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B Annotation

The thesis describes diversity of birds along a mlete altitudinal gradient and in

forest fragments in lowlands of Papua New Guing¢afotuses separately on the
diversity of different feeding guilds, and discusdbeir links to habitat and food

resources. More specifically, it focuses on foiiesectivorous birds, their predation

pressure on arthropods, feeding specializationspagfdrences, and some of the ways
how insectivores search for food.
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Introduction

Trophic relationships between insectivorous bimid a
insect in Papua New Guinea

INTRODUCTION

Papua New Guinea and its avifauna
New Guinea is the world's second largest islartéy @&reenland, covering a land area
of 922,000 krfi Located in the southwest Pacific Ocean, it liesggaphically to the
east of the Malay Archipelago, with which it is sstimes included as part of a greater
Indo-Australian Archipelago. Geologically it is arp of the same tectonic plate as
Australia. When world sea levels were low, the shared shorelines (which now lie
100 to 140 metres below sea level), combining Waifds now inundated into the
tectonic continent of Sahul, also known as GreAtestralia. New Guinea provides a
range of habitats from tropical rain forest to gta€ within distances of less than 16
kilometres, a range of altitudes of over 5000 n¥etand an equatorial position. The
island is divided into southern and northern wétteds, separated by Central Range. In
addition, New Guinea has 19 outlying mountain ran@eof them off-shore) that vary
in size and distance from the Central Range (Diahi®¥ 3). Mainland of New Guinea
is represented by the large lowland rainforestsadd% of the land lies below 100 m
asl), as well as high mountain areas (27% of thd les between 1000 to 4500 m asl).

The rugged topography, which isolates populationadjacent valleys or on
adjacent mountains, has promoted speciation wghiall areas of a single land mass
by essentially the same mechanisms that underéieiaon on large continents (Hall
2002). The number of nonpelagic bird species omthmland of New Guinea, 513, is
large enough to give rise to the complex interagti@haracteristic of continental
faunas, but not so large as to be overwhelming. @iiee paradoxes of New Guinea’s
biota is the geographical affinities of the florgamst the vertebrate fauna. Whereas
plant genera have closest affinities to Southeasia,Aornitofauna is closer to
Australian (Beehleet al. 1986, Holtet al. 2013).

Papua New Guinea (PNG) is political Eastern hathe New Guinea island.
Besides the mainland (470,500 mPNG also encompasses over 600 small islands
and archipelagos. Mainland of PNG itself housesentioan 465 bird species.

Chapters|, Il, V and also Tvardikova (2010) represent studies of bird communities at
various sites in Papua New Guinea. Chapter | deals with bird species richness along
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Introduction

altitudinal gradient in Central Range, chapter Il focuses on altitudinal range
distribution of observed species along this gradient and describes some range
extensions and species new for the region. Chapter V and Tvardikova (2010) deal with
bird communitiesin various habitats in lowland forest.

Altitudinal gradient

Mountains have long captivated mankind and haven lmeasidered sacred places in
many societies (Bernbaum and Gunnarson 1990), dsaweopular destinations for
hiking, skiing and solace. By the nineteenth centthre first naturalists provided the
more detailed observations of how the natural woHdnges with altitude (Lomolino
2001). In their first voyages around the world ytineted that the types of habitats and
the number of species changed predictably withtudii. Several factors change
predictably with increasing altitude; the most @wa being temperature, decreasing
linearly approximately 0.6°C for each 100 m inceean altitude (Barry 1992).
Tropical mountains, due to higher temperatures cat latitudes, have warmer
temperatures at the base and therefore need taudle taller to reach the extreme cold
temperatures seen on temperate mountains. Othaticafaictors that vary predictably
with altitude are air pressure, which decrease$ witreasing altitude, and solar
radiation, which increases with increasing altitu@¢her climatic and abiotic factors
vary along montane gradients but have a more compationship to altitude.
Probably most important of such factors is preatmh, which is in the form of rain,
snow and condensation from clouds. Tropical moustahow variable patterns, either
with highest precipitation at middle altitudes oomatonously increasing precipitation
with altitude. Some mountains show little variatiarprecipitation (Barry 1992). Most
altitudinal gradients have a more or less stabledensation zone (cloud zone) at a
certain level, especially conspicuous in the trepitausing favourable conditions for
certain taxa (e.g. epiphytes at mid-altitudes, Wwhit turn create microhabitats and
food for other taxa; Rahbek 1995).

Based on the first results from tropical regiomd970s and 1980s, decreasing
altitudinal diversity became the accepted and asdypattern for all taxonomic groups
for more than two decades (e.g. Brown and Lomoli®®8), and the unimodal
altitudinal patterns observed by few naturalisteviewrgely forgotten (McCain 2010).
The uniformity of decreasing richness on altitutligeadients was challenged by
Rahbek (1995). Rahbek (1995) and later McCain (2@0D9, 2010) described the
main species richness patterns and presented eésslies showing possible causes.

Altitudinal patterns in species richness fall inftour common patterns:
decreasing, low plateau, low plateau with a midwainal peak and mid-altitudinal

2



Introduction

peak (Figure 2 in McCain 2009). Rahbek (1995) aahetl that species richness
patterns may differ between taxa as well as withka between different regions, and
within the same region, at least on a regionalescal

Large number of hypotheses has been proposexptaire trends in species
richness (Gaston 2000). Many of them are not miyteaiclusive, while others hardly
offer more substantial explanation. Some of theemst® have high explanatory power
for plants, but lower for animals (Gaston 2000). id/ldifferent taxa show various
patterns based on their ecological requirements,conld expect the same to be true
for different feeding guilds varying in their regeinents and adaptations to habitats
and climatic conditions. | therefore found of irsfrto examine the patterns of species
richness of birds partitioned into trophically éifént groups.

Chapter | deals with overall bird species diversity patterns along a complete
altitudinal gradient in Central Range of Papua New Guinea, and focuses on the
patterns of trophically different guilds (insectivores, herbivores and omnivores).
Chapter Il then reveals altitudinal range shifts and range extensions, and summarizes
list of species for the region.

Fragmentation in lowland areas

Extensive lowland regions represent second domirfaature of New Guinea.
Fragmentation was a feature of lowland forests elefore humans became a
predominant influence. Semi-permanent open spaesslted from the dynamic
interactions of tree fall gaps provided by old agregs, wind throw events, floods or
landslides. Permanent open spaces in the woodlaret gvere maintained along river
valleys, lakes, wetlands and cliffs (Dennis 1997).

Human influence has grown, and total forest caleelined during the last
centuries in most of the areas of the world. Lasel change and habitat fragmentation
mainly caused by human activities exceeded nalianék. Population growth is often
used as a proxy for land use change (Kok 2004).Néwe Guinea is not an exception;
however the lowlands offer a different picture. Thwvlands have the highest
incidence of human malaria outside of Africa, aralaria is probably the main factor
contributing to the low population density of cg@ople/km (Riley 1983). The New
Guinea lowlands can thus be considered as ecolbgigegrginal environment for
human habitation lacking access to comparativelyaaded technology, and this
explains why they remain largely forested till tpdd@he average size of traditional
garden resembled in size the natural gaps causéahtglides and wind throws. The
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limited damage done by forest-dwelling populatitm$owland forests also appears to
be a consequence of technological impotence th&re®ftthoice.

The replacement of stone axes by steel ones,lase in turn by chainsaws,
has finally provided the lowland communities withet efficiency to pursue the
developmental trajectory already charted by theighland neighbours several
thousand years ago. ‘There is little robust evigahat . . . “traditional” societies . . .
have been natural conservationists. On the contk@mgrever people have had the
tools, techniques, and opportunities to exploiturat systems they have done so’
(Oates 1999). Human population growth in Papua Bawnea is very fast [from 2.3
million people in 1975 to 5.2 million in 2000 and 7.1 million in 2012, National
Census Data, and Ningat al. (2008)]. Since 85% of the population relies on
subsistence agriculture, population growth affesgsicultural land use. Most new
agricultural land was taken from primary forest dinel forest area decreased from 9.8
ha person in 1975 to 4.4 ha persdiin 2000.

Those activities turned the structure of Madarggridt lowland forest inside
out — from the extensive cover of primary lowlamdelst with occasional small-scale
gaps (natural or man made) into a large scale slacpryrowths and plantations with
fragments of primary forest. The changes happeimningladang lowlands are rather
fast. This fact could significantly influence thesamblages of organisms adapted to
more certain natural conditions. For example ire$tg, some species prefer the open
habitats created by the death of a tree or hangesfitrees, while the other avoid such
habitats. Some authors believe that the organisigmating in areas with relatively
low and small scale natural disturbance (whicthés ¢ase for Madang lowlands) will
be much strongly dependent on closed undisturbbifats than the species form areas
with severe and frequent habitat disturbances (eugricane disturbance in South
America, not so recent large-scale gardening agging; Pickett 1985).

Forest fragmentation affects the composition ofeso bird communities,
especially in the humid tropics where the ratefoést destruction are high and where
birds are generally more specialized in their forggactics, live in more specific
habitats, and need larger territories than in teatpeorests (Stouffer and Bierregaard
1995, Haganet al. 1996). Different bird species react differently deforestation
(Haganet al. 1996) and forest understory insectivores, in gandrave high habitat
specificity, low mobility, and are more confined forest interior than other forest
passerine guilds, especially in the tropics wheogedt fragmentation and its
consequences are most dramatic (Sekercioglu 208k&r8ogluet al. 2002). Other
authors reported also large frugivores to be sgadiv habitat change (Lees and Peres
2010, Sekercioglu 2012).
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Although over a dozen hypotheses have been prdposeexplain the
disappearance of insectivorous bird species frorested habitats around the world
(Canaday 1996, Fore al. 2001), four of these are particularly relevantThe food
scarcity hypothesis states that small fragmentsrapeverished in prey preferred by
understory insectivores (Burke and Nol 1998, Zawtal. 2000, Fordet al. 2001). 2.
The microclimate hypothesis proposes that thesdsbare particularly sensitive
physiologically to changes in microclimate assaatvith forest fragmentation (Karr
and Freemark 1983, Canaday 1996). 3. The habiaifapty hypothesis states that the
loss of some microhabitat elements (such as armgwarms, curled leaves, and dead
trees) from fragments may affect many understosgdtivores negatively (Canaday
1996, Fordet al. 2001). 4. According to the limited dispersal hypesis, understory
insectivores may less likely disperse into moreotaable habitats after forest
fragmentation because of their relatively sedentatyits and possible psychological
avoidance of clearings (Stouffer and Bierregaai@bl 8aldi 1996); and may therefore
disappear from fragments as a result of stochastients and other negative
conseqguences of fragmentation.

In chapter V, | deal with the effect of forest fragmentation on avifauna in lowlands of
Papua New Guinea. | focus on patterns of trophically independent guilds (insectivores,
frugivores and omnivores), and more intensively on insectivores which seems to be the
most susceptible to habitat change (which can be seen also in chapter | and in
Tvardikova 2010). In chapter VI, | discuss the predation pressure of insectivorous
birds on herbivorousinsect in different habitats in those lowland sites.

Insectivorous birds
Why should be insectivorous birds different? Thevaar to this question seems to be
compounded of several aspects. While the fruitsflmwekers can be carried on a plant
in only limited number of ways, insect can concb@mselves or escape by a great
variety of means. Diamond (1973) has shown that-&ating birds in south Pacific
sort mainly by size, while, in contrast, it is no& to find several like-sized
insectivores sharing the same habitat and segnegiayi subtle behavioural differences
and searching techniques. The simple fact, that ma$aunas contain much larger
numbers of insectivorous species and families,ifyesio the morphological
specialization that can be effectively employedpumsuit of insect prey (Terborgh
1977).

Terborgh (1977) reported that tropical avifaunan dae fairly discretely
partitioned into three tropically distinct subdieiss: insectivores, frugivores
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(including granivores) and nectarivores, and thalyy aninority of species feed on
nearly equal mixtures of insect and fruits, ortfiand nectar. The opposite seems to be
true, and many tropical species are reported te makch wider range of items. The
question about the specialism, generalism or giastf food preferences were always
of interest of avian ecologists. Many of them dmt nome with strong conclusions.
Not only do species differ in their use of resosrttgough time and in different places,
but the extent to which they specialize or geneealh their use of resources may
change. Often these changes are associated wisorsgaor local patterns of prey
abundance.

Some authors demonstrated that it was potentiaityeading to characterize a
species as either a foraging specialist or geseraithout defining the resources being
used, describing the spatial scale of the measumsmeade, and presenting some
measure of the degree of individual variation wittiie population studied.

The diet of tropical bird species, including sgsciin New Guinea, is
particularly poorly known (Collingt al. 1990; Karr and Brawn 1990; Loiselle and
Blake 1990). The feeding preference for most trapiird species is usually inferred
from a few individual observations; stomach corgeonf specimen collected for
museums, or are totally unknown. Quantitative datatheir diet are nevertheless
important for the understanding of food webs indbaommunities (Pouliret al.
1994a), and possible bird impact on their food.(seed distribution) or prey (e.g.
pest) regulation.

In chapters Il and V, | tried to identify food specialization of common bird species
occurring in Papua New Guinea, and get better insight into their food preferences and
food exploited in different habitats.

Insectivorous birds as predators of arthropods
Insectivorous birds are common in ecosystems thowigthe world, and numerous
studies have shown that they can affect the papuolaizes of insects and other small
arthropods (e.g. Holmes 1979; Fowdeal. 1991; Williams-Guilléret al. 2008). There
is a direct conflict between the need of insectiusrbirds to feed upon arthropods, and
the need of arthropods to survive and feed therasglmostly on plants). Arthropods
therefore use a range of defences to protect tHeessagainst attacks (e.g. Schmidt
1990), and birds try to overcome them.

When first confronted with the huge complexity amegnitude of tropical
forest, | was wondering how the insectivorous baodal with the primary condition of
their survival — to find the food (i.e. arthropodiere. Having in mind the relative
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scarcity of arthropods in tropical forest, | wasaalinterested in the chances of
arthropod for their survival (or death in beaksnsfectivorous birds). | experimentally
studied those questions in chapt&sandVI .

Possible ways for birds to detect arthropods

The two primary sensory mechanisms that birds n&gy/ to detect plants carrying
herbivores are vision and olfaction. One hypothesihat vision can be important in
detecting herbivores at both long and short diganwhile use of olfaction may be
useful mainly closer to the damaged plants, buttbehanism is not well known.

Visual

Birds can naturally use visible feeding marks imavies or qualitative structural
differences as cues to find arthropods (HeinricB@&llins 1983; Mols & Visser 2002;
Boege & Marquis 2006; Mulleet al. 2006; but see Bergelson & Lawton 1988), as
most of the arthropods are herbivores. Also notikiere arthropods (e.g. spiders) are
known to be attracted more to the leaves wherdéhieivory damage is going on, and
they can find there more food for themselves, le @sisk higher exposition to own
predators. Visible marks of presence of arthropodsld be herbivorous damage,
excrements, or changes in leaf reflectance.

In addition to their broad range of vision (31560 nm), diurnal birds can
distinguish a large scale of chromatic variatidiyst they see colours differently and
with more shades than humans (Cuthill 2006). Thiseicause birds have four cone cell
types and colour-vision-enhancing oil droplets Hmeit eyes, giving rise to a
tetrachromatic form of vision in which every pexal colour consists of red, green,
blue and ultraviolet (UV, 315 — 400 nm) componemtscomparison, humans have
only three cone cell types and trichromatic visilagking the UV part visible to birds
(Cuthill 2006; Jonest al. 2007). The UV vision of birds may be a good cdatk for
the mechanism behind the attraction of birds tontglasuffering from herbivore
defoliation, as several bird species are knownde i1 for instance during foraging
(e.g. Churchet al. 1998; Honkavaarat al. 2002; Viitalaet al. 1995). Additionally,
insect herbivory induces the production of defectoemicals (Haukioja 2003), such as
flavonoids, which are visible in UV wavelengths (k&maet al. 2003).

Olfaction

In contrast to vision, the olfactory ability of mdsrds, including passerines, was long
thought to be negligible (Roper 1999). Recent ssidhowever, have shown that
passerines can make use of olfaction in many snstsuch as in aromatising nests
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(Petitet al. 2002; Mennera#t al. 2005; Gwinner & Berger 2008; Mennerat 2008) and
in predator recognition (Amet al. 2008; Rothet al. 2008). Many invertebrate
predators in tritrophic systems use VOCs produgeglénts to detect and locate their
prey (Turlingset al. 1990; Dudarevat al. 2006). Novel VOCs emitted by herbivore-
damaged plants may be the first indicators of lerkei presence to predators. It is
therefore possible that olfaction may also besddi by birds in receiving signals from
plants. Physiological and genetic evidence conftira olfaction ability of birds.
Steigeret al. (2008) studied nine bird species (Blue Tianistes caeruleus, Black
Coucal Centropus grillii, Brown Kiwi Apteryx audralis, Canary Serinus canaria,
Galah Eolophus roseicapillus, Red JunglefowlGallus gallus, Kakapo Srigops
habroptilus, Mallard Anas platyrhynchos, and Snow PetrePagodroma nivea) and
found that they all had more active olfactory reoegenes than had previously been
assumed. It thus seems that birds can detect smalis better than has previously
been thought.

Aims of the thesis

In this thesis, | studied the factors driving diaition of birds across different habitats
in Papua New Guinea. First, | focused on a comgdlatest altitudinal gradient, and
aimed to describe patterns of bird species digtohyand further analyzed the factors
driving them. | approached the question both fbbat species as well as different
feeding guilds. Later, | focused on similar question forest fragments (and altered
habitats in Tvardikova 2010) in lowlands of PapuasNGuinea. In both cases, | found
different patterns of diversity and abundance fsettivorous birds that for the other
feeding guilds. Namely, insectivores were more isigaso microhabitat, and changes
in habitat structure. Therefore, | further focus®d the insectivorous birds in more
detail, and analyzed food specializations of th@mon species of the birds observed
along altitudinal gradient and in forest fragmemily. aim was to determine feeding
specializations of birds more precisely, analyzefdod preferences, find out the most
important arthropods taken by insectivorous biedg] identify possible trend in food
specialization which could help me to understaral phtterns in diversity observed
along altitudinal gradient. With the similar go&alconducted predation experiments
along altitudinal gradient, where | studied prealatpressure from insectivorous birds
(and other predators) on Lepidoptera larvae. Is ¢ixiperiment, | also studied whether
passerine birds are attracted to herbivore-damagses, or whether leaf-rolling
Lepidoptera larvae are better protected than fvagglindividuals



Materials and methods

MATERIALS AND METHODS

In this chapter, | briefly introduce the methodsdig the studies included in the thesis
(chapterd — VI). Overview of the methods used in individual stsdis summarized in
Table 1 More detailed accounts of the methods can bedfiaumdividual chapters.

All studies were carried out in Papua New Guirgtadiesl — IV were carried
along rainforest altitudinal gradient on the slopédt Wilhelm (4509 m asl) in the
Central Range, spanning from the lowlands floodyslaif the Ramu river (200 m asl,
S5° 44’ E145° 20’) to the tree line (3700 m asl; 88’ E145° 03’). Studie¥ andVI
were carried out mainly in lowland rainforest of ddag province, in continuous forest
(Wanang 3 site), forest fragments of different s{Baiteta, Baitabag, Ohu sites),
secondary forest (Wanang 1 site), and primary fatthe altitude of 1700 m asl was
surveyed in study'.

Bird survey

Bird communities were surveyed by 3 types of ceesua all experimental sites —
point counts, mist-netting and random walks throtlyd area. Point countsere
always carried out at 16 points regularly spacetala 2250 m transect (successive
points were 150 + 5 m apart to avoid overlap).bMts seen or heard were recorded in
the following radial distance classes in meters10, 11 - 20, 22 — 30, 31 — 40, and 41
— 50. Birds estimated to be beyond 50 m were ramrded for analyzes, but noted for
complete checklists (chapthr). We started censuses 15 min before the day lfteak
standardize across altitudes, sites and seasoms)aadomly selected the starting point
and the direction of walk. Each count lasted 15ut@is so that all 16 points were
surveyed before 11 am.

Further, we_mist-nettetlirds into 200 m long line of nets (using nets &5
high x 12-18 m long, mesh 16 mm) from 5:30 am 805m daily, with regular checks
every 20 minutes. All mist-nets were moved to a hasation (~300 m apart from first
location) after every 3 days.

Finally, we randomly walked2 km" along point-count transects, and
surrounded area and recorded all individual biréensor heard within 50 meters
radius.

Bird’s food sampling

Food samples were obtained from mist-netted birglsadministering tartar emetic
following method by Pouliret al. (Poulinet al. 1994b; Pouliret al. 1994c; Poulin and
Lefebvre 1995). Immediately after the capture, imkere given 0.8 cmof 1.5%
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antimony potassium tartar per 100g of body madswered the concentration from
1.5% to 1.0% for birds smaller than 10 g accordmgecommendations (Poulin and
Lefebvre 1995). The solution was given orally tigb a flexible plastic tube attached
to a 1-cc syringe. After administration, the bindsre placed in a special “regurgit-
bowl!” covered by dark cloth. | examined each foaanple (defined as regurgitated
food of a single bird individual) under a dissegtiscope. The number of arthropod
individuals per morphospecies was assembled frody Iparts found in the sample.
Most of the arthropods were fragmented, and tlogintification was thus based on the
least digestible and most characteristic parts d@ui available online
http://tvardikova.weebly.com/downloads.hymindividual arthropods were identified
to morphospecies (i.e. morphologically identicayprategories assumed to represent
one species), and classified to orders or famiibsre possible. Analyzes were also
based on the classification of arthropods intohiigber taxa listed in original articles.

