophes (mean ± SD: 1.3 ± 0.72 
s, vs. 0.68 ± 0.16 s in the first category) with a higher number 
of elements (mean ± SD: 7.4 ± 3.7, vs. 3.1 ± 0.98 in the first 
category) and lower centre frequency (mean ± SD: 3.1 ± 0.37 
kHz, vs. 3.9 ± 0.43 kHz). In athi, the two song types are either 
given separately for long periods or alternated between, and 
type 1 is more common than type 2. The songs of hypermetra 
and gallarum can be divided into two sub-types: a common type 
(Fig. 5: strophes 50–56) and a less common song type (Fig. 
5: strophe 57), which is often alternated with the commoner 
type. However, the classification into these two categories is 
not always clear-cut. The second one is more stereotyped than 
the first and consists of more monotonous series of whistles 
(mean ± SD: 74 ± 30.4% different elements in a strophe, vs. 
94 ± 11.1% in the commoner song type) of lower bandwidth 
than in the commoner type (mean ± SD: 2.0 ± 0.5 kHz, vs. 
2.9 ± 0.44 kHz in the commoner type). Dowsett-Lemaire and 
Dowsett (1978) reported mimicry of 20 different bird species 
in songs of C. hypermetra, which were usually ‘interspersed with 
notes of the proper song’. We have not studied the use of mim-
icry in this species, but Françoise Dowsett-Lemaire (personal 
communication) found evidence of limited mimicry in three of 
the eight xeno-canto recordings that we analysed. The song of 
somalica can also be divided into two types, but this classification 
is even less clear than in hypermetra. The main differences among Ta
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Figure 5. Sonograms of songs of taxa treated as subspecies of Corypha africana, C. hypermetra and C. somalica. The strophes are numbered 
consecutively for precise reference in the text. Recordings: (1) Foumban-Tibati, Cameroon, BL 022A-W1CDR0000054 BD19 (Claude 
Chappuis); (2) Mambilla Plateau, Nigeria, ML274689 (Emmanuel Elisha); (3) Mambilla Plateau, Nigeria, ML274691 (Emmanuel Elisha); 
(4) Mambilla Plateau, Nigeria (Emmanuel Elisha); (5) Nyika National Park, Malawi, ML278996 (Peter Boesman); (6) Nyika National Park, 
Malawi, ML279004 (Peter Boesman); (7) Nyika National Park, Malawi, ML279005 (Peter Boesman); (8) Kipengere Plateau, Tanzania, 
ML562576011 (David Moyer); (9, 10) Kipengere Plateau, Tanzania, ML562576201 (David Moyer); (11) Minyanya plain, north-west 
Zambia, ML279942 = XC509007 (Peter Boesman); (12) Minyanya plain, north-west Zambia, ML279943 = XC509008 (Peter Boesman); 
(13) Minyanya plain, north-west Zambia, ML279957 = XC509010 (Peter Boesman); (14) Lékoni, Gabon, ML274685 (Nik Borrow); 
(15) south-east Gabon, Chappuis CD8 BD91 (P. Christy); (16) Lékoni, Gabon (Michael Mills); (17) Polokwane, Limpopo, South Africa, 
ML274677 (Per Alström); (18) Sandveld, South Africa, XC28667 (Patrik Åberg); (19) Free State, South Africa, XC536937 (Dawie de 
Swardt); (20) Polokwane, South Africa, ML274681 (Per Alström); (21) North West Province, South Africa, XC516080 (Frank Lambert); 
(22) Polokwane, Limpopo, South Africa, XC516146 (Frank Lambert); (23) Lusaka, Zambia, BL WS3371 C15 (Robert Stjernstedt); (24) 
Lusaka, Zambia, BL WS3371 C15 (Robert Stjernstedt); (25) Lusaka, Zambia, BL WS3371 C10 (Robert Stjernstedt); (26) Etosha National 
Park, Namibia, ML42945 (Linda Macaulay); (27) Etosha National Park, Namibia, ML61179 (Linda Macaulay); (28) Namutoni, Namibia, 
XC58667 (Charles Hesse); (29) Maasai Mara, Kenya, ML274675 (Stratton Hatfield); (30) Maasai Mara, Kenya, ML274674 (Stratton 
Hatfield); (31) Mara Triangle, Kenya, XC200107 (Rory Nefdt); (32) Entebbe, Uganda, ML8031 (Myles E. W. North); (33) Uganda, 
ML23453 (G. Stuart Keith); (34) Semliki Flats, Uganda, ML23454 (G. Stuart Keith); (35) Lake Nakuru, Rift valley, Kenya, ML8032 (Myles 
E. W. North); (36) Nairobi, Kenya, ML8034 (Myles E. W. North); (37) Nairobi, Kenya, ML274661 (Per Alström); (38) Lake Nakuru, Rift 
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the groups (clades) concerns, for example, the duration of the 
strophes, the speed of delivery (number of elements per second) 
and the presence of rasping/ringing notes (Fig. 6; Supporting 
Information, SM3).

