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The Seychelles magpie robin Copsychus sechellarum is among the most threatened of the twelve
avian species endemic to Seychelles. Originally relatively abundant and widespread in Seychelles, its
population has severely diminished, mainly on account of introduced predators and habitat
destruction. The lowest count was recorded in 1965, when the number of birds was between eight
and fifteen, all confined to just one island. In 1990 a successful recovery program was implemented,
and the population has now recovered to approximately 150 birds on four islands. Translocations to
new islands are a major part of the recovery program. So far Seychelles magpie robins have been
translocated to three islands, and three more target islands still need to be chosen if the long-term
goals of the project are to be reached. Determining habitat suitability at the translocation target area
is essential before attempting a translocation. Cockroaches are a major part of the bird’s diet.
Cockroach abundance has been shown to be a good indicator of magpie robin habitat quality, but it is
very laborious and time consuming to measure. The objective of this study is to build a model that
can be used to predict cockroach abundance, and thereby Seychelles magpie robin habitat quality,
with relatively simple and inexpensive measurements.
The data for this project was collected on Cousin, Cousine and Aride islands in Seychelles during
October and November 2004. Several potential predictors of cockroach abundance were measured
using simple and low-cost methods. The measured variables were Seychelles skink Mabuya
sechellensis abundance, altitude from sea level, slope gradient, rock type, canopy cover, shrub
cover, litter depth, soil depth, the relative canopy cover of different tree species, and percentage of
ground covered by litter, rock, grass, woody vegetation and bare ground. These variables were
measured in several 25 × 25 m plots on each island. Cockroach abundance had been measured in
the same plots previously.
Several multiple linear regression models were built using these variables, with cockroach
abundance as the dependent variable. The Akaike Information Criterion was used to rank the models
and to find the most important explanatory variables. Stepwise regression was used as a secondary
method in order to see if two different methods point to the same result. Both methods indicated that
slope gradient and granitic rock type are the two most important predictors of those tested. These are
features that are invariably associated with granitic terrain, and both are positively correlated with
cockroach abundance. A simple comparison of average cockroach abundance between granitic and
coralline rock types also showed a significant difference, with granitic terrain providing higher
cockroach abundance.
The islands in Seychelles can be divided into two main categories: granitic and coralline islands.
Steep slopes and granitic rock are both features associated with granitic terrain and granitic islands
only. Therefore, based on the results of this study, granitic islands are likely to provide higher
cockroach abundance and thus better Seychelles magpie robin habitat quality. Hence it is
recommended that Seychelles magpie robin translocation efforts are focused preferentially on
granitic islands.
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Seychellienharakkarastas Copsychus sechellarum on yksi uhanalaisimmista Seychellien
kahdestatoista endeemisestä lintulajista. Ihmisasutuksen mukana tulleet petoeläimet ja
elinympäristön tuhoutuminen ovat aiheuttaneet alun perin suhteellisen yleisen lajin taantumisen
murto-osaan alkuperäisestä yksilömäärästä. Vähimmillään seychellienharakkarastaita oli
kahdeksasta viiteentoista yksilöä vuonna 1965, jolloin lajin levinneisyysalue oli jo kutistunut yhteen
saareen. Vuonna 1990 käynnistettiin lajin elvytysprojekti, jonka ansiosta lukumäärä onkin kasvanut
yhteensä noin 150 yksilöön neljällä saarella. Seychellienharakkarastaiden siirtoistutukset useammille
saarille ovat oleellinen osa projektia, ja tavoitteisiin kuuluu vielä siirrot kolmelle uudelle saarelle.
Kohdesaaren elinympäristön sopivuus lajille on varmistettava ennen siirtoa. Torakat muodostavat
suuren osan seychellienharakkarastaiden ruokavaliosta. Torakoiden runsaus on todettu toimivaksi
elinympäristön kelvollisuuden mittariksi, mutta niiden laskeminen on hyvin työlästä. Tämän
tutkimuksen tavoite oli luoda malli jonka avulla torakkarunsautta ja siten myös elinympäristön
sopivuutta voitaisiin ennustaa yksinkertaisin ja helpoin menetelmin.
Tutkimusaineisto kerättiin Cousin-, Cousine- ja Aride-saarilla vuoden 2004 loka- ja marraskuussa.
Yksinkertaisia ja edullisia menetelmiä käyttäen mitattiin monia vaihtoehtoisia torakkarunsautta
selittäviä tekijöitä. Mitatut muuttujat olivat torakoita syövän Mabuya sechellensis-liskon runsaus,
mittauspaikan korkeus, kaltevuus, kivilaji, latvuston tiheys, aluskasvillisuuden tiheys,
karikekerroksen syvyys, multakerroksen syvyys, eri puulajien suhteellinen osuus latvustosta sekä
karikkeen, kiven, ruohokasvillisuuden, puumaisen kasvillisuuden, kuolleen puuaineksen ja paljaan
maan peittävyysprosentit maastossa. Nämä mitattiin useassa 25 × 25 m ruudussa kaikilla
tutkimussaarilla. Torakoiden runsaus oli mitattu samoissa ruuduissa aiemmin.
Mitattujen muuttujien avulla muodostettiin useita monen muuttujan lineaarisia regressiomalleja,
joissa torakoiden runsaus oli selitettävä muuttuja. Akaiken informaatiokriteerin avulla mallit asetettiin
paremmuusjärjestykseen ja selittävät tekijät tärkeysjärjestykseen. Askeltavaa regressioanalyysia
käytettiin vaihtoehtoisena menetelmänä. Näin voitiin tarkistaa johtavatko erilaiset menetelmät
samaan lopputulokseen. Molempien menetelmien mukaan kaltevuus ja kivilaji ovat tärkeimmät
tutkituista selittäjistä. Nämä korreloivat positiivisesti torakkarunsauden kanssa. Keskimääräisen
torakkarunsauden vertailu graniitti- ja korallikivimaaston välillä osoitti että keskiarvojen ero on
tilastollisesti merkitsevä, ja että torakoita on enemmän graniittipohjaisessa maastossa.
Seychellien saaret ovat joko graniitti- tai korallipohjaisia. Suuret kaltevuudet ja graniittipohjainen
maasto ovat graniittisaarten ominaisuuksia. Siksi tämän tutkimuksen tulosten valossa graniittisaarten
torakkatiheys on todennäköisesti keskimäärin suurempi, ja näin ollen graniittisaaret ovat keskimäärin
parempaa elinympäristöä kuin korallisaaret. On suositeltavaa, että graniittisaaret ovat etusijalla
tulevia seychellienharakkarastaiden siirtoistutuksia suunniteltaessa.
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1. INTRODUCTION

1.1. Threatened island endemic birds
Of all avian species, those that are endemic to oceanic islands are the most susceptible
to extinction (King 1980; Johnson & Stattersfield 1990; Watson et al. 1992). The
great elephant bird Aepyornis maximus of Madagascar and the dodo Raphus
cucullatus of Mauritius (Johnson & Stattersfield 1990) are two of the more famous
examples of extinct island birds, whereas the Mauritius kestrel Falco punctatus
(Temple 1986; Jones et al. 1995; Jones & Swinnerton 1997), the Seychelles white-eye
Zosterops modestus (Feare 1975; Rocamora & Richardson 2003) and the Seychelles
magpie robin Copsychus sechellarum (Watson et al. 1992; Gretton 1993; Komdeur
1996; Norris & McCulloch 2003) are just a few examples of currently endangered
island endemics. In addition to these three species, the western Indian Ocean islands
support 23 other threatened bird taxa, including some of the smallest bird populations
in the world (Collar & Stuart 1985). Eight of them are endemic to Seychelles
(Stattersfield et al. 1998).

There have been three major causes of extinction of island endemic birds (Johnson &
Stattersfield 1990): Introduced species, especially mammalian predators, have been
responsible for the largest number of extinctions. Hunting comes second: as well as
hunting for food and feathers, this also includes collecting museum specimens.
Habitat destruction, mainly deforestation, has been the third most common cause of
extinction. In contrast, introduced species rank third among the factors affecting
currently threatened island endemic birds, after habitat destruction and limited range
(Johnson & Stattersfield 1990). The reason for the relatively low rank is presumably
the fact that most species susceptible to the current assemblages of exotic predators
have already been driven extinct (Blackburn et al. 2004).

One method of conserving endangered island species is translocation of birds to
islands which the species range does not extend to at present (Griffith et al. 1989;
Pullin 2002). This method has been used successfully in the conservation of species
such as the Seychelles warbler Acrocephalus sechellensis (Komdeur 1994) and the
2

Seychelles magpie robin (Norris & McCulloch 2003). The Seychelles warbler has
recovered exceptionally well, and the Seychelles magpie robin recovery program has
also been a success, but new translocation sites are still needed for the latter species
(IUCN 2004). Translocations, however, should not be undertaken without conducting
thorough research beforehand, especially in the case of endangered species (IUCN
1987; Scott & Carpenter 1987; Komdeur 1994), as every individual is irreplaceable.

