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Abstract

Otus capnodess a critically endangered scops owl endemic to the island of Anjouan,
an island that is part of the Madagascan Biodiversity Hotspot. Its habitat is threatened by
deforestation. The species was thought tododinct until its rediscovery in 1992 and apart
from the announcement of its rediscovery no publications have been produced regarding

this species.

This study was undertaken in 2010 as the first attempt to map the distribution,
assess habitat associatioasd estimate population. Point counts were used to survey the
island across a range of habitafthis data was then used in a habitat suitability madel
predict an area of suitable habitat for the species. Distance software was then used for the
surveysn this area to produce a population density estimate which then allowed a

population estimate to be produced.

The species was found to inhabit natural and degraded forest, extending to
plantations near degraded forest. The Habitat suitability model poed a suitable range of
93.4 square kilometres. The population was found to be fghéyi than previously

expected, estimated at 4950
This research suggests that the species was falsely red listed at critically endangered

and should be relisted as endigered. This research highlights the need for thorough

research when studying cryptic species before threat categories are assigned.

Vi
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1. Introduction

Studying understudied species

Fundamental to conservation of a species is an understanding of its biology.
Knowledge of the range and habitat preferences are essential for understanding the
threats faced (Franklin et al 2009), the changes that are occujvWang & Moskovits,
2001)andfor evaluating any effect made by conservation actjbang et al.,
2008 Wang & Moskovits, 200 horn et al., 2009)Detailed information on &bitat
preference and extent of occurrence can be time consuming and expensive to gather
however, and with limited conservation resources available cost effective methods of
making accurate predictions are essential. For these reasons Habitat Suitability
Modelling (HSM) is used. This statistical approach uses either mechanistic models, those
that predict physiological reasons for a species absence, for example frost damage
above a certain altitudéGuisan & Zimmermann, 20Q®r correlative models, those
that identify correlations between environmental variables and species presence and
thus use environmental knowledge to predict the probability of species occurrence
(Bourg et al., 2005)

These methods are especially useful when dealing with a crypéicies.
Presence data may be haral gather with such species and it may be very difficult to
prove that absence data indicates true absence (Thompson et al 2004, Franklin et al
2009).The ability to produce a species distribution map without having to survey every
potential location is therefore potentially very useful.

Knowledge of a species range also allows for more accurate threat prediction.
The use of relative levels of threat direct conservation action is widespreédyers et
al., 2000, IUCN, 20103 risk in using threat to direct conservation action is that cryptic
species may have their threat level overestimafBbbbirt et al., 2006)Misdirection of
conservation effort can have serious consequences as it can take substantial human,
temporal and financial resources to start a conservation effort. This can have serious

consequencess it is likely that this detracts these resources from more needy cases.



The production of HSMn order to assess population size and threat levels is therefore

an important first step when dealing with cryptic species.

Aims and objectives

The aim othis research was to further conservation efforts on the critically
endangered cryptic speci€BJCN, 2010ptus capnodeghe Anjouan Scops Owl by
identifying its habitat associations. The study is also a suitable casgfstutthe analysis
of previously unstudied species and provides an opportunity to analyse the accuracy of

making threat predictions with limited data.

The objectives of this study were to:

1 Produce a habitat suitability model.

1 Identify the habitatassociation®f the species.

1 Develop a monitoring protocol that could be continued in future years.

9 Produce a population estimate.

Thesis structure
The background (section 2) presents an overview of the study area, the biological

background, the surveyethods and HSM.

Themethods (section 3) detahe methodology of the survey and the analysis.

Theresults (section 4) presetthe results of the study and the analytical analysis

of the data.

The discussion (section 5) illustrates caveats ofidi@, provides an

interpretation of the results and details conservation implications of the research.
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Geography

The island oAnjouan igart of the Comoros archipelagdour volcanic islands
locatedIn the Mozambique channel, north of Madagas(see figure 2.1)IGN 1995)

Three of the islands, @nd Comore, Moheli and Anjouamake up the Union of the
NECWlleclive &
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Anjouan has a surface area of 424 square kilometres with a maximum altitude of
1568m(IGN 1995)Its volcanic past leaves it with a series oeptand narrow ridgedt
has very small remaining areas of primary &irdargely restrited to inaccessible
slopes. e secondaryforest is degraded and suffers extensive human impact. The
majority of the island isovered byplantations and overexploited infertile soilBhe
rainfallranges betweeri400mm on the south eastbast and2700mm on the south
west coast (Battistini and Vernin 1984). The islands have ,aMediseason from

November to April and a cooledrier season from May to October.

Economic situation

The main economic activity on Anjouan is agricultaneking up 39.9% of the
Comoros GDP in 2004 (IMF, 2004). The major export crops are vanilla, cloves and
ylangylang CIA world factbook 2010) he price of vanilla has decreased due to
Madagascan and Indonesian competition and the availability of synthdtititutes
whilst the clove market crashed worldwide in thed 1980s. Clove prices have
recoveredsince but have not returned to previous prices. Ylangylang has remained
economically favourable although the industry is not working to full capacity due to
aging plantations and inadequate processing equipn{efatrrison Church, 2005

Although the neighbouring islands of Moheli and Grand Corhaxes a small
tourism and ecotourism industry, Anjouan has none. The political instability, lack of
infrastructure and erratic power and water suppliamake it unlikely that tourism will
developin the near future

A major pressure to conservation effort on Anjouan is the high population
density.Anjouan has the highest population density of the Comorian islandfiasn@n

increasing population with a growth rate of around 2.766% (CIA world factbook.2010)

Biodiversity

The Comoros is typical of many isolated island groupkamwing high numbers
of endemic species, Indeed the islands are part of the Madagasodivesity hotspot
(Myers et al., 2000)The islandgendemic species includéteropus livingstoniihe

livingstones fruit bat and the Comoros island fruit dagussettus obliviosus.



