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Abstract

Diederik Cuckoo (Chrysococcyx caprius) is a widely distributed species that occurs south of
the Sahara Desert and migrates seasonally between breeding and non-breeding sites. It is
currently unknown if the species consists of a single panmictic population or if it is genetically
structured. To investigate this, we analysed sequence variation in three mitochondrial and two
nuclear gene regions in combination with morphological measurements in specimens from four
localities. Phylogenetic relationships were estimated using maximum likelihood methods and
included specimens of Klaas’s Cuckoo (Chrysoccyx klaas), Red-chested Cuckoo (Cuculus
solitarius) and African Cuckoo (Cuculus gularis) to characterise levels of genetic
differentiation. Haplotype networks and analysis of molecular variance were used to
characterize the spatial distribution of genetic diversity. Lastly, a principal component analysis
was performed to investigate morphological variation among localities based on selected
characters. Molecular analysis identified two mitochondrial lineages that were syntopic (i.e.,
samples collected from the same locality in South Africa either grouped with clade one or two).
The magnitude of divergence between- vs. within-clades was low (0.4-1%), but significant
(Fst: 0.84-0.88). Lack of apparent phylogeographic structure provides support for the absence
of physical barriers to gene flow. Further, morphological analyses did not show any pattern of
variation among lineages. The emergence and persistence of shallow mitochondrial divergence
among sympatric lineages in Diederik Cuckoo may possibly be attributed to maternal

divergence in host selection of these brood parasites.

Keywords: Phylogeny, genetic diversity, population structure, mtDNA, nuclear DNA

Introduction

The subfamily Cuculinae includes 54 species that are distributed across Europe, Africa, Asia
and Australasia (Pratt and Beehler 2014). Thus far, only a few of these species such as Common
Cuckoo (Cuculus canorus) and some of the Australian Cuckoos have been the subject of
intensive study. Cuckoos vary in appearance but are often slender, long-tailed, zygodactyl birds
(Aragoén et al. 1999). The bills are stout, generally with a hooked tip. They vary considerably
in size, ranging from 15 - 63 cm, with little sexual dimorphism in size. However, in some cases,
depending on the genus, males or females can be larger. Old World Cuckoos are parasitic
breeders that lay their eggs in the nests of other birds with some being reported to be host
generalists while others are specialists (Johnsgard 1997). Host species for several cuckoos are

not known, however in general, hosts are smaller than the cuckoo itself and include
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insectivorous species of moderate size such as babblers and shrikes or of small size such as
warblers, chats, pipits, weavers, and sunbirds (Davies 2010). The Common Cuckoo parasitizes
over 100 species across its range, however in any single locality only a few species are
parasitized (Marchetti et al. 1998). Several young cuckoos eject the host eggs or host young
out of the nest. The Asian Koel (Eudynamys scolopacea) and Channel-billed Cuckoo
(Scythrops novaehollandiae) are examples of cuckoos that do not eject due to the large size of
the host species and may be raised alongside host young (Payne 2005). In these cases, cuckoos
may outcompete host chicks for food leading to their death. In species where cuckoos are raised
with host chicks, more than one cuckoo egg will be laid in each nest (Davies 2010). Depending
on species, cuckoo eggs may closely match host eggs in colour and size or may not match at

all.

The genus Chrysococcyx includes 15 species, four of which occur in Africa and the remainder
occur in southeast Asia and Australasia. Several African species show seasonal movements
between breeding and nonbreeding grounds within Africa known as intra-African migration
(Moreau 1972). The Diederik Cuckoo is a widespread species, occurring from western to
eastern Africa and most of southern Africa (Fry et al. 1988). Information on the migratory
behaviour including timing and duration of migration between breeding and non-breeding
grounds of this species is limited and is mainly based on species occurrence data. It has been
reported that Diederik Cuckoos were almost absent in southern Ghana during September and
October (Macdonald 1980). Diederik Cuckoos migrate to southern Africa from central or
eastern Africa (September to October) but may arrive a month later depending on the onset of
rain (Macdonald 1980, Hockey et al. 1989). They spend approximately six months in southern
Africa and depart in April, breeding between November and April. Diederik Cuckoos regularly
migrate seasonally, however, it is unknown if individuals from different populations in Africa,
migrate to the same breeding or non-breeding areas. Satellite telemetry has revealed that the
African Cuckoo (Cuculus gularis) breeds in central Nigeria and then migrates to Cameroon
and western Central African Republic at the beginning of the dry season in central Nigeria.
Migratory routes were variable between birds, but individuals demonstrated high fidelity for
non-breeding grounds (Iwajomo et al. 2017). However, intra-African migration is a diverse and
complex process which can vary considerably between species. In addition, intra-African
migration may be severely impacted by habitat loss. The tropics are expected to lose extensive
amounts of biodiversity due to anthropogenic-induced climate change (Alroy 2017). It has been

reported that half of the known migratory birds are still flying historical migratory routes when
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compared to 30 years ago (Kirby et al. 2008). Although, there are several data deficiencies in
the species’ assessment (IUCN 2016), the Diederik Cuckoo is currently listed as ‘Least
Concern’ due to their large geographic range, across a wide range of habitats (forest-edge,
semi-desert, and woodland habitats) in nearly all temperate and tropical biomes within Africa
(Rowan 1983, Fry et al. 1988) (Figure 1). Our study aims to investigate for the first-time genetic
differentiation and morphological variation among populations of Diederik Cuckoo from
southern, western and eastern Africa using three mitochondrial (mtDNA) markers
(Cytochrome c oxidase subunit I (COI) and the rRNA genes (128, 16S)), two nuclear genes (j3-
fibrinogen exons 5 and 6 (FIBS) and recombination activating 1 (RAG1) gene), and five

morphological characters.