The two main song types are so different from each other 
that they were analysed separately. There is no significant clinal 
variation within taxa based on correlation between song vari-
ables and latitude or longitude when P is corrected for multiple 
testing. For the six clades singing the first song type, the LDA 
incorporates eight variables after reduction of multicollinearity 
using correlation clustering: duration, minimum frequency, 
maximum frequency, bandwidth 90%, average entropy, dur-
ation of first syllable, duration of second syllable, and duration 
of first gap between syllables. The first two linear axes account 
for 97.3% of the variance between taxa. A plot of these two axes 
(Fig. 7A) and the confusion matrix (Table 6A) suggest that the 
athi, kabalii, nigrescens and africana clades are all separated, with 
83.7–96.4% of songs correctly allocated by the model, whereas 
the kurrae clade is poorly separated, with most songs being as-
signed to the africana clade. The overall classification accuracy 
is 83.9%.

For the analysis of hypermetra, somalica, kidepoensis and the 
type 2 song of athi, the LDA incorporates nine variables after re-
ducing multicollinearity using correlation clustering: duration, 
minimum frequency, maximum frequency, centre frequency, 
song elements per second, proportion of different elements, dur-
ation of longest element/syllable, duration of shortest element/
syllable, and duration of longest gap between syllables. A plot of 
the first two LDA axes (Fig. 7B) and the confusion matrix (Table 
6B) suggest that discrimination between taxa is good, with an 
overall classification accuracy of 88.9%.

Singing behaviour
The taxa africana, transvaalensis, pallida, grisescens, tropicalis and 
ruwenzoria (clade V), kabalii (clade VI) and bamendae (clade 
VIII) are known frequently to raise their crown feathers when 
singing, displaying the rufous bases to the rear crown feathers. 
In contrast, the taxa athi, hypermetra and gallarum, which are 
relatively well known, apparently do not raise their crown fea-
thers (P.A., P.F.D., D.E., pers. obs. in the field and study of photo-
graphs on, e.g., https://www.macaulaylibrary.org/). None of the 
photographs that we have seen of the following, more poorly 
known, taxa have displayed raised crown feathers: kidepoensis, 
harterti, malbranti, somalica, nyikae and nigrescens (for nigrescens, 
also based on field observations by David Moyer, pers. comm.). 
However, the fact that none of the few photographs we have seen 
of these taxa (two to seven individuals per species, usually not 
singing) depict birds with their crown feathers raised does not 

mean that they might not do this. We have no information on 
whether any of the other taxa might raise their crown feathers.

Representatives for all clades except III (and IIa, for which 
there are no recordings) have been observed to quickly flutter 
(‘clap’) their wings in connection with singing, although this 
is apparently rare in athi. The wing clapping can be associated 
with a small hop, and we have observed hypermetra to ascend 
~1 m while clapping its wings and then to descend on raised, 
slowly beating (but not clapping) wings. Although our sample 
of recordings of wing clapping is small, there appear to be pro-
nounced differences among some taxa with regard to the number 
of claps, the timing of the wing clapping in relation to the song, 
and the strength of the clapping (Table 7).

Geographical distributions
For most taxa, the detailed geographical distributions are ex-
tremely poorly known, and the maps in Figures 1 and Supporting 
Information, Figure S1 should be considered to show only ap-
proximate distributions of the previously recognised species 
[based on BirdLife International and Handbook of the Birds 
of the World (2020) and Kennedy and Finch (in prep.), with 
type localities indicated in Fig. 1, sometimes slightly outside the 
currently recognised distributions of the species]. The maps in 
Supporting Information, Figure S1, with our genetic and vocal 
samples indicated, give a slightly better representation of the 
ranges (again, with some samples outside the presently recog-
nised distributions of the species). All taxa in the complex are 
mainly or entirely para- or allopatric, with the exception of the 
poorly known somalica–sharpii and hypermetra–ashi/rochei, 
which appear to occur in sympatry (Ash and Miskell 1998, Ash 
and Atkins 2009). It also seems likely that kabalii/irwini (and 
possibly malbranti) and chapini/gomesi/occidentalis are sym-
patric, at least locally, although there is no firm evidence of this. 
The taxa hypermetra and athi are generally considered to be ra-
ther widely overlapping (e.g. Ryan et al. 2020). However, critical 
examination of the evidence indicates that there is probably at 
the most a very marginal overlap (Kennedy and Finch in prep.), 
and they have been observed in sympatry at only a handful of lo-
calities (Tyler Davis, Brian Finch, Stratton Hatfield, Washington 
Wachira, in litt.). The distribution of nigrescens/nyikae is local-
ised and restricted to high plateaus bordering northernmost 
Lake Malawi (Fig. 1; Supporting Information, Fig. S1), with ele-
vational segregation from other taxa. The main distribution of 
transvaalensis is in southern Africa, but it has also been suggested 
to occur in southern Tanzania (Table 2; Britton 1980, Baker and 
Baker 2014). It is unclear whether the gap of ≥ 300 km between 
southern African and East African populations within the C. afri-
cana s.l. complex represents true absence or a lack of data.