Threats to biodiversity

The main threats to the forest based biodiversity on the island are deforestation
and erosionMohammed Said 2000, Mohammed Said 2009). Between 1990 and 1995
the deforestation rates were the fourth highest in the world at 5.83forestation is
largely diven by poverty, both to sell forest products and to clear potential cultivation
land (Mohammed Said 20Q0This situation is unlikely to change as the population is

rapidly increasing and the islands resources are finite.

Previous work

Otus capnodewent without documentation betweeri887and 1992 until
which it was thought to be extinct, unfloger Safford et §l1992)rediscovered the owl.
He documented the morphology of the owl framo captured individuad. He also
estimatedthe population sizeat 100-200 pairgSafford, 1993)Since then a small
number of small scale surveys have been made but without any publications
(Unpublished reports Birdlife International, 2QIQCN, 2010 This lack ofrevious

work adds challenges to the experimental design.

Red list classification

O. capnodess currently listed as critically endanger@dCN, 2010)The listing is
due to a population estimate of fewer than 250 matundividualIUCN, 2010and is
based uporthe population estimates b$afford et al and two otheunpublished reports
(IUCN, 2010)

Morphology as described by Roger Safford
Only twospecimens have been describgshfford, 1993)although there are
photographs of two more that were not handled (C.Marsh 2005). The wing

measurements were 173cm, tail of 80cm and a weight of 119g.



Using bology of similar owl species tmake predictions abou©.capnodes

Whilst the lack of information on the biology Gtus capnodesan cause
problems, the biology of other owlgspecially scops owt®uldbe used to infer likely
biologicalcharacteristics. Th®tusor scops owl genus is widespreduing found in five
biogeographic area@ndo-Malaya, Afrotropics, Nearctic, Neotropics, Palearctic)
(Howard & Moore, 1991)The Otus genus has its centre of diversity in Eurasia with 26
specieqFuchs et al., 2008 here are secondary radiations in Africa; four species, and
the Indian Oceamvith six or seven speci€suchs et al., 2008)n the western Indian
Ocean there arseveralspeciesendemic to small islangdshought to have arrived 3.6
MYA O.Capnodedrom Anjouan,O. mayottensisrom Mayotte, O.moheliensifrom
Mohéli, O. paulianfrom Grande Comore, an@®. rutilugO. madagascariensfsom
Madagascar an@®.insularisrom the granitic SeychelleShese species awnfortunately
very poorlyknown.O. Moheliensifor example was firstlescribed in 1998 afontaine &
Moulaert, 1998) It is only in the last 20 years that specific species statuStias.
pauliani O. capnodedD. madagascariensand O. Mayottensihias beeracknowledged
using morphological and vocalisation d@fauchs et al., 2008)ewis, 199&)Herremans
et al.)(Safford, 1993, Rasmussen et al., 2000)

A genetical study by Fuchs et al (2008) suggested that the Comorian birds are
significantly distinct geneticallyhilst being part of identifiable evolutionary grouphey
attribute this toa simultaneous invasion event followed tapid evolution. lthas also
been noted, both by Fuchs et al (2008) and by comparison of recordings (Bird calls of the
Comoro2010 that the calls oDtuspauliani O. capnodegO.moheliensiand O.
Mayottensisare very different see figure2.2. Fuchs et al (2008) suggest that while the
differences in calls may be significant, the relationships between evolutionary
RADGSNHSYOS YR RAFTFSNBYyOSa Ay OlFffmm al NB
example of this is the existence of memeselao the manner in which birds learn calls
it is possible for birds of the same species to have different calls in different locations
(Baker & Gammon, 2008)

The combination of lack of research and the potential for evolutionary
divergencecausingoehavioural differences therefore means that comparatwvedictive
studies for this species are limitedowever whilst comparative studies may not be

possible usingvolutionarily and geographically close species, convergent evolatidn
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Figure 2.2 The calls of the Anjouan, Mayotte and Moheli scops owls.

owl species in different areanay provide some potential for comparisd@omparisons
and predictiondor methodology and survey technigaeantherefore be made to some

extent butbiological predictions will bimited.

Biology of the Otus genus

TheOtusgenus are nocturnal hunters that mainly eat insects, the larger species
also eating rodentsreptilesand small bids (Hekstra, 1973)They are territorial and use
song to defend their territorie§Currie et al., 2002Hekstra, 1973Their territory sizes
vary;Otuspaulianihas a territory of around 5h@derremans et alyvhere asOtus
insularishas a territory size of around 25li@urrie et al., 2004 They areelatively short
lived; Galeotti and Sacchi (2001) noted that the oldest ringed specimen of Otus scops
discovered was six years olthe genus inhabit a variety of habitats, many inhabiting

farmland(Martinez et al.2002) different types of woodlan@Rene de Roland. &



Thorstrom., 2009)Currie et al., 2004k@nd mountainous grasslarifarchesi & Seig,
2005) Their nesting habits vary, many use hollow tréearrie et al., 2004ayhilst some
burrow (Conway et al., 2008hd nest in rockéMarchesi & Sergio, 2003)Itimatelythe
Otusgenus is very varied in its biology and therefore predictions were difficult to

produce.

Methodology

Detection

Detectionor recording (recording defined as detection during a sureéyjirds
can often be difficult. Foliage can prevent visual confirmation, they are fast moving and
many birds leave few signs that could be used as indirect indicators. For these reasons
birdsang is often used for detectio(Biblby & Burgess, 1992The advantages of using
birdsong as a surrogate for presence is that it allows data collection in species that might
otherwise be highly difficult to study. It can also greatly increase the quantity of data
that can be collected parnit effort. Bird calls however are not amdom occurrence
and so there are sources of err@@urrie et al., 2002peveringhaus, 2000)hereis a
wide rangeof biologicd reasons for calls and calling can infer a ¢@stleotti et al.,
1997) This means that understanding the potential reasons for differences in detection
is vital in understudied specieSor examplePenteriani et a#002) showed thaBubo
buboalters its territorial calling according to density; the threat of territory invasion is
lower in low densities so the effort of territory protection, and therefore frequency of
calls, is lower. Changes in call frequency ovasses may be significant enough to
produce different population estimates between surveys, producing a false trend if
surveys are conducted rarely and during different seag@usrie et al., 2002)The sex
can also ba large factorfor example, in many specidse malescall toprotect
territories or to attract mates, whilst the females are relatively si{@gleotti et al.,

1997) Ignorance of this fact could skew a populatictimate.



