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ABSTRACT

The evolutionary relationship between African kestrels, and their radiation
across the Indian Ocean islands has attracted much debate from both
evolutionary biologists, and conservationists tasked with recovering the
endangered island forms. A molecular cytochrome-b phylogeny of African
kestrels has delivered a novel perspective on the distinctiveness of several
mainland and endemic island kestrels. The molecular phylogeny supports an
Old World origin for typical kestrels, and indicates a recent radiation of
kestrels from Madagascar towards Mauritius and the Seychelles. The earlier
arrival of kestrels on Mauritius appears consistent with the cessation of major
island-forming volcanic activity there, whereas colonisation of the Seychelles
appears compatible with the Pleistocene emergence of smaller islands. The
different history of island isolation experienced by the Mauritins and
Seychelles forms provides an ideal framework in which to compare
morphological and ecological change. The molecular phylogeny reveals the
Mauritius Kestrel to be the most evolutionarily distinct of the two island forms,
whereas wing morphology and prey choice illustrate parallel forest-dwelling
adaptations on both islands for ambush-style hunting of endemic Indian Ocean
Phelsuma geckos. The molecular study underlines the conservation priority
that has ensured the successful recovery of the Mauritius Kestrel, and reveals
ecological patterns and processes elsewhere.

INTRODUCTION
Traditionally, the uniqueness - or biodiversity value - of an endangered
species has been based upon a culmination of ecological, morphological, and
behavioural comparisons with the remaining species in the genus. However,
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there is mounting recognition that measurement of the evolutionary
distinctiveness of an endangered species should be taken into account when
prioritizing cases for conservation. The increasing availability of molecular
data and modern methods for reconstruction of phylogenetic histories has
enabled evolutionary distinctiveness per se to play a role in defining the
priority status of endangered species (Caccone et al. 1999; Soltis &
Gitzendanner 1999). Considerable debate surrounds the application of this tool
(Erwin 1991; Vane-Wright et al. 1991; Williams er al. 1994; Faith 1994,
Williams & Humphries 1994); should we favour those lineages that represent a
unique evolutionary trajectory, or conserve phylogenetic diversity per se?
(Bennett & Owens 2000). The need to address this question for endemic island
species appears to be particularly important, since islands harbour unique
evolutionary processes, and are often species-poor, but rich in endemic forms
(Whittaker 1998). In today’s climate of ‘rapid-response’ conservation, the
onset of a recovery initiative for an endangered species is rarely a logical
consequence of detecting a unique evolutionary history. However, here we
apply ecological and morphological data, retrospectively, to a molecular
phylogeny to illustrate where the restoration of an endangered raptor on
Mauritius has helped to maintain evolutionary and phenotypic diversity.

Recovery of the Mauritius Kestrel

Once the world's rarest bird, with a wild population of four known
individuals in 1974 (Temple 1974, 1977), the restoration of the Mauritius
Kestrel Falco punctatus to 400-500 birds by 1997, and to 600-800 birds by
2003 (Jones pers. com.m.) has been regarded as a dramatic success (Safford &
Jones 1997; Groombridge et al. 2000). The Mauritius Kestrel is a small Indian
Ocean falcon endemic to Mauritius. Formerly distributed throughout the island
(McKelvey 1977; Temple 1977; Jones 1987), this species' range was restricted
to the island’s mountainous areas by early this century, following human
colonisation and the intensive cultivation of lowland areas (Jones 1987).
Pesticide contamination during an anti-malaria campaign from 1948-70
brought about the catastrophic decline of the kestrel population (Cheke 1987;
Safford & Jones 1997). By the 1960s the kestrel was regarded as critically
endangered (Brown & Amadon 1968), before the wild population crashed to
only four known birds (Temple 1974, 1977). Consequently, the Mauritius
Kestrel became the focus of intensive conservation efforts, and from 1974 to
1988 five adult Mauritius Kestrels, seven fledglings and 14 individuals from
wild-laid eggs were taken from the wild to initiate a captive population. A ten-
year (1984-94) programme of captive-breeding and reintroduction was
implemented (Jones et al. 1995). By 1994 a total of 331 kestrels had been
successfully reintroduced, many of which moved into new areas of habitat. By
1997 the total wild population was thought to be over 400 birds (Safford &
Jones 1997), and consisted of the original western population, derived from
wild and reintroduced birds, and a separate eastern — and small northern -
population established entirely from reintroduced birds.