Caterpillar experiments

| used artificial caterpillars exposed on the sttides to monitor attacks by natural
enemies. Caterpillars were made from natural-laplkdiark green colour modelling
clay (Koh-I-Noor Hardtmuth brand), which is malléaboil-based and non-toxic. We
modelled artificial caterpillars by pressing thagiicine through a syringe to ensure
that each caterpillar had an absolutely smoothasarfArtificial caterpillars were 15
mm long and 3 mm in diameter, matching in body $mmally common crambid and
tortricid caterpillars, and also matching the madizaterpillar size in the entire
caterpillar community (Novotny and Basset 1999)wadl as the size of caterpillar
most commonly taken by birds. Each experiment veaslaocted along a single 2250 m
long transect at each study site. Thirty samplioigts, represented by individual trees,
were spaced at approximately 75 m intervals aloagsect. This spacing ensured that
the experimental trees could be considered indegendhrtificial caterpillars were
placed on each tree, between 2.5 and 4 m abowgrdlked. They were pinned on the
young leaves in various ways (see chap¥rand VI for more details). Each
caterpillar was inspected at 24-h intervals forefifor six) consecutive days and
carefully examined for characteristic bite marksee(s Appendix 3 or
http://tvardikova.weebly.com/downloads.htmior identification guide). Missing
caterpillars were excluded from the analyses as #tatus could not be ascertained.
All missing caterpillars and caterpillars with markf attack were replaced by new
ones, pinned to approximately the same locations.
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Arthropod survey

We sampled the arthropod communities from ten $eg®ings at each site. Crowns of

ten tree sampling (DBH ~5 cm) were lowered abovequdo net, covered by net and

sprayed by commercial insecticide. All arthropodsrevcollected and placed in 70%

alcohol. Arthropods were further identified intoders, counted and measured into
nearest 0.1 mm. All leaves were collected, weightedi leaf area was measured in leaf
frames, and arthropod abundances were relatedftadea or leaf weight.

We surveyed ant communities occurring on experiaidrees by observation
and hand collection, as well as using tuna baitsse@vation of ant activity was
performed prior to the exposure of caterpillarse Ttunk of each tree was examined
for 10 minutes, all foraging ant individuals wex@ated and voucher specimens were
taken for identification. Commercial canned tunawaed in baits, which is a standard
method in the studies of foraging ant communitdsnfla and Kork@a 2011). One tea
spoon of tuna was placed as bait under a stripgaoke at breast height at each
experimental tree. Baits were inspected one arekthours following their exposure.
All ants present were counted and voucher specirffnsach species were collected
without disturbing the remaining ants.

Other arthropod data reported in studies wereimddaby colleagues by
various methods described in individual chapters.

Vegetation survey
At each point-count point, we measured the follgwariables according to methods
in Bibby et al. (1992) (all estimates made by KT): shrub and cgnbeight (3
measures per point, using laser pointer); shrulsitiefusing scatter plots, 5 measures
per point); percentage of ground covered by gfae® ground and litter (15 measures
in 1x1 m square per point); percentage of pointeced by shrub (5 measures per
point); canopy openness (5 photos taken per poantatyzed in Gap Light Analyzer;
Frazer 1999, Frazest al. 2001). In each site, we had data loggers (ComsteBy)
recording humidity and temperature every hour.

Study IV: In each site we conducted three 150w lines (between points 3-4,
6-7, 12-13) where we counted all trees (DBH >1 can)] categorized them into three
size classes based on diameter at breast heighk (mbes< 7 cm, trees > 7-15 cm,
and trees > 15 cm. We also categorized the leafdfizrees (as small, middle, large).

Study I: Botanical surveys were completed in e¢hpdots 20 x 20 meters at
each altitude, and all plants (DBH > 5 cm) weregtah and identified by team of
botanists (The New Guinea Binatang Research Ceamtdr PNG Forest Research
Institute Lae)
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Table 1. List of studies, sites where they were conduaed, survey methods and
effort

Point- Mist-netting Random
Count walks
. 14 Bird surve
8 sites along . 11 .y
| . ) replicatio - 20 hours + Vegetation survey
altitudinal gradient ns replications
: 14 Bird surve
8 sites along L 11 . J .
Il o - replicatio L 20 hours + daily checklists of
altitudinal gradient replications .
ns observed birds
8 sites along
I ) 11 Bird’s food samplin
1 altitudinal gradient, NA o NA Ping
replications
Wanang, Kotet
. 14 Caterpillar experiments
8 sites along . 11 ) P P
\Y) L . replicatio - 20 hours + Bird survey
altitudinal gradient replications
ns + Arthropod survey
o Bird surve
4 sites in lowlands = 9 Ir survey
. — 6 + Arthropod survey
\Y Wanang, Baiteta, replicatio L NA . .
. replications + Bird's food sampling
Baitabag, Ohu ns i
+ Vegetation survey
3 sites in lowlands
and 1 at 1700m asl 9 6 Caterpillar experiments
VI Wanang — primary, replicatio — 20 hours + Vegetation survey
replications
secondary, Ohu, ns
Kotet
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ABSTRACT

Aim We examine whether available area, regional spegbol, mid-domain effect,
contemporary climate, or habitat complexity detemnspecies richness of birds along
a complete, undisturbed forest altitudinal gradientropics. Further we investigate
whether patterns of species richness of herbivamesctivores, and omnivores are the
same along the gradient.

Location Rainforest altitudinal gradient on the slopes df Wilhelm (4509 m a.s.l.)
in the New Guinea Central Range, spanning fromltidands floodplains of the
Ramu river (200 m a.s.l., S5° 44’ E145° 20") te thee line (3700 m a.s.l.,, S5° 47’
E145° 03)).

Methods Data on bird communities were collected at eigitéss during three
independent surveys — in dry and wet seasons dtwiag/ears. Birds were recorded
by three standardized methods — point counts, meiding and random walks
throughout a standardized area. Five predictordiv@rsity were tested, including all
sets of their interactions. Habitat complexity (esprub density, tree height, plant
richness) and contemporary climate (local tempegaand humidity), were locally
measured, area available at altitudinal belts virgimed using GIS software, regional
species pool was determined from literature anddoithain effect was simulated from
empirical ranges.

Results Birds display monotonous decline in species rissnwith altitude. This
decline is driven by herbivorous birds, whose speaiichness decreases steeply
between 700 m and 1200 m a.s.l., while speciesegh of insectivorous birds exhibits
a plateau from 200 to 1700 m a.s.l. The observéiéipa of species richness were best
explained by habitat complexity for all bird specand for insectivorous birds, whilst
climate was best predictor for herbivorous birds.

Main conclusion The avian species richness corresponded wellitoatd, habitat
complexity, and regional species pool. On the othend, available area and mid-
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domain effect both represent sources of error rati@ mechanisms underlying these
avian diversity patterns.

Keywords
Avian, altitudinal gradient, diversity, humidityernperature, species richness, climate,
mid-domain effect, indirect effect, habitat compitex

INTRODUCTION

Altitudinal gradients provide striking patterns diversity, an attractive setting for
biodiversity studies, and serve as a heuristic andl natural experiment in the study of
community ecology (Lomolino, 2001; Rahbek, 2005;gNés-Bravoet al, 2008;
Sanders & Rahbek, 2011). Virtually all plant andnaal taxa respond to altitudinal
gradients, but species richness patterns greatly aimong individual taxa, reflecting
their ecology (Rahbek, 1995; Gaston, 2000). Margividual patterns have been
variously defined and named but they cluster tor forincipal types: (i) declining
species richness with altitude, (ii) a plateawat &ltitudes (< 300 m a.s.l.) followed by
decline, (iii) a plateau at low to middle altitudiediowed by decline, and (iv) a mid-
altitude peak in species richness (Rahbek, 199Hb&g 1997; McCain, 2007,
McCain, 2009; McCain, 2010). Rarely, species rigsnieicreases with altitude along
complete gradients (e.g. for salamanders and lggHdartin, 1958; Waket al, 1992;
Grytneset al, 2006). Understanding such patterns and theirryidg mechanisms is
critically important for conservation efforts (Hent& Yonzon, 1993), especially in
montane regions which are likely to be especidilgatened by climate change, and
regions that have been generally un- or under-eegdlby biologists.

Large number of hypotheses has been proposedtasniteants of species
richness, and any of them are not mutually exclusBased on high correlations with
species richness, contemporary climate and enedgjables (e.g. precipitation,
temperature and/or evapotranspiration) often emplgpatial variation in species
richness better than any other, non-climatic, \dei® (Hawkinset al, 2003; Currieet
al., 2004; McCain, 2009). However, a number of othactdrs have been also
correlated with observed patterns of species righniacluding habitat complexity and
foliage stratification (MacArthur & MacArthur, 19%1regional and evolutionary
history (e.g. Rahbek & Graves, 2001; Jetz & RahBéKR), regionally available area
(Rahbek, 1997), regional species pool (Cornell &tan, 1992), mid-domain effect
(Colwell & Lees, 2000) or even sampling effort (@&n, 2010).

The relationships between species richness angroporary climate are less
pronounced for animals than plants (Rahbek & Gra2661; Jetz & Rahbek, 2002).
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Indirect effect of energy on animals through tr@phieractions is a likely explanation,
instead of direct physiological limitations. Thissames that species richness of
animals is determined by the abundance, distribugiod diversity of food resources,
l.e. plant biomass for herbivores, fruits for frumies (Kisslinget al, 2007), and
various prey for carnivores. However, trophicallydaecologically different species
from the same taxon (e.g. carnivorous and herbu®rbirds) are often combined
together in studies on species richness alongidiltial gradients while their response
to climate productivity or habitat characteristaxsuld differ, obscuring thus the link
between diversity and contemporary climate.

In this study, we examine bird species richnesagbne of the few complete
rainforest undisturbed altitudinal gradients in tiepics, using constant sampling
effort at all altitudes. Present data comes from Wilhelm altitudinal gradient in
Papua New Guinea, a region surveyed poorly forsbird the past. We examine
whether the observed species richness pattern @eulitetermined by available area,
regional species pool, mid-domain effect, conterapoclimate, or habitat complexity.
To disentangle the effect of these factors on bpecies with different ecologies, we
use species richness partitioned into three feegliiigs — insectivores, herbivores, and
omnivores.

MATERIALS AND METHODS

Our study was performed on the slopes of Mt. Withé#509 m a.s.l.) in the Central
Range of Papua New Guinea. The complete rainfayesiient spanned from the
lowland floodplains of the Ramu river (200 m a,s35° 44’ E145° 20’) to the
timberline (3700 m a.s.l., S5° 47’ E145° 03’; F&1L). The study was completed along
a 60 km long transect with eight sites, evenly sdaat 500 m altitudinal increments.
Average annual precipitation is 3288 mm (local romitogical station) in the
lowlands, rising to 4400 mm at 3700 m a.s.l., veittistinct condensation zone around
2500 — 2700 m a.s.l.. Mean annual temperaturesdees from 27.4°C at the lowland
site to 8.37°C at the tree line at a constant 0&t@.54 °C per 100 altitudinal metres.
Gradient doesn’t have any obvious ecotones, andyfhieal species composition of
forest (Paijmans, 197@nd general climatic conditions (McAlpiret al, 1983) are
described elsewhere.

Bird sampling

Bird communities were surveyed by three methodgaath altitudinal site — point

counts, mist-netting and random walks through thea.aPoint counts (PC) were
carried out at 16 points regularly spaced alon@302m transect (successive points

19



Chapter |

were 150 £ 5 m apart to avoid overlap). All birées or heard within radial distance O
- 50 m were recorded. Point counts started at &md5and lasted 15 minutes, so that all
16 points were surveyed before 11 am. We compleT&2 point counts representing
448 hours counts during entirety of this study.tker, we mist-netted (MN) birds into
200 m long line of nets (2.5 m high x 12-18 m longgsh 16 mm) from 5:30 am to
5:30 pm daily. We identified all mist-netted indivials into species, marked them by
color rings and released within 10 minutes. Finallg randomly walked (RW, 2 Kfi
across the area (~80 ha), and continuously recaatieddividual birds seen or heard
within 50 meters radius. Random walks started pin3and lasted till 5 - 6 pm, later
standardized to 20 hours per site. All surveys veereducted by three observers (KT,
BK, SJ), in three teams of two observers with iotatmembership. We also recorded
unclear voices during all surveys, for later idicaition. We adopted the species-level
taxonomy of Handbook of the birds of the world (lde@t al, 1992-2011).

The first survey was conducted between 9th April a1th May 2010 (3 PC, 3
MN, 6 RW), the second between 26th July and 15ttolaer 2010 (6 PC, 5 MN, 10
RW), and the third from 15th May to 15th July anohii 1st August and 15th October
2012 (5 PC, 3 MN, 4 RW). In total, our data setdach site included 14 replications
of point count surveys, 11 mist-netting days anc@ars of random walks. Recorded
birds were partitioned into three broad trophic Idgii insectivores, herbivores
(granivores + frugivores) and omnivores (with equéhke of different items), based
on dietary information in standard references (Beek & Filewood, 1976; Beehleat
al., 1986; Hoyoet al, 1992-2011), and our data. Only forest specie®wesluded in
the analyses and all raptors and swifts were erdu@8 individuals of 15 species)
since it was difficult to sample them in a standaed manner from within forest
interior (Table S1 for list of species in analyaesl their feeding specialization).

Explanatory variables

We used surface area of altitudinal belts 200 mevwadross the whole New Guinea
mainland (e.g. 100 — 300 m a.s.l. for 200 m astudy site) as the proxy of available
area. Surface area for each altitudinal site wassomed in GIS software. Hypothetical
regional species pool of birds (and birds partitihnaccording to feeding
specialization) was determined from altitudinakidlimition of all forest bird (excluding
raptors and swifts similarly to local datasetstrithuted across New Guinea mainland
(using GBIF and New Guinea Birds database; and Hatyal. 1992-2011). Humidity
and temperature were recorded every hour for thatidn of one year (April 2010 —
July 2011) by a data logger (Comet R3120) placefbriest interior at each site, and
used as climatic variables. For habitat, we meas(@)ecanopy height (using laser
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pointer, 3 measures/point); (i) shrub density fjgsscatter plots, 5 measures/point);
percentage of ground covered by (iii) litter (15asgres in 1x1 m square per point);
(iv) canopy openness (5 photos/point — analyze@dp Light Analyzer; Frazer, 1999;

Frazeret al, 2001) at each point. Botanical surveys were ceteglin three plots 20 x

20 meters at each altitude, and all plants (DBHc) were tagged and identified by
team of botanists (The New Guinea Binatang Rese@enter and PNG Forest

Research Institute Lae). Botanical plots providefbrmation about (v) tree genus
richness, (vi) tree basal area, and (vii) tree ithens

Hypotheses and testing

Area: Area of regional altitudinal belts (generallyger at lowland than at higher
altitudes) can positively influence the number péaes found there (Rahbek, 1997).
Especially at the large spatial scales, the regiaheersity along the regional

altitudinal gradients may be highly influenced biea (i.e. direct effect of area -
Rahbek, 1997; Brown, 2001; McCain, 2005), whergas aould have less influence
on standardized sampling of local sites (i.e. mxtireffect of area; Lomolino, 2001).
On the other hand, Romdal & Grytnes (2007) fourat the indirect area effect has
also a considerable potential as basic influenadtibfidinal diversity gradients. To test
the indirect affect of surrounding area on the mauiversity, we predicted that the
species richness increases according to the samwesgarea function across all
altitudinal sites (Prediction I).

Species pool: A local community is inevitably aabéd from a regional pool,
and local richness may be directly proportionalrégional richness, following a
proportional-sampling model (Prediction 1). Altetivaly, as regional richness
increases, local richness might attain a ceilingvabwhich it does not rise despite
continued increases in regional richness becauseche saturation (Gaston, 2000).
The proportional relationships between local arglargal richness would suggest the
regional species pool as a prime driver of loaaimess while saturation model implies
additional factors, limiting the number of coexugfi species in highly diverse
communities.

Mid-domain effect (MDE): The MDE assumes that ggdtoundaries (e.g. the
base and top of a mountain) cause higher overlapeaxies ranges toward the centre of
an area where many large- to medium-sized rangess overlap but are less likely to
abut an edge of the area (Colwetl al, 2004; Colwellet al, 2005). On mountains,
MDE predicts a unimodal diversity curve and maxigtigersity at the mid-point of the
mountain, and a strong, significant relationshipmeen MDE fit and empirical species
richness (Prediction I). Deviations in maximum dsaigy away from the mid-point of
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the mountain should be randomly distributed (Prexticll) if spatial constraints alone
drive elevational diversity (e.g. effect of regibspecies pool, productivity or habitat
heterogeneity is not directionally skewing the deity peak away from the mid-point
of the mountain).

Climate: Contemporary climate (or productivity) shdbeen strongly and
positively linked to diversity (Gaston, 2000; Kadpat al, 2000; Hawkinset al,
2003). Productivity can be measured with numeroesios. One group of metrics
records the amount of solar energy, which is sisompsitively correlated with
temperature, radiation and potential evapotranspiraThe second type of metric
measures actual evapotranspiration - the energyable for biota to convert into
biomass, thus combining water and heat availab{leyanset al, 2005). Species
richness is predicted to be positively related tooabination of the warmest and
wettest conditions (Prediction 1). While temperatulecreases with altitude on all
mountains, rainfall and water availability followone complex relationships with
altitude depending on the local climate. On humalintains like Mt. Wilhelm, water
availability is high across a broad base of lowgtuaes and only decreases toward the
tops of the mountains, due to higher runoff. Themef bird species richness is
predicted to exhibit decreasing or low-plateaugratbn wet mountains (Prediction ).

Habitat complexity (heterogeneity): The ‘habit&tdrogeneity hypothesis’ is
one of the classical diversity explanations (Sinmpsb949; MacArthur & Wilson,
1967). It assumes that structurally complex habipmovide more niches and ways of
exploiting the environmental resources and thusesme species diversity. For
example, for bird species diversity in forests, Mdbur (MacArthur & MacArthur,
1961; MacArthuret al, 1962a) showed that the physical structure (felidgight
stratification) of a plant community directly inBaces bird species richness. He
suggested that each species requires a "patchegdtation with a particular forest
stratum as its particular micro-habitat, and tihat variety of "patches" of vegetation
within a habitat determines the variety of bird @pse breeding there. If habitat
complexity has power to determine species richn@sstructurally complex habitats
will have higher species richness, and habitatcgire will have higher explanatory
power than productivity itself (Prediction | and.|Especially for habitat sensitive
insectivorous species (Prediction lll; Robinson &lides, 1982) which are influenced
by habitat complexity actually two times - directlia suitable living or nesting space
and indirectly via arthropods, which feed on plaatel represent food resource for
birds.

In most habitats, plant communities determine ghgsical structure of the
environment, and have therefore a considerableianfte on the distributions and
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interactions of animals (Lawton, 1983; Bell al, 1991; McCoy & Bell, 1991). The
assumption that the number of individual organisntseases with available energy
and total biomass may not apply to plants, for Wwhikkere is an evidence that as
standing crop increases the numbers of adult iddals per unit area actually declines
(and their size increases), which should tend tluce species richness rather than
increase it (Tilman & Pacala, 1993). Plant densityl structure (i.e. growth form)
therefore do not have to correspond to availabkrgsn The scale of measurements
also influences the resulting complexity. In laggales, lowland forest can be more
structured, is higher and has lianas. In smallates¢ the mountain forest has many
different epiphytes and mosses.

Statistical analyzes

Total number of species recorded at the standatdizea and during the standardized
time by all three survey methods was used in alyaes. Most of the species was
recorded during point-counts, while only few mopeaes per site was recorded only
by other survey methods (Fig. 1A).

All climatic and habitat predictor variables weselbjected to principal
component analysis (function princomp in R 2.15tveare; R Core Team, 2012). For
climatic model, the first axis corresponded to méamperature, and second axis
corresponded well to mean humidity, and all otherasured variables (min, max
temperature, and minimal humidity) were redundaitb(e 1). For habitat complexity
model, seven habitat variables (s&gplanatory environmental variableswere
subjected to principal component analysis. Treeafiss corresponded to canopy height
and to canopy openness, while the second axisspmneled to shrub density, and also
to tree density (Table 1). Kaiser-Guttman stoppinlg (Jackson, 1993) was used in
both cases. Scores of the two axes were further taspredict the species richness for
both models.

For mid-domain effect, we used RangeModel 5 (CthwaD08) to predict
diversity based on Monte Carlo simulations and eicedi diversity at each of sampled
altitude (discrete domain analysis for empiricaiges and fills, eight domains and 500
replications). Poisson distribution with identitpk function was used in models, and
results were inspected for possible over dispensitim negative results. Area available
in individual belts was log-transformed prior toadysis. Finally, we fitted individual
regression models with all predictor variables (dhelir interactions) to empirical
species richness. The same procedures were follbaveshalyze data partitioned to
feeding specializations. We usadAIC. Akaike weights ) and Evidence ration
Iw;) or R to evaluate the models and their fits (Burnhamdérson, 2002).
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Table 1. Results of principal component analysis for climand habitat variables.