Survey options

There are three main methods of surveyinigds(Bibby & Burgess, 1992ine
transectgBuckland et al., 2008point countsurveysBuckland et al., 2008pd mapping.
Mapping involves comprehensively searching a designated area and producing an
accurate population estimate for the given ar@ibby & Burges4,992) This method is
however very time consuming. It is also not suited to the remaining forest areas on the
island which are on steep slopes and therefore difficult to transverse.

Line transectentail following fixed straight lines at a constantliwandividuals
are then recordedBuckland et al., 2008pue to the topography of the islandowever
this method is not viable.

The most viable method is point counts. This method entails making counts of
individuals at a series of separate locati@gckland et al., 2008 uckland et al., 2008)
This method is the best suited to difficult terrain as so long as the gounits are a
minimum distance away from each other any route can be taken. This method also
allows for the use of playback, a common tool in surveying cryptic (@@snah,

2009)Currie et al., 2004b, Penteriani et al., 2010)

Issues with using presence and absence data

A problem encountered by all methods in estimating population density is that
the probability of detecting a bird in the searchea s often not 100%((Buckland et al.,
2004 \MacKenzie et al., 2002Jhis means that whilst presence data (assuming correct
identification) isrelativelyreliable,absence data only indicates that no recordings were
made(MacKenzie, 2005}-or this reason pseuebsence data is often discussed,
defined as absence of detection but not proof of absence of the species.

There ae a number of methods for dealing with this problem. Presence data can
be used alone, taking detected bird presence as an indicator of occupation but not
taking absence of detection avidence forabsence of occupatioffFielding & Bell,

1997). This removes some of the error introduced by psuedoabsence data but not all
(Cianfrani et al., 2010)
Alternatively the probability of detection can be calculated in a number obway

Themost appropriate to this study is the distance method



The distance method

This method assumes that the probability of detection is 1 if the bird is O metres
from the observe(Buckland et al., 2008nd that the probability of detection decreases
as the distance from the observer increadsckland et al., 2004t is also assumed
that the density of individuals is the same for all distances from the obseByer
analysing the frequency of detection at different distances a probability of detection
curve can be producedghich indicates the probability of detection at different distances
from the observerThe detection probability can b@dmbined with detectia records
using software such asdbanceto producepopulation density estimate. This method
has a number oimportant assumptionsBuckland et al have considered the distance
method extensively and detail the main assumption$cdlews (Bourg et al.,
2005)Buckland et al., 2004)

1) The detection probabilitgf a birdat the point or line is Q0%

2) Birds are detected at their initial location. If birds move intosherey area or
away from the observebefore detectionthis an alter the density estimates.

3) The distance between a bird and tbleserver is recorded accurately.

4) If birds exist in clusters it is assumed that the size of the clusters is accurately
measured.

5) It is assumed that the sampled area is representative of the surveyed area.

This method is very well established and has been shown to produce accurate
results(Marques et al., 2001, Morgan et al., 20@)ckland et al., 2004Its
requiremens however carbe limiting factors in its use, for example, @rin estimating
distance can have a large effect. Buckland et al showed an average underestimation of
10% in the distance estimates can result in a 17% population underestimation (Buckland
et al.2001).
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Playback

A well established method of increasingteetion probability is to use playback
(Zuberogoitia. & Campos., 199Buckland et al., 2008pPlayback is defined as the
process by which a recording of a songléyed in order to instigate a reaction from
other members of the species, thus aiding in their detec(ioormally, all though not
always from the same speci€®/ilkins & Husak, 2006)The reasons behind the
responses can vary but are often due to territory defer{Cairrie et al., 2004 This
methodis often usedwhen factors such as large territories, low vocal activity or low
population density make detection difficu|Currie et al., 2004he methods vary
between species and habitats. The basic method entails playmregording and then
listening for responses. It is common to play a recording of a natural phrase of bird song
succeededy a pause to allow listening for responses. The lengths of the phrases, of the
total playback period and of the pauses vary greatly between birds and surveys and
often depend on the biology of the species being studiéd.bird calls are an important
communication vector for birds there are many factors that affect playback and these

must be understood in order to correctly interpret the results.

Variations in methodology

An area in which the methods vary between species and surveys is in the length
of the playback period. Owls with large territories often require long playback periods,
for example in surveyin@tus insularignd Otus elegens botelensisventy minute
playback period were usefCurrie et al., 2004b, Severinghaus, 2000)ontrastwhen
Galleotti et al studiedtus scopsnd AlbaZunigaMegascops seductubey used a three
minute playback pead (Galeotti et al., 199TAIbaZuniga et al., 2009Everwithin
species the methods variy 2002 Currie et al studie@tus insularisising 12 minute
playback period¢Currie et al., 2002)'he main risk by using increased listening periods
is that double counting can occur, so the length of playback is a function of maximising

detection probability and minimising double counting chance.

11



Season

Response to playback has been found to vary throughout the year. This may be
due to a range of factors such as seasonal climatic change or behavioural cycles, such as
breeding seasons. Currie et al (2002) found that response to playb@tksmsularis
varied throughout the year,gaking in February and Octobdihere is also variation in
the amounts by which different species responses change between seasons

(Zuberogoitia. & Campos., 1998)

Biologyof the recorded call

Bird calls are used to communicate a variety of messages. As such the nature of
the recorded call can potentially have an impact upon its effectiveness.

The sex othe recording can be importangpecies have been shown to adjust
their territorial response according to the sex of the intrud@aleotti et al., 1997)
possibly die to the benefits of polygamyrhis is important because the use of a certain
call maytherefore only instigate respores from one sex.