According to research on the factors associated with successful translocations
(Griffith et al. 1989; Komdeur 1994; Wolf et al. 1996; Wolf et al. 1998), determining
habitat suitability at the translocation target area is essential before attempting a
translocation, but this can be expensive and time-consuming. The objective of this
study is to build a model for predicting Seychelles magpie robin habitat quality, and to
find out which features of an island affect its suitability for the bird. The results could
then be used as a simple and cost-effective way to assist in the planning of future
translocations of the species.

1.2. Translocations
Translocations are deliberate movements of animals from one part of their range to
another. They can be divided into three classes: re-introductions, re-enforcements and
conservation introductions. A re-introduction is an attempt to establish a species in an
area which was once part of its range, whereas re-enforcement is the addition of
individuals to an existing population of conspecifics. These are usually preferable to
conservation introductions, which are attempts to establish a species outside its
recorded historical distribution (IUCN 1987; Scott & Carpenter 1987).

Although translocations can be a powerful conservation tool, they are rarely
successful without proper background research. Early translocations often lacked
sufficient pre-project activities, which resulted in a large proportion of failed attempts
(Fyfe 1978). However, more recently, there have been several translocation success
stories, the Mauritius kestrel (Cade & Jones 1993; Jones et al. 1995) and the
Seychelles warbler (Komdeur 1994) being two examples of species that have been
saved from almost certain extinction with translocations.
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The technique has received criticism because of the lack of evaluation of its efficacy
and because of its potential disadvantages. A lot can be done to improve the chances
of a successful translocation, but unfortunately the nature of translocations ranges
from highly organized and researched national or international programmes to ad hoc
releases of rescued animals by well-intentioned animal lovers (Pullin 2002). A
thorough feasibility study and background research should be carried out as preproject activities, including studies of the species’critical needs (Fyfe 1978; IUCN
1987; Komdeur 1994).

Research has been done to identify the factors associated with successful
translocations (Griffith et al. 1989; Wolf et al. 1996), and the results have been
reanalyzed with phylogenetically independent contrasts to avoid phylogenetic
influence in statistical tests (Wolf et al. 1998). These studies resulted in slightly
different varieties of factors that were found to be significant, but all of them included
habitat quality of the release area, range of the release sites relative to the historical
distribution of the translocated species, and number of individuals released (Griffith et
al. 1989; Wolf et al. 1996; Wolf et al. 1998). Thus, understanding what determines
the habitat quality for the species in question is an essential component of a successful
translocation. As the translocated species is usually endangered, and because of the
high cost associated with release programs, translocations should not be undertaken
without a high probability of survival, and without conducting proper research
beforehand (Scott & Carpenter 1987; Komdeur 1994).

1.3. The Seychelles magpie robin Copsychus sechellarum
One of the rarest birds in the world, the Seychelles magpie robin Copsychus
sechellarum is among the most threatened of the twelve species endemic to
Seychelles (Stattersfield et al. 1998; Norris & McCulloch 2003). Until 2005 the
Seychelles magpie robin was categorized as critically endangered in the IUCN Red
List (IUCN 2004), but due to a successful recovery programme, the species’status
was downlisted to endangered during the making of this project
4

(BirdLife International 2005). The genus Copsychus is widespread in Asia, including
the abundant Indian magpie robin C. saularis and the shamas (Gretton 1993).

With a wingspan and body length of about 29 cm and 22-24 cm respectively, the
Seychelles magpie robin is larger than other members of the genus, a characteristic of
remote island populations (Penny 1968; Skerrett & Bullock 2001). Adult plumage is
all-black with a midnight-blue sheen, except for large white wing panels. The bill and
legs are also black. Juveniles are similar to adults, but they lack the sheen of the
feathers, and the feathers of the white wing patch have ginger fringes. Full adult
plumage is attained at about 45 weeks. The Seychelles magpie robin can be mistaken
for no other bird in Seychelles (Skerrett & Bullock 2001). The species is very tame,
and was called “the boldest and most familiar bird I ever saw”by E. Newton, one of
the first ornithologists to write about the land birds of Seychelles (Newton 1867). It
will not let itself be touched, but it can be easily approached within a meter or two.

1.4. The ecology of the Seychelles magpie robin
The ecology of the Seychelles magpie robin in its natural habitat is not very well
known, because the species had disappeared from most of its former range, and the
habitat in which it survived had been modified by man by the time scientific
investigation of Seychelles’nature began. The few early observations and the species’
current behaviour suggest that the Seychelles magpie robin’s original habitat
consisted of mature forest, with rotten trees that can be used for nesting. The species
feeds mainly in areas with closed canopy and short, sparse or absent undergrowth,
with a ground layer of bare earth and leaf litter. Cultivated vegetable gardens are also
common feeding sites (Watson et al. 1992; Gretton 1993; McCulloch 1996). Aldabra
giant tortoises Geochelone gigantea seem to be a benefit to Seychelles magpie robins,
as are domestic pigs Sus domesticus: they improve the species’feeding conditions by
digging the ground layer, and thus making food more accessible for the bird
(McCulloch 1996).
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The Seychelles magpie robin feeds mainly on invertebrates, especially the cockroach
Pycnoscelus indicus and insect larvae (Watson et al. 1992; Gretton 1993; Komdeur
1996; Le Maitre 2002). Small vertebrates, such as Seychelles skinks Mabuya
sechellensis are also frequently taken (Le Maitre 2002), but cockroaches in particular
have been shown to be a good indicator of habitat quality (Njoroge 2002): Njoroge
showed that there is a significant negative correlation between cockroach abundance
and settlement order of Seychelles magpie robin territories, i.e. the territories with
highest cockroach abundance were taken first (Fig. 1).

Figure 1. The mean cockroach abundance and settlement order of territories. Order
of territory settlement increases from left to right and the Y-error bars denote the
standard error of the mean (Reproduced, with permission, from Njoroge 2002).

Adult Seychelles magpie robins are strongly territorial. Territory size is usually 2-12
ha, within which feeding and nesting activities occur (McCulloch 1996). This imposes
a limit on the number of breeding birds on an island, although the best territories often
attract non-breeding subordinates as high-quality territories become scarce. One egg is
laid in a simple cup nest and incubated by the female for 17-22 days. Nests are built in
holes in rotten trees or in crowns of coconut trees (Komdeur 1996), but nest boxes
have also been readily accepted by magpie robins (McCulloch 1994). The young
6

leave the nest 18-20 days after hatching (Komdeur 1996), and can be incapable of
strong flight for up to ten days after this (Watson et al. 1992). Inter-island dispersal of
adult Seychelles magpie robins has been reported (Shah & Parr 1999), but is rare
despite well developed flight apparatus and the ability to fly long distances.

1.5. The decline of the Seychelles magpie robin
The Seychelles magpie robin’s early distribution is not well known, but at the onset of
human settlement in 1770 the species occurred on at least eight of the central granitic
islands (Fig. 2) (Collar & Stuart 1985; Komdeur 1996; Njoroge 2002), and it probably
inhabited all the granitic islands with tall forest (Norris & McCulloch 2003). Along
with human settlement, domestic cats Felis catus and ship rats Rattus rattus were
introduced (Komdeur 1996; Thorsen et al. 2000). Norway rats Rattus norvegicus are
considered a more recent introduction to Seychelles with the first published records in
1994 (Thorsen et al. 2000). Seychelles magpie robins are highly vulnerable to
introduced predators. They lack natural predators (Komdeur 1996) and thus have a
limited ability to avoid predation. Their ground-feeding habits make them easily
accessible to introduced mammals, and the flightless period after leaving the nest
makes fledglings particularly vulnerable. The species also has a low reproductive rate
and therefore a low intrinsic growth rate (Watson et al. 1992). An extensive loss of
natural vegetation has been caused by clearing for a variety of crops and secondary
woodland, reducing the carrying capacity of the islands. Direct human persecution has
also played a part in the plight of the species: nests have been robbed, and museum
specimens have been collected (McCulloch 1996).

By 1880 the Seychelles magpie robin had disappeared from Mahé, the largest island
in Seychelles. In the early twentieth century the species was still present on Marianne,
Aride, Frégate and Alphonse (Fig. 2), but by 1940 it was driven extinct by predators
and habitat destruction on all of these islands except for Frégate (Norris & McCulloch
2003). For almost 45 years the bird was restricted to one population on this island
(Gretton 1993). The lowest recorded count was made in 1965 when the number of
birds was between eight and fifteen (Dawson 1965; Penny 1968).
7

Figure 2. Past and present distribution of the Seychelles magpie robin. There are
historical records of magpie robins from the islands whose names are underlined,
and they currently appear on islands marked with an asterisk. Alphonse, a coralline
island which once was home to a translocated magpie robin population, is part of the
Amirantes island group, and is located several hundred kilometres southwest of the
other islands in the map. Sud-est Island is now joined to Mahé.
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1.6. The Seychelles magpie robin recovery program
BirdLife International has supported research on the Seychelles magpie robin since
1988. At this time the population consisted of 23 individuals on Frégate Island (Fig.
2). A recovery plan was designed in 1989 and implemented in September 1990
(Komdeur 1996), and in 1997 management of the program was passed to Nature
Seychelles, a local not-for-profit association. The long-term goals of the project
include removing the species from the list of threatened birds and to reach more than
200 individuals on seven islands (McCulloch 1996; IUCN 2004).