Materials and methods

Study sites and sample collection

Trapping was conducted using varying numbers and arrays of mist nets, with species-specific
playback, during morning (06h00 — 10h00) and evening (15h00 — 18h00) sessions. Between
December 2015 and January 2019, 54 Diederik Cuckoos were trapped as part of a larger study
on intra-African migratory birds. Sampling localities for Diederik Cuckoos were: West Africa
(Jos, Nigeria, n = 9 and Damongo, Ghana, n = 3), East Africa (Entebbe, Uganda, n = 3) and
Southern Africa (Limpopo Province, South Africa, n = 39). Additionally, blood samples were
also collected from three closely related African cuckoo species (Klaas’s Cuckoo
Chrysococcyx klaas (n = 4); Red-Chested Cuckoo Cuculus solitaries (n = 7) and African
Cuckoo Cuculus gularis (n=1)). Generally, samples were collected during the breeding season
across the sub-regions. Trapped birds were ringed using individually coded aluminium rings
that followed the ringing scheme in each country. The aluminium rings ensured individuality
of samples as well as the identification of individual birds if later re-trapped. Biometrics and
ring numbers were uploaded to the South African Bird Ringing Unit (SAFRING) online
database. Blood samples were collected using the brachial venipuncture method with 27-gauge
needles and 100 pl capillary tubes, and the blood samples were stored in lysis buffer (Seutin et
al. 1991). All collected biological materials were stored at the Biobank of the South African
National Biodiversity Institute (SANBI). The project was registered and approved as P14/23
by the Research and Ethics Committee (RESC) of SANBI. Permission to do research in terms
of Section 20 of the Animal Diseases Act, 1984 (Act No. 35 of 1984) was issued by the
Department of Agriculture, Land Reform and Rural Development (DALRRD). A dispensation
on Section 20 approval in terms of the Animal Diseases Act, 1984 (Act No. 35 of 1984) was
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also issued by DALRRD to store the samples collected for the project at the SANBI Wildlife
and Conservation Biobank. The lead bird ringer on the project was licensed in accordance with
the South African Bird Ringing Unit (SAFRING), and collection permits (ZA/LP/93056;
ZA/LP/WMD/1257; CPM 36408) were secured from the Limpopo Provincial Department of
Economic Development, Environment and Tourism during each sampling year. Blood samples
were collected under South African Veterinary Council (SAVC) authorisation (AL17/15903).
Additionally, support for sampling was obtained from relevant national and local authorities in

Nigeria, Ghana and Uganda.

Morphological data collection

All trapped individuals were weighed and measured (mass (g), wing, tail, tarsus and head
length (mm)) before blood samples were collected, and immediately released after sampling.
Mass (g) was measured either using a spring balance (bird is weighed in the bird bag and the
bird bag is weighed afterwards to determine the mass of the bird) or a digital scale (small plastic
container was tared before each measurement, then the bird was placed in the container and
weighed). Wing length (mm) was measured using a wing rule, placing the bend of the wing
against the top of the rule, flattening the wings and feathers so that the measure is maximised,
and taking the reading from the tip of the longest wing feather (the primaries). Tail length (mm)
was measured using a flat rule and taking the measurement from the base of the tail to the tip
of the longest tail feather. Head length (mm) was measured using a digital caliper, and the
measurement was taken from the back of the skull to the front of the skull. This measure
excludes the length of the culmen from the total head length. Tarsus length (mm) was measured
using a digital caliper, and the measurement was taken from the notch on the metatarsus (where
it meets the tibiotarsus) to the top of the bone above the bent toes. Morphological measurements

have been included in SAFRING.

Molecular methods

Genomic DNA was successfully extracted from 56 out of 66 specimens of four species of
cuckoos from two genera: 1) Diederik Cuckoo (Chrysoccyx caprius), 2) Klaas’s Cuckoo
(Chrysoccyx klaas), 3) Red-chested Cuckoo (Cuculus solitaries) and 4) African Cuckoo
(Cuculus gularis) (Table 1). DNA was extracted from blood samples using the Quick-DNA
Miniprep Plus Kit (Zymo Research) following the manufacturer’s instructions. The extracted
DNA was quantified using a Nanodrop™ 1000 Spectrophotometer (Thermo Fisher Scientific)

and samples were stored at -20°C until further laboratory work. Portions of three mitochondrial
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DNA genes and two nuclear genes were targeted from the cuckoo DNA samples.
Mitochondrial gene regions included: Cytochrome oxidase 1 (COI: BirdF1, 5’-
TTCTCCAACCACAAAGACATTGGCAC-3’ and BirdR1, 5’-
ACGTGGGAGATAATTCCAAATCCTG-3’; Hebert et al. 2004), the 16S ribosomal RNA
gene  (16S:  16S-f, ,5’-CGCCTGTTTAACAAAAACAT-3’, and 16S-r, 5’-
CCGGTCTGAACTCAGATCACGT-3’; Miya and Nishida 1996) and the 12S ribosomal RNA
gene (12S: 12S-f , 5°- TGACTGCAGAGGGTGACGGGCGGTGTGT -3’ and 12S-r, 5’-
AAAAAGCTTCAAACTGGGATTAGATACCCC -3’; Kocher et al. 1989). We targeted two
nuclear gene sites, namely the B-fibrinogen gene, intron 5 (FIB5) using the primers FIB5 (5°-
CGCCATACAGAGTATACTGTGACAT-3’) and FIB6 (5°-
GCCATCCTGGCGATTCTGAA-3’; Marini and Hackett 2002). Secondly, we targeted the
Recombination  activating gene 1 (RAGl) using the RAG-1-F1 (5’-
GATTCTGTCACAACTGTTGGAGT-3’), and RAG-1-R2 primers (5°-
TCCCACTTCTGTGTTAGTGGA-3’; Gardner et al. 2010). Amplification of the various gene
regions was conducted using Tag DNA Polymerase 2x Master Mix RED (Ampligon) at a final
concentration of 1.5 mM of MgCl,, 0.2 mM of each dNTP, 0.05 M Tris/HCI pH 8.5, (NH4)2SO4
and 0.1 units pul!' Taqg DNA polymerase. Additionally, 0.1 uM of the forward and reverse
primers and 2-4 ul of DNA template (50 ng/ul) was added and the mixture was made up to
final reaction volume of 15 pl with ddH>O. Targeted gene regions were amplified in a
SimpliAmp thermocycler (Thermo Scientific, California, USA). The PCR protocol consisted
of an initial cycle of 5 min at 95°C followed by 35 cycles of 95°C for 30 s; 50-60°C for 30 s
and 72°C for 30 s, with a final extension step of 72°C for 10 min. Amplification was confirmed
by agarose gel electrophoresis on a 2% gel (140 volts (V) for 30 min). The PCR products were
purified using 5 U of Exonuclease I (Thermo Fisher Scientific) and 1 U FastAP™
Thermosensitive Alkaline Phosphatase (Thermo Fisher Scientific) incubated at 37°C for 15
min, followed by 85°C for 15 min. The cycle sequencing reactions were prepared using the
BigDye™ Terminator kit 3.1 (Applied Biosystems) as per manufacturer’s instructions. The
amplification conditions were as follows: 4 min of initial denaturation at 94°C, followed by 40
cycles of 85°C for 10 s, at 53°C for 10 s, and 60°C for 2 min 30 s. Cycle sequenced products
were purified using BigDye™ Xterminator Sequencing clean-up Kit (Thermo Fisher
Scientific) as per manufacturer’s instructions. Briefly, samples were added to 45 ul SAM™
solution along with 10 ul of the BigDye Xterminator™ solution and were shaken at 2000 rpm
for 30 min at room temperature. Sequences were visualised on the ABI PRISM 3500 Genetic