A species may have different calls between individuals according to age,
relationship or territory status etdMany species have different caélscording to
activity, for examplaluetting with a mate or defending territory. Different tamay
pose different territorial threat§Severinghaus, 20080d so instigate different levels of
response. This means that understanding of the call being played in playback can be

crucial to fully exploitingts potential.

Habitat suitability models
A problem facing many conservation efforts is lack of detailed knowledge of the
distribution of the species with which they wo®athering such information via field

research is however time consuming. Hus reason habitat suitability models are used.
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Definition

A common method of predicting the actual or potential geographic raoige
speciess to identify thecorrelations between environmental variables and occupancy of
the speciegGuisan & Zimmermann, 20007 he distribution of environmental variables
can then be used to predict distribution of the speciEsr example, if we wish to find
the potential range of a plant that best suits dry chalky soils then Igitopating areas
with chalky soils and low precipitation will generate a potential species range. It is
important to note that this method will usually identify the potential rangat the
actual rangel.e. it will assume the species is in equilibriurthwine habitat(Franklin,

2009)

Creating the model

A model is usually created using detailed information about the environment
combined with species presence data. The environmental data can come from a range
of sourcessuch as maps, survey data and remote sensing. Satellite imagilsgsuch as
Landsat 7 and ASTER (GDEM) collect a range of surface data, such as elevation, moisture
content and light reflectand®ASA, 2010, Reuter et al., 2008)ght reflectance is
collected for a wide range of wavelengths. These can then be used in conjunction with
other factors to predict vegetation types, e.g. forest or plantaidiSA, 2010, Reuter
et al., 2009) These factors are then input into a model which assesses their correlation
with species presence and/or absence d@tsanklin 2009)In order to do this the model
considers each pixel individually, identifyingretations between the values for each

factor and presence or absence.

Inputting species data

Fecies dataften comesas a combination of presence and absence data.
Models can be run using either presence or absence data or(Foémklin, 2009)The
choice is normally a factor of which form of data is best obtained under field conditions.
A large difference between presence and absence data is that presence data signifies

the detection of an individualassuming arrect identification etcwhereas absence
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merely indicates lack of detection, psuedoabse(idanley et al., 2005Psuedoasence

data can be due three main reasons;

)] Non-detection, where the subject there but merdy not detected
(Franklin, 2009)

i) Absence can be due to historical reasons rather than habitat suitability,
such as overhunting in that aréiranklin, 2009)

iii) Absencedue tounsuitable habita{Franklin, 2009)

If the reason for detected absence can be identified (for example by identifying
the detection probability using the methods above) then absence data can be very
useful in a modl. In many cases however this is not possible and so only presence data

is usedFielding & Bell, 1997)

3. Methods

Study area

One of the aims of this study was to discover the distributio® afapnodesn the

island of Anjouarnthus the study aimed to visit all regions of the island during the
survey. The survey was conducted between the"1gF May and the 16 of July Whilst
reports indicate tha. capnodess a forest dependent species this wag aesumed

and a range of habitat were selected for the survey. This included habitats which cover
only small areas of the island such as the mangrove forests.

For the purpose of this survey thHeabitatswere classifiednto three categories;
natural fores, degraded forest an@lantations. Natural forest comprised dénseforest
with little or no visible human impact. Degraded forestainedforest structure for
examplecanopy etc, but suffereftom some form ohuman impactForest utilisation

within the degraded forest category consisted of tree cutting for firewood or
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construction. Thus indicators included tree stumps, wood chippings, and wide paths
along with tree density and canopy covPtantations were defined as areas where
foresthad been remogd and agricultural practices were preseAteas where
deforestation had caused erosion and left infertile segire also included in the

plantation category

Pilot study

Pilot studies trialling point counts were conducted at Hombo and Raje figue
3.1). These were conducted by S.Lloyd and all three local technicians; Abubakar, Ishaka
Saidand AmelaidHoumadi The surveys were conducted alon@ Kilometre paths that
encompassed all four habitat types. Point counts were conducted at 200m intervals,
using a Garmin GPS for distance measurements. At each point there was a listening
period of 10 minutes followed by a playback period of 10 minutes. The timing of this was
based loosely on the protocol f@tus insularignd designed to evaluate ttefficiency
of both playback and silent listeniri@urrie et al., 2004 The playback period consisted
of a minute of playback followed by a minute of silence repeated for ten minutes. During
the first three point countglifferent playback patterns were tested and the responses
observed. Data on the habitat, location and position of the owl relative to the observers
was recorded. During this pilot study the following observations were made.

i) The density of owls was highn@ number of occasions five owls were

detected in a single point count.

i) The owls were very vocally active, singing most of the time.
i) Most birds were detected within the first 5 minutes of listening.
iv) The number of the birds and the movement could becomefasing

after around 10 minutes listening.

V) The distance between the observer and the owl was difficult to
estimate. This was due to the sharp relief of the terrain and the fact that
the darkness meant no visual confirmation was possible.

Vi) Movement betweerpoints was slow due to difficult terrain.

vii) Weather was unpredictable and could stop data collection.
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Viii) The birds started singing at 18:20 and continuedatuntil at least
22:00

iX) Playback caused the owls to react in a number of ways. Some
approached thebserverscalling others fell silent.

X) Reactions to playback were normally rapid

These observations lead to the following experimental design.

A pilot study was also conducted in mangrove habitat as the area of mangroves
on the island was too small to lsampled using the point count surveys and no owls
were heard.