At the early stages of the recovery program, the aim was to stabilize and recover the
population on Frégate Island. As part of the program, birds were given supplemental
food, they were ringed and monitored, alien weeds and bushes were cleared, native
trees planted, nest boxes provided and introduced predators eradicated (McCulloch
1996; Bristol et al. 2005).

Once the population was sufficiently recovered, translocations to other islands were
started. A single population will always be vulnerable regardless of size, and can be
easily wiped out by a catastrophe. As the Seychelles magpie robin is a strongly
territorial bird, the carrying capacity of a single island cannot be increased very much
even if habitat quality is increased with the methods mentioned previously (Watson et
al. 1992; Komdeur 1996). Compared to the Seychelles warbler, for example, the
carrying capacity of a single island is much less for Seychelles magpie robins.
Although the Seychelles warbler is also a territorial bird, its territories are much
smaller (Skerrett & Bullock 2001; Komdeur & Pels 2005). Cousin Island, which is
home to both species, can hold about 115 Seychelles warbler territories at saturation
level (Komdeur & Pels 2005), whereas at most there have been 10 Seychelles magpie
robin territories on the island (A. López-Sepulcre, pers. comm.). For these reasons
translocations of Seychelles magpie robins are well justified. Now translocations to
new islands are a major part of the recovery program (Komdeur 1996; McCulloch
1996; IUCN 2004).

So far, Seychelles magpie robins have been translocated to Aride, Cousin and Cousine
islands (Fig. 2) as part of the recovery program. Aride was the first target, as the
9

island was free of introduced predators and the habitat was considered suitable for
Seychelles magpie robins. Also, according to the numbers recorded historically on the
island, Aride must have once supported considerable numbers of the species (Watson
et al. 1992). Attempts to reintroduce the bird to Aride began in 1978, well before the
implementation of the recovery program (Watson et al. 1992; Gerlach & Le Maitre
2001). Unfortunately, adult survival was poorer than expected, and the first
reintroduction was deemed a failure (Watson et al. 1992). Several new attempts have
been made after the 1978 translocation, most of them failing to establish more than a
single bird (Gerlach & Le Maitre 2001). However, in 2002 15 magpie robins were
translocated to Aride with much more success, and a small population is now
established (Bristol et al. 2005).

Cousin and Cousine were the only other islands available for translocation, primarily
because they had no rats or cats (Le Maitre 2002). Seychelles magpie robins were
translocated to Cousin in 1994 and to Cousine in 1995. These translocations were
successful with dramatic population increases being recorded on both islands (Gerlach
& Le Maitre 2001).

The recovery program has been a success with a strong increase in the magpie robin
population (Fig. 3), but three more translocation target islands still need to be chosen,
if the long-term targets are to be reached (IUCN 2004). The current population size is
at approximately 150 birds (R. Bristol, pers. comm.) on four islands, but accurate
numbers are not available for all islands.
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Figure 3. Seychelles magpie robin population 1959-2004 (Reproduced, with
permission, from Bristol et al. 2005).

1.7. Objectives and research questions
The aim of this study is to simplify the assessment of whether a potential translocation
site satisfies the Seychelles magpie robin’s requirements, and to identify the island
features that determine habitat quality. Absence of introduced predators is one
requirement (Komdeur 1996; Thorsen et al. 2000), but this is not sufficient by itself
when dealing with an endangered species. A worldwide population of less than 200
individuals does not leave room for random translocations in the hope that an island
might be suitable for a new population.

Invertebrate abundance has been proven a good measure of habitat quality (Komdeur
1996; Njoroge 2002). Unfortunately, measuring this directly has turned out to be too
laborious in the long term, as it requires trapping and repeated visits to the same spot.
My objective was to find a way to predict cockroach abundance, and thus Seychelles
magpie robin habitat quality with relatively simple measurements that can be repeated
at low cost with uncomplicated equipment.
11

The predictors of cockroach abundance that were tested in this study are:
1)

Seychelles skink abundance as a predictor of cockroach abundance. The

Seychelles skink is a common lizard endemic to Seychelles. Cockroaches are a
significant part of the Seychelles skink’s diet (Le Maitre 1998), so it is likely that the
species is attracted to areas of high cockroach density. Therefore Seychelles skink
abundance could potentially be used as an indicator of cockroach abundance. The diet
of the Seychelles skink overlaps that of the Seychelles magpie robin, so it could be
argued that as a competitor for food, Seychelles skink abundance would not make a
good indicator of Seychelles magpie robin habitat quality even if it does predict
cockroach abundance. This is not a problem, however, as there seems to be no
significant competition for food between the two species because of differences in
foraging behaviour and prey perception (Le Maitre 1998). Additionally, the
Seychelles magpie robin feeds on Seychelles skinks (Watson et al. 1992; Gretton
1993). There are stable differences between areas in Seychelles skink density which
does not vary through the year (Brooke & Houston 1983), meaning that there is
heterogeneity in skink density in space, rather than in time. Hence the results of the
skink counts are unlikely to be affected by season. This method would be much faster
than direct cockroach counts, as skinks can be counted without trapping.
2)

Habitat variables and forest composition and structure as a measure of habitat

quality (Bibby et al. 1992).
3)

A combination of 1) and 2) as a measure of habitat quality.
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2. MATERIALS AND METHODS

2.1. Data collection

2.1.1. Study area
I collected the data for this project with Andrés López-Sepulcre during the months of
October and November 2004 on Cousin (27 ha), Cousine (26 ha) and Aride (72 ha)
islands (Fig. 2). These are granitic islands, consisting of a granitic core and a lowlying plateau of coralline rock that extends around the core. All three islands have
undergone considerable habitat restoration, and are now dominated by native
woodland (Le Maitre 2002).

On all of these islands, Pisonia grandis, Euphorbia pyrifolia and Morinda citrifolia
are common inland tree species. There is a small mangrove swamp on Cousin Island.
Fig trees Ficus spp. are fairly common on Aride, as is the screwpine Pandanus
balfourii on Cousine. Casuarina equisetifolia can be found on the coastal plain of all
three islands (Warman & Todd 1984; Le Maitre 1998; Hill 2002).

Cousin and Aride islands are managed as nature reserves, with limited day trips
allowed for tourists. Cousine Island is a privately owned island with a luxury holiday
resort. There is, however, a full-time conservation officer working on Cousine Island
and active monitoring of various species, including the Seychelles magpie robin, is
conducted throughout the year. For logistical reasons we were not able to work on
Frégate, the fourth island with a population of Seychelles magpie robins.

2.1.2. General field methods
Each of the three islands was divided into a grid of 25 × 25 m plots. Work was done
in 44 plots on Cousin, 28 on Cousine and 15 on Aride Island. All of these plots were
within terrain used by Seychelles magpie robins, and they covered eight territories on
Cousin, six on Cousine and three on Aride Island. On Aride, in particular, a large
portion of the island is outside magpie robin range, and no measurements were made
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in this part of the island due to time constraints. The plots were visited in random
order on each island.

Invertebrate abundance had been measured in 2003 by Andrés López-Sepulcre in the
same plots (A. López-Sepulcre, unpubl.). The measurement methods used by LópezSepulcre were the same as those used by Njoroge (Njoroge 2002). Once a month, a
modified pitfall trap was placed at a random point in each plot. The traps were
serrated plastic soil cores (diameter 9 cm; length 5 cm) that were buried just under the
soil surface, and covered with a rock (Fig. 4). The serrations allowed invertebrates to
move in and out of the traps. Collected invertebrates were sorted by type
(cockroaches, millipedes, centipedes, woodlice, larvae, worms, others) and by size (3
mm-5 mm, 5 mm-10 mm, >10 mm). These counts were repeated four times in each
plot, evenly spread throughout a four month time period.

In Njoroge’s method, the number of cockroaches of size greater than 5 mm is used as
a measure of Seychelles magpie robin habitat quality (Njoroge 2002). Thus, for each
plot, the number of cockroaches of size greater than 5 mm was averaged over the four
counts done by López-Sepulcre.

Figure 4. A modified pitfall trap. (after: Njoroge 2002)
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One criterion for our field measurements was that they had to be accomplished with
simple equipment that can be made by anyone with basic skills and tools at minimal
cost. More advanced equipment would possibly have resulted in more accurate
measurements, but these would have been difficult to duplicate in the future. The
following methods all satisfy this requirement.

2.1.3. Seychelles skink abundance
A 2 × 2 m plot was set up in the centre of every 25 × 25 m plot (Fig. 5). The small
plot was marked with four pegs and string that was raised high enough from the
ground to prevent it from being an obstacle for the skinks. After the plot was set up
the observer waited for 15 minutes before the actual monitoring to allow the skinks to
accustom themselves to the presence of the plot and the observer. The plot was
monitored for 30 minutes, and every 10 seconds the number of skinks inside the plot
was noted. These counts were summed, and this sum can be used as an index of
Seychelles skin abundance for each 25 × 25 m plot. This method for counting the
skinks was modified from Brooke & Houston (1983).
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Figure 5. Layout of the 25 × 25 m plots. The dashed lines represent transects, the
dots represent the canopy scope measurement points, and the crosses mark the
spots for measurement of ground plot percentages, soil depth and litter depth. The
small square is the 2 × 2 m plot for skink counts.
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2.1.4. Habitat composition and structure
Each 25 × 25 m plot was marked with a tape measure and the following habitat
composition data were recorded:

Topography and geology
Altitude and slope gradient were estimated with 5 m and 5° increments respectively,
and the center point of each interval was used for data analysis purposes (see Table 1).
As there were usually two of us working in the same plot, these estimates were done
independently by both workers and confirmed. The prevalent rock type (granitic,
coralline, mixed) was noted. Rock type was coded as follows: 0 for almost entirely
coralline, 1 for almost entirely granitic and 0.5 for the very few plots where there were
considerable amounts of both rock types.