Climatic variables Factor 1 Factor 2
Cumulative Proportion 0.654 0.928
Mean Temperature -0.522 -0.237
Max Temperature -0.437 -0.425
Min Temperature -0.512 -0.206
Mean Humidity -0.299 0.703
Min Humidity -0.23 0.477

Habitat variables
Cumulative Proportion 0.492 0.804
Tree Height -0.957 -0.215
Canopy Openness 0.891 -0.232
Litter Cover 0.881 0.271
Genus richness -0.815 0.486
Basal Area -0.06 0.573
Tree Density 0.537 0.733
Shrub Density 0.259 0.888

RESULTS

Our data are based on observation of 33,639 bifididtuals of 238 species (Table S1)
recorded across eight altitudinal sites on theeslop Mt. Wilhelm. Altogether, 236
species and 25,240 individuals were recorded dyrgigt-counts, 1,354 individuals of
105 species were mist-netted, and 7,045 individo&l200 species were observed
during random walks (Fig. 1A). Insectivores weregresented by 129 species,
herbivores by 82 and omnivores by 27 species atihesshole gradient.

Along the altitudinal gradients, the species ragm of all birds decreased
nearly linearly from 113 bird species recordedG & a.s.l. to 37 bird species at tree
line (Fig. 1A). The number of species in individdeding guilds also decreased with
altitude, but the patterns differed between gujklg. 1B).

Our data show that the surface area availablealigrdinal belt is positively
correlated with species richness. However, fitsnoflels were relatively poor (0.76 —
0.91) andAAICc scores higher than for the other models (T2ble

24



Chapter |

120 - A EPC OMN mRW B . #- Insectivores
55| T —— ] - o Omnivores
- A Herbivores
100 - 50 \
45 | "
w wr %
2 80 - L40p ,
(%] (%} i
a Sl =
w w A
B 60 - B a0l T o .
2 2 25 E
: : N e
z A8 A = 207 A
151 B o o SR | E®
20 10 - 4
a.
5t e e |
0 - 0
700 1200 1700 2200 2700 3200 3700 200 700 1200 1700 2200 2700 3200 3700
Altitude (m) Altitude (m)

Figure 1. Species richness at altitudinal sites partitioaedording to survey methods (A) and feeding
guild (B). PC — point count (a priori selected las ain survey method, all species recorded by M),

— mist-netting (species recorded from nets but P6), RW — random walks (birds observed during
random walks but not PC or MN).

The local and regional species richness is pesyticorrelated (according to
prediction 1) but not in directly proportional rétanship. The models determine
regional species pool as a very important factuémcing the local species richness
but not as its main driver (Evidence ratio = 0.068ble 1). Replacing total species
richness in our models with data for guilds broustinonger support for regional pool
as an important determinant of species diversigedanAAICc scores. Insectivores:
evidence ratio = 0.35; Herbivores: evidence rati®.87, Omnivores: evidence ratio =
0.98); however fits of models were poor (R0.73 — 0.85) with comparison to other
results (Table 2).

Observed bird species richness has very low coacge with the mid-domain
effect predictions. Altitudinal species richnessia unimodal (contrary to prediction
), deviation of bird diversity are not randomlysttibutes around the mountain mid-
point (contrary to prediction Il), and the fits wfodels are poor in comparison with
other tested models (<0.01 — 0.08, Table 1).
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Table 2. Akaike's second-order information criterion (AlGaf) the regression models of observed species
richness at eight sites along altitudinal gradiemty the three combined models with the ke&ICc
scores. See Table S2 — S5 in Supplementary materitalll set of interactions.

_ Log- , Akgike
All birds (235 species) likelihood R weight AIC, AAIC,
(Wy)

Habitat 1.00 0.98 0.27 63.33 0.00
Climate 0.90 0.95 0.24 63.54 0.21
Area 0.31 0.91 0.08 65.68 2.35
Species pool 0.07 0.85 0.02 68.69 5.36
MDE 0.00 0.05 0.00 117.29 53.96
MDE * Species pool 0.76 0.98 0.21 63.87 0.54
Species pool * Area 0.38 0.91 0.10 65.25 1.92
MDE * Area 0.18 0.95 0.05 66.76 3.43

Insectivores: g species)
Habitat 1.00 0.97 0.47 52.51 0.00
Area 0.53 0.86 0.25 53.78 1.27
Species pool 0.36 0.85 0.17 54.58 2.07
Climate 0.06 0.91 0.03 58.25 5.74
MDE 0.00 0.08 0.00 77.30 24.79
MDE * Species pool * Area 0.08 0.94 0.04 57.54 5.03
MDE * Area 0.08 0.94 0.04 57.58 5.07
Species pool * Area 0.03 0.87 0.02 59.23 6.72

Herbivoress; species)
Climate 1.00 0.98 0.23 52.69 0.00
Species pool 0.87 0.73 0.20 52.96 0.27
Area 0.52 0.81 0.12 54.01 1.32
Habitat 0.43 0.89 0.10 54.4 1.71
MDE 0.00 0.06 0.00 65.46 12.77
MDE * Species pool * Area 0.74 0.95 0.17 53.3 0.61
Species pool * Area 0.55 0.91 0.12 53.9 1.21
MDE * Area 0.27 0.83 0.06 55.32 2.63

Omnivoresy? species)
Climate 1.00 0.92 0.18 48.44 0.00
Species pool 0.98 0.77 0.17 48.49 0.05
Habitat 0.87 0.92 0.15 48.72 0.28
Area 0.77 0.76 0.14 48.97 0.53
MDE 0.00 0.01 0.00 62.39 13.95
MDE * Area 0.78 0.91 0.14 48.93 0.49
Species pool * Area 0.59 0.88 0.11 49.48 1.04
MDE * Species pool * Area 0.57 0.88 0.10 49.56 1.12
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Figure 2. Habitat characteristics used in habitat modelthed-esult of principal component analysis. A —
tree height, B — vertical shrub density, C — petage of ground of point covered by litter, D — cayo
openness, E — number of tree genera per 1200 mXyumber of tree (DBH > 5 cm) stems per ha, G —
tree basal area [m2/ha], H — outcome of principahgonent analysis of habitat characteristics. \Valoe
A-D, F and G are means + S.E..

Species richness is positively related to conteamyoclimate (R = 0.95;
Table 2) represented by local temperature and hitymidccording to prediction ).
Average temperature was more important componenthef model than average
humidity, while both of them were significant (Teempture: t = 6.47, P < 0.001;
Humidity: t = 2.87, P = 0.045; according to preitiotll). However, the fitted model
underestimated observed species richness at nitigded (1200 — 2200 m) and
overestimated it at lowest altitude. Replacing Itatpecies richness with species
richness partitioned between feeding specializati@sults in very different outcomes
for each guild. While climate is one of the bedted®inant for herbivorous birds and
omnivorous birds (together with regional specieslp®able 2), it gained only limited
support for insectivorous birds (Evidence ratio.85).

We find strong support for the effect of habitatmplexity on insectivorous
birds and also overall species richness (Tabl@r2e height and the shrub density are
selected as the most important factors explainif§e 8of variability of habitat
characteristics (Table 2, Fig. 2). While tree heighthe highest in low altitudes and
decreases nearly linearly towards tree line, skersity peaks in mid-altitudes (Table
1, Fig. 2), representing thus spatial forest comiptan vertical as well as horizontal
space. Habitat complexity fitted model underestadabserved species richness only
at 2200 m a.s.l., for both overall species richregsinsectivores.
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None of the multiple regressions combining explarnavariables explained
substantially more variability than more simple relsd(Table S2 — S5). Only mid-
domain effect in interaction with regional spege®I| could be considered as suitable
determinant of local species richness (Table 2).

DISCUSSION

We observed a negative relationship between speiciesess of birds and altitude.
Most importantly, we document that observed spedgdmess is positively correlated
and best fitted with habitat complexity. In agreamwith many other studies, we
showed that such species richness pattern coseddge with contemporary climatic
conditions (McCain, 2007; McCain, 2009), and wigigional species pool (Srivastava,
1999; Gaston, 2000) and available area.

Contemporary climate has been always strongly paositively linked to
diversity (Gaston, 2000; Kaspagt al, 2000; Hawkinset al, 2003). Greater energy
availability leads to greater biomass, which meange individual organisms, and thus
more species able to coexist at abundance maimgaiviable populations (Gaston,
2000). The result is an increase in species richnéth energy availability. However,
our data suggest that species richness resporasitemporary climate indirectly, via
its effects on habitat complexity.

MacArthur (MacArthur & MacArthur, 1961; MacArthwet al, 1962b) noted
that a competent birdwatcher can look at a hahitdtcorrectly name the bird species
which will breed there in abundance. He suggeshed vertical stratification and
patchiness within a habitat determines the vaiiétyird species breeding there. This
intuitively appealing conclusion that bird speditegersity and foliage height diversity
are linearly related has not always been substadtiny subsequent work (Karr &
Roth, 1971; Willson, 1974), but seems to be sugpaoly our data from Mt. Wilhelm
altitudinal gradient.

Habitat model fitted the empirical richness of sflecies and insectivorous
birds much better than productivity. Horizontaé (ishrub and tree density) and vertical
(i.e. tree height) stratification of habitat wastmaularly marked as the determinants of
species richness. Lowland sites had very high amdelcanopy layer, with low canopy
openness, therefore lower stratification in foragerior and lower shrub density
(Figure S2) Towards higher altitudes, the canopy was lowerrande open, resulting
in dense growth in forest understory, more epiphyed distinct moss growth. The
trees at uppermost altitudes were then very low,raast of the foliage was present in
lower strata — in shrubs and especially in highsgrarhe fact that climatic model
underestimates the species richness at altitudestenwshrub layer starts to be more
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pronounced (and tree basal area is the highesijyssthat habitat complexity play
important role for birds. Our data from insectivasobirds further support this
presumption.

Insectivorous birds have been shown to be vergises to habitat structure
(Sekercioglu, 2002) and changes in availabilityrofrohabitat (Stratford & Stouffer,
2013). It is therefore not surprising that hab@tamplexity model gained in their case
much stronger support than in the case of othelsbiForest structure significantly
influence habitat selection of many bird speciex] amount of understory foliage,
canopy closure, and tree basal area are usualyn@rttee significantly important
variables (Bove®t al, 2013). Our habitat model fitted all altitudesywevell, except
the site at 2200 m, where fitted values from habitadel were lower than already
unexpectedly decreased bird species richness sithisvas close to open areas around
village Sinopass so that people could have distutbe habitat by using the forest as
the source of fire wood or building materials ire thast (see also Fig. 2 for habitat
characteristics of this site). Another explanatmuld be a natural dominance of
Pandanustrees at that site, which have extremely low ihdexrbivore loads (pers.
obs.) and as such seem to support fewer insectigdsivds also in other parts of New
Guinea (Bell, 1969).

Insectivorous birds are likely to be influenced ttgbitat characteristics also
indirectly via arthropods living and feeding on thaiage, and representing food
resources for birds. Ghosh-Harir & Price (2013)niduhat the species richness of
foliage gleaners along altitudinal gradient wasitieh by contemporary climate,
through the available food resources. Other auttads® documented altitudinal
decrease in species richness of insectivorous dirdgo disappearance of large insects
(Schoener, 1971), or decreased range of arthropmdy Isizes (Orians, 1969).
Insectivorous birds thus may be limited by eithabitat complexity or food resources
as indirect effects of contemporary climate.

Empirical data on richness of herbivorous birdsravbest fitted by climatic
model, and habitat complexity did not seem to hatreng effect. Their species
richness decreased steeply between 200 to 1708.In then followed a plateau, and
finally decreased very steeply from 2700 m a.evatrds the tree line. Species richness
of frugivores is likely to increase with increasirange of fruit sizes and morphologies
and/or with potentially higher production of frinotomass (Orti2Pulido & RicoGray,
2000). Most herbivorous bird species do not speeiabn the fruits (or seeds) of a
particular plant species (Herrera, 1998; Zamor&02MHerrera, 2002). In contrast,
some authors (Goodman & Ganzhorn, 1997; Kisstih@l, 2007) proposed a strong
relationship between richness [eicus trees and the entire guild of strict frugivores.
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This could explain abrupt decrease in the numbéedbivorous species above 2700 m
a.s.l., coincident witlfricus altitudinal range limits between 2700 m and 3200mithe
slopes of Mt.Wilhelm. Abundances and species risbra#Ficus species is decreasing
towards 1200 m a.s.l. (Sam, L., unpubl. data), Wwidould correlate with the steep
decrease in species richness of frugivorous bilaisgaour gradient. Most of the bird
species restricted to lowlands (200 m a.s.l.) warge-bodied pigeons, doves and
megapodes, which corresponds to the distributiorextfemely large fruits, also
restricted to lowlands (Duivenvoorden al, 2012). Alternately, large lowland areas
can provide food resources for herbivorous birdsictv are usually good migrants
following abundant resources across large areas€ll® & Blake, 1991). We suggest
that food resources, controlled by climate, havenst effect on herbivorous birds
rather than habitat complexity.

The lowland forest covers the largest area of faath(67% of area is below
500 m a.s.l.) in New Guinea, while the speciesnads gradient did not show such
pattern and species richness decrease much slowbrds the higher altitudes. The
indirect effect of area on altitudinal transectswa our knowledge, first discussed by
Beehler (Beehler, 1981), who found that a linearegse in New Guinean forest birds
on an altitudinal transect was paralleled by a e&s® in regional area. Similarly, we
found a strong, but not perfect, correlation betwaesa and local species richness,
pointing out the importance of other factors. Poesi studies also found an indirect
effect of area on specie richness of birds (Rongd@rytnes, 2007), which can be
lower in tropical areas with high available enef@orchet al, 2005) and in large
forest areas (Romdal & Grytnes, 2007).

All local communities derive from regional specipsols, which are thus
logical candidates as determinants of these contieaniHowever, several authors
pointed out pitfalls in the interpretation on tadaships between species pools and
communities (Srivastava, 1999; Gaston & Blackb@®®00). In particular, regional
species pools should only include species capdbiging in the studied habitats (as
was done in the present study). Further, LoreaQQpand Ricklefs (2000) pointed out
that the relationship between local and regionetigs richness depends on the scale.
The ‘regional' should be defined on a significatdlsge scale than “local” so that a
large proportion of the regional heterogeneity @ sampled within a single site.
Further, a narrow definition of “local' makes itd@pendent of regional diversity but
also more likely to include species saturation. Tdgional species pool has variously
been defined by a geographic region, or as a pbapecies that are capable of
colonizing a particular site. We decided to inéwdl birds occurring on the mainland
of New Guinea within a particular altitudinal rangse a regional pool, based on the
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knowledge of species distribution and history of tiegion (Normaret al, 2007,
Janssoret al, 2011). Our decision was made simple by the faat the island of New
Guinea represents a natural biogeographic unit.

Both proportional and dis-proportional sampling Ibgal communities from
regional pools has been reported (Cornell & Lawti#92; Gaston, 2000). In the case
of our altitudinal gradient, a disproportional sdimgp was found (Type |l response,
Gaston, 2000) and we sampled 46.8 — 49.7 % of magiavifauna at altitudes 200 —
1200 m, and then the proportion of sampling steépyeased from 61.5 to 100 % of
regional species richness.

The altitudinal ranges of species along the grdadiee constrained physically
by the lowest available altitude and the top of @umain. Colwell and Lees (2000)
suggested that MDE could be treated as a null modegjradients in species richness,
assuming that species’ geographic ranges are rdpgated over the domain in the
absence of environmental gradients. These spaitisti@ints have been shown in some
cases as a contributing factor to mid-elevatiomalks in species richness (e.g. Colwell
et al., 2004, 2005; but see Hawkins et al., 20@fafa et al., 2005). In the case of our
gradient, none of the predictions of MDE were supgab Therefore we conclude that
other environmental determinants are present ansecidne observed pattern in species
richness. The length of our gradient can also deser¢he effect of spatial constraints
as only small proportion of birds is able to occuwgle altitudinal gradient.

Eastern slope of Mt Wilhelm represents wet tropmantane habitat, thus the
pattern of decreasing species richness was comiswin those found in other studies
on birds in wet tropics (Kikkawa & Williams, 197Djamond, 1972; Terborgh, 1977a;
Terborgh, 1977b; Goerck, 1999; Grytnes & Vetaa®220In contrast to other studies,
we were not able to identify climatic variables main direct drivers of species
richness. The present study rather supports indieffect of climate via habitat
structure or possibly via food webs. In particulagbitat complexity played an
important role in shaping of local bird specie$iniess.
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Table S1. List of species recorded during standardized suateeight altitudinal sites
of Mt. Wilhelm gradient.

Figure S1. Location of the study sites in Papua New Guinea

Table S2. Akaike’s second-order information criterion (A)®f the regression models
for total bird species richness across eight satesg altitudinal gradient, and their
combinations.

Table S3. Akaike’s second-order information criterion (A)®f the regression models
for species richness of insectivorous bird acragtesites along altitudinal gradient,
and their combinations.

Table $4. Akaike’s second-order information criterion (A)®f the regression models
of species richness of frugivorous birds acrosbkteiges along altitudinal gradient, and
their combinations.

Table S5. Akaike’s second-order information criterion (A)®f the regression models
of species richness of omnivorous bird across aies along altitudinal gradient, and
their combinations.

Figure S2. Forest interior and canopy openness at altitudiites.
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SUPPLEMENTARY MATERIAL

Table S1. List of species recorded during standardized suateeight altitudinal sites of Mt. Wilhelm
gradient. Guild: IN — insectivore, HE — herbivof@M — omnivore, Food: In — insect, Ne — nectar, Fr —
fruit, Ca — vertebrates, Gr — grains/seeds.

a Food o Altcgudeém) o o o

Scientific name 8 Primary Secondary§ § S. E g E § E
Acanthiza murina IN In Ne X X X
Aegotheles albertisi IN In X
Aepypodius arfakianus HE Fr X
Ailuroedus buccoides OM Fr In X X X X
Ailuroedus melanotis OoM Fr In X
Alcedo azurea IN In Ve X X X
Alcedo pusilla IN In Ve X
Aleadryas rufinucha IN In X X X X X
Alisterus chloropterus HE Fr X X X X X
Amalocichla incerta IN In X
Amblyornis macgregoriae | HE Fr X X X
Anthus gutturalis IN In X X
Aplonis cantoroides oM Fr In X
Aplonis metallica oM Fr In X X
Arses insularis IN In X X X X
Artamus maximus IN In X X X
Astrapia stephaniae HE Fr X X X
Cacatua galerita HE Fr X X X
Cacomantis castaneiventris| IN In X X X X X X
Cacomantis flabelliformis IN In X X X X X X
Cacomantis variolosus IN In X X X X
Caliechthrus leucolophus IN In X X X
Campochaera sloetii oM Fr In X X
Caprimulgus macrurus IN In X
Casuarius bennetti HE Fr X
Centropus phasianinus IN In Ve X X
Ceyx lepidus IN In X X X
Chaetorhynchus papuensis| IN In X X X X
Chalcophaps indica HE Fr X X
Chalcophaps stephani HE Fr X X X
Charmosyna papou HE Fr Ne X X X X X
Charmosyna placentis HE Ne Fr X X
Charmosyna rubronotata HE Ne Fr X X
Charmosyna wilhelminae HE Fr X X
Chlamydera lauterbachi oM Fr In X
Chrysococcyx minutillus IN In X
Chrysococcyx ruficollis IN In X X
Cicinnurus regius oM Fr In X X
Cinnyris jugularis OoM Ne In X X X X
Clytoceyx rex IN In X X
Clytomyias insignis IN In X X
Cnemophilus loriae HE Fr X X X X
Cnemophilus macgregorii | HE Fr X X X X
Colluricincla megarhyncha | IN In X X X X X
Columba vitiensis HE Fr X X
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Coracina boyeri
Coracina caeruleogrisea
Coracina incerta
Coracina longicauda
Coracina melas
Coracina montana
Coracina papuensis
Coracina schisticeps
Coracina tenuirostris
Corvus tristis

Cracticus cassicus
Cracticus quoyi
Crateroscelis murina
Crateroscelis nigrorufa
Crateroscelis robusta
Cyclopsitta diophthalma
Cyclopsitta gulielmitertii
Dacelo gaudichaud
Daphoenositta miranda
Dicaeum geelvinkianum
Dicrurus bracteatus
Diphyllodes magnificus
Ducula chalconota
Ducula pinon

Ducula rufigaster
Ducula zoeae

Eclectus roratus
Epimachus fastuosus
Epimachus meyeri
Erythrura trichroa
Euaegotheles insignis
Eudynamys scolopaceus
Eugerygone rubra
Eulacestoma nigropectus
Eurystomus orientalis
Gallicolumba beccarii
Gallicolumba jobiensis
Garritornis isidorei
Geoffroyus geoffroyi
Geoffroyus simplex
Gerygone chloronota
Gerygone chrysogaster
Gerygone cinerea
Gerygone palpebrosa
Gerygone ruficollis
Grallina bruijni
Gymnophaps albertisii
Henicophaps albifrons
Ifrita kowaldi

Lalage atrovirens
Leptocoma sericea
Lichenostomus obscurus

Lichenostomus subfrenatus

Loboparadisea sericea
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Lonchura spectabilis
Lonchura tristissima
Lophorina superba
Loriculus aurantiifrons
Lorius lory
Machaerirhynchus
flaviventer
Machaerirhynchus
nigripectus

Macropygia amboinensis
Macropygia nigrirostris
Malurus alboscapulatus
Manucodia chalybatus
Megapodius decollates
Melampitta lugubris
Melanocharis longicauda
Melanocharis nigra
Melanocharis striativentris
Melanocharis versteri
Melidectes belfordi
Melidectes fuscus
Melidectes princeps
Melidectes rufocrissalis
Melidectes torquatus
Melidora macrorrhina
Melilestes megarhynchus
Meliphaga analoga
Meliphaga aruensis
Meliphaga montana
Meliphaga orientalis
Melipotes fumigatus
Merops ornatus
Microdynamis parva
Microeca flavovirescens
Microeca griseoceps
Microeca papuana
Micropsitta bruijnii
Micropsitta pusio

Mino anais

Mino dumontii
Monachella muelleriana
Monarcha axillaris
Monarcha chrysomela
Monarcha frater
Monarcha guttula
Monarcha manadensis
Monarcha rubiensis
Myiagra alecto
Myzomela rosenbergii
Neopsittacus musschenbroekii
Neopsittacus pullicauda
Oedistoma iliolophus
Oreocharis arfaki
Oreopsittacus arfaki
Oreostruthus fuliginosus
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Oriolus szalayi
Otidiphaps nobilis
Pachycare flavogriseum
Pachycephala hyperythra
Pachycephala modesta
Pachycephala schlegelii
Pachycephala simplex
Pachycephala soror
Pachycephalopsis poliosom
Paradisaea minor
Paramythia montium
Peltops blainvillii
Peltops montanus
Peneothello bimaculata
Peneothello cyanus
Peneothello sigillata
Philemon buceroides
Philemon meyeri
Phylloscopus poliocephalus
Pitohui cristatus

Pitohui dichrous

Pitohui ferrugineus
Pitohui kirhocephalus
Pitta erythrogaster

Pitta sordida

Podargus ocellatus
Poecilodryas albispecularis
Poecilodryas albonotata
Poecilodryas hypoleuca
Probosciger aterrimus
Pseudeos fuscata
Psittacella brehmii
Psittacella picta
Psittaculirostris edwardsii
Psitteuteles goldiei
Psittrichas fulgidus
Pteridophora alberti
Ptilinopus coronulatus
Ptilinopus iozonus
Ptilinopus magnificus
Ptilinopus ornatus
Ptilinopus perlatus
Ptilinopus pulchellus
Ptilinopus rivoli
Ptilinopus superbus
Ptiloprora guisei
Ptiloprora perstriata
Ptiloris magnificus
Ptilorrhoa caerulescens
Ptilorrhoa castanonota
Ptilorrhoa leucosticta
Pycnopygius ixoides
Rallina forbesi
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Rhagologus leucostigma
Rhipidura albolimbata
Rhipidura atra

Rhipidura brachyrhyncha
Rhipidura leucothorax
Rhipidura rufidorsa
Rhipidura rufiventris
Rhipidura threnothorax
Rhyticeros plicatus
Saxicola caprata
Scolopax rosenbergii
Scythrops novaehollandiae
Sericornis arfakianus
Sericornis nouhuysi
Sericornis papuensis
Sericornis perspicillatus
Sericornis spilodera
Syma megarhyncha
Syma torotoro

Talegalla jobiensis
Tanysiptera galatea
Timeliopsis fulvigula
Todiramphus macleayii
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Total
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Figure S1. Location of the study sites in Papua New Guineae(it). Red dots denote study sites. Map
courtesy of P. Shearman & J. Bryan, UPNG RemotsiSgrCentre, Papua New Guinea.
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Table S2. Akaike's second-order information criterion (AICoj the regression models for total bird
species richness across eight sites along alt@élidinadient, and their combinations. Models sorted

according tAAAICc.