Analyser (Thermo Fisher Scientific).
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Phylogenetic and sequence comparison analyses

All sequences have been deposited in GenBank (Accession no’s 0OQ067723-0Q067764,
0Q068504-0Q068540, 0Q147134-0Q147180 and OQ158800-0Q158828). Forward and
reverse sequences were edited and aligned to create a consensus sequence in Geneious R10.2
(Biomatters inc.) using the default settings (Kearse et al. 2012). Not all gene regions were
successfully sequenced for every individual (Table 1). All sequences were manually trimmed
and checked for ambiguous peaks. To test for nuclear mitochondrial pseudogenes (numts), we
searched for stop codons, insertions and/or deletions and double peaks in the COI region, and
insertions and/or deletions and double peaks in 12S rRNA and 16S rRNA. Further,
phylogenetic trees of individual gene regions were assessed for long branches and/or deep
divergence, outside the clade of other sequences of the same species which may identify
sequence errors, incorrect sequence assembly and/or numts (Sangster and Luksenburg 2021).
Sequence polymorphic sites in nuclear genes corresponding to heterozygous individuals were
coded with the International Union of Pure and Applied Chemistry (IUPAC) ambiguity codes.
Phylogenetic relationships were reconstructed using the maximum likelihood (ML) method,
separately for the nuclear and mtDNA genes. Reference sequences were obtained from the
National Centre for Biotechnology Information (NCBI) GenBank. Published reference
sequences used for each gene region is indicated in Table 1. The quality of the forward and
reverse sequence reads was assessed using Geneious® v. 10.0.9, before being assembled into
consensus sequences for alignments. We determined the best fitting substitution model in
MEGA7 (Kumar et al. 2016). Phylogenetic relationships were reconstructed by the ML method
based the Kimura 2-parameter (K2) model for 125, the K2 model + gamma (G) for 16S and
the K2 model for the concatenated mitochondrial dataset. The Tamura 3-parameter (T92)
model was used for RAGI. Branch support values were estimated using non-parametric
bootstrap with 1,000 replicates. To estimate phylogeny for FIBS, we used a hierarchical
Bayesian inference (BI) approach as implemented in MrBayes 2.1 with the phased haplotype
data only (see below) and C. klaas haplotypes treated as outgroup. Each run consisted of four
simultaneous Markov chain Monte Carlo (MCMC) chains with a length of 1 million
generations. Trees were sampled every 1000 generations with the first 20% discarded as burn-
in with MCMC, to approximate the posterior probabilities of the trees. The T92 + G model was

subsequently used to generate the ML tree.

Inter- and intraspecific p-distances between subspecies and lineages were calculated using ML

genetic distance in MEGA7. Population genetic diversity measures for the mtDNA and nDNA
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sequence datasets for number of haplotypes (H), haplotype diversity (Hd), polymorphic sites
(S), nucleotide diversity (), and levels of gene-flow were all calculated using DNASP 6.12.03
(Rozas et al. 2003). Haplotype reconstruction for both gene regions were done using the median
joining network (Bandelt et al. 1999) using POPART (Leigh and Bryant 2015). The nuclear
DNA sequence was only analysed after phasing the data using the algorithms provided by
Stephens et al. (2001) and Wang and Xu (2003) for heterozygous sites (polymorphic nucleotide
positions) in DNASP. The pairwise number of differences which can reflect patterns of
population dynamics were estimated through mismatch distributions in DNASP and the test of
neutrality (Tajima’s D and Fu’s F statistic) in Arlequin 3.5.2.2 (Schneider et al. 2000). Analysis
of Molecular Variance (AMOVA) was used as implemented in Arlequin 3.5.2.2 to estimate
hierarchical partitioning of genetic variation by testing hypotheses about genetic variation and
geographic differentiation among the localities of the Diederik Cuckoo (South Africa versus
East and West Africa using 10,000 permutations. To test for genetic and population
differentiation (for populations with more than five individuals only) and among the clades of
the Diederik Cuckoo, Fst pairwise comparisons were computed using Arlequin with 1,000

permutations.

Morphometric analysis

Principal component analyses (PCA) were generated using ggplot2 (Wickham 2016) in R
v.4.1.3 to explore morphometric measures. The sample set included 39 (75%) males, 11 (21%)
females and 2 samples were of unknown sex (4%). Morphometric measures (Tarsus length,
wing length, head length, tail length, and mass) were compared between the samples collected
from various localities (Ghana, Nigeria, South Africa and Uganda), the sex (male and female)
of the animals, and the two ‘clades’ identified via our phylogenetic analysis and haplotype
mapping. To determine whether there were any significant differences in the means of
morphological characters between locations, sexes, and clades not evident from the PCA
analyses, we conducted a Kruskal-Wallis test in Microsoft Excel for Windows XP Professional.

This non-parametric test was chosen as head length and mass were not normally distributed.

Results

Mitochondrial analysis

Phylogeny, diversity and genetic distance

Here, we identified double peaks and long branches for COI which were attributed to numts

(Sangster and Luksenburg 2021), thus this region was excluded from further analysis as their
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presence may confound results. Numts and sequence errors were not identified for 12S or 16S.
The ML tree identified monophyly of Chrysococcyx caprius (99% bootstrap support) with
Chrysococcyx klaas as a sister taxon (Figure 2). Within C. caprius two divergent lineages (well
supported monophyletic clades) were identified for both 12S and 16S (Figure 2, Supplementary
Figures 1 and 2) with high bootstrap support (100%). The first clade included birds from South
Africa (Limpopo), Ghana, Uganda and Nigeria whereas the second clade only consisted of
individuals from South Africa (Limpopo). Moderate to high Hd (0.4 to 0.75) and low = (0.0011
to 0.0047) was detected (Table 2). The 12S rRNA and 16S rRNA genes showed an absence of
differentiation between localities (Fst = 0.048 to 0.082, p >0.05), however significant
differentiation for both gene regions were identified between clades (Fst = 0.84 to 0.88, p <
0.05) (Table 2). The distribution of haplotypes among localities for the concatenated dataset
were associated with the two clades identified by the phylogenetic analysis. In clade 1,
haplotypes H1 and H3 were shared amongst localities whereas H4 consisted of only South
African individuals. Clade 2 consisted of haplotypes H2 and H5 and were only detected in birds
from South Africa (Limpopo, Figure 2). For the 12S rRNA dataset, clade 1 had three
haplotypes that included individuals from all four localities (Supplementary Figure 2). The
most common haplotype (H4) was shared among all localities, while the other two were private
being restricted to Nigeria and South Africa (Limpopo). The 16S rRNA network (Clade 1) had
two shared widespread haplotypes and only one private haplotype (H3) restricted to South
Africa (Limpopo). Clade 2 was more restricted, with all haplotypes in both 12S rRNA and 16S
rRNA networks being detected in individuals from South Africa (Limpopo) only, suggesting
some genetic sub-structure (Supplementary Figure 1). However, this clade was only
represented by one haplotype in the 16S rRNA dataset while three haplotypes were identified
in the 12S rRNA dataset. Tajima’s D (Clade 1: -0.67 and 0.94, Clade 2: -1.23 and 0.00) and
Fu’s Fs neutrality tests (Clade 1: -0.63 and 0.87, Clade 2: -0.92 and 0.00) were positive and
negative respectively for each clade (Table 2A) and the mismatch distribution analysis

(Supplementary Figure 3A) was bimodal for both mtDNA gene regions.