Vegetation cover
A)

Canopy cover was measured using two different methods, as this could be

done at very little additional cost.

1) With a canopy-scope made of clear Perspex following Brown et al. (2000).
The canopy scope is a transparent Perspex screen with a 20 cm cord attached
to one corner. The cord is used to ensure that the screen is always held at the
same distance from the eye. The screen has 25 dots on it, approximately 1 mm
in diameter, spaced 3 cm apart, in a 5 × 5-square array. The screen is held
exactly 20 cm from the eye and readings are taken centred on the largest
canopy gap above the point of measurement. The number of dots that coincide
with sky is counted. Thus the measurement of canopy cover is a number
between 0 (very dense canopy) and 25 (no canopy cover). Measurements
were done in four evenly-spaced spots in each 25 × 25 m plot (Fig. 5), and
these four measurements were averaged.

2) Using a sighting tube with a diameter of 2 cm and length of 20 cm. 25
readings were taken along two 25 m transects inside the 25 × 25 m plot. For
each reading, it was checked if the canopy filled more than half of the area
visible through the tube when looking straight up. The number of such
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readings was recorded. This method was modified from Bibby et al. (1992).
Again, the final measurement for each plot is a number between 0 and 25, but
in this case 0 indicates no canopy cover and 25 indicates very dense canopy.
The measurements for the two transects were averaged. The transects were
placed so that each transect joined the centres of opposite sides of the plot
(Fig. 5).

B)

Shrub cover was measured along the same transects with the same sighting

tube. The method was similar to measuring canopy cover, but in this case it was
checked if the shrub layer could be seen through the tube when looking straight down.
In this case a reading was marked as shrub even if the shrub did not fill more than half
of the area visible through the tube (Bibby et al. 1992). Once again, the measurement
is a number between 0 and 25, and the measurements for the two transects were
averaged.

Ground plots
Percentage of ground covered by litter, rock, grass, woody vegetation, dead wood and
percentage of bare ground was estimated using a 50 × 50 cm frame that was divided
into 10 × 10 cm squares to aid estimation (Bibby et al. 1992). These measurements
were done with 1% increments in nine evenly-spaced spots in each 25 × 25 m plot
(Fig. 5), and they were averaged.

The presence of a layer of leaf litter is known to be important for Seychelles magpie
robins (Watson et al. 1992; Komdeur 1996; Norris & McCulloch 2003). Our original
intention was to distinguish leaf litter from other litter in our field measurements.
Unfortunately, halfway through the fieldwork an inconsistency was noticed in the way
this had been done, and in the end I had to pool the leaf litter data with the data for
other litter.

Litter depth and soil depth were also measured in the centre of each 50 × 50 cm
ground plot using a 50 cm long metal rod. Measurements were taken with the
accuracy of 0.5 cm, and in the rare cases where the depth was greater than the length
of the rod, it was noted as 50+. As the exact measurement for these cases was
unknown, they were approximated with 50 cm for data analysis.
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Habitat composition
The relative canopy cover of different tree species was estimated, with categories of
0-25%, 25-50%, 50-75% and 75-100%. Average canopy height was estimated with 5
m increments. Again, the centre point of each interval was used for data analysis
(Table 1). The tree species that were noted were Pisonia grandis, Ochrosia
oppositifolia, fig trees Ficus sp., Cocos nucifera, Morinda citrifolia, Avicennia
marina, Hibiscus tiliaceus, coffee plant Coffea sp., banana Musa sp., Calophyllum
inophyllum, Terminalia catappa, Thespesia populnea, Cordia subcordata, Euphorbia
pyrifolia, Pandanus balfourii, papaya Carica papaya, Hernandia nymphaeifolia and
Citrus sp. All other species were pooled into the group “other”.

Table 1. Variables as they were measured during field work, and the format that was
used in data analysis, before transformation.
Variable description

Field measurement

Format used in data analysis

Cockroach abundance

Four counts in each plot

Average of four counts:
Range 0-52

Seychelles skink abundance

Skinks counted every 10 seconds for
30 minutes

Sum of all counts done during the 30
minute period:
Range 0-415

Altitude

Estimates with 5 m increments:
0-5 m; 5-10 m; 10-15 m; 15-20 m
etc.

Centre point of each interval:
2.5 m 7.5 m 12.5 m etc.
Range 2.5 m-32.5 m

Slope gradient

Estimates with 5° increments:
0-5°; 5-10°; 10-15°; 15-20° etc.

Centre point of each interval:
2.5° 7.5° 12.5° etc.
Range 2.5°-27.5°

Rock type

Coralline, mixed or granitic

0=coralline, 0.5=mixed, 1=granitic

Canopy cover measured with canopy
scope

Four counts in each plot:
0-25 with increments of 1
0 1 2 3 … 24 25

Average of four counts:
Range 0-25

Canopy cover measured with
sighting tube

Two counts in each plot:
0-25 with increments of 1
0 1 2 3 … 24 25

Average of two counts:
Range 0-25

Shrub cover

Two counts in each plot:
0-25 with increments of 1
0 1 2 3 … 24 25

Average of two counts:
Range 0-25

Ground cover
(litter, rock, grass, woody vegetation,
dead wood, bare ground)

Cover percentage estimated:
0-100% with increments of 1%

0-100% with increments of 1%

Litter depth

0-50 cm and 50+ cm
with increments of 0.5 cm

0-50 cm with increments of 0.5 cm

Soil depth

0-50 cm and 50+ cm
with increments of 0.5 cm

0-50 cm with increments of 0.5 cm

Relative canopy cover of tree
species
(see text for list of species)

Estimates with 25% increments:
0-25%; 25-50%; 50-75%; 75-100%

Centre point of each interval:
12.5% 37.5% 62.5% 87.5%
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2.2. Data analysis
2.2.1. General analysis methods
The study area originally included 87 plots. However, the data for some plots had to
be discarded, because of problems with the invertebrate measurements. The
invertebrate counts were ruined in some plots, usually because the traps were
trampled by Aldabra giant tortoises. This decreased the number of usable plots from
87 down to 74. When the plots were averaged per territory, and territory-level
correlations were calculated, the number of data points was 17.

I did all statistical analyses with version 2.0.1 of the R software package and version
13 of the SPSS software package.

2.2.2. Simple correlation
To narrow down the number of explanatory variables and possible models, I
calculated simple correlations between all the measured variables and cockroach
abundance using SPSS at both plot and territory level. For the latter case, I averaged
the data for each territory, and calculated the correlations for this averaged data. Only
the explanatory variables that were significantly correlated with cockroach abundance
at both plot and territory level were selected for further investigation, the rest were
discarded. As most of the variables were not normally distributed, nor could they be
normalized with simple transformations, I used the Spearman rank correlation
coefficient (Zar 1998).

I also calculated Spearman rank correlation coefficients for all possible pairs of the
final explanatory variables to check for multicollinearity (Zar 1998; Tabachnick &
Fidell 2001).

To check for the effect of variation in rainfall on Seychelles skink abundance, I
calculated the Spearman rank correlation coefficient for Seychelles skink abundance
and rainfall. Rainfall data is collected daily on all three islands that we worked on.
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2.2.3. Data transformation
Some of the variables were transformed. In the case of the dependent variable
(cockroach abundance), I did this in order to meet the assumptions of multiple
regression, using an ln+1-transformation. I also transformed some of the explanatory
variables to reduce skewness and thus enhance prediction. An ln+1-transformation
was used for slope gradient and an ln-transformation for altitude. The other variables
were left untransformed.

2.2.4. Multiple regression
I used multiple linear regression to build the candidate models. Multiple linear
regression is an extension of linear regression that can be used to investigate
interrelationships among three or more variables (Zar 1998; Tabachnick & Fidell
2001). I used ln(cockroaches+1) as the dependent variable in each model. The
explanatory variables for each model were chosen from those that were significantly
correlated with cockroaches at both plot and territory level.

It is assumed in multiple linear regression that the residuals (predicted minus observed
values) are distributed normally. I used the Shapiro-Wilk normality test to check this
assumption (Zar 1998; Tabachnick & Fidell 2001).

Multiple regression can be used to build several alternative models from one set of
variables. The main method I used to select the best model was model selection using
the Akaike Information Criterion. I also analyzed the data with statistical regression to
see if two different methods come up with similar results.