Al birds ~ Log- R oo

(238 species) likelihood weight  AIC, AAIC,

(W)

Habitat 1.00 0.98 0.27 63.33 0.00
Climate 0.90 0.95 0.24 63.54 0.21
MDE * Species pool 0.76 0.98 0.21 63.87 0.54
Species pool * Area 0.38 0.91 0.10 65.25 1.92
Area 0.31 0.91 0.08 65.68 2.35
MDE * Area 0.18 0.95 0.05 66.76 3.43
Species pool 0.07 0.85 0.02 68.69 5.36
MDE * Species pool * Area 0.02 0.98 0.00 71.34 8.01
Climate * Species pool 0.01 0.97 0.00 71.90 8.57
Habitat * MDE 0.01 0.99 0.00 72.13 8.80
Habitat * Area 0.01 0.97 0.00 72.43 9.10
Climate * MDE 0.01 0.95 0.00 72.61 9.28
Climate * Area 0.01 0.94 0.00 72.65 9.32
Habitat * Species pool 0.01 0.98 0.00 72.87 9.54
Climate * Species pool * MDE 0.00 0.99 0.00 89.97 6.62
Climate * Species pool * Area 0.00 0.99 0.00 90.20 26.87
Area * MDE * Habitat 0.00 0.98 0.00 90.29 26.96
Climate * Habitat 0.00 0.98 0.00 90.48 27.15
Climate * Area * MDE 0.00 0.96 0.00 90.63 27.30
Habitat * Species pool * MDE 0.00 0.99 0.00 90.64 7.3
Habitat * Species pool * Area 0.00 0.97 0.00 91.09 27.76
MDE 0.00 0.05 0.00 117.29 53.96
Habitat * Species pool * Climate 0.00 0.97 0.00 895 8256
Climate * Species pool * MDE * Area 0.00 0.99 0.00 145.94 82.61
Habitat * Species pool * MDE * Area 0.00 0.98 0.00 145.99 82.66
Climate * MDE * Habitat 0.00 0.98 0.00 146.36 83.03
Climate * Habitat * Area 0.00 0.98 0.00 146.44 a3.1
Habitat * Species pool * Climate * MDE 0.00 0.99 00. Inf Inf
Climate * Habitat * MDE * Area 0.00 0.98 0.00 Inf nfl
Climate * Habitat * Species pool * Area 0.00 099 .0@ Inf Inf
Habitat * Species * Climate * MDE * Area 0.00 1.00 0.00 Inf Inf
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Table S3. Akaike’s second-order information criterion (AICof the regression models for species
richness of insectivorous bird across eight siteagualtitudinal gradient, and their combinatioSsrted
according tAAAICc.

. Log- , Aka}ike
Insectivores g species) likelihood R weight AIC, AAIC,
(wy)

Habitat 1.00 0.97 0.47 52.51 0.00
Area 0.53 0.86 0.25 53.78 1.27
Species pool 0.36 0.85 0.17 54.58 2.07
MDE * Species pool * Area 0.08 0.94 0.04 57.54 5.03
MDE * Area 0.08 0.94 0.04 57.58 5.07
Climate 0.06 0.91 0.03 58.25 5.74
Species pool * Area 0.03 0.87 0.02 59.23 6.72
Habitat * Species * Climate * MDE * Area 0.00 0.96 0.00 66.49 13.98
MDE * Species pool 0.00 0.96 0.00 66.51 14.00
Habitat * Species pool * MDE * Area 0.00 0.96 0.00 66.62 14.11
Habitat * Area 0.00 0.95 0.00 66.76 14.25
Climate * MDE * Habitat 0.00 0.93 0.00 67.16 14.65
Climate * Habitat * Species pool * Area 0.00 0.92 .0® 67.39 14.88
Climate * Species pool * MDE * Area 0.00 0.91 0.00 67.58 15.07
MDE 0.00 0.08 0.00 77.30 24.79
Habitat * Species pool * MDE 0.00 0.98 0.00 84.73 2.22
Habitat * Species pool * Climate 0.00 0.96 0.00 035. 32.53
Climate * Area 0.00 0.97 0.00 85.07 32.56
Climate * Area * MDE 0.00 0.96 0.00 85.15 32.64
Area * MDE * Habitat 0.00 0.96 0.00 85.17 32.66
Climate * Species pool 0.00 0.95 0.00 85.30 32.79
Climate * Species pool * MDE 0.00 0.93 0.00 85.68 3.13
Habitat * Species pool 0.00 0.99 0.00 140.40 87.89
Habitat * Species pool * Climate * MDE 0.00 0.98 00. 140.55 88.04
Climate * Species pool * Area 0.00 0.97 0.00 140.87 88.36
Climate * Habitat * MDE * Area 0.00 0.97 0.00 144.1 88.63
Climate * MDE 0.00 0.96 0.00 141.15 88.64
Climate * Habitat 0.00 0.97 0.00 Inf Inf
Climate * Habitat * Area 0.00 0.99 0.00 Inf Inf
Habitat * MDE 0.00 1.00 0.00 Inf Inf
Habitat * Species pool * Area 0.00 0.99 0.00 Inf fin
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Table $4. Akaike’s second-order information criterion (AlGaf)the regression models of species richness
of frugivorous birds across eight sites along wdfiihal gradient, and their combinations. Modelgesbr

according tAAAICc.

. Log- , Akgike
Frugivoress; species) likelihood R weight AIC, AAIC,
(wy)

Climate 1.00 0.98 0.23 52.69 0.00
Species pool 0.87 0.73 0.20 52.96 0.27
MDE * Species pool * Area 0.74 0.95 0.17 53.3 0.61
Species pool * Area 0.55 0.91 0.12 53.9 1.21
Area 0.52 0.81 0.12 54.01 1.32
Habitat 0.43 0.89 0.10 54.4 1.71
MDE * Area 0.27 0.83 0.06 55.32 2.63
Climate * Habitat * Species pool * Area 0.01 0.98 .0® 62.01 9.32
Climate * MDE * Habitat 0.01 0.98 0.00 62.03 9.34
Climate * Species pool * MDE * Area 0.01 0.98 0.00 62.03 9.34
MDE * Species pool 0.01 0.96 0.00 62.41 9.72
Habitat * Species * Climate * MDE *
Area 0.01 0.95 0.00 62.6 9.91
Habitat * Area 0.01 0.92 0.00 63 10.31
Habitat * Species pool * MDE * Area 0.00 0.91 0.00 63.36 10.67
MDE 0.00 0.06 0.00 65.46 12.77
Climate * Area * MDE 0.00 0.99 0.00 80.57 27.88
Climate * Area 0.00 0.99 0.00 80.59 27.90
Climate * Species pool 0.00 0.98 0.00 80.68 27.99
Climate * Species pool * MDE 0.00 0.98 0.00 80.69 8.0®
Habitat * Species pool * MDE 0.00 0.98 0.00 80.86 8.17
Habitat * Species pool * Climate 0.00 0.96 0.00 181. 28.41
Area * MDE * Habitat 0.00 0.95 0.00 81.21 28.52
Climate * Habitat * MDE * Area 0.00 0.99 0.00 138.5 83.83
Climate * Species pool * Area 0.00 0.99 0.00 136.52 83.83
Climate * MDE 0.00 0.99 0.00 136.53 83.84
Habitat * Species pool 0.00 0.99 0.00 136.56 83.87
Habitat * Species pool * Climate * MDE 0.00 0.99 00. 136.63 83.94
Climate * Habitat 0.00 0.99 0.00 Inf Inf
Climate * Habitat * Area 0.00 0.99 0.00 Inf Inf
Habitat * MDE 0.00 1.00 0.00 Inf Inf
Habitat * Species pool * Area 0.00 0.99 0.00 Inf fIn
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Table Sb. Akaike’s second-order information criterion (AlGaf)the regression models of species richness
of omnivorous bird across eight sites along altitatl gradient, and their combinations. Models sbrte

according tAAICc.

_ Log- , Akaike
Omnivores7 species) likelihood R weight AlC, AAIC,
(W)

Climate 1.00 0.92 0.18 48.44 0.00
Species pool 0.98 0.77 0.17 48.49 0.05
Habitat 0.87 0.92 0.15 48.72 0.28
MDE * Area 0.78 0.91 0.14 48.93 0.49
Area 0.77 0.76 0.14 48.97 0.53
Species pool * Area 0.59 0.88 0.11 49.48 1.04
MDE * Species pool * Area 0.57 0.88 0.10 49.56 1.12
MDE * Species pool 0.01 0.95 0.00 57.51 9.07
Climate * Species pool * MDE * Area 0.01 0.92 0.00 57.70 9.26
Climate * MDE * Habitat 0.01 0.92 0.00 57.72 9.28
Climate * Habitat * Species pool * Area 0.01 092 .0@ 57.77 9.33
Habitat * Area 0.01 0.93 0.00 57.93 9.49
Habitat * Species * Climate * MDE * Area 0.01 0.92 0.00 58.05 9.61
Habitat * Species pool * MDE * Area 0.01 0.92 0.00 58.06 9.62
MDE 0.00 0.01 0.00 62.39 13.95
Climate * Area * MDE 0.00 0.97 0.00 75.69 27.25
Climate * Species pool 0.00 0.96 0.00 75.80 27.36
Climate * Area 0.00 0.94 0.00 76.07 27.63
Climate * Species pool * MDE 0.00 0.92 0.00 76.34 7.9
Habitat * Species pool * Climate 0.00 0.93 0.00 486. 28.01
Area * MDE * Habitat 0.00 0.93 0.00 76.60 28.16
Habitat * Species pool * MDE 0.00 0.92 0.00 76.71 8.2
Climate * MDE 0.00 0.98 0.00 131.47 83.03
Climate * Species pool * Area 0.00 0.98 0.00 131.48 83.04
Habitat * Species pool * Climate * MDE 0.00 0.98 00. 131.51 83.07
Habitat * Species pool 0.00 0.97 0.00 131.59 83.15
Climate * Habitat * MDE * Area 0.00 0.97 0.00 130.6 83.16
Climate * Habitat 0.00 1.00 0.00 Inf Inf
Climate * Habitat * Area 0.00 0.99 0.00 Inf Inf
Habitat * MDE 0.00 1.00 0.00 Inf Inf
Habitat * Species pool * Area 0.00 1.00 0.00 Inf f In
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Figure S2. Forest interior and canopy openness at altitudiitas. Each picture represents habitat with

mean score for given altitude: 200 m — shrub der@$, canopy openness 11%; 700 m — shrub density
12%, canopy openness 15%; 1200 m - shrub der@¥y 8anopy openness 16%; 1700 m - shrub density
40% (note the track); canopy openness 17%, 220@mmub density 38%; canopy openness 40%; 2700 m
- shrub density 34%, canopy openness 40%; 3208hrub density 38%, canopy openness 21%; 3700 m -
shrub density 20%, canopy openness 90%. Pictueeordy illustrative as the measurements for each
variable were averaged for each point.
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New avian records and range shifts of birds aldtigdinal gradient of
Mt.Wilhelm, Papua New Guinea

Katerina Tvardikova
(manuscript in review)
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New avian records and range shifts of birds aldtigidinal gradient of Mt. Wilhelm,
Papua New Guinea

by Katerina Tvardikova

Faculty of Science, University of South Bohemia and Biology Center, and Academy of
Sciences, Institute of Entomology, Branisovska 31, 370 05 Ceske Budejovice, Czech
Republic
Email: katerina.tvardikova@gmail.com

SUMMARY - East slopes of Mt. Wilhelm, the highest peak apta New Guinea,
provide continuous rainforest altitudinal gradieamging from 200 m to the tree
line at 3,700 m. Based on the field work condudte@010 — 2012 and three
expeditions along the Mt. Wilhelm altitudinal gredt; we present novel
distributional information for 52 bird species. $hincludes range extensions,
demographic data and altitudinal range shifts. W®med 29 bird species with
upwards range shifts compared to previously pubtiditerature, and tentatively
conclude that upward (but not downward) range extms and shifts are
probably real, rather than resulting from poor dyadf previous information.
Complete list of species recorded during our wdrkight altitudinal study sites
includes 259 species.

The island of New Guinea has a complex geologictaatbnic history (Hall 2002) that
has accounted for its complicated biogeographyhdigh birds are globally well
known taxonomically, field research on New Guineatinues to uncover taxa new to
science and complex biogeographical patterns (Diamt©85; Beehler et al. 2007;
Beehler and Prawiradilaga 2010). The island isddigli into southern and northern
watersheds by the comparatively well-explored G#nfRange (Diamond 1985).
However, most of the Central Range was visited l®s¥n ornithologists much later
than smaller ranges, for example Fakfak region 198y Doherty and Schadler from
Rotschild and Leided Museums; Rheindt 2012) or BedlMountains (Beehler et al.
1986). Despite its relatively good exploration, a@nmgproved access to the Central
Range, ornithological exploration has been sloth@last decades. Recent expeditions
were notable exceptions, and resulted in many d&@es, including up to four bird
taxa new to science (Beehler et al. 2007; BeehlérPaawiradilaga 2010 ).

To our knowledge, there has been no intensivetharogical survey on the
eastern slopes of Mt. Wilhelm. Usually, only thepapmost altitudes are visited by
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keen bird-watchers, while lower valleys from Keggsio Bundi station and Brahmin
station are poorly surveyed thanks to harsh tramkditions. In 2010 — 2012, we
conducted ornithological survey in the area with gloal to intensively survey avifauna
across the altitudinal gradient, describe locahandiversity and record possible range
extensions and range shifts or extensions.

METHODS

The study was performed on the eastern slopes ofAMbelm (4509 m a.s.l.) in the
Central Range of Papua New Guinea. The completdorast gradient spanned from
the lowland floodplains of the Ramu river (200 ms.la. S5° 44’ E145° 20’) to the
timberline (3,700 m a.s.l., S5° 47° E145° 03’; Fi. The study was completed at
eight sites within a distance of 60 km, and eveshaced at 500 m altitudinal
increment. Bird communities were surveyed by thsemdardized survey methods at
each altitudinal site — by point counts, mist-mgttand random walks through the area
of. Point counts were carried out at 16 points latyispaced along a 2,250 m transect
and all birds seen or heard within radial dista@ce 50 m were recorded. We
completed 1792 point counts representing 448 hoawnts during entirety of this
study. Further, we mist-netted birds into 200 ngléine of nets (using nets 2.5 m high
x 12-18 m long, mesh 16 mm) from 5:30 am to 5:30danity for 11 days at each site.
Finally, we randomly walked (2 kfy across the surrounding area (~80 ha), and
recorded all individual birds seen or heard. Randaiking survey started at 3 pm and
lasted till 5 or 6 pm. Here we report the oveliall of species recorded during those
standardized methods, as well as during the whaleatibn of expeditions.
Photographs, recordings and observation data achdirring the studies are provided
online to various global databases (i.e. GBIF) Mew Guinea Birds encyclopedia
(pngbirds.myspecies.info). Recording equipment MarePMD 620 & Microphone
Seinnheiser ME67 was used for vocalization recamt$ Canon 450 for photos. We
adopted the species-level taxonomy of Handbookebirds of the world (Hoyo et al.
1992-2011).

The first survey (8 April to 31" May 2010) included three replications of
point counts, three mist-netting days and threeaanwalks per altitude. The second
survey (28 July and 15 October 2010) included replications of point cayrhree
mist-netting days and six random walks per altitubiee third survey (15th May 15
till July and £' of August till 18" October 2012) including five point counts, three
mist-netting days. In total, our data set for eaité included 14 replications of point
count surveys, 11 mist-netting days and 20 houraredom walks.
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Figure 1. Location of altitudinal gradient of Mt. Wilhelm apua New Guinea (inserted map), and eight
study sites along altitudinal gradient. Map coyrteSP.Shaerman & J.Bryan, UPNG Remote Sensing
Centre, Papua New Guinea.

RESULTS

We recorded more than 34,000 bird individuals d® 8pecies across altitudinal sites
on the slope of Mt. Wilhelm. While 208 of them wearrorded within previously
described altitudinal ranges and were expectetlarreégion, 52 species had shifted or
extended altitudinal range or were reported forfitst time in the region (7 species).
Noteworthy observations of the expeditions are sanmad below and list of the
species with recorded altitudinal ranges is pravyide

Noteworthy and new observations
NEwW GUINEA M EGAPODE Megapodius decollatus
The species known also Eegapodius affinis (but nameaffinis may not be applicable
to present species, in which cade decollatus would have priority) was previously
recorded to be common from sea-level up to 2,1dBeehler et al. 1986), and even at
2,950 m (Freeman et al. 2013) in Huon Peninsuladiyeot record the species higher
than 700 m on the slopes of Mt. Wilhelm, and fotimel species to be very abundant at
altitudes 200 — 700 m.

SALVADORI 'STEAL Salvadorina waigiuensis
Endemic to mountains of New Guinea, rare and latdbwer altitudes but occurs
across the island in suitable montane habitat. iBusly unknown above 4,100 m
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(Coates and Peckover 2001), we report observa@ng,500 m. Two individuals
active early morning were observed in 2010.

GREAT-BILLED HERON Ardea sumatrana

Beehler et al. (1986) considered this a scarcedeasithroughout New Guinea’s
lowlands. Previously unknown from the region, wpam the species at ¢. 300 m, on
the river banks close to Brahmin station.

FORESTBITTERN Zonerodius heliosylus

Reported to occur at 100 - 300 m above sea leuehdrasionally recorded up to 1430
m (Beehler et al. 1986). Here report the species 4{650 m, close by Bundi Station,
from the region without previous records.

BLACK -WINGED KITE Elanus caeruleus

The hunting attempt above shrubby area in the wakgween 3,200 and 3,700 m were
observed in 2011. Such observation is higher tixpeated altitudinal ranges (Beehler
et al. 1986), and even higher than current repodpper limit of distribution from Mt.
Hagen (GBIF records). The species seems to béréne surveyed region.

BRAHMINY KITE Haliastur indus
Previously unknown above 1,700 m (Coates and Peck@001), here we report
species to be regular visitor at 2,200 m.

BLACK -MANTLED GOSHAWK Accipiter melanochlamys

Previously unknown above 3,000 m (Coates and Pecka@01), and reported up to
2420 in Huon Peninsula (Freeman et al. 2013) wertdpe species regularly from c.
3500 m, overflying the valley to 3,200 m, both BilP and 2012.

MEYER'S GOSHAWK Accipiter meyerianus

Previously assumed to occur from sear sea-levat teast to 2,700 m (Beehler et al.
1986), we did not find the species above 2,200 owéVer the species was recently
observed in Mt. Hagen region, our records may bditht from the area on the eastern
slopes of Mt. Wilhelm.