Alongside the intensive conservation efforts since 1973, ecological studies
of the Mauritius Kestrel have revealed considerable specialization for prey
choice and morphological differences which have fuelled considerable interest
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in the evolutionary relationship of the Mauritius Kestrel to other kestrel species
world-wide (Temple 1977; Boyce & White 1987). Temple (1977, 1978) could
only imply an African origin for the Mauritius Kestrel, regarding the species as
too specialised to enable closer origins to be suggested, but Jones & Owadally
(1985) proposed the Seychelles Kestrel F. araea and Mauritius Kestrel as sister
taxa with relatively recent origins. The relative distributions of the Mauritius,
Seychelles, and Madagascar Kestrel F. newroni within the Indian Ocean has
suggested an eastern radiation from mainland Africa. However, inferences
regarding the phylogenetic origins of these kestrels based on their plumage and
morphological comparison has required validation from independent
information on their evolutionary history.

History of the Seychelles Kestrel

The Seychelles Kestrel is the only diurnal raptor endemic to the islands of
the Seychelles archipelago and was first described by Newton (1867). In
contrast to the migratory habits of many typical kestrels, the Seychelles Kestrel
is sedentary (Brown & Amadon 1969). Both adult sexes have near-identical
plumage, of which diagnostic features include creamy-buff, unspotted
underparts, a pure grey-coloured head and rump, a rich reddish-brown back and
wing-coverts sparsely spotted with black, and a grey tail with five black bands.
The eye is dark brown, and the cere, eye-ring, legs and feet are bright yellow
(Watson 1981).

The Seychelles archipelago consists of both granitic and coralline islands,
with the largest island (Mahé) being 145 km? in size, and supporting a mixture
of upland ‘mountain’ forest, and open lowland forest, both types being heavily
degraded and restructured forms of a historical native forest ecosystem that
occurred on the pristine Seychelles islands (Sauer 1967; Vesey-Fitzgerald
1940). The impacts of increasing settlement on the Seychelles since human
colonisation in 1770, and subsequent clearance of native forests there for
commercial forestry and agriculture during the 18™ and 19" centuries, have
followed a pattern of historical deforestation similar to that imposed on
Mauritius (Cheke 1987). The Seychelles Kestrel population has had to contend
with the same negative impacts from introduced mammalian predators and
competitive avian species as the Mauritius Kestrel; including rats Rattus rattus,
feral cats Felis catus, and introduced Indian Mynah birds Acridotheres tristis.
Barn Owls Tyto alba were introduced to the Seychelles islands in the 1950s,
and are likely to have brought equally serious ecological implications, being
both a predator on young and adult Seychelles Kestrels, as well as competing
for available nest sites. Several authors believed that the Seychelles Kestrel
was at one time close to extinction (Crook 1960; Fischer et al. 1969; Gaymer et
al. 1969), but this historical rarity was not confirmed by systematic population
survey. Gaymer er al. (1969) suggested a total population size below 30 birds
in 1965, whereas later surveys counted 49 pairs (Feare et al. 1974). More
recently, Watson (1981) used data on home range size and available habitat
area to suggest that the largest island of Mahé alone could hold 370 kestrel
pairs. Conservation measures for this species have included translocation of
individuals from Mahé to unpopulated outer islands in 1977 to form breeding
subpopulations there, and these efforts have proved successful (Watson 1989).
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The surveys by Watson (1991) suggested a total population size of 420 pairs
for the Seychelles Kestrel, and the most recent surveys by Kay (2002) have
confirmed that current population size may be similar to estimates made the
mid-1970s.

Characteristics of the Indian Ocean island kestrels

Generally, there exists a degree of plumage dimorphism between the sexes
of kestrels, but this feature does not always show an identifiable geographic
pattern within the typical kestrels. Some kestrel species show a very distinctive
plumage pattern for each sex, such as the Common kestrel F. ftinnunculus,
Australian kestrel F. cenchroides and Lesser Kestrel F. naumanni, but in
others, both sexes share a plumage pattern typical of either male (dark morph
Madagascar and Seychelles kestrels), or female (light morph Madagascar,
Mauritius, Moluccan [F. moluccensis], Greater [F. rupicoloides] and Fox
kestrels [F. alopex]; Cade 1982; Village 1990). This tendency observed in
some kestrels of a shift towards either typical male- or female (or juvenile)-
type plumage is particularly interesting with regard to those kestrels endemic to
Madagascar, Mauritius and the Seychelles, where the ancestral route of
radiation between these islands may have played a role. Based on
morphological comparison alone, the Mauritius and Seychelles kestrels are
both thought to be derived from the Madagascar Kestrel (Benson & Penny
1971; Jones & Owadally 1985), but the Seychelles Kestrel is more similar in
appearance to that of the Madagascan species than the Mauritius Kestrel
(Benson 1967; Benson & Penny 1971; Jones 1987). The Madagascar Kestrel
exists as two colour morphs, which are not sex-linked; a dark phase and a light
phase (Siegfried & Frost 1970), and plumage comparison implies that the
Mauritius Kestrel originated from the pale phase and the Seychelles Kestrel
from the dark phase (Watson 1981).