Morningsurveyswere trialled however the call frequency was much lower so it

was decided not to include them in the survey.
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Figure 3.1 The survey routes.
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Survey design

The Point Count method was uséithis was to allow flexibility abutes (the
paths along which point counts are magsafety due to difficult terrain and to limit the
noise that might hinderfte study of a cryptic speciesolReswere located to meet the
following requirements. Firstly it was ensured that a representative and statistically
useful sample of different habitats at different altitudes was obtained. Secopaslittle
was known about the habitat range of the bsdrveyswere conducted acrogbe island
to ensure that all egions were surveyed, including all discreet forest areas. Thirdly any
uncommon habitats on the island were surveyed as previous knowledge of the species
was not sufficient to rule out any habitat type as a part of the speE@ge. Recce
surveys (Morgan et al., 200&yere carried out between point counts in areas where owls
had not been previously located, such as forests consisting of invasive species.

The survey covered 213 usable segiarpoints along 17outes. Assuming each
point count represents on average a circle of 100m radius this represents 6.7 km2 total
area surveyed. Of thesirveysl13 were in plantations, 39 in natural forest and 69 in

degraded forestThe survey effort can be seen in figlgd.

Designing Routes and conducting point counts

Routeswere visited twice, once during the day to establish good design and
gather habitat and GPS data and once during the night to conduct the survey.

During thedaytime visits paths were identified that were suitable $oirveying
A number of factors were considered, including: Length, time taken to walk the length of
the route and safety. Points were themarkeda minimum of 200m apart. Eacbute
consisted of btween 7 and 15 points depending on how long it took to walk between
points. Coordinates of points were recorded using a Garminh@Ré&held unit The
habitat within a 20m radius was recorded as the habitat at the point and a map of the
surrounding habitabutside the 20m radius was sketched in order to identify the habitat
of calling owls.

Surveysvere conducted between 18:20 and 22:00 when filet study
indicated theowls were most vocal. The observers walked alangesstopping at the

predeterminedpoints to conduct point counts. A point count consisted of a 5 minute
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silent listening periodas most owls were heard in this time during the study period)
followed by a 3 minute playback periods part of the project was to train local
technicians irthe protocol there were occasionally delays in commencing playback.
These delays were rarely more than a minute and when they occurred no birds were
recorded during the pause. If an owl wasarddata was recorded on the following:

)] The habitat at its locéion.

1)) The time.

iii) The orientation from the observer.
Iv) Its dtitude relative to the observer.
V) Whether it was part of a couple.

Vi) Whether it responded to playback.

Recordings were excluded for the following reasons: if they were suspected to
have been recored in previous point counts, if they were flying and if they were
suspected to be a previously recorded owl that had movint counts were excluded
if there was bad weather or if the GPS did not have signal.

In order to minimise observer bias S.Lloydswaesent at alburveys

Playback
Playback consisted of a tape that alternated between 20 seconds of song and 20
seconds of silence. Thpattern of callingmitatesthe natural song pattern of the species
and it also aided listening. The speakers were pointed directiy opder to direct
search in all directions equally. Pilot studies indicated that there were a range of
reactions to the playback. Some birds apprioad the playback whilst others fell silent.
The playback was therefore conducted after the silent listening period. The song used
F2NJ GKS LXIFeol Ol Ol YS TANRpsdnanahdaR/en0oB6Dt a 2 F

speakemwas used to play thplayback

Calling activity of other species
To assess potential for misidentification other avifaunal species heard calling

were recordedThere was very little vocal activity from species other tacapnodes
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during the nights. There wemecordingsof Tyto albaand Coracopsis vasa comorensis
(Greater Vasa ParrotThese calls are easily distinguishable f@mapnodesThe
scarcity and difference of the ndd.capnodesalls suggest that false data due to

misidentification was negligible.

Analysis

Nonspatialanalysis

A nonspatial analysis was conducted to identify habitat preferences of the
species. The presence/psuedoabsence rates between point counts at different habitats
were compared using a binomial generalised linear model to assess whether there was
variation between habitats. A Poisson distributeghgralised linear model was used to

assess whether owls were detected at differelensitiesat different habitats.

Table 3.1 The environmental variables used to create the HSM

Layer Indicator of Source
Green light Vegetation Landsat 7 and EO
Brightness Bareand cultivated land Landsat 7 and EO
Slope Steepness of slope SRTM and ASTER
Elevation Elevation SRTM and ASTER
Moistness Water levels Landsat 7 and EO
Proximity to roads Proximity to roads IGN map
Proximity to villages Proximity to villages IGNmap
Proximity to streams Proximity to streams IGN map

Analysis of playback

A line of best fit for the number of novel owl recordings during the silent
listening period was drawn in order tmmpare the number of novel owls recordings
heard during the playback period with the number expected. A Chi squared test was
used to determine whether more owls were heard during the first three minutes of

silent listening than the three minutes of plagk.
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Analysis otcall frequency

A Chi squared test was used to verify whether call frequency changed throughout
the duration of the surveys, i.e. whether call frequency was consistent between 18:00
and 22:00.

Analysis of search effort with regard étevation

A Chi squared test was used to evaluateether the search effort was representative of
the island

Habitat Suitability Model

Environmental variable map

The satellite map was produced by Dr Peter Long. The finished product is described here
and the methods are detailed in the appendikhe environmental variables can be seen

in table 3.1.

A 1:50,000 topographic map of Anjouan published by IGN was digitised and
georeferenced. The root mean square error was very low, ah4vRich is smaller tAn
one pixel. Shapefiles detailing road, settlement and river presence were then created
using onscreen ditisation to a 15m resolution. Theseere then used to create raster
layersof proximity to roadgFigure 3.2)settlements(Figure 3.3and rivers(Figure 3.4)

The rastellayers of proximity to roads and villages were used as indicators of human
impact.

A digital elevation model was produced by combining two data sources; the 90m
resolution data from the SRTM mission and the 30m resolution data ABTER. Raster
layers of slopgFigure 3.5and elevationFigure 3.6jvere produced to a 15m
resolution.

Data from Landsat 7 (ETM+ sensor) andlHALI| sensor) were used to produce a
cloudfree moderate resolution multispectral reflectance mosaic of shedy area.