LITTLE EAGLE Hieraaetus morphnoides
On 26" September 2012, we made the one record of théespecthis region. The
species expected to occur all around New Guinemsde be rare resident in the
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region, with more observation reported from souttl west side of the Central Range,
and the closest previous observation from Mt. Hagen

FORBES SFOREST RAIL Rallinaforbes

Bird was previously known from range 1,000 — 3,00@Coates and Peckover 2001),
we reported to be quite common at altitudes betw&200 — 3,200 m, and the most
abundant at 2,700 m where we also mist-netted mdiwviduals.

BARE-EYED RAIL Gymnaocrex plumbeiventris

First observation of the bird in the region, reeatdutside of the survey areas at 1,300
m, 20" September 2012. Previously reported altitudinaigeais from sea-level to
1,200 m (Beehler et al. 1986), but with maximuma,600 m in east New Guinea.

NEW GUINEA WOODCOCK Scolopax saturate

Known to occur in New Guinea mountains between@ &@d 3,000 m (Beehler et al.
1986), here we report an observation from 2,700remfregion without previous
records, but where the species was expected ta Beahler et al. 1986).

WHITE -THROATED PIGEON Columba vitiensis

Here we describe extension of altitudinal rangel, @aport the species to be regularly
seen at 2,700 m in 2010, and rarely in 2012. Contyrg®en also at 2,200 m. Peckover
and Filewood (1976) reported a mist-netted indigidat 2,700 m, while Mayr (1941)
considered the pigeon to be a lowland speciesdigthibution up to 1,400 m.

BROWN CUCK0OO-DOVE Macropygia amboinensis

In Papua New Guinea known to occur in mainland fesm level up to 1800, locally to
2100 m (Beehler et al. 1986). We report the spdoidg very common at all altitudes
from 200 to 2,200 m, having similar abundancesllas@veyed sites, while only

slightly more abundant at 200 m.

BLACK -BILLED CUCKOO-DOVE Macropygia nigrirostris

The species is well known from the region, expedtedccur from sea-level up to
2,600 m (Beehler et al. 1986), but we report thecis only at 2,700 nMacropygia
amboinensis, a bird with similar vocalization is more commonthre region,calling
slowly, with more pronounced “whu” sylabes, whNéacropygia nigrirostris has a
rapidly descending higher pitched series of mutedok” notes decreasing in volume.
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THICK -BILLED GROUND PIGEON Trugon terrestris

Known to inhabit rain forest and monsoon forest lvdands and hills up to 640 m
(Coates and Peckover 2001), but previously unknivem the region. Villagers killed
one specimen at c. 1,100 m, but seen at sites 700 m

PHEASANT PIGEON Otidiphaps nobilis

The previous highest-elevation record was 1,90Beekler et al. 1986), and sound
heard 2,050 m in Huon Peninsula (Freeman et aB)2@0¥e have seen 1 individual at
1,700 m in 2010 and three individuals at 2,200 ®0h0 and 2012. The species seems
to be scarce throughout the region, similarly toiegion in other ranges (Diamond
1985).

CORONETED FRUIT DOVE Ptilinopus coronulatus

While previously known up to 1,200 m (Beehler etl#86), we recorded the species
at all altitudinal sites from 200 — 1,700 m. Thesetved individuals were identified as
subspecieguadrigeminus.

ORNATE FRuUIT DOVE Ptilinopus ornatus

Previously found primarily within altitude range #00-1,350 m, but suspected to be
apparently nomadic up to 2,500 m (Beehler et @6)9We confirm eight individuals
from 2,200 m in 2010.

SHINING IMPERIAL PIGEON Ducula chalconota

Primary montane forest, generally at altitude ramdel,400 — 2,500 m, though
occasionally down to 1100 m (Beehler et al. 198%3. have seen the species regularly
between 1,700 — 2,700 m.

PESQUET SPARROT Psittrichas fulgidus

The species is threatened by hunting, with a hamdftecords up to 2000 m (Beehler
et al. 1986), and altitudinal range from 600 ta2P,4long Huon Peninsula (Freeman et
al. 2013). We observed only two individuals at 2,26, confirming thus higher
altitudinal range.

DuskY LORY Pseudeos fuscata

With records up to 2,400 m (Beehler et al. 198@) report altitudinal range extension,
and species being very common at altitudes 2,2@nan2,700 m, but present at 200,
and from 1,700 to 2,700 m.
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GOLDIE 'SLORIKEET Psitteuteles goldiei (2,700 — 3,200 m)

Previously reported range up to 2,800 m (Beehlemlet1986), and uncommon
observations at 1,330 m and 1,600 m from Huon Retan(Freeman et al. 2013). We
species to be common at 2,700 m and observed fibdeven individuals in two
successive days at 3,200 m on a flowering treethegevith Astrapia stephaniae.

PYGMY LORIKEET Charmosyna wilhelminae (700 — 1,200 m)

Uncommon and possibly overlooked species (Beelilat. €986) of mountain forest
frequently descending into lowland forest at bagfemiountains or at sea level, found
from 1,000 to 2,200 m. We reported most of thevidtials at 1,200 m but also some
descending to 700 m.

RED-FRONTED LORIKEET Charmosyna rubronotata (200 m)

However previously reported only from north-westexiremity of New Guinea, we
observed individuals of genuharmosyna with distinct red forecrown, and blue ear
coverts (not blue coverts and red lores, cheeksugmer throat). The species was
never observed together in flocks witharmosyna placensis but once in mixed flock
with Loriuslory.

BREHM 'S TIGER PARROT Psittacella brehmii (2,200 — 2,700 m)

Previously reported to be resident from 1,500 69@,in Central Range (Beehler et al.
1986), and inhabiting higher altitudinal range inodd Peninsula from 1,700 m to at
least 3,050 m, and being abundant at 2,700 — 3r08ereeman et al. 2013). We report
species present 2,200 — 2,700 m in Central Ranigle two individuals mist-netted at
2,700 m.

CHESTNUT-BREASTED CUCKOO Cacomantis castaneiventris

A resident of hill forest at 500 — 2,300 m (Beelderl. 1986), reported to range as low
as 300 m in Huon Peninsula (Freeman et al. 2018).nMét-netted one individual at
200 m, and species was very common at altitude801;7 2,200 m, with only 3
individuals recorded at 2,700 m.

RUFOUS-THROATED BRONZE CucKkoO Chrysococcyx ruficollis

Previously was the species expected in montaneatfared forest edges in highlands;
mainly at 1,800 — 2,600 m, vagrant individuals 3350 m (Beehler et al. 1986), and
newly was reported from Huon Peninsula from 2,12850 and 3,000 m (Freeman et
al. 2013). We observed the species uncommonlyex 8{700 and 3,200 m.
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RUFous OwL Ninox rufa

This lowland species was known to occur only bel@00 m (Marks et al. 1999). We
observed few individuals active till 6 am, and ass®d the species with low-pitched
double hoot, soft “hu-hu” at 1,700 m, which is pblsduet call of a pair.

BARKING OwL Ninox connivens

Their dog-like barking common at altitudes arounthéi village c. 1,500 m. Species
is believed to predict a death in the village,he tirection from where the bird call.
Altitudinal distribution of species in New Guines mot known, but our observation
higher than all other available records. All avaléarecords from New Guinea are
scatter across eastern Highlands, Sepik, KarkaMamhm.

JUNGLE HAWK -OwL Ninox theomacha

Species known to occur up to ¢. 2,500 m, reporte@,@00 — 2,100 m by Frank
Lambert, and at 30 m by Nick Anthas (Xeno-canto0We report the species to be
common from 200 - 2,200 m.

MARBLED FROGMOUTH Podargus ocellatus

Species expected to be mainly in lowlands, butndsmb up to 800 m in Australia and
to 1,500 m in New Guinea (Coates and Peckover 200'¢) recorded the species at
1,200 — 2,200 m, and mist-netted at 1,700 m.

PACIFIC SWIFT Apus pacificus

Pacific swift is Asian species wintering in New @ea and Australia. Similarly to
previous records from Huon Peninsula (Freeman. 2(dl3), we recorded this winter
migrant till early June 2010 at 200 m, but only Aipril 2012 at the same sites. This
would suggest that some populations stay in Newn&uinstead of returning to Asia
for breeding. Beehler et al. (1986) previously réged the bird only in southern
watersheds and western Vogelkop.

MOUNTAIN KINGFISHER Syma megarhyncha

Previously reported from range 1,200 — 2,200 m KBmeet al. 1986), we heard the
species at 2,700 m and saw one individual alongréwk at c. 2,600 m. In most of the
New Guinean mountainss. megarhyncha replacesStorotoro at altitude 1,000 m
(Beehler et al. 1986). Despite our effort, we faile recordS. torotoro higher than 200
m, while our observations d& megarhyncha would lead us to conclusion that the
species was possibly overlooked. Given the diffieal with identification and

58



Chapter Il

observation of kingfishers in the field, furthersearch would be needed to reveal
possible presence 8f torotoro in the region, and altitudinal ranges of two spsci

RAINBOW BEE-EATER Merops ornatus

Species is widespread in east Guinea and Austnaith, main wintering ground for
Australian birds in New Guinea, with some populagiambviously resident all year
round. We thus support those assumptions by oltsamvaf the species at 200 m
during all surveys, throughout all yeaMerops philippinus was not confirmed from
the sites and all observed individuals had yelloange foreheads (not greenish), and
broad black eye stripe, bordered with narrow bine dbove (not white).

PAPUAN HORNBILL Rhyticeros plicatus

The species was recorded regularly from 200 toQLy20during censuses. One pair
seen overfly Bundi station, and confirmed by videgythat species regularly come to
their gardens at ¢. 1,500 — 1,600 m.

PAPUAN TREECREEPER Cormobates placens

The subspeciegeini is known from west and central New Guinea from &eg Mts.
east through Hindenburg Range to Tari Gap area. sStliispeciesneridionalis is
known from mountains of south-east New Guinea (&ash Aseki area, Mt. Kaindi
and Herzog Mts.). Two more recent records come fi@an Valley (Nick Anthas,
Xeno-canto 2013). The species is known to occuwéen 1,250 — 2,600 m. We
recorder the species at 2,630 m, outside of itewkmange, but we were not able
identify subspecies.

OBSCUREHONEYEATER Lichenostomus obscurus

We may report first record of the species for #gion from 1,200 m. The subspecies
obscurus was previously known to be patchily distributedlower slopes of N, C &
SE New Guinea east from Weyland Mts. (Hoyo et &92t2011), from altitudes
between 200 m and 1,100 m, occasionally as high430 m (Coates and Peckover
2001).

HILL -FORESTHONEYEATER Meliphaga orientalis

Mostly lower and middle mountains, from 550 m t®2¢l00 m, and only member of
genus common (or present) above 1,400 (Beehldr 8986). We mist-netted the birds
quite commonly at altitudinal sites from 1,700 {@@ m (seven individuals).
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L ONG-BEARDED HONEYEATER Melidectes princeps

The species endemic to few valleys on Mt. Giluwd, Magen, and Kubor Range,
known mainly from 3,000 — 3,800 m, but recentlyoreled to 4,200 m and extends as
low as 2,750 m (Coates and Peckover 2001). On Miheélh, reported to occur
mainly above 3,050 m (Coates and Peckover 2001).o¢erved the species to be
very abundant between 3,200 and 3,700 m at Mt.\Wilhd®espite the effort, no
individuals were reported in denser forest growthsd species seems to follow
scattered trees along the tree line. While ranggicted species endemic to small areas
(the population at Mt. Wilhelm covers c. 200 hag thpecies is one of the most
common bird species recorded in the region. Specdlationship between locally
endemic mites observed on local floweriRigododendrons were observed, and needs
to be further investigated.

CINNAMON -BREASTED HONEYEATER Meélidectes torquatus

The species inhabits lower and middle montane fofesest edges. Typically prefers

semi-open habitats from 950 m to 1,900 m, and 12@00 in Central Range (Hoyo et
al. 1992-2011). Along the gradient, we observecigigeto be common at sites 1,200
and 1,700 m, but indentified seven individuals @s@,200 m. This can be due to very
suitable conditions and many open areas alongalekd from Bundi station (1,700 m)

to Sinopass (2,200 m), where many flowering treesewpresent along the road and
adjacent gardens.

OLIVE -STREAKED HONEYEATER Ptiloprora meekiana

A resident of Saruwaged Mt.s (Huon Peninsula), bigfdts. and mountains of upper
Mambare range and Mt. Tafa-Efogi. We bring thetfirscord for its (subspecies
meekiana) presence at ¢.2500 m. The birds were seen on #hengack in May 2012,
foraging on flowering tree. Call is non-distinctit@hip” or “schip*.

BICOLOURED MOUSEWARBLER Crateroscelis nigrorufa

The species is patchily distributed throughout lidbtorest of New Guinea, with very
restricted altitudinal range (Beehler et al. 1988 found the species to e abundant at
1,700 m, and even more individuals singing uphitbumd 1,770 — 1,790 m. The
surprising local abundance of this species witlriged range, in comparison, there
are just 38 specimen records in ORNIS database fnaywhere around Papua New
Guinea (Freeman et al. 2013).
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BUFF-FACED SCRUBWREN Sericornis perspicillatus (1,700 — 2,700 mPAPUAN
SCRUBWREN Sericornis papuensis (1,700 — 3,200 m)

Two similar species (Serspicillatus andpapuensis), differ strongly in its vocalization
and could be easily distinguished in the forestleviginging. In hand, Papuan
Scrubwren posses dark subterminal tail-band (95%,84), and brownish-buff crown
and forecrown. Buff-faced Scrubwren has crown gaag subterminal tail-band was
not observed in individuals inspected by K.Tvard&kq~70%, N = 73). Along the
gradient, S.perspicillatus was very abundant at altitudes 1,700 — 2,200 m with
abundances decreasing towards 2,700, whilgauensis was getting more abundant
towards upper range limits at 3,200 m.

STOUT-BILLED CUCKOO-SHRIKE Coracina caeruleogrisea

In New Guinea was known mainly in lowlands, hillrédet and lower mountains,

present from sea-level up to 1,700 m, rarely uR,#b60 m (Beehler et al. 1986).

Species was recorded also at Tari gap at 250018960 by Niels Poul Dreyer (Xeno-

canto 2013). We observed individuals feeding abD@,i in September 2012, and
heard the distinctive sound often at all sites leetw700 to 2,700 m, and mist-netted
male at 2,200 m.

GOLDEN CUCKOO-SHRIKE Campochaera doetii

The species was previously known only from ArfaksMand east to Wawak area
(subspeciesioetii) and from south New Guinea lowlands from Range idineast to
Moroka, and foothills of Owen Stanley Range (subigseflaviceps) (Hoyo et al.
1992-2011), but we made observations at altitudsites 200 and 1,200 m. Also our
other surveys across Madang lowlands confirmed sfhecies to be rare resident
patchily distributed along Ramu river.

BLACK SICKLEBILL Epimachus fastuosus (1,200 — 2,700 mBROWN SICKLEBILL
Epimachus meyeri (1,700 — 3,200 m)

Sicklebills are known from middle montane primaorest, more rarely in adjacent
second growth and garden eddesfastuosus were previously described from 1,280 —
2,550 m, mainly in narrow elevational zone of 1,800,500 m; and predominate at
lower elevation thal. meyeri. We observed the ranges to be broadly overlappittl,

E. meyeri very abundant and. fastuosus observed only in few individuals.
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RUFOUS-COLLARED M ONARCH Arsesinsularis

Previously known to have altitudinal range from 23@,200 m (Beehler et al. 1986;
Freeman et al. 2013), we observed and mist-netedecies often at sites from 200
to 1,700 m.

BLACK SITTELLA Daphoenositta miranda

We present first records for the species, which praviously, known for the same
altitudes from Snow Mts, Kubor Range, Mt. Giluwet. Mafa, Mt. Scratchley and Mt.
Albert Edward (Hoyo et al. 1992-2011). The spe@a=nre resident between 2,700 and
3,700 m of the gradient.

TREEFERN GERYGONE Gerygone ruficollis

This montane species was previously recorded fr@60 lupwards, to c. 3300 m in

Snow Mts. and south-east New Guinea; being the smsimon at lower and middle

altitudes. Recently found to be abundant at 130th rrakfak mountains (Rheindt

2012). Despite the effort, we failed to confirm gesence lower than 1,700 m, but
reported range extensions up to tree line at 3700

VARIABLE PITOHUI Pitohui kirhocephalus (200 — 1,200 mjd OODED PITOHUI

Pitohui dichrous (700 — 1,700 m)

Those sister species (Dumbacher et al. 2008) appeaplace each other altitudinally
over most of the New Guinea ranges (Beehler et18B6). We confirmP.
kirhocephalus to be lowland species, whikdichorus inhabits higher altitudes. On the
other hand, we can’t confirm strictly exclusive gas. At site 1,200 m, both species
were seen in syntopy (recorded to have exactlysémee abundances), and sometimes
recorded at the same point. The abundance pattersodsuggest that species are
widely sympatric; rather our locality may lie at altitude where species are in narrow
contact. The zone of transition is however muchhéigthan previously reported in
Fakfak Mts. (Rheindt 2012).

The list of 208 recorded species with observetuditial distribution:

DwARF CASSOWARY Casuarius bennetti (2,700 m)

WATTLED BRUSHTURKEY Aepypodius arfakianus (1,700 m)

BROWN-COLLARED BRUSHTURKEY Talegalla jobiensis (1,200 m)

PaciFic BLACK Duck Anas superciliosa (3500 m)

LONG-TAILED BuzzARD Henicopernislongicauda (200 — 700 m)

BLack KITE Milvus migrans (200 — 1700 m)

WHISTLING KITE Haliastur sphenurus (200 — 700 m)

GREY GosHAWK Accipiter novaehollandiae (700 m)

PapPUAN HARPY EAGLE Harpyopsis novaeguineae (200 — 1200 m, 2200 — 3200 m)
GREAT Cuckoo-DovE Reinwardtoena reinwardtii (200 - 3,200 m)
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EMERALD Dove Chalcophapsindica (200 - 700 m)

StePHAN'S DovE Chal cophaps stephani (200 — 1,200 m)

NEwW GUINEA BRONZEWING Henicophaps albifrons (200 — 1,200 m)
WHITE-BIBBED GROUND DoVE Gallicolumba jobiensis (2,200 m)
BrRoNzE GROUND DovE Gallicolumba beccarii (1,200 — 1,700 m)
WowmpooFRuIT DovE Ptilinopus magnificus (700 — 1,200 m)
PINK-sPOTTEDFRUIT DoVE Ptilinopus perlatus (200 — 700 m)
SupeRBFRUIT DoVE Ptilinopus superbus (200 — 2,200 m)
BeAuTIFUL FRUIT DoVE Ptilinopus pulchellus (200 — 1,200 m)
WHITE-BIBBED FRUIT DOVE Ptilinopusrivoli (1,700 — 3,200 m)
ORANGE-BELLIED FRUIT DoVE Ptilinopusiozonus (200 m)
PURPLE-TAILED IMPERIAL PIGEON Ducula rufigaster (200 m)

PINON'S IMPERIAL PIGEON Ducula pinon (200 m)

ZoE's IMPERIAL PIGEON Ducula zoeae (200 — 1,200 m)

PAPUAN MOUNTAIN PIGEON Gymnophaps albertisii (1,700 — 3,700 m)
ORANGE-FRONTEDHANGING PARROT Loriculus aurantiifrons (200 m)
BUFF-FACED PYGMY PARROT Micropsitta pusio (200 — 700 m)
RED-BREASTEDPYGMY PARROT Micropsitta bruijnii (700 — 1,200 m)
PaLm CockATOoO Probosciger aterrimus (200 — 1,200 m)
SULPHUR-CRESTEDCOCKATOO Cacatua galerita (200 — 1,200 m)
RaINBOW LORIKEET Trichoglossus haematodus (200 — 1,200 m)
BLACK-CAPPEDLORY Loriuslory (200 — 1,200 m)

RED-FLANKED LORIKEET Charmosyna placentis (200 — 700 m)
PaPUAN LORIKEET Charmosyna papou (1,700 — 3,700 m)
PLuM-FACED LORIKEET Oreopsittacus arfaki (1,700 — 3,700 m)

Y ELLOW-BILLED LORIKEET Neopsittacus musschenbroekii (1,200 — 3,200 m)
ORANGE-BILLED LORIKEET Neopsittacus pullicauda (1,700 — 3,700 m)
PAINTED TIGER PARROT Psittacella picta (2,700 — 3,700 m)
RED-CHEEKED PARROT Geoffroyus geoffroyi (200 m)
BLUE-COLLARED PARROT Geoffroyus simplex (700 m)
EcLECTUSPARROT Eclectus roratus (200 — 1,200 m)

PaPUAN KING PARROT Alisterus chloropterus (700 — 2,700 m)
ORANGE-BREASTEDFIG PARROT Cyclopsitta gulielmitertii (200 m)
DouBLE-EYED FIG PARROT Cyclopsitta diophthalma (200 — 1,700 m)
EbDwWARDS's FIG PARROT Psittaculirostris edwardsii (200 — 1,200 m)
BrRusHCuckoo Cacomantis variolosus (200 — 1,700 m)

FAN-TAILED Cuckoo Cacomantis flabelliformis (1,200 - 3,700 m)
LiTTLE BRONZE Cuckoo Chrysococcyx minutillus (200 m)
WHITE-CROWNEDK OEL Caliechthrus leucolophus (200 — 1,200 m)
DwaARF KOEL Microdynamis parva (200 m)

ComMoN KoEL Eudynamys scolopaceus (200 — 1,200 m)
CHANNEL-BILLED Cuckoo Scythrops novaehollandiae (200 m — winter migrant)
PHEASANT-CoucAL Centropus phasianinus (200 — 700 m)
LARGE-TAILED NIGHTJAR Caprimulgus macrurus (200 m)