Valley, Kenya, ML8032 (Myles E. W. North); (39) Nairobi, Kenya, ML8035 (Myles E. W. North); (40) Nairobi, Kenya, ML274662 (Per 
Alström); (41) Nairobi, Kenya (Michael Mills); (42) Nairobi, Kenya, ML 274669 (Per Alström); (43) Along route Nairobi–Tsavo, Kenya, 
ML274699 (Per Alström); (44) Nairobi NP, Kenya, ML 274668 (Per Alström); (45) west of War Idaad, Somaliland (Michael Mills); (46) 
west of Ceel Afweyn, Somaliland (Michael Mills); (47) west of War Idaad, Somaliland (Michael Mills); (48) west of Ceel Afweyn, Somaliland 
(Michael Mills); (49) Kidepo valley national park, Uganda, BL WA 2017/006/039/13 (Michael Mills); (50) Awash national park, Ethiopia 
(Michael Mills); (51) Aledeghe Wildlife Reserve, Ethiopia, XC267268 (Andrew Spencer); (52) Aledeghi Wildlife Reserve, Afar, Ethiopia 
(Andrew Spencer); (53) Awash National Park, Ethiopia, ML100296 (Linda Macaulay); (54) Tsavo West, Kenya, ML274697 (Per Alström); 
(55) Taita Taveta, Kenya, XC178954 (Richard Dunn); (56) Tsavo East, Kenya (Michael Mills); (57) Tsavo West, Kenya, ML274697 (Per 
Alström). Abbreviations: BL, British Library; ML, Macaulay Library; XC, xeno-canto.
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Figure 6. A, mean and SD for eight song variables for the five primary clades in the Corypha africana complex (first song type, corresponding 
to Fig. 5: strophes 1–40). B, mean and SD for six song variables for type 2 song of C. a. athi, and song of Corypha hypermetra and C. somalica 
(corresponding to Fig. 5: strophes 41–57).
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Figure 7. Plots of the first two components of a linear discriminant analysis of songs among the six primary clades in the Corypha africana 
complex, excluding the type 2 song of C. a. athi (A) and songs among Corypha hypermetra (C. h. hypermetra and C. h. gallarum), C. h. 
kidepoensis, C. somalica and the ‘type 2’ song of C. a. athi (B).
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D I S C U S S I O N
Many of the numerous taxa in the widespread Corypha complex 
have been poorly characterised, with unknown phylogenetic re-
lationships. Based on our integrative analyses, we propose that 
nine species should be recognised and that one of the traditional 
species (C. ashi) should not be recognised at species rank (Fig. 
8; Table 2). Most of these species are supported congruently by 
multiple lines of evidence, most importantly deep divergence 
and paraphyly of the currently recognised species, comple-
mented by differences in morphology, vocalisations and other 
behaviours (Fig. 8). The same nine species were suggested to 
be recognised by Alström et al. (2023) based on multilocus ana-
lyses of all except one of the species in the family Alaudidae.

Phylogeny
All analyses, of ≤ 1.3 million genome-wide SNPs and of a small 
number of nuclear introns and Cytb, reconstruct the same eight 
primary clades (I–VIII). The relationships among these clades 
are concordant except for the position of clade VI. In the SNAPP 
(Fig. 2A) and Snapper (Supporting Information, Fig. S4) ana-
lyses, clade VI is recovered as sister to clade V, whereas ASTRAL 
(Fig. 2B) and IQ-TREE (Supporting Information, Fig. S6) re-
cover clade VI as sister to all other clades except clade VIII. These 
rather different positions are equally well supported in the dif-
ferent analyses. Finally, the multilocus analysis places clade VI as 
sister to clade V + VII, with low support (Fig. 3). Furthermore, 
clade VI is the only clade whose internal taxon relationships are 
discordant among analyses, with all three possible combinations 
strongly supported in alternative analyses (Fig. 2).

The above incongruences could be the result of incomplete 
lineage sorting, hemiplasy (Avise and Robinson 2008) or an-
cient introgression (Edwards et al. 2016, Taylor and Larson 
2019, Rancilhac et al 2021, Zhang et al. 2021). Although all spe-
cies tree methods do account for incomplete lineage sorting, 
gene flow (introgression) violates their assumptions. Analyses of 
excess allele sharing (Table 3; Supporting Information, Fig. S7) 
consistently recover two plausible cases of introgressive hybrid-
isation, between the most recent crommon ancestors of clade 
V (africana, tropicalis, etc.) and clade IV (athi, harterti) and be-
tween the latter and the most recent common ancestor of clade 
I (hypermetra, gallarum), with both pairs currently distributed 
parapatrically in the vicinity of the Eastern Rift Valley. Within 
clade VI, no gene flow could be detected between malbranti 
and either kabalii or irwini based on the SNAPP and ASTRAL 
topology (malbranti,(kabalii,irwini)), while introgression is in-
ferred between the two latter taxa and clade V (and/or Va). This 
agrees with the present-day distributions, where malbranti is iso-
lated in eastern Gabon, south central Congo and south-western 
Democratic Republic of Congo, while kabalii and irwini are al-
most surrounded by, or perhaps even sympatric with, taxa that 
are confirmed (grisescens, chapini and occidentalis) or presumed 
(pallida and gomesi) to be members of clade Va (Fig. 1). In 
the SNAPP topology, the different position of clade VI breaks 
the monophyly of a large clade composed of clades I–V + VII. 
Consequently, based on this topology, we recover an excess of 
allele sharing between the ancestral branch of clade V and those 
of both clade VII and clades I–IV. However, this pattern could be 
obtained in the absence of introgression along those branches, Ta
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if clade V was more closely related to clades I–IV + VII than to 
clade VI. Thus, the sister relationship between clades V and VI 
in the SNAPP tree could be explained by a single introgression 
event along ancestral branches of both clades, as supported by 
the analyses based on the ASTRAL topology.