Three rastetayers were produced at 15m. These detailed; green reflectdhragure

3.7), an indicabr of the level of vegetatioMyrightness(Figure 3.8yhichis an indicator
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of the amount ofcultivated andbare soiland moistnesgFigure 3) which indicates the

amount of water.

| slevation
Value
g

| green
| Value

Wgh grean reflactance

Low oo reflectance 0153

Figures 3.6 through 3.9, The following environmental variables: (top left -3.6, moistess)( top right - 3.7, brightness)

(bottorn left - 3.8 greenlight)( bottom right - 3.9 elevation)
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Figures 3.2 through 3.5. The following environmental variables: (top left - 3.2 proximity to roads) (top right - 3.3
proximity to settlements) (bottom left - 3.4 proximity to rivers) (bottomright - 3.5 slope)

Data input

A map of owl presences was produced by taking the coordinate data for each point
and using the bearing and distance to observer to infer the location of the owl. This was
then converted to a 38S UMJoordinate system. Aumber of random points were
generated equal to the number of presences. Theseethen compared to the
presences to indicate whether the presences were more associated with environmental

variables than random locations.
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Identifying predictive environmental variables

A binomial generalised linear model (GLM) was used to identify which environmental
factors mapped by the satellite data have predictive power of owl presences. The
presence and absence data was input into the macbéhg the R statistical program and
the environmental variables one by one. This compared the pixels that contained
presences to the pixels that contained absences and indicated any statistical difference,
and thus the predictive power of that variable.i3then produced a list of variables that
could be used to predict values associated with owl presence. It also provided a figure

for the degree to which each factor was a predictor, the B value.

Model validation

In order to obtain model validation thiefold partitioning method was used. This
entailed partitioning the data into ten equal sets, each of which was half presence data
and half absence data. Nine of the ten partitions were then inputted aBenomial
GLM with the predictive environmental valles using the R statistical prografiis
was repeated 10 times, using each partition as the validation data set dhce.
produced a series of minimum adequate models, producing a probability of presence for
each pixel on the map, each one made excigdi different tenth of the data. Each of
the models was then checked for accuracy by comparing the predictions against actual
data of the remaining tenth partition. The predictions were then plotted in confusion
matrixesto assess accuraéyr a hundred &enly spaced threshold&rom these
matrixes the frequency of true positives and false positemesaken. These are then
plotted with False positives on the X axis and True positives on the Y axis to produce a
Receiver Operating Characteristic (ROC)eurte area under the curve (AUC) is an
indicator of the accuracy of the model. A value between 0.5 and 1 is produced, where
0.5 is the result expected by random results and 1 is perfect prediction.

A discrete habitat suitability map is produced by sejtanthreshold, above which
the species is said to occur and below which it is said not to. This is calculated using a
kappa statistic. This is an index of accuracy created by calculating the ratio of false

positives to true positives (where higher Kappaiatgs to higher accuracy). This is then
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calculated and the Kappa statistic is plotted against the threshold. The highest kappa

statistic then indicates the most accurate threshold.

Map creation

A habitat suitability map was created using the followiagrfula figure 3.10 to
combine the predictive environmental variables with their respective B values using the
Arcmap GIS software. This produced a map illustrating the probability of occurrence of
the owl on each pixel. The kappa curve was then usetidoge the most appropriate
threshold of probability of occurrence to produce the most accurate habitat suitability

map.

Q(ﬂl [ 1+ [ s xs ]+ 0, [x, ]+ L)
1 + e(ﬁl[xl ]+ﬁ3[,\‘2 ]+ﬁ3 [“\‘3]“‘+ﬁn [XH]“'+ﬁO)

Pr(species) =

Figure 3.10.The formula used to create the HSM. The formula is calculated for each pix
Where X=the variable and B=the B value, predictor of correlation.

Distance analysis

Population density for the suitable habitat area predicted by the HSM was
estimated using the softwarBistance4.1to analysesurveys from within the area
predicted by the HSMOwIs detected by playback and owls detected over 100m from
the observer were excluded. Suitable models recommended by Bucktaald2001)
were considereBUCKLAND et al., 200Goodness of fit test statiss and detection
LINPOFOAfTAGE KA&G23INI YA 6SNB SEFYAYSR® ¢KS
was used to determine the model, the uniform simple polynomials model.

The population density was then combined with the area of predicted habitat
suitability to provide a population estimate. The population estimate was predicted as a
range by combining thpotential error of both the HSM and the population density

estimate.
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4. Results

Recordings

In total 285 usable owls recordings were madlke nunibers of owls heard in
each habitat type (according to the habitat of the owl not the point coant) the
pattern of higher owl occupancy being detected in natural and degraded foagsbe
seen intable 4.1 On average 3 owls were heard per point in matdorest, 2 in
degraded forest and 0.3 in plantations as can be sedigume 4.1
Generalised linear models were conducted comparing both presence at different
habitats (Binomial) and owl density at different habitats (Poisson) (for binomial
comparirg presence/psuedoabsence P= 2.9k 0.0382, 1.9340. For Poisson GLM
comparing densities P=1.394, 0.00426 and 1.9985). These indicated that there
were both significantlymore point counts that detected owland more owls were
detected per point cont in natural forests than degraded forest and plantations. They
also indicated that there were significantly magreint counts that detectedwlsand
significantly more owls were detected per point coumtdegraad forests than in

plantations

Table4.1 The relative survey effort, number of owls detected and number of point counts at which owls were
detected by habitat.

habitat point counts number of owls number of point counts with owls present

natural forest 39 118 38
degraded forest 69 134 55
plantations 113 33 32
total 213 285 125
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Figure 4.1 The average number of owls recorded per point count (Natural forest standard deviation =
1.38 standard error 0.221 Degraded forest standard deviation = 1.47, Plantations standard deviation =
0.977 standard error = 0.092)

Altitude

Counts were made at a range of elevations although these were not in proportion to
the distribution of elevations on the islan@ihis demastrated using a chi squared test
(X-squared = 176.4438, df = 14yvplue < 2.2€16) As can be seen iigure 4.2there was
a bias towards higher altitudes. This bias was due to the fact that elevation correlates
with forest and as surveys were designeditaximise owl presence data, more surveys
were conducted at higher elevations

Detections came from a range of altitudes. The lowest recorded was 44m,

although it is likely that this was an anomaly. Whilst the owls did appear to inhabit areas
as low as 30m, higher densities were discovered at higher altitudes, for example 800m
-1400m.
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Figure 4.2 The distribution of the elevation of survey effort and the elevation of the islan

Change in song frequency over time

A Chi squarednalysis proved thahere was no difference between detection

rates at different times, i.e. the frequency of bird call remained the same during the

study period of 18:00 to 22:00¢squared = 16.3419, df = 14vplue = 0.2929).