FELINE OWLET-NIGHTJAR Euaegotheles insignis (2,700 m)
MOUNTAIN OWLET-NIGHTJAR Aegotheles albertisi (2,200 m)
GLOsSY SWIFTLET Collocalia esculenta (200, 1,500 — 2,700 m)
MOUNTAIN SWIFTLET Aerodramus hirundinaceus (3,700 m)
DOLLARBIRD Eurystomus orientalis (200 — 700 m)

Hook-BILLED KINGFISHER Melidora macrorrhina (200 — 700 m)
CoMMON PARADISE KINGFISHER Tanysiptera galatea (200 — 700 m)
SHOVEL-BILLED KOOKABURRA Clytoceyx rex (1,700 — 2,200 m)
RuFousBELLIED KOOKABURRA Dacel o gaudichaud (200 — 700 m)
FORESTKINGFISHER Todiramphus macleayii (1,700 m)

Y ELLOW-BILLED KINGFISHER Syma torotoro (200 m)

VARIABLE DWARF KINGFISHER Ceyx Lepidus (200 — 1,200 m)
AZzURE KINGFISHER Al cedo azurea (200 — 1,200 m)
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LiTTLE KINGFISHERAlcedo pusilla (200 m)

RED-BELLIED PITTA Pitta erythrogaster (200 — 700 m)

HoobEDPITTA Pitta sordida (200 — 700 m)

WHITE-EARED CATBIRD Ailuroedus buccoides (200 — 1,700 m)
BLACK-EARED CATBID Ailuroedus melanotis (2,200 m)

MACGREGORS BOWERBIRD Amblyornis macgregoriae (2,200 — 3,200 m)

Y ELLOW-BREASTEDBOWERBIRD Chlamydera lauterbachi (2,200 m)
WHITE-SHOULDEREDFAIRY -WREN Malurus alboscapulatus (1,700 — 2,200 m)
ORANGE-CROWNEDWREN Clytomyias insignis (2,700 - 3,200 m)

TAWNY -BREASTEDHONEYEATER Xanthotis flaviventer (700 — 1,200 m)
BLACK-THROATED HONEYEATER Lichenostomus subfrenatus (1,700 — 3,700 m)
WHITE-MARKED FORESTHONEYEATER Meliphaga montana (700 — 1,200 m)
Mimic HONEYEATER Meliphaga analoga (200 — 1,700 m)

PuFFBACKED HONEYEATER Meliphaga aruensis (200 — 1,200 m)

PLAIN HONEYEATER Pycnopygiusixoides (200 — 1,200 m)

MEYER'S FRIARBIRD Philemon meyeri (200 — 1,200 m)

HELMETED FRIARBIRD Philemon buceroides (200 — 700 m)

SMoKy HONEYEATER Melipotes fumigatus (1,200 — 3,700 m)

SooTy HONEYEATER Médlidectes fuscus (2,200 — 3,700 m)

Y ELLOW-BROWED HONEYEATER Melidectes rufocrissalis (1,700 m)
BELFORDS HONEYEATER Méelidectes belfordi (2,200 — 3,700 m)
RuFous-BACKED HONEYEATER Ptiloprora guisei (1,700 — 3,200 m)
BLACK-BACKED HONEYEATER Ptiloprora perstriata (2,200 — 3,700 m)
LONG-BILLED HONEYEATER Mélilestes megarhynchus (200 — 2,200 m)
RED-COLLARED HONEYEATER Myzomela rosenbergii (1,200 — 3,700 m)
OLIVE STRAIGHT-BILL Timeliopsis fulvigula (1,700 m)

GREEN-BACKED HONEYEATER Timeliopsis fallax (700 m)

LowLAND MoUSEWARBLER Crateroscelis murina (200 — 1,700 m)
MOUNTAIN MOUSEWARBLER Crateroscelis robusta (1,200 — 3,700 m)
PALE-BILLED SCRUBWREN Sericornis spilodera (700 — 1,200 m)
GREY-GREENSCRUBWREN Sericornis arfakianus (1,200 — 1,700 m)

LARGE SCRUBWREN Sericornis nouhuysi (1,700 — 3,700 m)

Y ELLOW-BELLIED GERYGONE Gerygone chrysogaster (200 — 700 m)

GREY GERYGONE Gerygone cinerea (1,700 — 3,200 m)

GREEN-BACKED GERYGONE Gerygone chloronota (200 - 1,200 m)

FAIRY GERYGONE Gerygone palpebrosa (200, 1,200 m)

PAPUAN THORNBILL Acanthiza murina (2,700 — 3,700 m)

ISIDORES RUFOUSBABBLER Garritornisisidorei (200 m)

LORIA'Ss CNEMOPHILUS Cnemophilusloriae (1,700 — 3,200 m)
CRESTEDCNEMOPHILUS Cnemophilus macgregorii (2,200 — 3,700 m)

Y ELLOW-BREASTEDCNEMOPHILUS Loboparadisea sericea (1,700 m)

BLAck BERRYPECKERMelanocharis nigra (200 - 1,200 m)
LEMON-BREASTEDBERRYPECKERMelanocharis longicauda (1,700 m)
FAN-TAILED BERRYPECKERMelanocharis versteri (1,700 — 3,700 m)
STREAKED BERRYPECKERMelanocharis striativentris (1,700, 2,700 m)
PLUMED LoNGBILL Oedistoma iliolophus (700 — 1,700 m)

Y ELLOW-BELLIED LONGBILL Toxorhamphus novaeguineae (200 — 1,200 m)
SLATY -CHINNED LONGBILL Toxorhamphus poliopterus (1,200 — 2,200 m)
TiT-BERRYPECKEROTreocharis arfaki (2,200 — 3,700 m)
CRESTEDBERRYPECKERParamythia montium (2,700 — 3,700 m)
SPOTTEDJEWEL-BABBLER Ptilorrhoa leucosticta (1,700 — 2,700 m)

BLUE JEWEL-BABBLER Ptilorrhoa caerulescens (200 — 1,200 m)
CHESTNUT-BACKED JEWEL-BABBLER Ptilorrhoa castanonota (1,200 m)

Y ELLOW-BREASTEDBOATBILL Machaerirhynchus flaviventer (200 — 1,200 m)
BLACK-BREASTEDBOATBILL Machaerirhynchus nigripectus (1,700 — 3,200 m)
BLACK BUTCHERBIRD Cracticus quoyi (200 m)

Hoobeb BUTCHERBIRD Cracticus cassicus (200 — 700 m)
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LowLAND PeLToPsPeltops blainvillii (200 — 700 m)

MOUNTAIN PELTOPSPeltops montanus (1,700 — 2,700 m)

GREAT WooDswALLow Artamus maximus (2,700 — 3,700 m)

BoYER's CuckoO-SHRIKE Coracina boyeri (200 — 1,200 m)
WHITE-BELLIED CUCKOO-SHRIKE Coracina papuensis (200 — 1,700 m)
HoobeD Cuckoo-SHRIKE Coracina longicauda (2,700 m)

CicADABIRD Coracina tenuirostris (200 — 1,200 m)
BLACK-SHOULDEREDCUCKOO-SHRIKE Coracina incerta (200 — 700 m)
NEW GUINEA CUCKOO-SHRIKE Coracina melas (200 m)

BLACK-BELLIED CUCKOO-SHRIKE Coracina montana (1,200 — 2,700 m)
BLACK-BROWNED TRILLER Lalage atrovirens (200 m)

WATTLED PLOUGHBILL Eulacestoma nigropectus (2,700 m)
GOLDENFACE Pachycare flavogriseum (1,200 — 2,200 m)

MoTTLED WHISTLER Rhagologus leucostigma (1,700 — 2,700 m)
RuUFousNAPED WHISTLER Aleadryas rufinucha (1,700 — 3,700 m)
RUSTY-BREASTEDWHISTLEr Pachycephala hyperythra (200 — 1,700 m)
BROWN-BACKED WHISTLER Pachycephala modesta (2,700 — 3,200 m)
GREY WHISTLER Pachycephala simplex (700 — 1,200 m)

ScLATER'S WHISTLER Pachycephala soror (1,200 — 2,200 m)
REGENTWHISTLER Pachycephala schlegelii (1,700 — 3,700 m)

BrRoOwN ORIOLE Oriolus szalayi (200 — 700 m)

LITTLE SHRIKE-THRUSH Colluricincla megarhyncha (200 — 2,200 m)
RusTY PiIToHuI Pitohui ferrugineus (200 m)

CRESTEDPITOHUI Pitohui cristatus (1,200 m)

BLack PitoHul Pitohui nigrescens (1,700 — 2,200 m)

PyeMmy DRONGO Chaetorhynchus papuensis (200 — 1,700 m)
SPANGLED DRONGO Dicrurus bracteatus (200 — 700 m)
NORTHERNFANTAIL Rhipidura rufiventris (200 — 1,700 m)

SoOTY THICKET FANTAIL Rhipidura threnothorax (200 — 1,200 m)
WHITE-BELLIED THICKET FANTAIL Rhipidura leucothorax (200 — 1,200 m)
BLACK FANTAIL Rhipidura atra (200 — 2,700 m)

FRIENDLY FANTAIL Rhipidura albolimbata (1,700 — 3,700 m)
DIMORPHIC FANTAIL Rhipidura brachyrhyncha (1,200 — 3,700 m)
RuUFousBACKED FANTAIL Rhipidura rufidorsa (200 — 700 m)

BLACk MONARCH Monarcha axillaris (1,200 — 2,700 m)
RuFousMoONARCH Monarcha rubiensis (200 m)

BLACK-WINGED MONARCH Monarcha frater (200 — 1,200 m)
SPOT-WINGED MONARCH Monarcha guttula (200 — 1,200 m)

HoobED MONARCH Monarcha manadensis (200 m)

GOLDEN MONARCH Monarcha chrysomela (200 — 1,200 m)

SHINING FLYCATCHER Myiagra alecto (200 — 1,700 m)

GREY CRow Corvustristis (200 — 1,700 m)

LESSERMELAMPITTA Melampitta lugubris (2,700 — 3,700 m)
BLUE-cAPPEDIFRIT Ifrita kowaldi (1,700 — 3,700 m)
CRINKLE-COLLARED MANUCODE Manucodia chalybatus (700 — 1,200 m)
PRINCESSSTEPHANIE'S ASTRAPIA Astrapia stephaniae (2,700 — 3,700 m)
SUPERBBIRD-OFPARADISE Lophorina superba (1,700 m)
MAGNIFICENT RIFLEBIRD Ptiloris magnificus (200 — 700 m)
MAGNIFICENT BIRD-OF-PARADISE Diphyllodes magnificus (700 — 1,700 m)
KING BIRD-OFPARADISE Cicinnurus regius (200 — 700 m)
LESSERBIRD-OFPARADISE Paradisaea minor (200 — 1,200 m)

AsHy RoBIN Poecilodryas albispecularis (1,200 — 1,700 m)
BLAck-sIDED RoBIN Poecilodryas hypoleuca (200 — 1,200 m)
BLAck-BIBBED ROBIN Poecilodryas albonotata (2,200 — 3,200 m)
WHITE-WINGED ROBIN Peneothdllo sigillata (2,700 — 3,700 m)
BLUE-GREY RoBIN Peneothello cyanus (1,700 — 2,700 m)
WHITE-RUMPED ROBIN Peneothello bimaculata (700 — 1,700 m)
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WHITE-FACED ROBIN Tregellasia leucops (200 — 1,700 m)
WHITE-EYED ROBIN Pachycephalopsis poliosoma (1,200 — 1,700 m)
MONTANE FLYCATCHER Microeca papuana (1,700 — 3,200 m)
TORRENTFLYCATCHER Monachella muelleriana (200 m)

Y ELLOW-LEGGED FLYCATCHER Microeca griseoceps (1,200 m)
OLIVE-YELLOW FLYCATCHER Microeca flavovirescens (200 — 1,200 m)
GARNET RoBIN Eugerygone rubra (1,700 — 3,700 m)

LESSERGROUND RoBIN Amalocichla incerta (1,700 m)

PaciFic SwALLow Hirundo tahitica (200 — 2,200 m)

ISLAND LEAF WARBLER Phylloscopus poliocephalus (1,200 — 2,200 m)
BLACK-FRONTEDWHITE-EYE Zosterops minor (200 — 1,200 m)

NEW GUINEA WHITE-EYE Zosterops novaeguineae (1,700 — 2,700 m)
SHINING STARLING Aplonis metallica (200 — 700 m)

SINGING STARLING Aplonis cantoroides (200 m)

Y ELLOW-FACED MynaMino dumontii (200 — 700 m)

ISLAND THRUSH Turdus poliocephalus (2,700 — 3,700 m)

PIED BUSHCHAT Saxicola caprata (2,200 m)
RED-cAPPEDFLOWERPECKERDIcaeum geelvinkianum (200 — 2,200 m)
BLACK SUNBIRD Leptocoma sericea (200 — 1,200 m)

OLIVE-BACKED SUNBIRD Cinnyrisjugularis (200 — 1,700 m)
STREAK-HEADED MANNIKIN Lonchura tristissima (200 m)

BLUE-FACED PARROTFINCH Erythruratrichroa (1,700 — 3,700 m)
HOODEDMANNIKIN Lonchura spectabilis (2,200 m)

ALPINE PIPIT Anthus gutturalis (3,200 — 3,700 m)

MOUNTAIN FIRETAIL Oreostruthus fuliginosus (3,700 m)

DISCUSSION
Mountains of Central Range are considered to bengntbe more ornithologicaly

explored regions (unlike outlying mountain rangesd asome parts of lowlands
(Rheindt 2012). Despite several months spend alaltigudinal gradient of Mt.
Wilhelm in years 2010 — 2011, our further surveytlie area in 2012 resulted into
addition of 11 species. Altogether, our work addedeast seven new species to the
avifauna of the region on the east slopes of Mtlhelin. (at leastDaphoenositta
miranda, Campochaera sloetii, Ptiloprora meekiana, Lichenostomus obscurus,
Cormobates placens, Charmosina rubronata, Ardae sumatrana, and possiblyalso
Zonerodius heliosylus, Accipiter meyerianus and Trugon terrestris). Many of those
species were previously observed only in otherspairtCentral Range, or lowlands in
Sepik basin (Beehler et al. 1986; Coates and Pecka®01). Despite our effort, we
did not record some specie we regularly find ineotfegions along Ramu river and
Madang lowlands. Those were Northern Cassowaagsuarius unappendiculatus,
Victoria Crowned PigeonGoura victoria. We also reported populations of two
migratory speciesApus pacificus, Merops ornatus) to be resident in the area all year
round. More importantly, we observed numerous (mum of 29 species which
represent 11 % of bird species) shifts and extessiof altitudinal ranges. This
discovery is especially surprising, taking into@auat the altitudinal distance of 500 m
between study sites, resulting in significant uedémation of range limits at the
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altitudes in between, and by fact that we did motseder shifts up to 100 m altitudinal
to be significant.

Shifts in geographic ranges are common in tempaedions, where species
may respond to a climate warming by moving to higlaéitudes or elevations. The
few studies that refer to elevation range exterssikmn tropical birds (Pounds et al.
1999; Peh 2007) rely on indirect evidence, deriiveth community changes in census
plots (Pounds et al. 1999) or changes in elevdinits inferred from bird lists (Peh
2007). Baseline information on the abundance o€isgealong elevation gradients is
however essential to determine whether species ishédlevation and, if so, by how
much (Shoo et al. 2006). It is worth to mentiont thva observed mostly (29) upward
shifts or extensions of ranges, while only two sgpeowvere reported lower than
expected (downward shift o€harmosyna wilhelminae, and range extension of
Cacomantis castaneiventris) based on the previously published information. #ve
aware that previously reported ranges may inclugkakes, may not be exact or may
be specific to a particular geographic regionslhowever unlikely that the historical
information would systematically underestimate onlgper altitudinal limits. In
concordance with previous studies (Forero-Medinalef011), we also found more
altitudinal shifts in frugivorous birds (16 spegiéisan in insectivores (7 species).

Other caveats may be that many frugivorous spearesgood altitudinal
migrants and could seasonally follow the resoureefiowering or fruiting trees
(Loiselle and Blake 1990). On the other hand, thgeoved shifts seem to be repeated
throughout three independent surveys during yeard,we repeatedly observed some
species at higher than expected altitudes. Althahghresults should be considered
with caution, they do indicate a consistent pattefrupward direction of the range
shifts.
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Abstract

We studied feeding specialization of birds in Papleav Guinea along a complete
rainforest altitudinal gradient from 200 to 3700ans.|. We classified bird species to
feeding guilds by cluster analysis based on the position of food samples
regurgitated from mist-netted birds during a 12-thostudy. The proportion of
insectivores decreased from 75% of all speciessdas data from the literature, to
42% based on our data, as many presumably insemtisspecies also fed partly on
fruits or nectar. Diversity of food items taken dessed with altitude, and both the
relative importance of arthropods and their siZfedid between habitats for individual
bird species. The abundance of all invertebrates Hymenoptera per food sample
decreased with altitude; that of Hemiptera and dlepiera did not change with
altitude, whilst the abundance of Coleoptera angdtdda followed a hump-shaped
distribution with the maximum abundance being fowtdmid-altitudes. Coleoptera
were the most exploited arthropods, followed by me@e, Hymenoptera and
Lepidoptera (caterpillars). This reflects both oppoism with respect to food items
and the relative importance of individual arthropgdups for bird diet in this tropical
forest. The mean body weight of the arthropods rtabg birds decreased with the
altitude and was positively correlated with meadybaeight in bird communities. The
mean body weight of birds also decreased withuakit However, there was no
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correlation between the mean weight of arthropadividuals in the diet and the
weight of individual birds within bird species.

Key words:altitude, arthropod, bird diet, feeding guildspogunism, regurgitation,
tartar emetic

INTRODUCTION

Diets of land birds are rarely directly examined dwian ecologists, and this is
especially true for entire bird communities (Rosgband Cooper 1990a). Existing
information is usually based on samples from aifalividuals per species only (Hoyo
et al. 1992-2011), detailed knowledge of bird distsritical to our understanding of
avian ecology and the importance of birds as pogdaherbivores and seed dispersers.
The diet of tropical species, including species\ew Guinea, is particularly poorly
known (Collins et al. 1990; Karr and Brawn 1990;idatle and Blake 1990). The
feeding preference for most tropical bird specigsusually inferred from a few
individual observations, or is totally unknown. d&ptitative data on their diet are
nevertheless important for the understanding ofl fwebs in bird communities (Poulin
et al. 1994a).

A large proportion of existing diet data has bedtained destructively by
dissecting stomachs of birds in museum collecti@g. (Dumbacher et al. 2004),
(Rosenberg and Cooper 1990b)). The analysis ofl faraples (Loiselle and Blake
1990), forced flushing (Moody 1970; Laursen 1978) &rced regurgitation are the
most frequently used non-destructive methods feestigating the diets of passerines.
Forced regurgitation has been performed with wgerd et al. 1982; Majorr 1990)
and several emetics (Prys-Jones et al. 1974; Rad#éeFrydendall 1974). Different
methods for obtaining food samples are describedlzir advantages and limitations
discussed by Rosenberg and Cooper (1990a). Mosiestlhave used antimony
potassium tartar, which has proved to be a suadessietic in many bird families
(Prys-Jones et al. 1974; Robinson and Holmes 1P8alin et al. 1994a, b; Poulin et
al. 1994c; Poulin and Lefebvre 1995; Sekercioglale002). Poulin (1994c) proved
the efficiency of antimony potassium tartrate @arémetic) on a large sample of
tropical and migrant land birds.

Biologists have quantified bird diets in diverseysiaThe key parameters
include diet breadth (Yoshikawa and Isagi 2012¢rtap (Sekercioglu et al. 2002;
Auer and Martin 2012), and spatial (Robinson andimdés 1982; Sekercioglu et al.
2002) and temporal (Burger et al. 2012) fluctuati@bserved diet has also been
related to food availability (Raley and Anderso®Qp Several studies have identified
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body size of prey as an important factor of prewich by birds (Janes 1994;
Woodward et al. 2005; Brose et al. 2006; Philpbtale 2009; Brose et al. 2012). In
particular, body size of birds is positively coateld with body size of their prey
(Bédard 1969; Cohen et al. 1993), including in atiserous birds (Hespenheide
1971). Consequently the species composition and digtribution of prey may

influence the distribution and survival of birdsdatherefore affect the structure of
avian guilds in different habitats (Holmes et ab79; Janes 1994); but see
(Sekercioglu 2012), (Champlin et al. 2009). The omignce of prey choice and prey
size distribution in different habitats by avianesjgs has attracted relatively little
attention.

To redress these gaps, we used emetic tartaritoagstthe diet of birds across
different forest habitats on a large geographitesdacluding an altitudinal gradient, in
Papua New Guinea. We analyzed four dietary paramqieey type (used to estimate
the diet similarity of bird species), diversity pfey types (to measure diet breadth),
relative abundance of prey morphospecies withindf@amples (to assess prey
dispersion), and prey size distribution (to cotieelhe size of predator and prey across
different habitats). Based on these dietary pararsetwe discuss four general
questions: (1) What food is taken by individual @ps? (2) Are tropical birds diet
opportunists or specialists? (3) Are there tremdopportunism and specialization
along altitudinal gradient? (4) How does bird digter along a complete altitudinal
gradient?