Pairwise interspecific genetic distance between Chrysococcyx klaas and C. caprius varied from
2.6-6.9%, depending on the mtDNA gene region analysed (Table 4A and B) whereas genetic
distance between species of Chrysococcyx and Cuculus varied between 3.9-14.5%. Pairwise
intraspecific genetic distance between sampling localities (South Africa, Nigeria, Uganda and
Ghana) of C. caprius varied from 0-0.4%. The pairwise genetic distance between clades 1 and

2 was 0.4% for 12SrRNA and 1% for 16S rRNA (Table 4A and B).
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Nuclear analysis

Phylogeny and diversity

A total of 55 sequences from four geographic populations were analysed for the nuclear DNA
sequence dataset (Table 1). The resulting ML trees for the two nuclear gene regions, FIB5 and
RAGI, were similar in that there was no clustering by locality (Supplementary Figures 4 and
5). For each of the nuclear trees generated, there was no clustering by sampling locality.
However, as with the mtDNA trees Chrysococcyx klaas was placed as closely related to
Chrysococcyx caprius. Similar to mtDNA analysis, nuclear DNA haplotype diversity was high
(0.72 and 0.86). The FIBS dataset identified 21 haplotypes connected in a star-like network
with no more than eight inferred mutational changes to connect any pair of haplotypes. Six
haplotypes were shared and fifteen were restricted to localities (Supplementary Figure 4). In
RAGT one haplotype (H2) was widespread being shared among all localities (Supplementary
Figure 5). There was evidence of genetic substructure based on private haplotypes (H1, H3,
H4, H5 and H6) identified in the South African (Limpopo) samples and in a single sample from
Nigeria (H7). Tajima’s D and Fu’s Fs neutrality tests varied per locality and overall was
positive and negative (0.60, -1.00 and -0.83, -0.08, respectively; Table 2B). As with the

mtDNA dataset, the mismatch distribution analysis (Supplementary Figure 3B) was bimodal.

Phylogenetic analysis reconstructed similar topology, irrespective of the data set used (mtDNA
or nuclear DNA; Figure 2, Supplementary Figure 5A), with a basal split between Cuculus
species and a branch consisting of the two Chrysococcyx species (C. klaas and C. caprius). The
arrangement of Cuculus species differed between data sets, most likely due to the absence of
all related sub-family Cuculinae species reference sequences for each region to verify

phylogenetic relationships.

Morphometric analysis

The principal component analysis used five morphometric measures and did not identify
differences between locality (Figure 3A), sex (Figure 3B) and clade (Figure 3C). The sum of
all the eigenvalues gave a total variance of 5 (PC1 =1.73, PC2 =1.19, PC3 =0.97, PC4 =0.74
and PC5 = 0.37). The first and second principal components contained 34.67% and 23.74% of
the variation. In all cases, the first and second principal components accounted for 58.41% of
the variance and this percentage was considered large enough to explain the whole dataset.

Other PC combinations do not show any discernible differences (Supplementary Figure 6).
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With regards to locality (Figure 3A), there was little morphological variation with sample
overlap among all localities; however, some variation is visible between Nigerian and South
African birds along PC1. Some individual South African birds showed longer tarsus and wing
length and higher mass, whereas certain Nigerian birds displayed shorter tarsus and wing length
and lower mass. Tail and head length were similar among individuals for all locations. There
was no clear cluster separation when distinguishing samples by sex (Figure 3B). Lastly,
individuals from Clade 1 were highly scattered, with little morphological differentiation
between the clades (Figure 3C). The Kruskal-Wallis test indicated statistical significant
difference in tarsus length between Ghana and South Africa (p = 0.019) and between Nigeria
and South Africa (p = 0.003) as well as statistical significance in wing length between Nigeria

and South Africa (p = 0.008) and Uganda and South Africa (p = 0.045).

Discussion

Our study provides new insights into the population structure of Diederik Cuckoo, using
samples located in the northern and southern distribution of their range and a combination of
genetic markers. Nuclear phylogenetic trees were shallow and network analysis for both FIB5
and RAG1 gene regions identified private and shared haplotypes that did not correlate either
with geography or lineages identified by mtDNA markers. AMOVA showed non-significant
genetic variation among populations, indicating that most genetic variation exists within
populations (Table 3). A shallow phylogenetic tree and star-like haplotype network may
suggest a recent population expansion (Richards et al. 1998) leading to homogeneity across
populations. Although lack of differentiation was observed for nuclear markers, two sympatric
lineages in South Africa were identified based on mtDNA analysis. This finding may be

attributed to yet undetermined selective pressures acting on populations of Diederik Cuckoo.

Morphological characters and lack of phylogeographic structure between geographic regions
Lack of morphological differences were detected between sexes of Diederik Cuckoo. It has
been previously reported that in several Old-World Cuckoos, instead of selection on males to
become larger, both sexes are slightly smaller with the evolution of brood parasitism (Kriiger
et al. 2007). Here, there was little morphological variation with sample overlap among all
localities, however, tarsus and wing length were significantly shorter in birds from Nigeria,
Uganda and Ghana compared to South Africa. Larger-bodied birds have been reported at higher
latitude, whereas wing length may be influenced by external factor such as adaptation to local

environment. Shorter wings may be selected due to greater requirements for manoeuvrability
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at breeding sites with high predation rates (James 1970, Alatalo et al. 1984). Here, lack of
phylogeographic structure was observed between populations located in the northern and
southern distribution which may be attributed to high levels of contemporary gene flow and
dispersal, or populations may have only recently been isolated and still share substantial
amounts of ancestral variation. Limited data is available describing the migratory behaviour of
Diederik Cuckoo. Intra-African migration varies greatly between species (Cox et al. 2011, Cox
et al., 2013) and certain species are altitudinal migrants while other species are long-distance
migrants moving across the continent. It is likely that Diederik Cuckoo are long-distance
migrants, which is supported by the identification of vagrants. Using Ethiopia as a passage
(Figure 1), Diederik Cuckoo has been reported in Cyprus, Israel and Saudi Arabia (BirdLife
International, 2023). It is currently unknown if extralimital records of birds in Saudi Arabia are
vagrant individuals or uncommon summer breeders. Slatkin (1987) reported that even sporadic
long-distance migration may be sufficient to prevent substantial genetic differentiation via
genetic drift. Presence of morphological differentiation in the absence of phylogenetic structure
may be attributed to morphological differences being ecophenotypic and not based entirely on
genetic differences (James 1983) or may be due to rapid evolution of genes responsible for
morphological differences over a time scale that is too short for mtDNA to detect geographic

differentiation (Ball et al. 1988).