Temporal distribution of recordings acros$ie point counts

Figure4.3shows the number of minutes into the point count that the birds were

first recorded, i.e. the number of minutes that had passed since the start of the point

count. As can be seen the majority of birds were recorded at the efdhe point

counts. The graph goes up to 9 minutes due to occasional delays in starting playback.
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Figure 4.3 The temporal distribution of novel recordings over point counts. The formula of the expected line
calculated using the recording during the ent listening period isy = 127.690 (0.638”x) with a correlation
coefficient=0.983

Double counting

As can be seen by the fact that 99 of the birds, or 35%, were heard in the first 60
seconds of point countgalling frequency was high. This meant thats were easy to
track and moving owls were identified. A total of three owls were identified that had
been heard in a previous point count, representing a detected overlap of 1% between

point counts.

Playback

Of the 285 birds heard, 62 were first heard during the playback period. The total
number of birds heard during the three minute playback period, i.e. including previously
heard birds, was 144. The total number of birds heard during the first three miofites

listening was 171. A chi squared test indicated the number of badmgin the absence
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of playback was higher than the number of bicddlingin the presence of playback-(X
squared = 4.9279, df = 1;yalue = 0.02643).

Whilst less birds werealling during the playback period, the line of best fit
suggests that thergvas a highethan expected number of new ow{se. owls not
previously heard) being recorded. Figdr&shows the number of novel owls recorded
per minute in comparison with a best fine for the number of novel owls heard in the
silent listening periody = 127.69(0.638"x) correlation coefficient=0.983j can be
seen that the expected number of novel owl recordings is much lower than the actual. It
is possible that the numberfmovel birds heard during this period is due to double
counting caused by playback induced movement in the birds. A Chi squared test
however shows that there is no significant difference between the distances at which
the owls were heard at during silelistening and the distances at which owls were
heard during playback {¥quared = 14.5434, df = 10vplue = 0.1496). The data
indicates therefore that the playback causes birds to be recorded calling less frequently

with the exception of some birds wiiancrease their call frequency.

Habitat suitability modelling

Predictive variables
The following environmental variables were tested for correlation with owl

presence: elevation, moistness, distance, green light, brightness of light, distance to

Table 4.2 The results of the GLM.

variable Estimate (B) Std error Z value Pr(>z)
Intercept -4.31 0.7435 -5.797 6.75e09
Elevation 0.004947 4.330e04 11.427 < 2el6
Bright -81.51 31.46 -2.588 0.00965
Green -89.89 35.94 -2.501 0.01238
Road distance | 0.0005493 0.0001059 5.186 2.15e07
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streams, slope, distance to roads and distance to villages. Of these the GLM predicted
that elevation, green light, brightness of light and distance to roads were predictive of

owl presence (Tabld.2).

Habitat suitability map
A habitat suitability map was produced using GIS arcmap software. The
environmental variables elevation, brightness,grdight and distance to roads were
input with their B numbers in to the formula designated in the otk to produce
Figure 4.4
The kappa curve predicts a threshold of 0.44, see figuseThe map produced
by the threshold predicted by the kappa cargredicts suitable habitat in a few areas
that are covered in by bare grassland. The total area of the suitable habitat predicted is

93.4km2
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Figure 45 Kappa value for a range of thresholds. Kappa calculated for different levels of threshold tc
identify the highest Kappa value possible, 0.44.
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Figure 4.6 Receiver Operating characteristic plot. Thehance performance represents the model
performance that would be expected by chance alone .The area under the curve is 0.886 with a standal
error of 0.013. Sensitivity proportion of true positive results, and tspecificity is the proportion of false-
positive results for each unique threshold in the data

Validation

As detailed in the methodslafold partitioning method was used to validate the
GLM. Ths process produces the ROC curve that can be seen in fidlirEhe area under
the curve is 0.88&@vith a standard error of 0.013his suggests that in the final model, a
randomly selected pixel will be less suitable than one predicted by the model 88.7%
the time (with a standard error of 03%0)(Long et al., 2008)This is true for all
thresholds.
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Population estimate

The population density was estimated@b3 owls per hectare (95% confidence
intervals 0.4430.634CV=9.12 This combined with the suitable habitat area predicted
by the HSM produced a population estimate @icapnodesf 4950.If the 12%error of
the HSM is considered this produces 95% confidence intervals of populat&d Atand
6632.
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Figure 4.4. The habitat suitability for O.capnodegraded by probability of occurrence.
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Figure 4.6 The distribution of habitat suitability as predicted by the habitat suitability model with a threshold
of 0.44.
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5. Discussion

Habitat associations

Theresults of thenonspatial analysigdicate that natural forest is thpreferred
habitat for owls with degraded forest beimeferredto a lesser degree and plantations
being the least suitable. This is as expected; the more pristine habitats shoer loig!
population densities and as human impact on the forest increases, the populations of
the owl decrease. This result does however differ to previous studies which considered
only pristine habitat to be suitablgSafford et al 1993)The scale of theurvey however
is felt to be sufficient to prove thad.capnodeshabits degraded forest.

There were a number of recordings in plantations. This should not be interpreted
as plantations being suitable habitat for the species, there are a number of$acto
consider. Firstly in many plantations there remain patches of forest trees. In a number of
cases birds were recorded in very small forest patches, one was occupying an estimated
50m by 20m patch. Secondly birds detected in plantations were rarefyofarforest.