METHODS
The study was carried out at 10 study sites in Rapew Guinea. Eight study sites
were regularly spaced, from 200 to 3700 m a.sth \wD0 m altitudinal increments,
along an altitudinal gradient at Mt. Wilhelm (-%,4L45.20; -5. 47, 145. 03). The other
areas were located in the Saruwaged Mts. (Kotd0i7a.s.l., -5.87, 146.37) and in
Madang district (Wanang 3: 159 m a.s.l, -5.22,.08p Data from Wanang were
combined with site 200m a.s.l. at altitudinal geadifor some of the analyzes focused
on altitudinal patterns. Similarly, data from Kotetere combined with the Mt.
Wilhelm 1700 m a.s.l. data.

We mist-netted birds (under license CZ1062) asit€s throughout the years
2010 and 2011 using 200 meters (2.5 x 18 or 126mmdh mesh) of nets per site. At
each study site we had mist-nets open for thres ¢lagm 05:30 to 17:30 Standard
time, mist-nets visited in 20-min intervals) duringt season, and three days in dry
season. Only the Kotet site was surveyed in tweetltlay periods, which were
separated by only 20 days due to poor accessibflityall sites, birds were captured,
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weighed, measured, identified to species and sder@vpossible), banded with a
colorful ring and forced to regurgitate. Three gdegmerformed these procedures (KT,
BK, SJ). All birds were released within 10 minutes.

Food samples were obtained by administering tanaetic following method
by Poulin et al. (Poulin et al. 1994b; Poulin etE#)94c; Poulin and Lefebvre 1995).
Immediately after capture, birds were given 0.8 ofrl.5% antimony potassium tartar
per 100g of body mass. We lowered the concentrdtimm 1.5% to 1.0% for birds
smaller than 10 g according to recommendations l{{iP@nd Lefebvre 1995). The
solution was given orally through a flexible plastube attached to a 1-cc syringe.
After administration, the birds were placed in &gl “regurgit-bowl” covered by
dark cloth. The bowl formed the base and the dotmed a bag that was accessible
from the upper part (similar way to classical nmstting bags. This allowed us to
handle birds quickly and safely. The bottom of tregt-bowl” was cleaned with water
and detergent, and toilet tissue after each biedjuRjitated food items were preserved
in absolute ethanol. Weak individuals found in tie and breeding females were not
used for the study. All individuals were sampledyoonce, and were released
immediately after recapture.

We (KT, JS) examined each food sample (definedegargitated food of a
single bird individual) under a dissecting scopke humber of arthropod individuals
per morphospecies was assembled from body partsdfau the sample (minimal
number of individuals rule). Most of the arthropod®re fragmented, and their
identification was thus based on the least digkestibd most characteristic parts (guide
available online_http://tvardikova.weebly.com/dowands.htm). Individual arthropods
were identified to morphospecies (i.e., morpholalijjyc identical prey categories
assumed to represent one species), and classifiediers or families where possible.
Further analyzes were also based on the classificaf arthropods into the higher
taxa listed in Table 3. We used published inforora{iTatner 1983; Ralph et al. 1985),
and the insect collections of our team as refereWse measured the length of each
arthropod individual or body part to the nearest@m. We estimated the body length
according to the published order-specific equatiasiag the lengths of different body
parts (Calvemr and Woolledd 1982; Diaz and Diaz0]®%odar 1997). We used body
length to estimate body weight for arthropods adicgyto Ganihar (1997). Presence or
absence of nectar, and its relative volume in samplas evaluated through the
presence of pollen grains using microscope. Siigjlpercentage of plant material was
estimated from the length or volume of plant parts.

We classified bird species represented by more finansamples into feeding
guilds by cluster analysis (using abundances dir@pbd taxa listed in Table 3,
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average linkage clustering in package vegan, fanchiclust (R Development Core
Team 2009). Root (1967) defined a guild as a grfugpecies that exploits the same
class of environmental resources in a similar WAl defined guilds as groups of
species that feed on the same food (arthropodsgs fiu seeds, nectar) in similar
proportions (Simberloff and Dayan 1991; Poulinlei894b).

Each food sample contained the remains of foocheater an unspecified time
span, and as such does not represent the complersity of food items taken. We
calculated food specialization using the Brillowdiversity index (H) according to
Sherry (1984), and examined the accumulation cuiweall species.

RESULTS

We forced 999 birds to regurgitate and our dataceetprised 99 species occurring at
10 different sites. Eighty-five (8.5 %) regurgithtsamples included liquid only and
175 birds (17.5%) failed to regurgitate. We thualgred 739 food samples from 99
bird species, and identified 3,504 food items @mhropod individuals, seeds or other
plant materials), from which 2,728 items were anffuds (Table S1 Supplinfo.pdf).
Overall, 77 bird species were represented by niae four food samples, (36 species
were represented by 4 - 5 samples, and 41 birdespbg more >6 samples; Table S2
Supplinfo.pdf) and used in the subsequent analyzBata from the lowland site
Wanang were combined with the 200 m a.s.|. altitadgradient site for the analyzes
of prey abundances, importance and size alongiditidl gradient, as they did not
differ significantly in measured parameters (anu® body size: SS = 12.03, df = 5,
MS =1.71F = 1.67,P = 0.12, avian body size SS = 0.41, df = 5, MSG8(F = 0.86,

P = 0.51). Similarly, data from Kotet were combingidh the Mt. Wilhelm 1700 m
a.s.l. data (arthropod body size: SS = 0.01, dfM3 =0.01F = 0.26,P = 0.61, avian
body size SS =0.13,df =1, MS = 0.E3+ 0.15,P = 0.70).

The cluster analysis identified all 715 food sassphto four groups which we
arbitrary recognized as food samples belongingeittarivores-insectivores (Ne-In),
frugivores- insectivores (Fr-In), insectivores (lapd frugivores (Fr). All species were
identified into one of these feeding guilds (Tabld=ig. S1 Supplinfo.pdf) based on this
analysis. We compared our field data with inforimatirom the literature (Hoyo et al.
1992-2011). The proportion of insectivores decrédsem 75% of all species, based
on data from the literature, to 42% based on oua,das many presumably
insectivorous species also fed partly on fruitectar. On the other hand, the number
of species reported to feed on insect and fruitsegised from 6.5%, based on data
from literature, to 40% based on our data (Fig. 1).
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Figure 1. Available data published tend to underestimatatpgtamponents (fruits, nectar) in the diet of
insectivorous birds

Birds eating (or samples including) almost exclakivarthropods (99%) were
classified as insectivores (or sample belonginiggectivorous bird respectively), birds
consuming 55 - 85% of arthropods and 25 - 48% fpatts were classified as
frugivores-insectivores; birds feeding mainly oruits (98%) were classified as
frugivores and birds consuming nectar and fruite@star and insects were classified
as nectarivores (Table 2, Table S2 Supplinfo.pdfie ean proportion of each food
type in the diet differed among the feeding guild#hough the standard deviation of
the mean was rather high in some cases (Table 2).c@npared our data with
available information on food specialization exteat from literature, and found
differences in 27 species (Table 1).

Nine species Toxorhamphus novaeguineae, Toxorhamphus poliopterus
Oreocharis arfaki, Melidectes princeps, Oedistoti@dphus, Myzomela rosenbergii,
Melidectes fuscus, Micropsitta pusio, Melilestesganbynchu} of the 77 species
studied were recognized as insectivores-nectaigvbyecluster analysis. We did not
find any species taking nectar onMyzomela rosenbergiwas the most nectarivorous
species observed), as most individuals of the speciassified as nectarivores fed
extensively on small, soft-bodied arthropods armty fruits together with nectar.
Many small insectivorous-frugivorous species fedadarge diversity of plant species
and plant parts, as well as arthropod taxa (agabier3).

Species of genudlelanocharisand Peneothellded most extensively on fruits
(Table 1, Table S2 Supplinfo.pdf). On the other h&rdteroscelis robustaMicroeca
papuanaand genusPachycephlavere characterized by a lower intake of fruits and
seeds (Table 1, Table S2 Supplinfo.pdf) comparedthter mixed-feeders.
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Table 1. Classification of bird species into feeding guildad number of samples from individual birds in
each species species identified into feeding guttording to cluster analysis. Bird species regpresi

by >4 food samples (n = 77 bird species) are incluéed, their feeding specialization is compared to
information extracted from literature (Hoyo et #092-2011). Bird species where our data on foofgdif
from the information extracted from literature anarked by asterisk. Fr = Frugivores, In = Insectgn
Fr-In = Frugivores-insectivores, Ne-In = Nectar@®r- insectivores. See tables S1 and S2. in
Supplementary Information for details on food itemdeen.

Food according to Number _of samples identifiej
literature into feeding guild acording tq
. our data
Species )
Species
Tot | feeding
Primary SecondaryFr In Fr-In Ne-In al | guild
Acanthiza murina In Ne 1 2 1 4 Fr-In
Alcedo azurea In Ca 10 10 In
Aleadryas rufinucha In 4 4 In
Amalocichla incerta* In 4 2 1 7 Fr-In
Arses insularis* In 1 4 5 Fr-In
Ceyx lepidus In 3 1 4 In
Clytomyias insignis In 3 1 4 In
Colluricincla megarhyncha In 3 10 3 1 17 In
Coracina melas In 3 1 4 In
Coracina montana* Fr In 8 2 10 In
Crateroscelis murina In 8 3 11 In
Crateroscelis robusta* In 3 9 9 1 22 Fr-In
Dacelo gaudichaud In Ca 4 4 In
Gallicolumba beccarii* Fr 4 4 Fr-In
Garritornis isidorei In 10 10 In
Gerygone chrysogaster In 3 1 4 In
Chalcophaps stephani Fr 5 5 Fr
Ifrita kowaldi In 4 4 In
Lonchura tristissima Fr 3 1 4 Fr
Melanocharis nigra Fr In 7 7 5 1 20 Fr-In
Melanocharis striativentris Fr 6 3 9 Fr
Melanocharis versteri Fr In 12 3 19 1 35 Fr-In
Melidectes belfordi* In 4 4 Fr-In
Melidectes fuscus* In 3 8 3 14 Ne-In
Melidectes princeps* Ne In 8 5 13 Ne-In
Melilestes megarhynchus In Ne 3 1 1 5 Ne-In
Meliphaga analoga* In Fr 5 4 8 1 18 Fr-In
Melipotes fumigatus* In 2 2 4 8 Fr-In
Microeca papuana* In 6 5 11 Fr-In
Micropsitta pusio Fr Ne 10 10 Ne-In
Monarcha axillaris In 4 2 6 In
Monarcha guttula* In 9 5 14 Fr-In
Monarcha manadensis In 3 1 4 In
Myiagra alecto In Fr 9 1 10 In
Myzomela rosenbergii Ne In 1 3 4 Ne-In
Oedistoma iliolophus In Ne 2 1 1 4 Ne-In
Pachycephala hyperythra? In 3 5 8 Fr-In
Pachycephala modesta In 3 1 4 In
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Pachycephala schlegelii*
Pachycephala simplex*
Pachycephala soror*
Pachycephalopsis
poliosoma

Paramythia montium
Peneothello bimaculata
Peneothello cyanus*
Peneothello sigillata
Pitohui dichrous

Pitohui kirhocephalus*
Pitohui nigrescens*
Poecilodryas
albispecularis*
Poecilodryas hypoleuca
Ptiloprora guisei
Ptiloprora perstriata
Ptiloris magnificus
Ptilorrhoa caerulescens
Rhagologus leucostigma*
Rhipidura albolimbata
Rhipidura atra

Rhipidura brachyrhyncha*
Rhipidura rufidorsa
Rhipidura rufiventris
Rhipidura threnothorax
Sericornis arfakianus
Sericornis nouhuysi*
Sericornis papuensis*
Sericornis perspicillatus*
Sericornis spilodera
Sericornis virgatus
Syma torotoro
Tanysiptera galatea
Toxorhamphus
novaeguineae

Toxorhamphus poliopterus

Tregellasia leucops
Turdus poliocephalus
Xanthotis polygrammus
Zoothera heinei
Zosterops novaeguineae

In
In
In

In
Fr
In
In
In
Fr
In
In

In
In
In
In
Fr
In
Fr
In
In
In
In
In
In
In
In
In
In
In
In
In
In

In
In
In
In
Ne
In
In
Total
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6 10
3 1
1 2
10
9 4
8 2
8 14
Fr 7 13
In 4
Fr 10
Fr 10
2 4
3 1
Fr 2 2
Fr 4 9 10
In 2 4
10
1 1 7
14 2
30 4
3 3
10
4
3 1
4
6 12
2 6
9 13
1 3
3 1
10
8
Ne 2 7 1
Ne 2 2
Fr 2 2
Fr 2 1 2
Fr 2 1
Fr 2 2
Fr 3 1
66 371 241

16 Fr-In
4 Fr-In
4 Fr-In
10 In
13 Fr
10 In
22 Fr-In
20 Fr-In
4 Fr-In
10 In
10 In
6 Fr-In
4 In
4 Fr-In
25 Fr-In
6 Fr-In
10 In
9 Fr-In
16 In
34 In
6 Fr-In
10 In
4 In
4 In
4 In
18 Fr-In
8 Fr-In
22 Fr-In
4 In
4 In
10 In
8 In
11 Ne-In
5 Ne-In
4 Fr-In
5 Fr-In
5 Ne-In
4 Fr-In
4 In
715

Table 2. Representation of different food types in thet diebird species from different guilds. Mean
proportion of items from each food type found ie gamples is given for species from different fiegdi
guilds (N = 77 bird species).
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Feeding guilds Arthropods Fruit/Seeds Nectar
Nectarivores-Insectivores (N = 9) 35.78+5.6 15.69+1 48.53+26.2
Frugivores (N = 4) 1.57+0.5 98.10+0.2 0.0
Frugivores-insectivores (N = 31) 70.09+14.9 35.55t1 0.46%4.0
Insectivores (N = 33) 97.47+1.9 3.5310.1 0.00
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30 w200 m700 m1200 w1700 m2200 2700 m3200 m3700

Abundance (standardized for 100 samples/altitude)

Hemiptera Coleoptera Diptera Formicidae Hymenoptera Lepidoptera Araneae Other
Arthropoda

Figure 2. Abundance of arthropod groups found in food sam@e 10 altitudinal sites. Abundance
standardized per 50 samples selected randomly saatbdird species at each altitudinal site. Sasple
from Kotet included in site 1700 m a.s.l., and Wanan 200 m a.s.l.

Insectivores usually fed on a large variety of mmplods, and we did not observe any
differences in relative representation of inseatatén the diet among bird species,
except thaRhipiduridaetend to take more individuals of ants than othied bpecies
occurring at the same study sites.

Food exploitation

Coleoptera was the best represented arthropodbasad on Table 3), being found in
the diet of 90 bird species, followed by Araneaé& @pecies), Hymenoptera (80

species), and larval Lepidoptera (64 species; Tablkable S2 Supplinfo.pdf and Fig.

2). Most sampled bird species fed on several (me@u3, Fig. 3) invertebrate taxa, but

Coleoptera were most frequent. These four investebtaxa alone accounted for 67%
of all invertebrate items found in all food sampl®gée recorded 713 individuals of

Coleoptera, 399 individuals of Araneae and 365viddials of Lepidoptera (103 adults

vs. 262 larvae) in 2,728 individuals of describedertebrates. Hymenoptera (469
individuals) were also very common in the food sk®pBees and wasps were
represented by only a few individuals, whilst awere found in many food samples

(201 ant individuals in 153 samples). The abundarfiemts in food samples decreased
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with altitude, and ants were not present in foath@as from 3200 and 3700 m a.s.l.
(Fig. 2).

Table 3. The importance of different invertebrate taxa ia tirds’ diet quantified as the number of items
(i.e., individual body fragments) and species faarious taxa, and the number of samples (each émen
individual bird) where they were present. Firstdaecond) choice within arthropod taxa was idesdifhs
taxa presented by maximum (and second maximum) auoftindividuals, but only if this value is higher
than 2*Mean number of individuals per invertebrabeon.

Invertebrates Number of bird species
s € 3 g g
5z 5 g_ 2’ 5’7:‘_ = QEJ § QEJ
2 < g o [ s 2= o2
s E=8 g i S @ Sa
ag o9 @ - =) og
S = Ty 0 ) o. X g X
a9 23 5 s 33 &3
h 3 B 88
Araneae 399 291 1.37 81 8 2
Chilopoda 17 9 1.89 11
Coleoptera 713 430 1.66 90 25 10
Dermaptera 21 17 1.24 17
Diplopoda 9 5 1.80 6
Diptera 137 100 1.37 53
Gastropoda 15 9 1.67 10
Neuroptera 24 26 0.92 15
Odonata 16 15 1.07 7
Orthoptera 40 35 1.14 22 1
Ricinulei 11 11 1.00 11
Hemiptera 141 174 0.81 51 2 2
Lepidoptera adult 103 126 0.82 41 1
Lepidoptera larvae 262 202 1.30 64 3 3
Hymenoptera: ants 201 153 1.31] 62 1 1
Hymenoptera: others 249 170 1.46 63 2 1
Hymenoptera: bees 6 5 1.20 5
Hymenoptera: wasps 13 10 1.30 10
Insect egg 189 87 2.17 47 3 1
Insect larvae 24 22 1.09 13
Insect pupae 138 92 1.50 24 1 2
Total 2728
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Figure 3. Average number of arthropod taxa taken by birdcigse(A) and proportional abundance of
arthropod taxa in food samples of birds represebyetiore than four samples (B).

Most of the birds also fed on vegetable matefdally five of the 77 species
analyzed did not have any plant material in foothgas, including three kingfishers
(Alcedo azureaDacelo gaudichaudSyma torotory and Coracina montanaand
Rhipidura rufidorsa The proportion (% of sample volume) of plant mialein food
samples increased with altitude (y = 3.0*x + 15R35 0.06,F; s56= 16.67,P < 0.001;
Fig. 1) and the proportion of arthropods in foodhpies decrease accordingly (y = -
1.62*x + 35.64R?= 0.08,F; 555= 4.49,P = 0.03; Fig. 4). The abundance of some taxa
(Hemiptera and Lepidoptera) in food samples wastem across all altitudes, other
decreased nearly linearly with altitude (Formicidedlymenoptera), whilst for other
taxa there did not appear to be a simple lineaticglship between abundance and
altitude. The Coleoptera and Diptera are a cageiim, with the abundance appearing
to have hump-shaped distribution along altitudgraldient (Fig. 2).

Variation, heterogeneity and patchiness

We explained most of the variability in food iters samples by bird species,
furthermore our cluster analysis grouped most ef samples from one bird species
together. Cluster analysis, run for samples of fber most common species
(Colluricincla megarhyncha Crateroscelis robusta Melanocharis versteri and
Sericornis perspicillatustig. S2 Supplnfo.pdf) collected at different sisgg®wed that
species were largely clustered together, with semxmeptions. In three species we
could analyze samples from at least three diffeadtitudes. In two of these species,
the diet from adjacent altitudes was more simit@ntfrom attitudinally more distant
sites (Fig.S2 Supplinfo.pdf).
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Figure 4. Relative importance of arthropods and plant matein individual food samples along
altitudinal gradient. Samples from Kotet includadsite 1700 m a.s.l., and from Wanang in 200 nh a.s.
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Diet varied considerably among conspecific indiald) and more samples
would be necessary to describe food exploitatiombyvidual species at each site for
4 of the 6 species analyzed (based on the cumelatiwes of morphotypes recorded
per sample and comparison with Chao2 estimates)eabel0 samples were sufficient
to describe arthropod exploitation by other specf{esy. Melanocharis nigra,
Melanocharis versterifig. S2 Suppinfo.pdf). The overall diversity of tbitems in
the diet of bird species decreased with altitudegMH = 1.3925-0.0449*Altitud®, =
0.33,F = 2.23; Fig. 5).

The majority of taxa (listed in Table 3) comprisgdt one prey item per
morphospecies, including 0.9-1.5 morphospeciestaeon in one food sample in
average. On average 69.2% of morphotypes in eanplegmean per sample + SD =
6.30 = 3.26) were represented by singletons. Pradome of singleton morphospecies
was particularly frequent in large invertebratedl{ppedes, centipedes, dragonflies and
cicadas). Berger-Parker index had a log-normdtibigion (Mean + SD = 0.26 +
0.19), with most of the dominant species being espnted by the most abundant
species. Approximately 3% of the samples contabettveen 7 - 13 individuals per
morphospecies (Berger-Parker > 0.88), suggestiagthose bird species were either
feeding within true clumps of prey species, or cidlely feeding on particular prey
that a bird repeatedly encountered. Those sampés wuite large (more than 20
insect individuals in each sample), came from betw200 - 1200m a.s.l., and were
dominated byFormicidag Coleoptera or insect larva€ormicidaewere presented in
average by 2.2 morphospecies per sample, and Getadpy 1.9-2 morphospecies per
sample, and insect larvae and pupae with 2.1 mepg@uies per samplblelanocharis
versteri Peneothello sigillataand Crateroscelis robustawere found with few
morphospecies dturculionidaebeetles per sampleSrateroscelis murinaSericornis
papuensis Poecilodryas hypoleu¢aRhipidura threnothoraxook ant larvae in some
patchesRhipidura atraandRhipidura albolimbatausually ate more adult ants of one
morphotype.