All multiple regression calculations, including model selection were done with R,
except for the statistical regression analysis which was done with SPSS.
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2.2.5. Model selection
Table 2. Abbreviations used in the equations in this section. For further information,
see Burnham & Anderson (2002).
AIC

AICc

L (θ$ | y )

n

K

∆i

wi

w+
Sum of the
Akaike
weights

Akaike

Maximum

Akaike

Information

likelihood of

Number of

Information

Criterion for

the model,

estimable

Criterion

small

given the

parameters

samples

data y

Sample

AIC

Akaike

size

difference

weight

over all
models in
which a
specific
variable
appears

I used the Akaike Information Criterion to choose the best model from the set of
candidate multiple linear regression models. The Akaike Information Criterion is an
example of a more general approach called model selection (Burnham & Anderson
2002; Johnson & Omland 2004).

Model selection is an alternative to null hypothesis testing that is gaining popularity in
ecological studies as well as many other branches of science. Traditionally, a null
hypothesis is created and statistical tests are used to find if this null hypothesis can be
rejected, given the data. If so, then the actual hypothesis under investigation is
supported. With model selection methods, multiple models can be compared
simultaneously. Model selection criteria are used to evaluate the relative support for
each model, given the data. Generally, model selection criteria utilize maximum
likelihood scores as a measure of fit and a penalty term for model complexity
(Johnson & Omland 2004).

Model selection methods can also be used to make inferences from several models, if
one model is not clearly supported. That is, if there is no single model that is clearly
best according to the model selection criterion, model averaging over several
alternative models can be used to obtain more robust results compared to a single
model (Burnham & Anderson 2002; Johnson & Omland 2004).
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The Akaike Information Criterion (AIC) (Eq. 1, for notation see Table 2) is a widely
used model selection criterion. It is a measure of the information lost when a model is
used to approximate reality. More specifically, it is an estimate of Kullback-Leibler
information (Burnham & Anderson 2002; Richards 2005). The best model is the one
that loses the least information, so the model with the lowest AIC value should be
chosen. The Akaike Information Criterion measures the lack of fit of the model to the
data, but it also penalizes for increasing model complexity: a model with several
parameters can get a relatively high AIC value even if it fits the data used in the
analysis very well. This is a useful property, because with too many explanatory
variables it is possible to ‘overfit’so that the model performs very well in the context
of the data set used to create it, but fails to be robust when used elsewhere (Burnham
& Anderson 2002; Rushton et al. 2004). It is also advisable not to use a very large set
of candidate models, as this can lead to spurious findings (Burnham & Anderson
2002).
AIC = −2 ln  L(θ$ | y )  + 2 K



(1)

It should be noted that model selection with the Akaike Information Criterion will
always find the best model from a set of candidate models (unless there happens to be
a tie), even if none of them actually fit the data very well. The best model found with
this method should then be evaluated to see if it fits the data well enough to be used
for its intended purpose.

There is also a version of the Akaike Information Criterion with a bias correction term
for small sample sizes, called AICc (Eq. 2) (Hurvich & Tsai 1989; Burnham &
Anderson 2002). This should be used when the number of free parameters in the
model exceeds ~n/40, where n is sample size (Burnham & Anderson 2002). If in
doubt, AICc can always be used without problems, as it converges towards AIC as
sample size increases.
2 K ( K + 1)
AICc = −2 ln  L(θ$ | y )  + 2 K +


n − K −1
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(2)

Absolute AIC values are unimportant, it is the difference in AIC values between
models that indicates the relative support for each model (Burnham & Anderson
2002; Whittingham et al. 2005). Hence, AIC differences are usually calculated
relative to the minimum value (Eq. 3).
∆i = AICi − AIC min

(3)

Once the AIC differences are calculated, the original AIC values are no longer needed
for model selection.

Unavoidable sampling error means that the model with the lowest AIC value (or AIC
difference) is not necessarily the best model (Burnham & Anderson 2002, 2004;
Richards 2005). Burnham and Anderson (2002, 2004) suggest a simple rule of thumb
based on Akaike differences: support for a model with an AIC difference less than 2 is
substantial. If more than one such model exists, they all receive considerable support
from the data, and they should all be used when making further inferences about a
system.

AIC differences can be used to calculate Akaike weights. Akaike weights (Eq. 4) have
a probabilistic interpretation: the Akaike weight for model i, wi, is the probability that
model i would be selected as the best fitting model if the data were collected again
under identical circumstances. The Akaike weights depend on the entire set of
models: if the set changes, the weights must be recomputed for all models in the set
(Burnham & Anderson 2002; Whittingham et al. 2005).

1
exp(− ∆i )
2
wi = R
1
exp(− ∆r )
∑
2
r =1

As the Akaike weights are probabilities, it is also possible to use them as a variable
selection method by summing them over the models that contain given variables. For
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(4)

example, we can calculate the sum of the Akaike weights of all models that include
variable j (Eq. 5). This is the probability that j is included in the best approximating
model (Burnham & Anderson 2002; Whittingham et al. 2005). This method can be
used to find the most important variables of all the variables that are considered.

R

w + ( j ) = ∑ wiIj ( gi )

(5)

i =1

where i is for model i=1,… ,R, j is for predictor variable j, and

1 if predictor xj is in model gi
Ij ( gi ) = 
0 otherwise

(6)

In this study, I built a number of candidate models for predicting cockroach
abundance using multiple linear regression, and used AICc and

i values

to rank the

candidate models. I calculated Akaike weights for each model, and used the sums of
the Akaike weights to find the most important explanatory variables.

2.2.6. Statistical regression
Although model selection with the Akaike Information Criterion was my primary
method, I wanted to see if similar results would follow from an entirely different
method. If so, then the results could be considered more robust.

Statistical regression is another method, or set of methods, that can be used to find the
optimum multiple regression model. The underlying philosophy is very different from
model selection with a model selection criterion such as AIC, and the selected model
is not necessarily the same with both methods. Statistical regression is typically used
to develop a subset of explanatory variables that is useful in predicting the dependent
variable, and to eliminate the explanatory variables that do not provide additional
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prediction to the variables already in the equation. There are three variations of
statistical regression: forward selection, backward deletion and stepwise regression.
Forward selection starts with an empty regression equation, and explanatory variables
are added one at a time, if they contribute significantly to regression. In backward
deletion, the equation starts out with all the explanatory variables entered, and they
are deleted one at a time if they do not contribute significantly. Stepwise regression
starts with an empty equation and explanatory variables are added one at a time just
like in forward selection, but they may also be deleted at any step if they no longer
contribute significantly to regression (Tabachnick & Fidell 2001; Dytham 2003). The
significance levels at which variables are added or removed are determined by entry
and exit criteria, which must be set before the analysis.

Stepwise regression is generally the most accepted of the three types of statistical
regression (Tabachnick & Fidell 2001; Dytham 2003), and I chose to use it as the
second method in this study. Again, ln(cockroaches+1) was used as the dependent
variable. The explanatory variables entered were those that were significantly
correlated with cockroaches, transformed as before. I used an entry criterion of
P<0.050 and a removal criterion of P>0.10.

After the first run, I removed the explanatory variable that was picked as most
important. The new subset of explanatory variables was entered and the stepwise
regression analysis was rerun: this way the second most important explanatory
variable according to stepwise regression could be found. Stepwise regression
calculations were done with SPSS.

2.2.7. Comparing average cockroach abundance for different rock types
I calculated average cockroach abundance with 95% confidence intervals separately
for coralline and granitic terrain using SPSS. This was done with untransformed data.
I omitted the plots with a mix of granitic and coralline rock type from this calculation.
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3. RESULTS

3.1. Simple correlation
The variables that were significantly correlated with cockroaches at the plot level
were altitude, slope gradient, rock type, percentage of litter, percentage of rock,
Seychelles skink abundance and abundance of the trees Ficus sp., Carica papaya and
Calophyllum inophyllum (Table 3). At the territory level altitude, slope gradient, rock
type, litter depth, percentage of litter and abundance of the trees Terminalia catappa
and C. papaya were significantly correlated with cockroaches (Table 4). Taking only
the variables that were significantly correlated with cockroaches at both plot and
territory levels, I was left with altitude, slope gradient, rock type, percentage of litter
cover and papaya abundance. These five variables are the only ones that were used in
any further analysis.

Table 3. Spearman rank correlation coefficients of explanatory variables with
cockroaches, plot level analysis. N=74.
Altitude

Correlation
Coefficient

P-value

Slope
gradient

Rock type

% Litter

% Rock

% Ficus

% C.

% C.

sp.

papaya

inophyllum

Skinks

0.330

0.473

0.437

-0.341

0.238

0.312

-0.289

-0.268

0.233

0.004

<0.001

<0.001

0.003

0.041

0.007

0.013

0.021

0.045

Table 4. Spearman rank correlation coefficients of explanatory variables with
cockroaches, territory level analysis. N=17.
Altitude

Slope
gradient

Rock type

Litter depth

% Litter

% T.
catappa

% C.
papaya

Correlation
Coefficient

0.484

0.612

0.626

-0.701

-0.512

-0.562

-0.627

P-value

0.049

0.009

0.007

0.002

0.036

0.019

0.007
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Since granitic rock type was coded as 1 and coralline rock type as 0, a positive
correlation with the explanatory variable rock type in any of the tables indicates a
positive correlation with granitic rock type in particular.

