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The Black Harrier Circus maurus is one of the three
rarest endemic avian species in South Africa (Curtis et al.
2004, Simmons et al. 2005), and certainly the rarest
endemic raptor. Global populations of breeding Black
Harriers are currently estimated at under 1000 mature
individuals, mostly in the Northern and Western Cape
(especially the south western corner: Curtis et al. 2004)
provinces of South Africa, and sighted less frequently in
the Eastern Cape and Kwazulu-Natal (Simmons et al.
2005). They nest primarily in protected areas and rem-
nant patches of renosterveld in the Overberg, which has
been highly fragmented by agriculture (Curtis et al.
2004), further reducing the suitable habitat for this spe-
cies. Recent satellite-tagging studies have revealed that
the birds in the Western Cape move freely to the east
of the country and may spend the summer in Lesotho
and the Free State (http://www.blackharrierspace.blog-
spot.com/). This suggests that the Eastern Cape and
Free State population is not independent of the Western
Cape core of the species’ distribution and that the world
population may be smaller than assumed (1000 adults).
These factors have led to the species’ recent reclassifica-
tion as Endangered in South Africa’s revised red data
book (M. Taylor in litt. 2012). With a small population
size, its increasingly degraded and fragmented habitat,
and satellite data suggesting that the core Western Cape
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population may be smaller than estimated, it has
become imperative to determine the species’ genetic
structure, to help ensure that divergent lineages are pro-
tected. Here, we assess the mitochondrial DNA
(mtDNA) genetic diversity for breeding adults sampled
throughout the species’ range and screened two nuclear
introns for a subset of the individuals.

METHODS

Moulted Harrier feathers have been collected over the
last decade from a number of nest-sites throughout the
species breeding range (Fig. 1): Western Cape (32 nest-
sites), Northern Cape (10 nest-sites) and the Eastern
Cape (three nest-sites). Each recently moulted feather,
mainly from the adult female, when collected was
labelled with date, GPS location and a unique nest num-
ber. The likelihood that the same bird was repeat-sam-
pled is low because unlike most other raptors, Black
Harriers rarely return to the same nest-sites each year.
For example, of 35 colour wing-tagged adult breeders
ringed and followed over the last 10 years, only one
male returned to the same nest in subsequent years and
only two females returned to the same nesting area (not
the same nest). Thus, the likelihood that unmarked
birds were being re-sampled is very low.

Total genomic DNA was extracted from feather
quills using a DNeasy Tissue Kit (Qiagen, Valencia, CA,
USA) with the addition of 20 uL of dithiothreitol
(DTT, 0.1 m). Prior to each extraction, the dedicated
laboratory workstation and all equipment were cleaned
using a bleach solution and UV light was applied to pre-
vent contamination. The eluted final volume was
100 uL.. We gathered sequence data from one of the
fastest evolving mitochondrial protein coding genes
(ATP6, 684 bp) and a contiguous portion of the CO3
(24 bp — the last bp of ATP6 and first bp of CO3 over-
lap), one autosomal intron (Vimentin intron-8) and one
Z-linked intron (BRM intron 15), using primer
pairs L9245-H9947 (Eberhard & Bermingham 2004),
BRMI15F-BRM15R  (Goodwin 1997), and Vim.8
F-Vim.9R (Kimball et al. 2009), respectively. The
thermocycling conditions were standard and included a
hotstart at 94 °C, an initial denaturation at 94 °C for
3 min, followed by 35-40 cycles at 94 °C for 40 s,
52-60°C for 30s, and 72 °C for 30-60s, and was
completed with an extension step at 72 °C for 5 min.
Purified PCR products were cycle-sequenced using the
Big Dye terminator chemistry (ABI, Applied Biosystems,
Foster, CA, USA) in both directions with the same
primers as used for PCR-amplification.

Standard genetic diversity statistics (number of segre-
gating sites S, haplotype diversity Hd, and nucleotide
diversity m) were estimated with DNASP v. 5.0 (Librado
& Rozas 2009).
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RESULTS

DNA extraction and sequencing were successful for 59
of the 84 feather samples. The complete mitochondrial
ATP6 and partial CO3 sequence was obtained from 50
individuals collected in 13 sites. The sample size varied
from one to 23 individuals per sampling locality. In
addition, partial sequences (250 bp) of mtDNA were
obtained from a further nine individuals. All individuals
possessed an identical mtDNA haplotype (GenBank
Accession: JX878406).
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Figure 1. Global distribution of the Black Harrier (Circus mau-
rus, squares indicate levels of occurence) from the Bird Atlas
of Southern Africa (Harrison et al. 1997) and sample localities
for feathers (dots).

Screening of individuals for the autosomal VIM
intron-8 (527 bp, 10 individuals from three sites; West
Coast National Park, Jakkalsfontein and Bitterriver) and
the Z-linked BRM intron-15 (350 bp, 10 individuals
from four sites; West Coast National Park, Jakkalsfon-
tein, Bitterriver, Bontebok NP) did not recover a single
nucleotide polymorphism.

Hence, based on the mtDNA data and the screening
of two introns from a subset of individuals, there
appears to be no genetic variation in the Black Harrier
across most of its breeding range.