Cuckoo molecular divergence

Phylogenetic analysis of mtDNA sequences identified the existence of two lineages (Clades 1
and 2, Figures 2A and B) within Chrysococcyx caprius. Clade 1 includes birds that are
distributed across the continent (Uganda, Nigeria, South Africa and Ghana) whereas Clade 2
is limited to birds collected from South Africa. In a single location in South Africa (Limpopo),
the two sympatric lineages were detected. Divergent but sympatric mtDNA lineages within a
single species is considered rare; however, it has been previously described in various groups
including birds (Quinn 1992, Spottiswoode et al. 2011, Hogner et al. 2012, Block et al. 2015),
mammals (Hoelzer et al. 1994) and invertebrates (Xiao et al. 2012, Giska et al. 2015). In birds,
divergent mtDNA lineages (approximately 2% sequence divergence) have been identified in
the Savannah Sparrow (Passerculus sandwichensis), a widespread North American Songbird
(Zink et al. 2005), and in a Madagascan bird species, the spectacled tetraka (Xanthomixis
zosterops), where sympatric mtDNA haplotypes (approximately 5% sequence divergence) has
been described (Block et al. 2015). In both cases, an absence of phylogenetic groupings was

observed in the nuclear genome (Zink et al. 2005, Block et al. 2015), similar to what has been
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identified in our study. Benham and Cheviron (2019) further investigated patterns of divergent,
sympatric mtDNA lineages in the Savannah Sparrow and identified that divergence most likely
arose from a single large and panmictic population rather than due to a pattern of isolation
followed by secondary contact and admixture. In the study presented here, pairwise genetic
distance was low and was estimated to be between 0.4 to 1.0% between divergent mtDNA
lineages, whereas within-lineages genetic distance varied from 0-0.1%. Genetic distance
identified in this study was lower than reported for other avian species with range-wide
sympatry of two divergent mtDNA lineages. For example, Hogner et al (2012) identified two
mtDNA haplogroups in Common Redstart (Phoenicurus phoenicurus) with an estimated
divergence of 5%. However, genetic distances based on analysis of mtDNA is reported to be
highly variable between avian sister-species (0.78% to 11.77%; Tavares and Baker, 2008)
making taxonomic delineation complicated. Thus, in this study due to lack of morphological
differences between clades, low genetic distance in mitochondrial genes and absence of genetic
variation in nuclear genes, we currently do not support the classification of lineages as separate

species or sub-species.

Here we hypothesise that genetic divergence of populations within a brood parasitic species
might (1) reflect geographic divergence as in any avian species or (2) be a consequence of
specialization on and adaptation to different host species. It is unlikely that geographic barriers
are driving genetic divergence within Chrysococcyx caprius as genetic structure was not
associated with geographic locality. It may additionally be unlikely that sympatric individuals
in South Africa might represent different breeding populations that are temporarily in contact
during part of the annual cycle. Migrant Diederik Cuckoo arrive in South Africa between
September and October and approximately a month later courtship displays, and egg-laying
occurs after which the males take up territories and call continually until February (Reed 1968).
In this study, sampling in South Africa occurred during and directly after breeding between
November and January. However, aggregation in South Africa of different populations of
Diederik Cuckoo could arise due to high food availability that attract individuals from multiple
breeding locations, thus it cannot be excluded that the divergent lineage may represent birds
arriving in South Africa from an unknown locality. In regard to the second hypothesis,
divergence could be at the population level and contribute to speciation. For example, the
African Indigobirds (Vidua spp.) are host-specific brood parasites that have developed
behavioural mechanisms (e.g. mimic mouth markings and song of their hosts) that has led to

reproductive isolation and differentiation in allele frequencies in both nuclear and
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mitochondrial DNA (Sorenson et al. 2003). Alternatively, divergence could be present only
among female lineages, for example female host-specific races via mimicry of host egg
coloration has been documented in Common Cuckoo and Cuckoo Finch (Fossgy et al. 2016,

Gibbs et al. 2000; Spottiswoode et al. 2022).

Cuckoos are obligate brood-parasites that lay their eggs in the nest of other bird species. In
order to avoid rejection by the host species, cuckoos display a strong selection for egg mimicry
(Dawkins and Krebs, 1979). In general, female cuckoos are reported to show high fidelity for
a single host species, whereas males will mate with females irrespective of their preferred host
species. However, a further study conducted by Fuisz and de Kort (2007) suggested that in
Common Cuckoos (Cuculus canorus), non-random mating may occur since females prefer the
call of male cuckoos from their own habitat. In support of this finding, Fossgy et al. (2011) and
(2016) identified significant genetic differentiation at both nuclear (microsatellites and W-
linked CHD-W gene) and mtDNA markers in sympatric populations of Common Cuckoos with
different host preferences resulting in the separation of immaculate blue eggs from brown
speckled eggs. Furthermore, Spottiswoode (2010) reported that eggs found in the nests of
different host species differed significantly in shell thickness (eggshell strength) among gentes
of Chrysococcyx caprius. In Diederik’s Cuckoo, approximately 24 authenticated host species
have been described in southern Africa; however, only six species are generally parasitised:
Cape Sparrow (Passer melanurus), Cape Weaver (Ploceus capensis), Southern Masked
Weaver (P. velatus), Spotted-backed Weaver (P. cucullatus), Yellow Weaver (P. subaureus),
and the Southern Red Bishop (Euplectes orix; Payne 1967, Reed 1968, Jensen and Vernon
1970, Rowan 1983). The Red Bishop is the most commonly targeted (Payne 1967, Jensen and
Jensen 1969) as this species’ breeding season is similar to the Diederik Cuckoos (Craig 1982,
Ferguson 1994). The breeding season of Weaver and Sparrow hosts occur a few weeks prior
to the migration of Diederik Cuckoo to southern Africa (Reed 1968, Rowan 1983, Maclean
1993). There is the potential that divergent lineages observed in this study may be associated
with variation in host species selection. However, further analysis would be required in order
to confirm this hypothesis. Genetic samples from Diederik Cuckoo collected from host species
should be conducted in order to determine if divergent lineages are specific to host species.
Although nuclear sequencing showed a lack of differentiation, further analysis such as
sequencing of the W-linked gene (CHD-W) or next generation sequencing with a larger sample

set, may determine the likelihood of divergent lineages being associated with either female
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fidelity or non-random mating. To support this line of enquiry, analysis of variation in male

calls should be conducted since no significant morphological features could be distinguished.
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640  Tables