Several explanatory variables were significantly correlated with each other. The
correlations among altitude, slope gradient and rock type were particularly strong
(Table 5).

Table 5. Spearman rank correlation coefficients of explanatory variables, plot level
analysis. N=74.

Correlation Coefficient

Altitude

Slope
gradient

1.000

0.757

Rock type

Litter

% C. papaya

0.733

-0.435

-0.227

<0.001

<0.001

<0.001

0.052

1.000

0.831

-0.478

-0.360

<0.001

<0.001

0.002

1.000

-0.426

-0.378

<0.001

0.001

1.000

0.220

Altitude
P-value
Correlation Coefficient

.
0.757

Slope
gradient
P-value
Correlation Coefficient

<0.001

.

0.733

0.831

P-value

<0.001

<0.001

Correlation Coefficient

-0.435

-0.478

-0.426

P-value

<0.001

<0.001

<0.001

Correlation Coefficient

-0.227

-0.360

-0.378

0.220

P-value

0.052

0.002

0.001

0.059

Rock type
.

Litter
.

0.059
1.000

% C.
papaya
.

Seychelles skink abundance and rainfall were not significantly correlated (rs=0.056,
P=0.64, N=74). Hence, Seychelles skink abundance could be used in the analysis
without correcting it for differences in rainfall.
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3.2. Multiple regression and model selection
The five explanatory variables that were left after the correlation analyses were used
to build 31 (25-1) different linear regression models. The regression coefficients for
these models can be found in Table 6. This is still a relatively small set of models, as
is recommended when using the Akaike Information Criterion (Burnham & Anderson
2002; Johnson & Omland 2004).

The Shapiro-Wilk normality test showed that, save for one exception, the residuals of
all models were distributed normally (Table 7). The model with papaya abundance as
the only explanatory variable was the exception, regardless of the transformation
used. Even for this model the p-value is not very low, and the model was included in
the rest of the analysis with caution. If the residuals are not normally distributed, the
accuracy of the AIC value calculated with R is decreased. However, a trial rerun of
the analysis with this model excluded showed that it did not make any discernible
difference to the end result whether the model was included or not.

The values of AICc,

i

and AICc weights can be seen in Table 7. The model with the

lowest AICc value, and thus the “best”model according to the Akaike Information
Criterion is the model with slope gradient as the only explanatory variable. There are,
however, six other models whose Akaike difference is less than two, meaning that
they are almost tied with the best model. Because of this, it is very informative to
investigate the relative importance of the explanatory variables using Akaike weights.
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Table 6. Regression coefficients of the candidate multiple linear regression models.
Notation is as follows: A=Altitude; S=Slope gradient; R=Rock type; L= Percentage of
litter cover, P=C. papaya abundance. For example, model SRL is a multiple linear
regression model with slope, rock type and litter cover as the explanatory variables.
All of these models were analyzed with the Akaike Information Criterion, and the
same models cover all possible outcomes of stepwise regression (except for the
model with no explanatory variables, which could also theoretically result from
stepwise regression analysis).
Model

Constant

Altitude

Slope

Rock type

% Litter

% C. papaya

S

1.15

-

0.44

-

-

-

SL

1.68

-

0.37

-

-0.009

-

SP

1.23

-

0.41

-

-

-0.02

SR

1.11

-

0.30

0.41

-

-

SLP

1.73

-

0.34

-

-0.009

-0.02

RL

1.80

-

-

0.79

-0.01

-

SRL

1.61

-

0.24

-

-0.009

-

AS

1.17

-0.02

0.45

-

-

-

SRP

1.18

-

0.29

0.35

-

-0.018

R

1.14

-

-

0.98

-

-

ASL

1.73

-0.05

0.39

-

-0.009

-

RLP

1.85

-

-

0.72

-0.01

-0.02

SRLP

1.66

-

0.24

0.32

-0.008

-0.02

ASR

1.17

-0.07

0.33

0.44

-

-

ASP

1.24

-0.005

0.41

-

-

-0.02

RP

1.23

-

-

0.90

-

-0.02

ASRL

1.72

-0.10

0.28

0.42

-0.009

-

ASLP

1.77

-0.04

0.36

-

-0.009

-0.02

ARL

1.76

0.03

-

0.77

-0.01

-

AR

1.06

0.09

-

0.87

-

-

ASRP

1.23

-0.06

0.31

0.38

-

-0.02

ARLP

1.80

0.04

-

0.68

-0.01

-0.02

ARP

1.14

0.10

-

0.77

-

-0.02

ASRLP

1.75

-0.08

0.27

0.36

-0.009

-0.02

ALP

1.89

0.28

-

-

-0.01

-0.03

AL

1.85

0.31

-

-

-0.01

-

AP

1.08

0.40

-

-

-

-0.03

LP

2.59

-

-

-

-0.02

-0.03

A

0.93

0.45

-

-

-

-

L

2.63

-

-

-

-0.02

-

P

1.68

-

-

-

-

-0.04
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Table 7. AICc and i values, AICc weights, adjusted R2 values and Shapiro-Wilk
normality test p-values for all candidate models. AICc and i values and AICc weights
pertain to model selection analysis only, whereas adjusted R2 values and ShapiroWilk p-values are relevant information for both model selection and stepwise
regression analysis. A p-value below 0.05 indicates that the distribution of the
residuals deviates significantly from normal. Notation as in table 6.
Model

AICc

S

-18.06

SL

2

Shapiro-Wilk

AICc Weight

Adjusted R

0

0.131

0.23

0.40

-17.66

0.41

0.107

0.24

0.42

SP

-17.17

0.89

0.084

0.23

0.38

SR

-17.04

1.03

0.078

0.23

0.35

SLP

-16.54

1.52

0.061

0.24

0.45

RL

-16.47

1.60

0.059

0.22

0.67

SRL

-16.39

1.67

0.057

0.24

0.51

AS

-15.83

2.23

0.043

0.22

0.40

SRP

-15.75

2.31

0.041

0.23

0.34

R

-15.72

2.34

0.041

0.20

0.43

ASL

-15.42

2.64

0.035

0.23

0.40

RLP

-15.17

2.89

0.031

0.22

0.70

SRLP

-14.93

3.14

0.027

0.23

0.51

ASR

-14.88

3.19

0.027

0.22

0.34

ASP

-14.87

3.19

0.027

0.22

0.38

RP

-14.70

3.36

0.024

0.23

0.47

ASRL

-14.30

3.77

0.020

0.23

0.36

ASLP

-14.20

3.86

0.019

0.23

0.45

ARL

-14.18

3.88

0.019

0.21

0.68

AR

-13.73

4.33

0.015

0.20

0.59

ASRP

-13.46

4.60

0.013

0.22

0.33

ARLP

-12.85

5.22

0.010

0.21

0.73

ARP

-12.72

5.35

0.009

0.20

0.64

ASRLP

-12.67

5.39

0.009

0.23

0.38

ALP

-10.91

7.15

0.004

0.18

0.70

AL

-10.76

7.30

0.003

0.16

0.52

AP

-9.62

8.44

0.002

0.15

0.67

LP

-9.38

8.68

0.002

0.15

0.19

A

-8.66

9.41

0.001

0.12

0.39

L

-8.44

9.62

0.001

0.12

0.10

0.06

0.024

P

-3.18

i

-5

14.88

7.69×10
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p-value

The sum of the Akaike weights for each explanatory variable can be seen in Table 8.
Slope gradient has the biggest Akaike weight, and can thus be considered the most
important of the explanatory variables. Rock type and percentage of litter cover are
almost tied for second place before papaya abundance and altitude.

Table 8. Sum of AIC weights for all explanatory variables included in the candidate
models.
Variable
Sum of Akaike
weights

Slope gradient

Rock type

% Litter

% C. Papaya

Altitude

0.78

0.48

0.46

0.36

0.25

3.3. Stepwise regression
Stepwise regression with the five final explanatory variables entered resulted in a
linear regression model with slope gradient as the only predictor (model S in Table 6).
When a subset of four explanatory variables was entered, with slope gradient
removed, the result was a model with rock type as the only predictor (model R in
Table 6). When rock type was also removed, the outcome of stepwise regression
analysis of the three remaining explanatory variables was a model with altitude and
litter cover as the predictors (model AL in Table 6).

3.4. Comparing average cockroach abundance for different rock types
Average cockroach abundance with 95% confidence intervals in granitic and coralline
terrain is shown in Fig. 6. The average for granitic terrain is higher, and the
confidence intervals for the different rock types clearly do not overlap, meaning that
the difference between the two averages is statistically significant.
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Average cockroach abundance

15

10

5

0
Coralline, n=37

Granitic, n=28

Rock type
Figure 6. Average cockroach abundance in granitic and coralline terrain, with 95%
confidence intervals
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4. DISCUSSION
This study shows that granitic terrain will generally provide better habitat quality for
Seychelles magpie robins than coralline terrain: the variables that are most strongly
associated with high cockroach abundance, and thus with Seychelles magpie robin
habitat quality (Komdeur 1996; Njoroge 2002) are also associated with granitic terrain
but not coralline terrain.