Classically, kestrels are small, long-winged, long-tailed, short-toed faicons,
of which the kestrel group comprises 13 species, which together have a global
distribution that spans both New and Old Worlds (Boyce & White 1987,
Village 1990). Despite the high diversity observed within morphological
characters across all typical kestrels, ecological and morphological studies
suggest that the Mauritius Kestrel appears to be more highly adapted to forest-
dwelling compared to other typical kestrels. Two morphological characters
serve to illustrate the most distinctive differences of the Mauritius form in
comparison to other kestrels and falcons; wing shape and tarsus length. The
Mauritius Kestrel is a medium-sized kestrel, and possesses shorter, broader,
more rounded wings and longer tarsi and toes than those of other kestrel
species. Short, rounded wings are a characteristic most commonly associated
with hawks of the genus Accipiter, a genus widely-recognised as containing
typical forest-hunting specialists, but this trait is also evident in both the
Mauritius and Seychelles island forms, as well as in the New Zealand Falcon F.
novaeseelandiae. The particular wing-shapes of the Mauritius and Seychelles
forms are unusual in kestrels but typical of other forest raptors (Jones 1987),
and would suggest an adaptation for heightened agility when pursuing prey
through thick forest canopy. The tarsus of the Mauritius Kestrel is long, being
approximately 32% longer than that of the European kestrel, and only 6%
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shorter than that of the forest-hunting Accipitrines (Jones 1987). The increase
in tarsus length (and an associated leg length) is assumed to be an adaptation
for snatching prey off exposed branches, or extracting captured prey from thick
vegetation. The Seychelles Kestrel is approximately 25% smaller than the
Mauritius form (Jones 1987), but also displays these adaptations for forest-
living to varying extents. Behavioural studies, and surveys of prey type and
density by Watson (1981) indicate that this island kestrel hunts predominantly
Phelsuma and Mabuya lizards, which are relatively common on the Seychelles.

In this paper, we summarize our knowledge of the evolutionary history of
the Mauritius and Seychelles kestrels inferred from a recent molecular study by
Groombridge et al. (2002); we combine morphological data from Jones (1987)
and Watson (1981) with more recent data to point out characteristics of the
ecology and morphology of these two island kestrel forms, and draw parallels
between their biological differences, and their respective ancestral origins, in
the context of the evolution and conservation of the Indian Ocean kestrels.

METHODS

Phylogeny reconstruction

Briefly, DNA was extracted from fresh blood and feather material obtained
from the following species; Mauritius, Seychelles, Madagascar, Greater, Lesser,
Australian, and Common kestrels, as well as from the South African Rock Kestrel
F. t rupicolus, and Canary Islands subspecies F. t. canadensis and F. t. dacotiae
(see Figure 1: can, dl and d2 respectively). Appropriate portions of the mtDNA
cytochrome-/) gene were amplified using the avian cytochrome-ft primers L-14990
and H-16065 for most kestrel taxa (Desjardins & Morais 1990). However, species-
specific PCR primers based on conserved sequence alignment were designed for
the Seychelles and Madagascar kestrels (Groombridge et al. 2002). Internal
sequencing primers used for all species in this study were as follows; L-14996 (5'
AACATCTCAGCATGATGAAAYTTYGG 3'; R. Thomas, pers. comm.)-, L-
15212 (Baker et al. 1995); L-15656 and H-15914 (Helm-Bychowski & Cracraft
1993). Additional species-specific internal sequencing primers were designed for
the Seychelles and Madagascar kestrels (Groombridge et al. 2002). The products
were analysed by gel electrophoresis on an automated DNA sequencer (Applied
Biosystems 377). Accuracy of gene sequence was confirmed by aligning multiple
over-lapping fragments from forward and reverse sequencing reactions, such that
each position of the gene was sequenced 3-4 times. Positioning for correct reading
frame was verified by alignment with chicken Gallus gallus mtDNA sequence
positions 14995-16020 (Desjardins & Morais 1990). Suitable candidates for
outgroups within the family Falconidae were chosen from Genbank; western
Redfooted Falcon Falco vespertinus (FVU83311), and American Kestrel
(FSU83306). Phylogenetic analyses were carried out using PAUP* (Swofford
1997), and involved distance, parsimony and maximum likelihood analyses. A
more detailed description of DNA extraction methods, details of PCR
amplification and sequencing, and phylogenetic reconstruction are given in
Groombridge et al. (2002).
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