641  Table 1. The cuckoo samples included in our genetic-based analyses, with the unique sample

642  and ring numbers (or Genbank accession numbers), gene regions successfully sequenced, and

643  sampling localities for each individual. Reference sequences obtained from National Centre for

644  Biotechnology Information (NCBI) GenBank are also shown.
Common name Latin name Sex Sample 125 165 | FIBS | RAG1 | Measure |y o oities Ring Co-ordinates

number ments number

African cuckoo Cuculus gularis Female NO06 No Yes Yes No - Ghana D69104 N ? 79 0995’ W;’;;:‘S’
Diederik Cuckoo Chrysococcyx caprius Male CKO030 Yes Yes Yes Yes Yes Ghana T000601 N 10790995’ W3031 ;fgr
Diederik Cuckoo Chrysococcyx caprius Male NO5 No No Yes Yes Yes Ghana 4A58729 N 10790995’ W3031 ;fgr
Diederik Cuckoo Chrysococcyx caprius Male CKO025 Yes Yes Yes Yes Yes Nigeria 4A58728 N 10509?2’ E 2;5;%8’
Diederik Cuckoo Chrysococcyx caprius Male CKO026 Yes Yes Yes Yes Yes Nigeria 4A58726 N;]?B?T E 39804%8’
Diederik Cuckoo Chrysococcyx caprius Unknown CKO027 Yes Yes Yes Yes Yes Nigeria 4A58730 N(()]79°3§ v E 250038’
Diederik Cuckoo |  Chrysococeyx caprius Male CK028 Yes Yes | Yes Yes Yes Nigeria Ea6117 | N 879 35 | E 25058
Diederik Cuckoo Chrysococcyx caprius Male CK029 No No Yes Yes Yes Nigeria 4A58729 N 10 g ‘2)32’ E ?22%8’
Diederik Cuckoo Chrysococcyx caprius Male CKO031 No Yes Yes Yes Yes Nigeria 4A58727 N305901 ?2’ E 2304%8’
Diederik Cuckoo | Chrysococcyx caprius Female NO7 Yes No Yes Yes Yes Nigeria anss7az | N 30;) 1 20 | E 23 0453 '
Diederik Cuckoo Chrysococcyx caprius Male NO8 No Yes Yes Yes Yes Nigeria 4A58745 N305901 ?2’ E 2504?8’
Diederik Cuckoo Chrysococcyx caprius Male CKO001 Yes Yes No No Yes South Africa 4A58708 s 2(2)051,,8’ E ;3 00%1 ’
Diederik Cuckoo |  Chrysococeyx caprius Male CK002 Yes Yes | Yes Yes Yes South Africa | 4A58709 | S ;2)518 E 53 02 I
Diederik Cuckoo Chrysococcyx caprius Male CKO003 Yes Yes Yes Yes Yes South Africa 4A58710 S %g 05},9’ E ;3 03% v
Diederik Cuckoo Chrysococcyx caprius Male CK004 Yes Yes Yes No Yes South Africa 4A58711 S 35021,6’ E ig 03},9’
Diederik Cuckoo Chrysococcyx caprius Male CKO005 Yes Yes Yes Yes Yes South Africa 4A58712 S 3204},8’ E 521908% v
Diederik Cuckoo | Chrysococeyx caprius Female CK006 Yes Yes Yes Yes Yes South Africa | 4A58713 S 32418 E 521982 v
Diederik Cuckoo Chrysococcyx caprius Male CKO007 Yes Yes Yes Yes Yes South Africa 4A58714 S ?3012,,0’ E 32 00%0’
Diederik Cuckoo | Chrysococeyx caprius Male CK008 Yes Yes | Yes Yes Yes South Africa | 4A58715 | S %2073"0, E f5932 v
Diederik Cuckoo | Chrysococeyx caprius Male CK009 Yes Yes | No Yes Yes South Africa | 4A58716 | S f?oﬁ‘,‘,“' E Zgos‘,‘,g
Diederik Cuckoo Chrysococcyx caprius Male CKO010 Yes Yes Yes Yes Yes South Africa 4A58717 S %09%,0’ E 32089 I
Diederik Cuckoo Chrysococcyx caprius Male CKO11 Yes Yes Yes Yes Yes South Africa 4A58718 S ?‘3‘02%,0’ E fg 04(,), I
Diederik Cuckoo Chrysococcyx caprius Male CKO012 Yes Yes Yes Yes Yes South Africa 4A58719 S 3304%,0’ E fzog(,), I
Diederik Cuckoo Chrysococcyx caprius Male CKO013 Yes Yes Yes Yes Yes South Africa 4A58721 S 33‘351"0’ E %3 09(,), I
Diederik Cuckoo | Chrysococeyx caprius Male CKO14 Yes Yes | Yes Yes Yes South Africa | 4As58722 | S §‘9‘°099' E ;3 302
Diederik Cuckoo | Chrysococeyx caprius Male CKO15 Yes Yes | Yes Yes Yes South Africa | 4A58724 | S ;‘3‘061,,0' E ;3 80 v
Diederik Cuckoo Chrysococcyx caprius Male CKO16 No No Yes Yes Yes South Africa 4A58725 S ?2‘041,,0’ E 5204(,), I
Diederik Cuckoo | Chrysococeyx caprius Male CK020 Yes Yes | Yes Yes Yes South Affica | ) cenae S f2923 E 53 720
Diederik Cuckoo Chrysococcyx caprius Male CKO021 No Yes Yes Yes Yes South Africa 4A58736 S 5505%0’ E 5202},9’
Diederik Cuckoo | Chrysococeyx caprius Male CK024 No Yes | Yes Yes Yes South Africa | 4A58740 | S 42“2‘031,,0' E 53089, I
Diederik Cuckoo | Chrysococeyx caprius | Lomale N1l No No | Yes No Yes South Africa | 4A58755 | S fggw E ;g 52 I
Diederik Cuckoo Chrysococcyx caprius Male N12 Yes Yes No Yes Yes South Africa 4A58759 S %gog}?’ E gg 05% v
Diederik Cuckoo | Chrysococeyx caprius Male N13 No Yes | No Yes Yes South Africa | 4A58724 | S 5309},0' E 5280 I
Diederik Cuckoo Chrysococcyx caprius Male N14 No Yes No Yes Yes South Africa 4A58751 S ;go‘)}'or E 3208(’)’ I