This suggests that the birds may be occupying the plantations due to being forced out of
higher quality habitat, as opposed to occupying them by choice.

There are a number of possible reasons for the difference in owl occupancy by
habitat. Ttere is evidence that the main underlying factor is human impact, the precise
mechanism of this force is not yet understood however. A major potential reason is
deforestation removing suitable nest sites. It is not known conclusively what constitutes
a sutable nest site foO.capnodeshowever Safford et al (1993) witnessed an owl
leaving a tree hollow which they presumed to be a nest site and it is very common
amongst owls to use tree hollows for nesting sifeaHaye &utierrez,
1999)Leadprathom et al., 2009Plantations are perhaps less likely to contain standing
dead wood or species of tree that form hollows. The lack of nest sites in plantations may
therefore be aimiting factor in local populations @.capnodegNewton, 1994)

The lack oD.capnodesn human impacted areas may be due to lack of available
prey items. It is not known wha&d.capnodegats, although most scops msveat insects,

small reptiles or mammaldekstra, 1973Currie et al., 2003)Human impact may
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either suppress populations to below those capable of supporting owl populations or
they may inhibit the owls hunting ability in some manner.

The mere presence of humans may be sufficient to lower local populatimis.
species have been shovwm be negaively impacteduponby human presencéGaleotti
et al., 2000)

The effect of altitude

Previous studies have thought the owl to prefer higher altitudes (Safford et al
1993). This is hard to examine at the presenélgvation is so strongly correlated with
forest presence. It is possible to note however that the lowest recording was at 44m
above sea level and a number of birds were recorded at around 300m above sea level.
Whilst the 44m recording may have been an amdynthe species has been recorded at
300m previously (Bulton and Marsh, unpublished) h€& only natural forest point at
which the species was not recorded was at the highest point of the island (Ntingi). This
was during a particularly cold day and the teenature was lower at that elevation than

the rest of the island so temperature may have been the limiting factor.

Habitat suitability model

Of the variables availableaistness, slope, distance to villages and distance to
rivers were not found to be gtanatoryand distance from roads, elevation, green
reflectance and brightness were identified as explanat&npm this a number of
conclusions can be drawn.

Firstly there is no apparent connection between stream presence and owl
populations. This is important as the deforestation rate has removed a number of
streams from the island, which would have serious consequences if the bird relied upon
their presence.

Secondly the exclusion of slope as an indicator suggests that the birds do not
prefer slopes but the forests that remain upon them, which is indicated by a

combination of elevation and green reflectance.
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Village distance was not included, suggesting itat a suitable indicator of
human impactThis is likely due to the naturally difficult terrain of the island; villages
may be geographically close to forest areas but in practical terms very far away.

That moistness is excluded is interesting, this faylue to similar water levels
in plantations and native forest.

As detailed in the method$rightness is an indicator dfare orcultivated landlt
is therefore unsurprising that it is a predictor of absenc®afapnodes.

Elevation is highly correled with forest presence. It is likely due to this reason
that it correlates with owl presence. This does not indicate therefore that the owls
prefer higher altitudes, instead that their habitatager disperseavith respect to
altitude. It may be the casthat the owls prefer higher altitudes but this would be
exceedingly difficult to separate from the effect of the altitude habitat correlation.

It is likely that distance from roads was found to predict owl absence due to it
predicting human impact on fest. It is probable that this is because distance to roads
correlates with accessibility. This would likely be due to both the fact that a road
provides accesand that roads are built in areas that are accessible.

Green reflectance is an indicator airést, and therefore it is not surprising that

it predicts owl presence.

Assessing the accuracy of the HSM

The predictions made by the HSM can be seen in figuxelThe area of predicted
occurrence is for the most part natural and degraded faréke habitat suitability
modeltherefore produces results similar to those predicted by the nonspatial data
analysis, i.e. that the lower the human impact the higher the probability of occurrence of
O.capnodesThe AUC value of 0.88 is high and indicatesfgattive prediction of the
data availablé@-ieldng & Bell, 199 It does however suggest that there is an error of
12%. It is also important to note that the model assumes equilibrium between the
species and theabitat. The HSM is also limited to information from remote sensing.
This could mean that an important environmental variable is excluded from the analysis,

e.g. presence of a species of lizard or tree.

38



It is also important to note that the HSM has pigles of 15m. Habitat

fragments of under 15m squared therefore will not be identified.

Determining threshold

It can be beneficial to management to have a map that predicts merely presence
and absence as opposed to grades of probability. In predicting an appropriate threshold
a Kappa statistic was used. The Kappa curve predicts the most accurate threshold of
occurence to be 0.44. When this was plotted however (Figu it produced a map
with a number of small errors. The main error was the inclusion of land covered by
treeless agricultural lanBigures 5.1 through 5Mut there were also owl recordings
excluded The reason for these errors appears to be the effect of elevation; the
predicted area that is not suitable is at a very high altitude, whereas the areas in which
owls were recorded but not predicted are in relatively low altitudes.

The AUC value of 0.88high but does predict a 12% error. These minor faults

are therefore to be expected.
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Figure 5.1 A falsely predicted area. The larger map illustrates predicted occupancy and absence
a kappa predicted threshold of 0.44. The area of tf#DM illustrated is felt to be an erroneous
prediction. This is due to this area being farmland with few to no trees which is shown to be
unsuitable habitat by the nonspatial analysis. This can be seen in Figure 5.3.

Figure 5.2 The topographicaffeatures of the area in figure 5.1
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Figure 5.3A photo of the area shown in figure 5.1. The peak to thight of the picture is named

Trindirin and can be seen in figure 5.2, As can be seen the forest covers the steep slope buwgapipears
as it reaches lower elevations. The land in between the mountain and the photographer is covered by
arass and farmland

Figure 5.4 The land use of the area indicated in 5.1
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