Inferring introgression patterns in the presence of phylogen-
etic uncertainty is a notoriously complicated problem (Beckman 
et al. 2018, Pease 2018), because interpreting an excess of al-
lele sharing relies on assumptions on the species relationships 
(Patterson et al. 2012). In our case, the conflicting position of 
clade VI results in variations in the number of introgression 
events and their strength depending on the considered topology. 
However, we argue that the ASTRAL topology is more parsimo-
nious, in that it requires fewer introgression events, which are 
also more consistent with the present distribution of taxa (al-
though this argument is only tentative, because ranges can change 
quickly and drastically). Although introgressive hybridisation 
appears to be much more common than was formerly thought, 
genome-wide signals of introgression are expected to remain 
scarce, because gene flow will cease after speciation in most cases, 
and introgressed alleles at low frequency are likely to disappear 
quickly. Furthermore, hybridisation is a non-random process that 
requires a specific geographical setting (i.e. that both populations 
are in contact), meaning that not all possible introgression events 
are equally likely. Thus, we argue that the Dsuite results might be 
used as an argument in favour of the ASTRAL topology over the 
SNAPP tree. However, it should be emphasized that regardless 
of the topology, some introgression events are consistently sup-
ported, meaning that a strictly bifurcating tree cannot represent 
the evolutionary history of the Corypha complex accurately. Why 
ASTRAL would infer more accurate relationships than SNAPP 
remains unclear, because both methods rely on the same assump-
tions. However, it is possible that introgressed regions have been 

highly fragmented by recombination, in which case the relatively 
large windows used for the ASTRAL analysis would be less likely 
to support the introgressed locus tree, in comparison to the single 
SNPs in the SNAPP analysis.

Taxonomy
Phylogenetics

The fact that our phylogenetic analyses strongly suggest that C. 
hypermetra, C. sharpii, C. somalica and C. ashi are all nested within 
C. africana s.l. calls for the following taxonomic change: either (i) 
treatment of all five species as a single species; or (ii) splitting of 
C. africana into multiple species. The divergence times support 
species status for the eight most deeply diverged clades (I–VIII). 
These are separated by ~4.3–6.8 Myr in the multilocus analysis and 
by 2.7–5.9 Myr (SNAPP) or 2.45–4.9 Myr (IQ-TREE, calibrated 
with outgroup nodes) in the SNP analyses. Importantly, the second 
youngest of these divergence times (4.5 Mya in the multilocus, 3.1 
Mya in the SNAPP or 2.8 Mya in the IQ-TREE) concern taxa that 
are sympatric: hypermetra (I) vs. ashi and rochei (IIIb), and sharpii 
(II) vs. somalica (IIIa) (Ash and Miskell 1998, Ash and Atkins 
2009). Moreover, in the IQ-TREE tree, the divergence times be-
tween all primary clades except I–III vary from ~0.5 Myr younger 
to 1.0 Myr older in comparison to that between Melanocorypha 
calandra and Melanocorypha yeltoniensis (Supporting Information, 
Fig. S6). These two Palaearctic Melanocorypha larks are widely 
sympatric and strikingly different in appearance (Cramp 1988, 
Shirihai and Svensson 2018). In the multilocus analysis, which also 
includes several outgroup species (but not the two Melanocorypha 
species), clades V–VIII vary from 0.8–0.9 Myr younger to 0.9–1.0 
Myr older than the two species pairs Corypha apiata–C. fasciolata 
and Heteromirafra archeri–H. ruddi.

Further support comes from the recent multilocus analysis 
of all except one of the currently recognised species of larks 

Table 7. Wing fluttering (‘clapping’) in the taxa in which this behaviour has been recorded.

Taxa Mean; median; range; number of 
bursts; number of individuals 

When in relation to song; perceived strength 

Clade Va    
  africana & transvaalensis 3.8; 3; 2–7; 54; 10 Just before song; faint
  pallida 6; 6; 5, 7; 2; 2 Just before song; faint
  grisescens 3.7; 3.5; 2–5; 6; 2 Just before song; faint
Clade Vb    
  tropicalis & ruwenzoria 7; 7; 6–8; 8; 4 Just before song; rather strong
Clade VI    
  kabalii 19.1; 18; 16–29; 15; 5 During song (starting just before, ending just after song); strong
Clade VII    
  nyikae 10; 10; 9–11; 4; 2 Before song; rather strong
  nigrescens 10; 11; 7–12; 3; 1 Before song; rather strong
Clade IV    
  athi 12 strokes; 1 burst Before song
Clade I    
  hypermetra 7.7; 8; 7–8; 1; 1 During song (beginning immediately before or just after start of song); 

rather strong
  gallarum 14.5; 14.5; 10, 19; 2; 2 Mainly before song (ending just after beginning of song in one individ-