DISCUSSION

Our screening for genetic diversity in both the mitochon-
drial and nuclear DNA genomes revealed the total
absence of genetic variation in the three loci sampled for
the Black Harrier, despite having sampled a significant
portion of the species range, including from the Overberg
(Western Cape) region where populations have probably
remained the most stable over time. A comparison of the
genetic diversity value obtained for Black Harriers in our
study with that of other raptor species of conservation
concern indicates that the total absence of variation is very
uncommon but not unique (Table 1). Indeed, given the
number of individuals sequenced to date, as well as the
geographical range we sampled, only the Galapagos Hawk
Buteo galapagoensis, where no variation was detected in
122 individuals over 1949 bp of the mtDNA Cyt-b, ND2
and the 5' region of CO1 (Bollmer et al. 2006), is likely to
have as limited genetic variation as the Black Harrier. Sev-
eral non-exclusive factors can explain this lack of varia-
tion, including (1) limited time since it diverged from its
closest relative for genetic variation to appear, (2) use of
an mtDNA locus with a substitution rate that is too
slow for variation to yet be detected, (3) a selective sweep

Table 1. Comparison of the genetic diversity present in Accipitridae taxa that have been studied to date.

Taxon N Nop Gene region N, 4 Population estimate Reference
Aegypius monachus 48 311 Cytb 7 Not presented 14 000-20000 mature Poulakakis et al. (2008)
Aquila adalberti 60 345 CR 3 0.00098 300-400 mature Martinez-Cruz et al. (2004)
Aquila heliaca 34 345 CR 7 0.00548 2500-9999 mature Martinez-Cruz et al. (2004)
Buteo galapagoensis 122 2860 Cytb, ND2, 7 Not presented 270-330 mature Bollmer et al. (2006)

CO1, CR
Circus maurus 50 707 ATP6, COS3 1 0 250-999 mature This study
Circus pygargus 284 2777 ND2,CO1 51 0.000826 > 10 000 Garcia et al. (2011)
Gypaetus barbatus 172 228 CR 50 0.0292 1300-6700 mature Godoy et al. (2004)
Haliaeetus albicilla 228 500 CR 13 0.0068 1300026 000 mature Hailer et al. (2007)
Haliaeetus leucogaster 128 553 CR 15 0.000806 670-6700 mature Shephard et al. (2005)
Harpia harpyja 66 400417 CR 22 0.00763 20000-49999 Lerner et al. (2009)
Hieraaetus fasciatus 72 253 CR 4 0.00238 > 10 000 Cadabhia et al. (2007)
Milvus milvus 105 357 CR 10 0.0032 13000-41000 mature  Roques & Negro (2005)

N, number of individuals sampled; Ny, number of DNA base pairs; Gene region, mitochondrial gene analysed; Ny, number of haplo-
types; n, nucleotide diversity. Population estimates are based on www.birdlife.org.
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having acted upon the mtDNA, or (4) drastic population
size fluctuations over time.

Based on a Cytochrome-b phylogeny, the closest rela-
tive of the Black Harrier is the Cinereous Harrier C. cine-
reus which is restricted to South America, the latter
species clusters with the Pallid Harrier C. macrourus
from the Eurasian steppes and then the Hen C. cyaneus
Harriers (Simmons & Simmons 2000). The divergence
time within the whole group (about 1.9 Myr, Simmons &
Simmons 2000) is sufficient for mutational variation to
have appeared in the Black Harrier. The mitochondrial
locus we sequenced (ATP6 and partial CO3), although
relatively short (707 bp), is among the fastest in the mito-
chondria, often as fast as some Control Region domains
(Lerner et al. 2011, Pacheco et al. 2011). Hence, it is
likely that if variation was present, at least some would
have been detected with our sequencing effort.

The hypothesis of a strong selective sweep in the
mtDNA (Ballard & Rand 2005) is plausible. However,
based on the total lack of variation, such a selective sweep
must have occurred recently. One way to explore this
hypothesis further is to contrast the extent of genetic vari-
ation in the mitochondrial and nuclear genomes. If the
nuclear diversity is much higher than the mitochondrial
diversity, a selective sweep is likely. If both the mitochon-
drial and the nuclear genomes have low diversity, then it
is more likely that the lack of diversity in the population is
not due to selection but rather drift and fixation of alleles
at small population sizes, as is expected to occur during a
bottleneck. In our case, we did not detect a single nucleo-
tide polymorphism in the nuclear data set, a result that
suggests that mtDNA and nuclear DNA results are con-
cordant and hence that a selective sweep on the mtDNA
is unlikely to have occurred.

Our final hypothesis centres on demographic fluctua-
tions and recovery from a substantial bottleneck. Indeed,
because of their reliance on mice, numbers of which
may fluctuate with rainfall, harrier populations are
expected to fluctuate over time. This may explain the
changes reported during the 20th century when the spe-
cies was variously described as going extinct or increas-
ingly numerous (van der Merwe 1981).

In conclusion, our current data favour the hypothesis
of a lack of phylogeographical structure within this
range-restricted species, although we can at present not
conclusively exclude the hypothesis of a selective sweep
having occurred on the mtDNA due to having sampled
only two nuclear DNA loci, although from disparate
chromosomes (Z and chromosome 2). Future efforts are
needed to analyse more individuals from the eastern
(Free State/Lesotho) part of the species’ range as well as
make use of microsatellite loci to assess the extant level
of gene flow among different localities.
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