Male

S22°43’

E 28° 46’

Diederik Cuckoo Chrysococcyx caprius N15 Yes Yes Yes No Yes South Africa 4A58762 132" 09 8"
Diederik Cuckoo Chrysococcyx caprius Female N16 No Yes Yes Yes Yes South Africa 4A58760 s %g 9},9 E ;g 5%1
Diederik Cuckoo Chrysococcyx caprius Male N18 No Yes Yes Yes Yes South Africa - - -
Diederik Cuckoo Chrysococcyx caprius Male N20 Yes Yes No Yes Yes South Africa 4A58753 § %g 9},9 E ;g 5%1
Diederik Cuckoo Chrysococcyx caprius Male N21 Yes Yes Yes Yes Yes South Africa 4A58750 S %g 9},9 E ;g 5%1
Diederik Cuckoo Chrysococcyx caprius Male N23 Yes Yes Yes Yes Yes South Africa 4A58747 S ;g 9},0 E 559 891
Diederik Cuckoo Chrysococcyx caprius Female N24 Yes No Yes No Yes South Africa 4A58768 S %g 24,‘,3 E ég 84,‘,6
Diederik Cuckoo Chrysococcyx caprius Unknown N26 No Yes No Yes Yes South Africa - - -

. . . Female . S 22°43’ E 28° 46’
Diederik Cuckoo Chrysococcyx caprius N27 No No Yes Yes Yes South Africa 4A58769 132" 09 8"
Diederik Cuckoo Chrysococcyx caprius Female N30 No Yes Yes No Yes South Africa - - -
Diederik Cuckoo Chrysococcyx caprius Female N31 Yes No Yes No Yes South Africa 4A58767 s ;g 9},0 E 559 891
Diederik Cuckoo Chrysococcyx caprius Male N32 Yes No Yes No Yes South Africa 4A58771 s 12§ 24,‘,3 E 598 84,‘,6
Diederik Cuckoo Chrysococcyx caprius Male NO2 Yes No Yes No Yes Uganda AB6992 NO (83 07 E 326%2 06
Diederik Cuckoo Chrysococcyx caprius Male NO3 Yes Yes No Yes Yes Uganda AB6993 NO (83 07 E32 6%2 06
Diederik Cuckoo Chrysococcyx caprius Male NO4 No No Yes Yes Yes Uganda AB6994 NO (83 07 E32 6%2 06
Klaas’s Cuckoo Chrysococcyx Klaas Male CKO022 Yes No Yes Yes - South Africa 4A58737 E 125 91,,9 E ;g 5%1
Klaas’s Cuckoo Chrysococeyx Klaas Male CK023 No No | Yes Yes South Africa | 4A58738 | S (zé 21,,6 Eig 3},9
Klaas’s Cuckoo Chrysococcyx Klaas Male N10 No Yes Yes Yes - South Africa C(C98403 s (2)5 21,,6 Eig 3},9

Red-chested Cuculus solitaries Unknown CKO17 Yes Yes | Yes No South Africa | 4Ass707 | S22 E28° 46

cuckoo 132 09 8

Red-chested Cuculus solitaries Male CKO18 Yes Yes | Yes Yes South Africa | 4Asg720 | S24°107 | E29°01

cuckoo 209 058
Red-chested Cuculus solitaries Unknown | 19 Yes Yes | Yes Yes South Africa | 4Asg7e3 | S24709" | E29°02
cuckoo 522 592
Red-chested Cuculus solitaries Unknown | \1r9/N28 Yes No Yes No South Africa | 4A58763 §24°09 E 29°02
cuckoo 522 592
Common cuckoo Cuculus canorus Unknown LN7314268 Yes GenBank
Common cuckoo Cuculus canorus Unknown MN70 61786 Yes GenBank
Common cuckoo Cuculus canorus Unknown EU7319243 Yes GenBank
Common cuckoo Cuculus canorus Xg\/ls(é(é915 3 Yes GenBank
Lesser cuckoo Cuculus poliocephalus KT3718620 Yes GenBank
Indian Cuckoo Cuculus micropterus MZOT8030 Yes GenBank
Black-billed Coccyzus AY274015 Yes GenBank
cuckoo erythropthalmus 1
645
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650
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654  Table 2. Genetic diversity indices for the different populations of Chrysococcyx caprius based
655  on (A) 12S ribosomal RNA subunits (369 bp) and 16S alignments (501 bp; separated by comma
656  respectively) and (B) B-fibrinogen exons 5 and 6 (FIBS, 536 bp) and recombination activating
657 1 (RAGI, 916 bp; separated by comma respectively). Pairwise comparisons (Fst) were only
658  calculated between South Africa and Nigeria. Values in bold are significant.

659 A
. No. of Haplotype No. of Nucleotide o,
Lglc;llcletsﬂ N haplotypes diversity polymorphic diversity Tajlll)na S FusF Fsr
(H) (Hd) sites (S) (m)
South 24, 0.0047, 0.27, 0.60,2.02 0.082,
Africa 29 >4 0.66,0.75 6,5 0.0039 1.13 0.048
Ghana 1,1 1,1 - - - - - -
L 0.0011, -0.81, 0.09,0.80 0.082,
Nigeria 5,6 2,2 0.40, 0.60 1,1 0.0013 145 0.048
Uganda 2,1 1,1 - 0, - 0, - - - _
0.0010, -0.67, -0.63,
Clade 1 24,30 3,3 0.36, 0.62 2,2 00016 0.94 087 0.88, 0.84
0.0016, -1.23, -0.92, -
Clade 2 7,7 3,1 0.52, 0.00 1,0 0.0000 0.00
31, 0.0041,
Overall 37 6,4 0.60, 0.72 7,5 0.0035 -1.13, 0.17,0.44 -
660
661 B
. No. of Hz'lplot?'pe No. of . Nucleotide o, R
Locality N haplotypes diversity polymorphic diversity () Tajima’s D Fu’s F
(H) (Hd) sites (S) y
South Africa 54,22 18,6 0.80, 0.41 16,11 0.0068, 0.0584  -0.42,-1.78 -6.80, -1.11
Ghana 4,1 4,1 1,1 10, - 0.0124, - 0.08, - -0.40, -
Nigeria 16,7 7,2 0.79, 0.29 1,2 0.0100, 0.0238  0.56,-1.24  0.62, 0.86
Uganda 4,0 2, - 0.50, - 7, - 0.0079, - -0.82,0 3.25, -
Overall 78, 30 26, 8 0.86, 0.72 54,5 0.0020, 0.0043  0.60, -1.00 -0.83, -0.08
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Table 3. Analysis of molecular variance (AMOVA) results (P<0 05) for (A) all populations
for the 12S and 16S gene dataset (separated by comma respectively), (B) the populations of C.
caprius for the FIB and RAGI data (separated by comma respectively). Values in bold are