ual, ending after c. 1/3 of song in second individual; rather strong
Clade IIb    
  kidepoensis 18 strokes; 1 burst Separate from song; strong
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Figure 8. Summary of evidence. A, tree with support for different clades based on different datasets, labelled with the proposed new taxonomy. 
Symbols are explained at the top: black symbols = strong support; grey symbols = weak support; unfilled symbols = no support; white 
triangle with question mark = lack of data. *Restricted datasets were analysed for Corypha kidepoensis: only Cytb in the multilocus analyses, 
and a separate single nucleotide polymorphism (SNP)-based analysis not included in the principal component analysis (see main text). 
#Taxon featured in photograph. B, pairwise differentiation between all taxa, based on mitochondrial DNA, genome-wide SNPs, plumage, 
morphometrics, song and other behaviour. The full key and an example are at the top of the panel. For photograph credits, see Figure 4.
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by Alström et al. (2023). In that study, the divergence times 
between the clades corresponding to the present clades I–VIII 
were estimated at 3.5–5.7 Mya, with the divergence time be-
tween clades IIa (sharpii) and IIb (kidepoensis) 2.0 Mya (95% 
HPD 1.0–3.0 Mya). In comparison, the same study found 
four sympatric and six parapatric or narrowly sympatric lark 
species pairs that were more recently diverged than the eight 
primary Corypha clades, and two parapatric or narrowly sym-
patric species pairs that were more recently diverged than 
sharpii (IIa) and kidepoensis (IIb). For example, the divergence 
times between the species in the sympatric, but ecologically 
partly or largely segregated, and morphologically strikingly 
different sister pairs, Tibetan lark Melanocorypha maxima 
Blyth, 1867–Mongolian lark Melanocorypha mongolica (Pallas, 
1776) (Alström 2020a, 2020b), calandra lark Melanocorypha 
calandra–black lark Melanocorypha yeltoniensis (Cramp 1988, 
Shirihai and Svensson 2018) and Bengal bushlark Plocealauda 
(previously Mirafra) assamica (Horsfield, 1840)–Indian 
bushlark Plocealauda erythroptera (Blyth, 1845) (Alström 
1998, Rasmussen and Anderton 2012), were estimated at 2.7–
2.9 Mya.

Corypha a. tropicalis (Vb) exhibits fairly deep divergence from 
the africana clade (Va) in all analyses: 1.4 Myr in the SNAPP 
analysis and 1.6 Myr in the IQ-TREE analysis based on SNPs, 
and 3.0 Myr in the multilocus analysis. In the multilocus ana-
lysis by Alström et al. (2023), tropicalis is separated from afri-
cana + transvaalensis by 2.5 Myr, i.e. almost as anciently diverged 
as the sympatric P. assamica–P. erythroptera. Based on this alone, 
tropicalis might qualify for species status (but see below). Fairly 
deep divergences are also found within clades VI, VII and VIII, 
although not across all analyses.

In contrast to the above-mentioned deep divergences, C. ashi 
is essentially undifferentiated from C. somalica rochei and only 
weakly diverged from C. s. somalica in the SNP trees (Fig. 2A; 
Supporting Information, Figs S4–S6). The divergences among 
these three taxa are considerably deeper in the multilocus tree 
(Fig. 3). However, in the latter analysis the divergence between 
the two somalica samples is deeper than between ashi and rochei, 
indicating that these results should be viewed with caution. These 
results suggest that C. ashi should be treated as conspecific with C. 
somalica (see further under ‘Nomenclature’). Another surprising 
finding is the strongly supported sister relationship between C. 
hypermetra kidepoensis (clade IIb) and C. sharpii (clade IIa), based 
on a single Cytb sequence from the former (Fig. 3). Although the 
low whole-genome resequencing coverage of kidepoensis does not 
allow for the high-confidence SNP calling required for traditional 
nuclear phylogenetic analyses, the sister relationship to C. sharpii 
is corroborated by analyses showing that kidepoensis shares 
more nuclear alleles with sharpii than with hypermetra/gallarum. 
Accordingly, based on these results, kidepoensis should either be 
treated as conspecific with sharpii or as a distinct species (see fur-
ther under ‘Morphology and vocalisations’ and ‘Taxonomic and 
nomenclatural recommendations’).

Morphology and vocalisations
Based on a combination of plumage and structure, all taxa form 
groups that conform largely with the eight primary clades (I–
VIII). However, sharpii (clade IIa) does not clearly group with 
kidepoensis and kathangorensis (clade IIb) based on plumage, 

although morphometrics support this grouping. The similarity 
in plumage between kidepoensis/kathangorensis and hypermetra/
gallarum might be plesiomorphic, in which case the distinctness 
of sharpii is attributable to this taxon having diverged more in 
plumage than the others in clade I + II. This is a common pattern 
within Alaudidae, as suggested by Alström et al. (2013a). Some of 
the taxa currently treated as subspecies of C. africana are so strik-
ingly divergent from each other in plumage and structure that it 
is hard to understand on what basis they have been considered 
conspecific. For example, the large, proportionately short-
tailed and long-clawed nyikae is strikingly different in plumage 
and all other aspects from the small, relatively long-tailed and 
short-clawed kabalii, malbranti and irwini (Table 4; Supporting 
Information, Fig. S2; SM2, SM4 and SM5). The last three taxa 
are also markedly different from each other in plumage (Table 4; 
Supporting Information, Figs S2, S8; SM2, SM4 and SM5). In 
fact, the morphological differences across clades I–VIII are con-
siderably greater than the differences between some Palaearctic 
taxa that are treated as separate species, such as the Eurasian sky-
lark Alauda arvensis Linnaeus, 1758 vs. Oriental skylark Alauda 
gulgula Franklin, 1831 (Alström 2020c, Campbell et al. 2020), 
the Asian short-toed lark Alaudala cheleensis vs. Turkestan short-
toed lark Alauda heinei (von Homeyer, 1873) vs. Mediterranean 
short-toed lark Alaudala rufescens (Vieillot, 1819) (Alström et al. 
2021), and the greater short-toed lark Calandrella brachydactyla 
vs. Mongolian short-toed lark Calandrella dukhunensis (Sykes, 
1832) vs. Hume’s lark Calandrella acutirostris Hume, 1873 
(Stervander et al. 2016, 2020, Alström and Gombobaatar 2021, 
Alström and Sundev 2021, Shirihai et al. 2023). Nevertheless, 
plumage colours and patterns are known to be correlated with 
the substrate on which larks occur (Donald et al. 2017); there-
fore, differences in plumage on their own might not be con-
sidered very important.