4.1. Multiple regression and model selection
Some of the five explanatory variables that were used in the final data analysis are
correlated with each other (Table 5), which can be a potential source of problems with
multiple regression analysis and interpretation of its results (Dover 1996; Zar 1998;
Tabachnick & Fidell 2001). However, the Akaike Information Criterion will account
for this multicollinearity, and penalize the models that include intercorrelated
explanatory variables, some of which do not add to the predictive power of the model
(Burnham & Anderson 2002). For example, a model with slope gradient and rock type
among the explanatory variables is unlikely to be ranked very high, as these two
variables are significantly correlated (Table 5).

From Table 7 we can see that model S, i.e. the model with slope gradient as the only
explanatory variable, is the best model according to AICc. At first glance there seems
to be a mismatch between the adjusted R2 and AICc values of the various models:
models S and ASRLP, for example, have almost identical adjusted R2 values, even
though the Akaike difference between these two models is greater than five. However,
it should be kept in mind that these values have a different purpose: AICc is a model
selection criterion, whereas adjusted R2 is a measure of the relative predictive power
of the model and should not be used for model selection (Zar 1998; Burnham &
Anderson 2002). It is also evident that several models are very close to each other
when ranked with AICc. There are seven models with a

i

value of less than two,

which means that the evidence that model S is the best model is not very strong
(Burnham & Anderson 2002; Burnham & Anderson 2004). In a case such as this, the
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best model is likely to be highly variable: the model estimated to be best would vary
from one data set to another, if the field measurements were repeated. Model
averaging would provide a more stable inference (Burnham & Anderson 2002), but an
averaged model would not help with the fact that statistical relations are not very high
for prediction purposes, the highest adjusted R2 value being 0.24 (Table 7). Thus,
instead of using model averaging, it is more informative to use the Akaike weights to
rank the variables in order of importance and see what can be inferred from this.

4.2. Examination of the explanatory variables
Table 8 shows that slope gradient is ranked as the most important explanatory variable
by the Akaike weights, followed by rock type, litter cover, papaya abundance and
altitude. Slope gradient is clearly ranked higher than the other variables, rock type and
litter cover are almost tied with each other, and papaya abundance and altitude have
less support. Ecological explanations for the success of some of the variables, such as
slope gradient and altitude in predicting cockroach abundance are uncertain. As
always when dealing with results obtained using regression analysis, one should be
cautious not to jump to conclusions about causality: an observed dependence may be
due to the influence of one or more additional variables (Zar 1998). For example, it
cannot be concluded that a steeper slope offers a direct benefit to cockroaches, even
though it is shown to be significantly positively related to cockroach abundance.

There is a positive correlation between slope gradient and cockroach abundance in all
models where slope gradient is included (Table 6), meaning that steeper slopes predict
higher cockroach abundance. It is, however, unlikely that there is a direct causal
relationship between slope gradient and cockroach abundance. The correlation could
be due to the collinearity between slope gradient and rock type. The islands in
Seychelles are either almost entirely flat as is the case with the coralline islands, or
they consist of a flat plateau with a rising granitic core. This means that almost all
steep slopes found in Seychelles are associated with these granitic hills, and hence a
steep slope gradient indicates granitic rock type. This positive correlation between
slope gradient and granitic rock type is confirmed in Table 5.
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Rock type is the second most important explanatory variable, with granitic rock
indicating higher cockroach abundance in all models (Table 6). This is a plausible
relationship, as rock type affects soil composition directly, which in turn is likely to
affect cockroach habitat quality. The hill land of the granitic islands is mainly
composed of aplite, a rock which weathers to produce deep and fertile soils (Watson
et al. 1992), which is probably beneficial to cockroaches.

The correlation of litter cover with cockroach abundance is negative in all models
where it is included (Table 6). This is a surprising result, as litter cover (especially
leaf litter) is usually considered an advantage for Seychelles magpie robins (Gretton
1993; Komdeur 1996). One reason for the unexpected result could be that ultimately
we did not differentiate between various kinds of litter, although our original intention
was to distinguish leaf litter from other litter. In addition to containing leaf litter,
which is known to be beneficial to magpie robins, our measurement of litter cover
also contains things that are more likely to be detrimental, such as coconut husks. A
more detailed division into different litter types could yield different results. Again,
the result could also be an artefact of multicollinearity between litter cover and other
variables related to cockroach abundance. There is a significant negative correlation
between litter cover and both slope gradient and rock type (Table 5). This could
partially explain the unexpected result.

Papaya abundance is negatively correlated with cockroach abundance in all models
where it is included (Table 6). One explanation for this is that papaya is regarded as a
pioneer species in fairly natural habitats (OECD 2005), and thus high papaya
abundance is likely to be found in open areas that are relatively free of other species.
This kind of uncolonized, dry and sunny terrain could be adverse to cockroaches.
Also, as was the case with litter cover, papaya abundance is negatively correlated with
slope gradient and rock type, and this multicollinearity could also explain the negative
correlation between papaya and cockroach abundance.

The effect of altitude is not as clear as is the case with the other variables. The
correlation between altitude and cockroach abundance is positive in the models in
which slope gradient is not included, and negative in the models with slope gradient
as one of the explanatory variables (Table 6). Yet the Spearman rank correlation
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coefficient for altitude and cockroaches is positive (Tables 3 and 4). The ambiguous
result is caused by multicollinearity: there is a significant positive correlation between
slope gradient and altitude (Table 5). This can make the interpretation of the results of
multiple regression very difficult, and the regression coefficients associated with
intercorrelated explanatory variables may not be assumed to reflect reality (Dover
1996; Zar 1998). Also, the effect of altitude is not statistically significant in any of the
models in which slope gradient is included. Our altitude estimates are not very
accurate, and these estimates were made in a relatively narrow altitude range. These
factors are also likely to have an effect on the results, reducing their accuracy and
clarity.

4.3. Stepwise regression
Stepwise regression supported the results of the model selection analysis. The
outcome of stepwise regression suggests that slope gradient is the most important
explanatory variable, with rock type coming second.

Thus, two methods point to the same two variables as the best predictors of cockroach
abundance. This does not enhance the model that was derived using model selection
procedures, nor does it provide new information about the important variables
affecting Seychelles magpie robin habitat quality. However, the fact that two different
methods come up with the same variables does increase the robustness and credibility
of the result.

4.4. Granitic terrain provides better habitat quality for Seychelles magpie robins
Large values of the two explanatory variables that were ranked highest are associated
with granitic terrain and granitic islands only. Additionally, a significant difference
was found in the average cockroach abundance between granitic and coralline terrain.
Field measurements were done in the area known to be used by Seychelles magpie
robins, meaning that no measurements were done on top of the granitic hill.
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Therefore, measurements were restricted to the coralline plateau, the fringe between
the plateau and the granitic core, and the base of the granitic core. The results show
that the fringe and the base of the granitic hill provide higher cockroach abundance
and therefore higher habitat quality than the plateau.

Settlement order of magpie robin territories on Cousin Island supports this: after the
translocation to Cousin Island, territories that are adjacent to the granitic hill (Fig. 7)
were the first three to be occupied (Njoroge 2002).

Figure 7. A map of Cousin Island with approximate territory boundaries for the first
three territories to be occupied after translocation of Seychelles magpie robins.
Diagonal shading indicates Seychelles magpie robin territory, the vertically shaded
part is rocky hill. The first three territories to be occupied were all adjacent to the
rocky hill.
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The historical distribution of Seychelles magpie robins is in agreement with the result:
the natural distribution of the species has always been restricted to the granitic islands
of the Seychelles group (McCulloch 1996; Gerlach & Le Maitre 2001). Around 1890,
Seychelles magpie robins were introduced to Alphonse, a coralline island in the
Amirantes island group. The introduction was initially successful, but in 1962 only
one bird was found, and in 1965 none were found (Gaymer et al. 1969; McCulloch
1996; Gerlach & Le Maitre 2001). This introduced population is the only known
occurrence of Seychelles magpie robins on a coralline island. The history of the
species, together with the fact that two different methods point to the same result,
makes for very compelling evidence.