significant.
A
Source of variation d.f. Sum of Variance Percentage of Fixation
squares components variation (ns) Indices
Among groups 1,1 1.81,1.53 0.33,0.33 44.70,41.6 Fer: 0.44,0416
Among populations within groups 2,2 0.08,0.50 -0.33,-0.34 -44.70, -43.2 Fsc: -0.81,-0.739
Within populations 28,33 20.92, 26.67 0.75,0.81 100.0, 101.5 Fsr: 0.00,-0.015
Total 31,36 22.81,8.70 0.75, 0.80
B
Source of variation d.f. Sum of Variance Percentage of Fixation
squares components variation (ns) Indices
Among groups 2,1 7.81,0.32 0.18,0.27 10.04, 48.72 Fer: 0.10, 0.487
Among populations within groups 1,1 1.28,0.04 -0.07,-0.33 -3.50, -59.69 Fsc: -0.42, -1.164
Within populations 74,27 127.35,16.44 1.72,0.61 93,110.97 Fsr: 0.06,-1.110
Total 77,29 136.44, 16.80 1.83,0.54

Table 4. Pairwise genetic distance between members of the genera Chrysococcyx, Coccyzus
and Cuculus for mt DNA sequences (A) 12S ribosomal RNA subunits (rRNA; 369 bp), (B)
16S rRNA (501 bp) and nuclear DNA sequences, (C) recombination activating 1 (RAGI; 916
bp) and (D) B-fibrinogen exons 5 and 6 (FIBS, 536 bp).

A



698
699

700
701

702
703

704

1 2 3 4 5 6
[1] Chrysococcyx caprius (Clade 1)
[2] Chrysococcyx caprius (Clade 2)  0.004
[3] Chrysococcyx caprius N/A N/A
[4] Coccyzus erythropthalmus 0.037 0.036 0.041
[5] Cuculus canorus canorus 0.041 0.041 0.046 0.008
[6] Cuculus solitarius 0.039 0.042 0.044 0.011 0.003
[7]1 Chrysococcyx klaas 0.026 0.027 0.029 0.054 0.056 0.056
B
1 2 3 4 5 6 7 8

[1] Chrysococcyx caprius (Clade 1)

[2] Chrysococcyx caprius (Clade 2)  0.010

[3] Chrysococcyx caprius N/A N/A

[4] Cuculus solitarius 0.139 0.145 0.140

[5] Cuculus gularis 0.143 0.141 0.143 0.018

[6] Cuculus poliocephalus 0.144 0.142 0.144 0.036 0.030

[7] Cuculus canorus 0.143 0.141 0.142 0.021 0.009 0.027

[8] Cuculus micropterus 0.143 0.141 0.143 0.020 0.015 0.027 0.006

[9] Chrysococcyx klaas 0.069 0.068 0.069 0.121 0.118 0.126 0.117 0.118
C

1 2 3 4 5 6

[1] Chrysococcyx caprius (Clade 1)

[2] Chrysococcyx caprius (Clade 2) 0.000

[3] Chrysococcyx caprius N/A N/A

[4] Cuculus solitarius 0.029 0.029 0.029

[5] Cuculus gularis N/A N/A N/A N/A

[6] Chrysococcyx klaas 0.018 0.018 0.018 0.018 N/A

[7] Cuculus canorus 0.032 0.032 0.032 0.004 N/A 0.040
D

1 2 3 4 5 6

[1] Chrysococcyx caprius (Clade 1)

[2] Chrysococcyx caprius (Clade 2) 0.000

[3] Chrysococcyx caprius N/A N/A

[4] Cuculus solitarius 0.049 0.049 0.049

[5] Cuculus gularis 0.055 0.055 0.055 0.012

[6] Chrysococcyx klaas 0.012 0.012 0.012 0.052 0.058

[7] Cuculus canorus 0.053 0.053 0.053 0.016 0.021 0.056




Figures
Figure 1. Map showing the distribution of Diederik’s Cuckoo (Chrysococcyx caprius) in
Africa (BirdLife International, 2023). Light green indicates native breeding sites, dark green

indicates native resident sites and purple indicates the migration passage

Figure 2. (A) Maximum likelihood phylogenetic tree indicating distribution of haplotypes
based on Diederik Cuckoo concatenated ribosomal RNA (12S and 16S) and the Kimura 2-
parameter (K2) model. Numbers below branches indicate bootstrap values (B) median-joining

network.

Figure 3. Scatter plot principal component analysis (PCA) representing the components
calculated for the morphometric measurements given for each of the Diederik cuckoo samples.
Every spot represents a bird, and every colour represents a (A) locality (GHA = Ghana, NIG =
Nigeria, RSA = South Africa and UGA = Uganda; ellipses are a visual grouping sign), (B) sex

(male, female and unknown sex) and (C) clade (clade 1, clade 2 and unknown samples).



Supplementary Material

Supplementary Figure 1. (A) Maximum likelihood tree of Diederik Cuckoo ribosomal RNA
(16S) based on the Kimura 2-parameter (K2) + gamma (G) model. Numbers below branches
indicate bootstrap values. (B) Maximum likelihood tree indicating distribution of haplotypes

and (C) median-joining network.

Supplementary Figure 2. (A) Maximum likelihood phylogenetic tree based on Diederik
Cuckoo ribosomal RNA (12S) and the Kimura 2-parameter (K2) model. Numbers below
branches indicate bootstrap values (B) Maximum likelihood tree indicating distribution of

haplotypes and (C) median-joining network.

Supplementary Figure 3. Mismatch distribution for the Diederik Cuckoo showing observed
and expected pairwise difference frequencies for concatenated datasets (A) mitochondrial and

(B) nuclear DNA.

Supplementary Figure 4. Maximum likelihood tree of Diederik Cuckoo based on the nuclear

datasets for (A) B-fibrinogen exons 5 and 6 (FIB5) and (B) Median-joining network of FIBS.

Supplementary Figure 5. Maximum likelihood tree of Diederik Cuckoo based on the nuclear

datasets for (A) recombination activating 1 (RAG1) and (B) Median-joining network of RAG1.

Supplementary Figure 6. Scatter plot principal component analysis (PCA) representing the
components calculated for the morphometric measurements given for each of the Diederik

cuckoo samples.