Six of the eight primary clades (I, III–VII) are supported by 
the song analyses. This also applies to clade IIb, while no re-
cordings are available for the single taxon in clade IIa (sharpii). 
The songs of hypermetra/gallarum (clade I), somalica (clade III) 
and kidepoensis (clade IIb) are so markedly different in structure 
from the songs of the C. africana s.l. taxa (excluding the type 2 
song of athi, see below) that we measured partly different vari-
ables in these two groups and analysed them separately. In the 
LDA, hypermetra/gallarum, somalica and kidepoensis are well 
separated, with 89–100% of the songs correctly classified, and it 
seems likely that all could be identified by ear and examination 
of sonograms. However, our sample of somalica is rather small 
(26 unique strophes from seven individuals), and we have only 
two unique strophes from one kidepoensis and no ashi or rochei. 
Although we have sound recordings of only 13 of 23 taxa within 
C. africana s.l., and small series of several of these, the songs sup-
port four (IV–VII) of the five primary clades of C. africana s.l., 
with 83–96% of the songs correctly classified in the LDA. In the 
nigrescens clade (VII), 3 of 15 strophes were mis-classified as the 
kabalii clade (VI) based on the measured variables. However, 
these two are easily separable by examination of sonograms and 
by ear: nigrescens and nyikae in the former clade lack the distinct 
frequency modulations/thin rattles of kabalii and malbranti in 
the latter clade. The only primary clade that is poorly supported 
by song is the kurrae clade (VIII), with only 5.6% of the record-
ings correctly classified, while 78% are classified as the africana 
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clade (V). With respect to tropicalis/ruwenzoria (clade Vb), only 
66% of the songs are correctly classified, with 23% classified 
as the africana clade (Va). The taxon athi (clade IV) is further 
supported by having a second song type, which is more similar 
to some of the songs of hypermetra, gallarum, kidepoensis and 
somalica than to any of the other C. africana s.l. taxa (or to the 
usual, type 1 song of athi).

Given that songs are generally considered to be of great im-
portance for mate choice in passerine birds, hence for repro-
ductive isolation between species (Price 2008, Päckert 2018), 
they are highly relevant in taxonomic studies (reviewed by 
Alström and Ranft 2003). It might therefore seem surprising 
that the song of bamendae in the kurrae clade (VIII; no other 
taxa in this clade studied) exhibits particularly poor differenti-
ation from several other taxa, especially the africana clade (V), 
although clade VIII is consistently reconstructed as sister to all 
other clades, with a divergence time 4.9–6.8 Mya. However, sev-
eral sympatric lark species have extremely similar songs, e.g. the 
calandra lark Melanocorypha calandra and the bimaculated lark 
M. bimaculata (Ménétries, 1832), and the crested lark Galerida 
cristata) and Thekla’s lark G. theklae Brehm, AE, 1857 (Shirihai 
and Svensson 2018). It is evident that song evolution, like di-
vergence in other traits, does not proceed at equal rates across 
lineages. Lack of differentiation in songs should not be taken 
as evidence of lack of lineage divergence, whereas divergence 
in songs could indeed be evidence of lineage separation (cf. 
Sangster 2018). Moreover, given that nearly all taxa are para-/
allopatrically distributed, with the kurrae clade being particu-
larly isolated from the other clades (Fig. 1), there has been no 
opportunity for selection for reinforcement of differences (nor 
reinforcement of discrimination ability; Butlin 1987, Hudson 
and Price 2014).

Both the number of wing claps and the perceived strength 
and timing of the clapping in relation to the song differ among 
some of the taxa, further supporting the distinctness of some 
clades. However, field observations are lacking for 18 of the 31 
taxa, hence more work is needed. The behaviour to raise the 
crown feathers to form a small crest while singing also differs 
among taxa, although information is lacking for more than half 
of the taxa.

Nomenclature
The taxon irwini is usually not recognised (e.g. Clements et al. 
2022, Gill et al. 2023); however, the two specimens we have 
examined (NHMUK 1969.15.1 and NHMUK 1969.15.2, from 
Cuito-Canavale, Cuando-Cobango, Angola, i.e. an area from 
where the majority of the specimens mentioned in the type de-
scription originated; da Rosa Pinto 1968) are highly distinctive 
(Supporting Information, Fig. S2), and the genomic divergence 
from kabalii and malbranti is marked (Fig. 2A; Supporting 
Information, Fig. S6), and we therefore recognise this taxon. 
Nevertheless, it would be desirable to examine additional ma-
terial of this and geographically nearby taxa.

Corypha ashi, which is unanimously recognised as a spe-
cies in the literature (e.g. del Hoyo and Collar 2016, Clements 
et al. 2022, Gill et al. 2023), is here shown genetically to be 
poorly differentiated or undifferentiated from C. somalica 
rochei. Although the available specimens of ashi and rochei 

look different, the small sample sizes and different plumages 
(five fresh specimens of the former and one worn specimen of 
the latter) preclude judgement of these plumage differences. 
These samples were collected at the same locality (Uarsciek, 
also known as Warsheikh, ~60 km north-east of Mogadishu in 
southern coastal Somalia) and, with the exception of one rochei 
specimen that we have not examined (see Roche 1966), rep-
resent the entire collection of the taxa. We suggest that rochei 
should be treated as a synonym of ashi (both described in the 
same paper by Colston 1982).