Additional research into the factors affecting habitat quality, but with more refined
and accurate measurements, is still necessary, not only for planning translocations, but
also to broaden our knowledge on how to appropriately carry out habitat restoration.
For example, forest species composition could be measured with higher precision.
Litter cover measurements could be divided into separate categories for leaf litter,
coconut husks etc. Including Frégate Island in the study area would increase the
number of data points, and this could bring out effects which are not discernible with
the sample size used in this study. It is not uncommon in habitat quality studies that
the end result of a study is a relatively rough measurement which is then elaborated
with further research. Analogously to this study, in their habitat model research for the
endangered Virginia northern flying squirrel Glaucomys sabrinus fuscus, Odom et al.
found only one significant predictor variable with fairly coarse predicting power
(Odom et al. 2001). Using logistic regression modelling, they found that Virginia
northern flying squirrel presence was associated with proximity to conifer cover, but
the statistical strength of their predictive model was not very high. Nevertheless, this
result added to the knowledge of the species’ecology. It has since been refined with
additional research (Ford et al. 2004), which has brought further insight to what
constitutes suitable northern flying squirrel habitat. Similarly, further research on
Seychelles magpie robin habitat quality is recommended.
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4.5. Practical application
Ideally, cockroach abundance would be measured on all islands that are potential
targets for translocation, as this is the best currently known habitat quality
measurement for Seychelles magpie robins (Njoroge 2002). This data could then be
used to rank the islands in terms of habitat quality, and to aid in choosing the next
translocation target. However, financial resources for conservation are always limited,
and the development of rapid and cheap methodologies to gather basic information
relevant to management planning and conservation decisions is often a critical task
(Valverde & Montana 1996; Moore et al. 2004). Measuring cockroach abundance
directly is too time-consuming, laborious, and thus expensive to be a feasible option
in the long term. Though the results of this study do not provide a substitute for
invertebrate counts, they can be used as a rapid and cheap method to aid in making
translocation decisions. The statistical relations found in this study were not sufficient
to make quantitative predictions of cockroach abundance with a reasonable degree of
confidence, but it should be kept in mind that model accuracy and model utility are
not the same thing: the usefulness of a model in planning the conservation of a species
should not necessarily be discounted if the model is found to be inaccurate according
to some criteria (Meggs et al. 2004). As an example, when evaluating predictive
habitat models to assist the conservation planning of the threatened beetle Hoplogonus
simsoni in Tasmania, Meggs et al (2004) noted that a model of only moderate
statistical strength can have a high level of utility as a conservation tool. Comparison
to research on insect habitat modelling, such as the study by Meggs et al. is not at all
far-fetched, as I actually modelled cockroach abundance in this study, even though
predicting Seychelles magpie robin habitat quality was the final objective.

The outcome of this project can be used to rank potential translocation sites in certain
cases at no cost: for example, if two islands, one granitic and one coralline, are being
considered for Seychelles magpie robin translocations, the granitic island should be
chosen if other factors are equal. This approach and the method of using cockroach
counts as a measure of habitat quality (Njoroge 2002) are not mutually exclusive. As
another hypothetical example, consider four islands that are all potential translocation
targets. Two of the islands are coralline and two are granitic but otherwise they are
equal. Instead of carrying out invertebrate counts on all four islands, the two granitic
39

islands could be chosen for further consideration based on this study. Cockroach
counts could then be carried out on these two islands in order to make the choice
between them. This would save a considerable amount of resources compared to
performing cockroach counts on all four islands.

Such practice would also be in accordance with the IUCN/SSC Guidelines for ReIntroductions. According to the guidelines, establishing a species outside its recorded
distribution is a feasible conservation tool only when there is no remaining area left
within the species’historic range (IUCN 1995). There are several reasons for this:
altering the original species composition of the target site can be seen as ethically
ambiguous even when it is done for conservation purposes, and the effect of
introduced species on native species is unpredictable and may significantly affect
population and community dynamics (Jones 1999; Clavero & Garcia-Berthou 2005).
Also, re-introductions of endangered species into their historical range are generally
more successful than introductions outside the species’original distribution (Griffith
et al. 1989; Wolf et al. 1996; Wolf et al. 1998). The Seychelles magpie robin is
believed to have been naturally present on all the granitic islands in Seychelles in
historic times, but never on the coralline islands (Gerlach & Le Maitre 2001).
Therefore, translocations to granitic islands would follow the IUCN/SSC guidelines,
unlike translocations to coralline islands.

Nevertheless, this ranking alone is not enough to make the final translocation
decision. Other factors need to be considered: Seychelles magpie robins are known to
be practically dependent on rat-free islands (Thorsen et al. 2000), hence the absence
of rats is a priority. This is supported by the predicament of several endangered island
birds, such as the Rarotonga flycatcher Pomareca dimidiata of the Cook Islands
(Robertson et al. 1994), and the Floreana mockingbird Nesomimus trifasciatus of the
Galapagos Islands (Curry 1986), whose current status is believed to be largely caused
by introduced rats. Cats are also a significant predator of endemic birds, although it is
difficult to separate the effects of rats and cats because on most islands both are
present: cats were often introduced in an attempt to control rats (Hill et al. 2003).
Therefore the absence of both rats and cats, or introduced predators in general is
recommended of islands considered for translocation (Komdeur 1996). Rat and cat
eradications have been executed successfully in Seychelles (Shah 2001), but many of
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the country’s islands have so much unmonitored traffic passing through them that it is
virtually impossible to eradicate introduced predators from them, or to protect them
from accidental re-introductions in the long term.

Most of the islands in Seychelles are no longer in their natural state. When a new
island is chosen for translocation, a sustained commitment to conservation
management and habitat restoration, with relative confidence that this will continue in
the future, is desirable (Komdeur 1996). Any island that is chosen for the next
translocation would need habitat restoration: already in 1968 it was apparent that
translocation of Seychelles magpie robins from Frégate to other islands is hardly
feasible without restoration work in Seychelles, where nearly all the islands had
suffered alike (Penny 1968). It should also be noted that our measurements were
performed on islands with forest restored to a relatively native state, and the validity
of the result on islands that do not fulfil this criterion cannot be assured.

4.6. Problems and limitations
The accuracy of our field measurements was limited by the simple methods that we
used, and this could affect the results of the study. One of the assumptions of
regression analysis is that the explanatory variables are obtained without error (Zar
1998). This assumption is not fully met in this study, but it is typically impossible to
fulfil it completely in any scientific project. It is possible that with more accurate
measurements other explanatory variables would have turned out to be important. As
mentioned before, further research with more refined methods could tell us more
about the ecology and habitat requirements of Seychelles magpie robins.

The small population of Seychelles magpie robins restricts the maximum sample size
that could be used for the study. Extending the study area to Frégate Island would
have helped, but unfortunately this was not possible for this project. The original set
of explanatory variables was relatively large compared to the sample size. This creates
a risk of finding seemingly significant predictor variables by pure chance (Burnham &
Anderson 2002; Johnson & Omland 2004), even if in reality the variables are not
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related to the dependent variable. However, the end result shows that in this case this
is not likely: large values of the two most important predictor variables, slope gradient
and rock type are associated with granitic terrain. It is improbable that both are
spurious findings. The fact that similar results were obtained with two different
methods gives this argument further credibility.

There are no Seychelles magpie robin populations, nor were any measurements in this
study done on any of the coralline islands. This means that the results show
convincingly that within a granitic island granitic terrain is better than coralline
terrain. This study cannot prove that the difference extends to between coralline and
granitic islands, though this is likely to be true. If comparative measurements were
done on coralline islands, and if these measurements also pointed to granitic islands
providing higher cockroach abundance, then the results of this study would be given
even stronger support.

The accuracy of the result of this study depends on the accuracy of cockroach
abundance as a measure of Seychelles magpie robin habitat quality. From this point of
view, it could be beneficial to use magpie robin reproductive success data for each
territory as the dependent variable, but this was not available when the analysis was
done. As a drawback, this method would decrease the number of data points
considerably, as there could only be as many data points as there are territories. There
are many alternative ways in which habitat and island quality could be measured, such
as availability of nest sites, density of predators and food availability (Komdeur 1994;
Komdeur 1996). Cockroach abundance has been shown to be a valid habitat quality
indicator for the Seychelles magpie robin (Njoroge 2002), but there are other factors
affecting the reproductive success of the bird which are not accounted for in this
study. A site with very high cockroach density could suffer from a shortage of nest
sites, or it could be overgrown with vegetation which prevents Seychelles magpie
robins from foraging. These factors would not be fully taken into account with the
methods used in this study.
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5. CONCLUSIONS
Translocations, and conservation actions in general, should not be attempted without
conducting proper research beforehand, including studies of the species’critical needs
(Fyfe 1978; IUCN 1987; Scott & Carpenter 1987; Komdeur 1994; IUCN 1995;
Komdeur & Pels 2005). Understanding what determines the habitat quality for the
species in question is one of the most essential factors of a successful translocation
project (Griffith et al. 1989; Wolf et al. 1996; Wolf et al. 1998). Predictive modelling
is an important part of adequate management of endangered species (Odom et al.
2001), and a suitable model can be used to assist in the preparation phase of a
translocation.

Choosing a new island for translocation of Seychelles magpie robins is a complex task
for which many factors need to be considered. The models that resulted from this
study are by themselves not enough to make that choice. However, the conclusions
drawn from these models may be used to narrow down the list of candidate islands
and, in certain situations, make a choice between possible options. The main result of
this study is that granitic islands should be given preference over coralline islands for
Seychelles magpie robin translocations, other things being equal. Slope gradient and
granitic rock type are both variables that are positively correlated with cockroach
abundance, which is known to be a good indicator of Seychelles magpie robin habitat
quality (Komdeur 1996; Njoroge 2002). These are features associated only with
granitic islands. This result is given further support by the fact that Seychelles magpie
robins have always been restricted to the granitic islands of the Seychelles group
(McCulloch 1996; Gerlach & Le Maitre 2001), except for a temporary introduction to
Alphonse (Gaymer et al. 1969; McCulloch 1996; Gerlach & Le Maitre 2001).

The candidate islands in Seychelles would not be ready for translocation without
habitat restoration (Penny 1968), which is always a demanding, time-consuming and
expensive project. If resources are to be used optimally, it is recommended that
restoration efforts for Seychelles magpie robin translocations are focused
preferentially on granitic islands.
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