Data-deficient taxa
For eight taxa, we have no sequence data (Table 2). For only 
one of these, isolata, we lack data altogether. This taxon was 
synonymised with transvaalensis by Peters (1960) without fur-
ther comments, although it is widely separated geographically 
from transvaalensis from southern Africa. It was recognised 
by Dickinson and Christidis (2014) with the comment ‘For 
recognition see Dean et al. 1992’. However, there are no com-
ments supporting this taxon in the referenced work (cited here 
as Dean and Keith 1992), only a four-word description that 
could match any taxon. The type description (Clancey 1956), 
which was based on ‘two freshly moulted examples’, does not 
indicate whether it really is distinctive or not, although it states 
explicitly that it ‘cannot be confused’ with nyikae. We tenta-
tively recognise it.

For two of the other taxa for which we lack molecular data 
(pallida and ruwenzoria) we have morphological, vocal and 
other behavioural data, which indicate strongly that they are 
closely related to the taxa in the africana clade.

With respect to ghansiensis, we have studied only two 
topotypical specimens, which are in very fresh plumage, un-
like the specimens of the adjacent grisescens and pallida that we 
have examined. This taxon was synonymised with pallida by 
Clancey (1956) without further comments, based on a total 
of four specimens of pallida including ghansiensis. However, it 
was recognised by, for example, Dean and Keith (1992) and 
Dean (2005). We tentatively recognise ghansiensis, because 
the two specimens we have examined are distinctive, al-
though they certainly appear to be closely related to the taxa 
in the africana clade.

For batesi and kathangorensis we have had access only to single 
specimens (holotypes of both; possibly the only specimens 
existing of these taxa), but their relationships as part of clade 
VIII and as sister to kidepoensis, respectively, are highly prob-
able based on morphology, and are also plausible based on geo-
graphical distributions (Fig. 1).

For gomesi we have had access only to photographs of a 
single specimen in the American Museum of Natural History, 
which resembles the geographically adjacent chapini to the 
extent that it might prove to be a junior synonym. However, 
while describing this taxon White (1944) noted that ‘150 
miles to the north occurs the totally different C. a. chapini 
Grant & Mackworth-Praed, of which I have now obtained 
further material from the north of Mwinilunga and north-
wards, close to its type locality, in the Katanga’. Moreover, 
Robert J. Dowsett (in litt.) considers it to be valid based on 
‘good series examined’.
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Taxonomic and nomenclatural recommendations
We propose that nine species should be recognised: C. kurrae, 
C. kabalii, C. nigrescens, C. africana (s.s.), C. athi, C. somalica, C. 
hypermetra, C. sharpii and C. kidepoensis (Fig. 8; Table 2). Most 
of these are supported congruently by multiple lines of evidence, 
most importantly deep divergence (Fig. 2) or/and paraphyly of 
the currently recognised species (Fig. 1), complemented by dif-
ferences in morphology (Fig. 4; Table 5; Supporting Information, 
Figs S2, S8; SM4 and SM5), vocalisations (Figs 5–7; Supporting 
Information, SM5) and other behaviours (Table 7). Among 
parapatric/sympatric taxa of different species, C. athi and C. 
a. tropicalis are the most similar in appearance (detailed in 
Supporting Information, SM5), especially in worn plumage, 
although their songs differ (Figs 5–7; Supporting Information, 
SM5). However, all nine proposed species are phenotypically 
diagnosable (summarised in Fig. 8; photographs in Supporting 
Information, Fig. S2; details in Supporting Information, SM5). 
Accordingly, they qualify as separate species under the general 
lineage concept (de Queiroz 1998, 1999, 2007) and the phylo-
genetic species concept (Cracraft 1989, 1997) and are appropri-
ately treated as species also under the biological species concept 
(Mayr 1942, 1963, 1969). Corypha ashi is ‘downgraded’ to sub-
species rank: C. somalica ashi (Fig. 8; Table 2).

The recommended taxonomy is supported further by the 
near-complete phylogenetic analysis of the family Alaudidae, 
including representatives for all the species proposed here 
(Alström et al. 2023). Our proposed species C. kidepoensis (with 
subspecies C. k. kidepoensis and C. k. kathangorensis) might be 
somewhat controversial. Our analyses conclude that kidepoensis 
is sister to sharpii and not to hypermetra/gallarum, with which 
it is usually considered to be conspecific. Although the phylo-
genetic analysis producing this relationship is based on the 
mitochondrial Cytb, it is corroborated by analyses of nearly 
34,000 SNPs. In addition, our single sound recording (two dif-
ferent strophe types) of kidepoensis is markedly different from 
the song of hypermetra/gallarum (100% correct classification 
in the LDA), and there are also plumage and structural differ-
ences from hypermetra/gallarum. The taxon kathangorensis is 
known from only a single specimen, the holotype, which is very 
similar in appearance to kidepoensis, and we therefore tenta-
tively include that as a subspecies of C. kidepoensis, while noting 
that larger sample sizes might even suggest that kidepoensis and 
kathangorensis are better treated as synonymous. Both kidepoensis 
and kathangorensis are separated geographically from hypermetra 
by the Eastern Rift Valley, while gallarum occurs also within the 
Eastern Rift Valley, yet still some ≥ 600 km away. As an alterna-
tive to species status for C. kidepoensis, one could treat it as con-
specific with C. sharpii, based on the sister relationship between 
these (clades IIb and IIa, respectively). However, the plumages 
of sharpii and kidepoensis/kathangorensis are markedly different 
in multiple aspects (Supporting Information, Fig. S2; SM5), and 
the divergence between kidepoensis and sharpii is fairly deep (es-
timated at 2.4 Mya based on Cytb), although shallower than the 
divergence between the narrow-sense africana clade (Va) and 
tropicalis (clade Vb) (see next paragraph).

The taxon tropicalis (clade Vb; including ruwenzoria, which 
we propose is better treated as a junior synonym of tropicalis, by 
priority; cf. Table 2) clearly represents a distinct lineage (i.e. a 

species sensu de Queiroz 1998, 1999, 2007). This is shown by 
fairly deep divergence from its sister clade, the narrow-sense 
africana clade (Va), in addition to divergence from the narrow-
sense africana clade in all other studied traits (Fig. 8) and widely 
allopatric distributions. However, the genetic divergence is con-
siderably shallower than among the species proposed in this 
study, except C. kidepoensis, and it is also rather poorly differen-
tiated in morphology, song and other behaviours from the taxa 
in the narrow-sense africana clade. In the study by Alström et al. 
(2023), tropicalis was almost as deeply diverged from africana/
transvaalensis as the most recently diverged sympatric lark spe-
cies pair. It clearly represents a borderline case with respect to 
species status, but we prefer to treat it as a subspecies of C. afri-
cana s.s.

The taxa nigrescens and nyikae are relatively deeply di-
verged in the multilocus analysis, but this is not supported by 
the SNP analyses. These taxa are data deficient, because we 
have examined only two specimens and photographs of three 
individuals of nigrescens and nine specimens and photographs 
of approximately seven individuals of nyikae, and only nine 
unique song strophes from nigrescens and six from nyikae. 
Their ranges are insufficiently known, and although their ele-
vational preference (> 2,000 m a.s.l.) and the topography of 
the region suggest they are likely not to be in contact, we lack 
data. Future research is needed, but at present, we treat them 
as conspecific.

We also offer suggestions for vernacular names in English, for 
both the proposed new species and the previously recognised 
species with new circumscriptions (cf. Table 2), sequentially or-
dered based on the ASTRAL topology and following the prin-
ciples of Fjeldså et al. (2020b):

(i) Highland lark for C. kurrae. The rather fragmented dis-
tribution across sub-Saharan West Africa to Sudan is  
restricted to areas of higher elevation than the surround-
ings, primarily between 500 and 1,600 m a.s.l.

(ii) Plains lark for C. kabalii. In those parts of the distribution 
for which we have more detailed information, the spe-
cies is typically restricted to large, open watershed plains 
(Frank Willems in litt., who coined this name).

(iii) Plateau lark for C. nigrescens. This species occurs very lo-
calised on high plateaus, almost exclusively > 2,000 m 
a.s.l.: C. n. nigrescens on Kitulo Plateau and other areas in 
the north-western parts of the Kipengere Range, possibly 
including the extension Poroto Mountains; C. n. nyikae 
on the Nyika Plateau.

(iv) Rufous-naped lark for C. africana (s.s.). The name was 
used for C. africana (s.l.) and is suggested to remain for 
the rather widely distributed southern African clade that 
contains the nominate of the wider-sense species.

(v) Sentinel lark for C. athi. Based on their sentinel-like pos-
ture on various prominent perches, this name, coined by 
Brian Finch (in litt.), has received support among orni-
thologists within the distribution range of C. athi.

(vi) Somali lark for C. somalica. The species has been referred 
to alternately as the Somali lark or Somali long-billed 
lark, of which we favour the former, in order not to imply 
a close relationship to Certhilauda species.
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(vii) Red-winged lark for C. hypermetra (s.s.). The name was 
used for C. hypermetra (s.l.) and is suggested to remain 
for the more widely distributed and well-known clade 
that contains the nominate of the wider-sense species.

(viii) Russet lark for C. sharpii (coined by Pamela C. 
Rasmussen). The upperparts of this species are col-
oured deep russet, with dark/black markings (cf. Figs 
4, 8; Supporting Information, Fig. S2).

(ix) Kidepo lark for C. kidepoensis. The name refers to 
Kidepo Valley, where the taxon was discovered and 
which has also provided its scientific species epithet.

CO N CLU S I O N
Our study highlights the lack of data in this species complex, 
especially on songs, other behaviours and distributions. We 
show that a range of strikingly diverse African taxa have previ-
ously been placed in a single umbrella species, C. africana s.l. 
Acknowledging this diversity and awarding appropriate taxo-
nomic status, we suggest that conservation assessments are car-
ried out urgently for some of the range-restricted and/or poorly 
known species. We hope that this paper will stimulate further 
interest in these birds, especially the ones that are still very 
poorly known (cf. Table 2), and deepen our understanding of 
various aspects of their biology and of biogeographical patterns 
and processes in Africa. The last word on the taxonomy of this 
complex has surely not been said.
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