Arthropods in bird diet along altitudinal gradient

We obtained body length, extrapolated to body weigbanihar 1997), for 1,538
arthropods taken by 62 bird species from all 18ssft = 185 - 123 arthropods/site).
Mean body size of all arthropods from food sampmlesreased with altitude [Mean
arthropod weight (log mg) = -0.0001* Altitude (M)0+1567;R* = 0.71,F, 5= 17.67P

= 0.03] but did not show any trend for the loweaurfaltitudes (200m — 1700 m a.s.l.).
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Mean arthropod body weight (log mg)

# All arthropods
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4 4| % Hymenoptera

200 700 1200 1700 2200 2700 3200 3700
Altitude (m)

Figure 6. Altitudinal trends in mean (across all samplesdiitude) body weight in the three arthropod
orders that showed significant change in body weigith altitude and for all arthropods combined.
Coleoptera : y =-0.0002x + 0.348 £ 189,t = 6.06,R%= 0.20,F = 47.73,P < 0.001); Araneae: y = -
0.0002x - 0.548r( = 134,R? = 0.19,F = 17.98 P < 0.001), Hymenoptera: y = -0.0004x + 0.580:(123,

R = 0.11,F = 10.73,P = 0.001); All arthropods: y = -0.0002x + 0.1938<(530,R?= 0.02,F = 11.14P

< 0.001). Samples from Mt. Wilhelm (all altitude&ptet (1700 m) and Wanang (200 m). The Kotet and
Wanang samples were combined with sites from theesponding altitude at Mt. Wilhelm.
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The trend was caused mainly by body weights of éaan Coleoptera and
Hymenoptera (without Formicidae) whose body weigldsreased significantly with
increasing altitude when we tested individual anplods orders separately (Fig. 6).
Other orders (Neuroptera, Hemiptera and Dipterd) rdit show any trend, did not
occur in samples at higher altitudes (ants), ouoed only scarcely in samples €
100 individuals, on < 5 individual/site).

The mean body weight of insectivorous bird spedesined with increasing altitude
from 21.03g at 200 m a.s.l. to 15.88 g at 3200m a.s.l., dndl § at 3700 m a.s.l. [Mean
bird weight (log g) = -0.0004*Altitude (m) + 1.34R2= 0.86,F;3 = 43.21,P <
0.001]. Finally, the mean weight of insectivorous birds dhdir insect prey were
correlated between altitudes 200 — 3200 m ask Q, R = 0.91,F, ;= 67.83,P <
0.001, Fig. 7). Inclusion of the data from 3700n. asade the correlation non-
significant = 10,R°= 0.18,F; ;= 1.13,P = 0.33). The body weight of all mist-netted
birds also correlated with the size of food itemken ( = 1538,R* = 0.04,F; 1536 =
44.27,P < 0.001). There was no significant correlatior>(p.05) between food items
and size of individual bird species (n = 23 speuiith individuals mist-netted at 3 and
more altitudes), however 10 species (e.g. both sratel femaledelanocharis nigra,
Alcedo azurephad bigger individuals at altitudes separated®@30m altitudinal

DISCUSSION

This study is the first to have tested regurgitatmethods in birds from Papua New
Guinea and found it successful, reasonably harmlasd easy to use in field
conditions. However, the dosage and concentratfoadministered emetic are very
important (Lederer and Crane 1978). We based owesd®mn the method and
recommendations published elsewhere (Tomback 123d&jn et al. 1994c; Poulin and
Lefebvre 1995). Our chosen method appeared to ¢eoydod results with minimum
damage to the birds. Bird mortality was only 0.5%.( two individual deaths during
handling). Birds smaller than 5 g do not occur apta New Guinea; our results are
therefore not relevant to the use of emetic tartasuch small birds. We did not
observe any significant differences in mark-receptates between sites when emetics
were used and those at which they were not.

The number of food samples needed to represerdi¢hef a species at one
locality depends mostly on the number of itemsgaenple, the diversity of prey types
taken by species, and the heterogeneity of foogkamfrom different individuals. All
these parameters varied among the species stwdiddnore (usually more than 10)
food samples were needed to record the diversifyrey types that some specis.
Based on this knowledge and the material availakéecompromised and used only
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species represented by more than four food sarplas analyses. Incompleteness of
the information on food item variability has to taden into account when we interpret
the results. The data presented here representdked by mist-netted birds only, i.e.

those occurring and foraging mostly in understorg mid-story of tropical forests, but

not those concentrated in the forest canopy. Howexe data from 99 bird species
represents a large proportion of entire bird comiies) including 257 bird species

across all study sites (KT, unpublished data).

Our results suggest that the regurgitation metbaaseful for determining the
diet of terrestrial birds with a variety of feedisgecializations. Information on bird
diets is largely missing from literature, as onljesv quantitative data sets reporting
the relative importance of arthropods, nectar andsf in the diets of tropical birds
exist (Collins et al. 1990). Most insectivorous @pe occurring at our study sites fed
on a variety of arthropod taxa, suggesting thatadyespecialization of insectivores
was not prevalent in tropical habitats. Many trapicird species were assumed to be
food specialists (Poulin et al. 1994a); howevereptbtudies from various tropical
habitats have reported birds to be opportunistasf@éri and Joern 1993). A variety of
models based on short-term diet optimization haneglipted that organisms should
broaden their diets during periods of food scareityl narrow them, using the most
rewarding food, when food is abundant (review ikdgt al. 1977). Chronically low
arthropod abundance within the rainforest inte(Basset et al. 1992; Novotny et al.
2006) may therefore require broad diets for somdsbio persist there. The current
study supports the hypothesis that birds are maiplyortunists: consuming prey in
proportion to its relative abundance in habitat.

The fact that beetles were the most abundant ifieod followed by spiders,
Hymenoptera and caterpillars reflects diet oppastunand the situation in tropical
forest, where these three groups were most abuiiBastet et al. 2012). In contrast,
other studies have found Hymenoptera to be neaslyalaundant as Coleoptera
(Lamarre et al. 2012). Coleoptera was the mosnddmi taxon caught by flight
intercept traps in Lamington National Park in Aa8& followed by Diptera,
Hymenoptera and Araneae (Boulter et al. 2011). ¢ptkra was also the most
abundant arthropod taxon (followed by spiders aatrpillars) found on mid-story
and under-story growth in our lowland site (Tvamlili - unpublished data obtained by
complete quantitative collection of arthropods fréth 3 - 4 m high saplings, which
were cut down in Wanang site), where most of thepdad bird species presumably
hunt. Slightly different relative abundances wesand in the canopy of ten fogged
lowland Bornean trees where Diptera was the moshddnt taxon followed by
Formicidag Coleoptera, Hemiptera, Hymenoptera and Arachn{&kork and
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Blackburn 1993). Our results on abundances of@pthd taxa in food samples are
similar to findings from Venezuela (Poulin et a@9%a) and Australia (Razeng and
Watson 2012). The predominance of beetles, spided caterpillars also suggests
that most bird species foraged by gleaning, antlithavhat we observed during our
surveys. Therefore, the lower abundances of flymsgects (Diptera, Hymenoptera)
found in food samples do not have to reflect thbinndance in rain forest.

The most well studied bird species differed in Wagiety and proportion of
insect morphospecies in their diet, despite theodppism observed for bird species in
general. This allowed us to assign species intdifigeguilds by a cluster analysis
based on the proportion of the different food tyfmemd in their regurgitated samples.
Our results for the most abundant species sampdad 10 sites show that variability
in food items taken can be explained by bird sgedielatively low variability within
bird species food samples is likely determined bgroshabitat (i.e. substrate, forest
strata), where birds forage and bird species dpefofaging techniques. However
some spatial differences do occur. Birds of theesapecies from different localities
tend to fall into the same cluster, which shows thdividual species tend to take same
proportion of different food items at differentesit This may be due to conservation of
the foraging techniques used by birds, which seemsbe a function of the
morphological and perceptual traits of each sped®binson and Holmes (1982)
demonstrated a relationship between the searcitdagsed by birds foraging for
insects among forest foliage and the kinds of wagytured. Yet these behaviours are
not totally fixed or stereotyped. The foraging te€bf some species are known to vary
between habitats, between sexes and even from earety another within the same
habitat (Morse 1971; Robinson and Holmes 1982; Ca8zl; Morse 2008). A different
approach (Ricklefs 2012) to feeding specializatgirows that passerine birds are
clustered toward the centre of their morphologgdce, and most species seem to
have a generalized morphology suited to a varidtyfopaging substrates and
movements, as well as prey items.

Indeed, we found food exploitation to be quite able within many species
with, most of the arthropod morphospecies founahdpeepresented by a single food
item in each sample. This result leads us to tmelasion that most birds sampled in
this study forage opportunistically, rather thamaentrating on a particular prey
species. This pattern is particularly striking ddagng that arthropod species are often
aggregated in tropical forests (Basset 2001). Thephospecies accounting for the
highest aggregation in food samples were morphosped Hymenoptera, especially
wasps, ants, and ant eggs. Not a single bird spesgems to be specialized on
particular taxa, excedRhipiduridaethat fed on ants an@urculionidae more often
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than other bird species. Some curculonid beetlemdoin our samples in many
morphotypes (mainlyZygopinae, Cryptorrhynchinqere reported to occur in higher
aggregations in tropical forests (Dyer et al. 201®)e believe that this pattern resulted
from feeding on aggregations of these speciesnme tin our sites, and not from
specialization of birds. The presence of ant®adfsamples reflects the distribution of
ants along altitudinal gradients, and their steeprehse in abundances with altitude
(Boulter et al. 2011; Yusah et al. 2012). Baseditiall trapping (Fayle and Moses,
unpubl. data) and tuna baits (Tvardikova and Moaapubl.data), ants were highly
abundant at low altitudes but became scarce at 22@0s.l. and reached the upper
limit of their distribution at 2700 m a.s.l. Birfiseding on ants were observed to search
mainly on the ground, and in the understory. Tligesponds to the presence of ant
workers (95 %) in food samples, while reproducstages of ants (5%) were nearly
missing. Our observation corresponds with findirggsSherry (1984), who used
frequencies of aerial vs. non-aerial foraging tactio determine whether flying
(reproductive) or non-flying (primarily worker) antwere eaten by Neotropical
Flycatchers.

Most of the frugivorous species also included agds in their diets, several
typically insectivorous species fed at least oanaly on fruits. We recorded patrtial
frugivory or extensive intake of fruits for someds species previously considered to
take insects only Qrateroscelis robusta, Crateroscelis murina, Genygo
chrysogaster, Ifrita kowaldi, Microeca papuana, Meocha axillaris, Pachycephala
hyperythra, Pachycephala Schlegelii, Peneothellmdnulata and Peocylodrias
albispecularig. On the other hand, we also recorded insectsfewasamples of bird
species considered fully frugivorousCriemophylus macgregorii, Melanocharis
striativentris, Paramythia montinum, Rhagologusclestigma. Overall, the diversity
of food items decreased with altitude, and the priign of species feeding upon plant
items became larger. We believe that this trendeetf general decrease in the
diversity and abundance of arthropods with incregsiltitude (Olson 1994; Guevara
and Aviles 2007; Larsen et al. 2011). Orians (19689nd that certain insectivorous
specialists disappeared with increasing altitudeha diversity and abundance of some
insect groups decreased, and birds could not dizec@n them. Several major groups
including ants and termites disappear altogetherval2,500 m, while others (larval
Lepidoptera, Orthoptera, Diptera, Coleoptera, Hyopéera) are notable for their rarity
at higher altitudes (Terborgh 1977).

Mean body size of insectivorous species decreadhdivereasing altitude on
Mt. Wilhelm, and correlated positively with meandycsize of arthropods decreasing
towards cooler and higher altitudes. A general ese in the mean size of species
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within insect communities with increasing altitugtas observed in different arthropod
taxa (Janzen et al. 1976; Guevara and Aviles 200%g combination of all arthropod
taxa sampled using different collecting technigsiesw that, on average, insects in the
Ecuadorian lowland rain forest are larger thanatséound in adjacent high-altitude
cloud forest habitats (Hodkinson 2005). These tesuk comparable to three previous
studies (Janzen et al. 1976; Powers and Avilés)20@1 also found a decrease in the
average insect size at higher altitudes.

The body size of individual birds is correlatedhwiihe size of the insect taken.
A similar pattern was previously (Janes 1994) satggkfor avian guilds dependent
directly or indirectly upon arthropods, but not fother guilds independent of
arthropods. A general relationship between predaipe and prey size has been
observed among a variety of insectivorous birdseddpnt on free living insects
(Hespenheide 1971; Janes 1994). Our data did ndireothe correlation between
body size of bird and prey within individual birghexies; however we recorded
significantly heavier bird individuals in highertisthdes. We also observed relatively
large bodied birds taking relatively small inseatghe tree line (3700 m a.s.l.). None
of those species is purely insectivorous, and mibgtem feed on nectar and fruits, and
forage mainly in the forest canopy. Such a guild wganerally missing from our mist-
nets at lower altitudes, where nets do not reachddop of canopy. At the same time,
the large-bodied insects are rare at the treesiiee and small insects seem to be taken
opportunistically together with nectar or fruits.eWbelieve that those two facts
explained the mismatch between bird and prey bamg st 3700 m a.s.l.

Although an exact assessment of bird diet woula loificult task, our study
brings the first report on food preferences of diftbm Papua-New Guinea using a
non-destructive method. Our data are consisterit thi¢ hypothesis that most of the
bird species feed opportunistically on wide ranfdood items. We show that the
diversity of food items taken by birds decreasegatds higher altitudes, and that the
disappearance of some insect taxa as diet itermespmnds with their disappearance
from the available food resources. Our findingspaupthe notion that the body-sizes
of insectivores are to some extent determined byiriBect size composition of their
environments. To our knowledge, no previous stualy detailed the food preference of
variety of bird species along a complete altitubgradient.
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Table S1. Number of invertebrate individuals and fruits/seezthd presence or absence
of nectar found in food samples from all bird spsaurveyed (N = 99 bird species).
Table S2. Relative representation and diversity of differémtd types in the diet of
individual bird species. Only species represenied4food samples are included (N =
77 birds, 715 food samples).

Figure S1. Cluster analysis of species according to thedt Hased on identification
into higher taxa listed in Table 3.

Figure S2. Cluster diagram of diet composition for four commobird species
(Colluricincla megarhyncha, Crateroscelis robustdelanocharis versteri and
Sericornis perspicillatus) sampled at the altitd@8, 700, 1200, 2200, 2700, 3200, and
3700 m asl. of Mt Wilhelm altitudinal gradient aati1700 m asl. in Kotet (1700K).
Diet identification is based on identification irfi@her taxa listed in Table 3.

Figure S3. Randomised species accumulation curves for the@xted species (with
N > 9 from the same altitude). Sample = regurgitavedi ffrom an individual bird.
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SUPPLEMENTARY MATERIAL

Table S1. Number of invertebrate individuals and fruits/sgeshd presence or absence of nectar found indagples
from all bird species surveyed (N = 99 bird speciBird species witke 3 samples are marked by asterisk; those birds
are not included in main analyzes. The arthropadrtadentified as first and second choice is unded. First (and
second) choice within arthropod taxa was identifesdthe taxon presented by maximum (and secondrmax)
number of individuals, if this value was higher nh2*Mean number of individuals per taxon. Uniddetif insect
larvae, pupae and eggs were excluded from the aduhe number of invertebrate taxa; Lepidopterd ldgmenoptera
were considered each a single taxon, although aheyfurther subdivided in the table. The followimiscellaneous
items are not included in the table: fish and smadkent fragments in the samplefsCeyx lepidugn=3), and bones of
lizards in the samples &olluricincla megarhynchgn = 3), Peneothello cyanué = 2), Grallina bruijni (n = 2),
Pitohui dichrous(n = 1), Pachycephala hyperythrén = 1), andTregellasia leucopgn = 1). One sample dilcedo
azureaincluded a nearly complete crab specimBra¢hyurg. Small stones were found in samples of many speci
taking larger insects and/or seeds (€glluricincla megarhynchalfrita kowaldi, Grallina bruijni), and in samples
from all surveyed kingdfishers.

Percentage of samples including Number of
Number of Plant invertebrate

Species samples Invertebrates material Polen taxa
Acanthiza murina 4 75 50 25 8
Alcedo azurea 10 100 10
Aleadryas rufinucha 4 100 50 8
Amalocichla incerta 7 100 29 14 8
Arses insularis 5 100 80 6
Ceyx lepidus 4 75 25 11
Chalcophaps stephani 5 100 40 3
Clytomyias insignis 4 100 50
Colluricincla megarhyncha 17 88 40 18 11
Coracina melas 4 100 50 6
Coracina montana 10 100 7
Crateroscelis murina 11 100 38 11
Crateroscelis robusta 22 87 61 9 14
Dacelo gaudichaud 4 100 3
Gallicolumba beccarii 4 75 75 3
Garritornis isidorei 10 80 50 5
Gerygone chrysogaster 4 100 25 9
Ifrita kowaldi 4 100 75 9
Lonchura tristissima 4 25 75
Melanocharis nigra 20 55 65 5
Melanocharis striativentris 9 33 100
Melanocharis versteri 35 57 83 3 10
Melidectes belfordi 4 75 100 7
Melidectes fuscus 14 84 65 14 6
Melidectes princeps 13 100 80 3
Melilestes megarhynchus 5 80 20 20 7
Meliphaga analoga 18 70 75 10 8
Melipotes fumigatus 8 50 100 5
Microeca papuana 11 100 45 12
Micropsitta pusio 10 100 80
Monarcha axillaris 6 83 50 9
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Continuation Table S1 Percentage of samples including Number of
Number of Plant invertebrate
Species samples  Invertebrates material Polen taxa

Monarcha guttula 14 84 49 11
Monarcha manadensis 4 90 25 8
Myiagra alecto 10 80 70 9
Myzomela rosenbergii 4 75 100 8
Oedistoma iliolophus 4 100 25 25 6
Pachycephala hyperythra 8 100 62 7
Pachycephala modesta 4 100 50 3
Pachycephala schlegelii 16 100 66 13
Pachycephala simplex 4 100 25 4
Pachycephala soror 4 75 50 5
Pachycephalopsis poliosoma 10 80 30 11
Paramythia montium 13 24 100 5
Peneothello bimaculata 10 100 50 12
Peneothello cyanus 22 100 64 11
Peneothello sigillata 20 100 65 13
Pitohui dichrous 4 100 75 8
Pitohui kirhocephalus 10 100 30 9
Pitohui nigrescens 10 100 30 7
Poecilodryas albispecularis 6 100 83 7
Poecilodryas hypoleuca 4 100 25 9
Ptiloprora guisei 4 75 50 6
Ptiloprora perstriata 25 80 56 40 14
Ptiloris magnificus 6 100 66 9
Ptilorrhoa caerulescens 10 50 50 8
Rhagologus leucostigma 9 91 77 10
Rhipidura albolimbata 16 100 37 11
Rhipidura atra 34 100 50 13
Rhipidura brachyrhyncha 6 100 50 11
Rhipidura rufidorsa 10 100 6
Rhipidura rufiventris 4 100 25 7
Rhipidura threnothorax 4 100 50 13
Sericornis arfakianus 4 100 25 5
Sericornis nouhuysi 18 100 66 12
Sericornis papuensis 8 100 75 9
Sericornis perspicillatus 22 100 67 11
Sericornis spilodera 4 100 50 9
Sericornis virgatus 4 75 25 8
Syma torotoro 10 100 6
Tanysiptera galatea 8 100 50 11
Toxorhamphus novaeguineae 11 81 36 36 10
Toxorhamphus poliopterus 5 100 40 40 10
Tregellasia leucops 4 100 75 9
Turdus poliocephalus 5 100 1
Xanthotis polygrammus 5 80 30

Zoothera heinei 4 100 25 4
Zosterops novaeguineae 4 100 25 8
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Table S2. Relative representation and diversity of differéodd types in the diet of individual bird
species. Only species represente@4yood samples are included (N = 77 birds, 715 feamiples).
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Figure S1. Cluster analysis of species according to thait biased on identification into higher taxa listed
in Table 3.
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Figure S2. Cluster diagram of diet composition for four commdird species Colluricincla
megarhyncha, Crateroscelis robusta, Melanocharisteei and Sericornis perspicillatysampled at the
altitude 200, 700, 1200, 2200, 2700, 3200, and 3@@G&I. of Mt Wilhelm altitudinal gradient and atQD
m asl. in Kotet (1700K). Diet identification issed on identification into higher taxa listed irblea3.
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Figure S3. Randomised species accumulation curves for teteeted species (with N9 from the same
altitude). Sample = regurgitated food from an imdlinal bird. CollIMega =Colluricincla megarhyncha
200m; MelaNigr =Melanocharis nigra 700m; CratRobu <rateroscelis robusta2700m; MelaVers =
Melanocharis versteril700m; SeriPers Sericornis perspicillatus2700m; RhipAtra Rhipidura atra
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Chapter IV

Herbivore damage increases avian and ant predefi@aterpillars on trees along a
complete altitudinal forest gradient in Papua Nemn@a

Katerina Tvardikovg Vojtech Novotny

Faculty of Science, University of South Bohemia &mlogy Center, Czech Academy
of Sciences, Institute of Entomology, Branisovska370 05 Ceske Budejovice,
Czech Republic

'Corresponding authokaterina.tvardikova@gmail.com

Abstract

Signals from plants to the predators that are lkdthdy herbivores may provide
exciting examples of co-evolution among multipl@pinic levels. We examined
whether signals from damaged trees attract preslaibrinsects along a complete
altitudinal rainforest gradient in tropical regioiVe studied attacks by ants and birds,
as the main predators of herbivorous insect, dficéat caterpillars. The predation rate
decreased with altitude from 10% dagt 200 m asl to 1.8% dayat 3700 m asl.
Constant predator-prey ratio and decreasing p@uatite with altitude supports
prediction of a higher incidence of anti-predatdefences, and aposematic signals in
lowlands. Ants were relatively more important prteds. in the lowlands, while birds
became dominant predators above 1700 m asl. Cliaespexposed on trees with
herbivorous damage were attacked significantly nioae caterpillars exposed on trees
without damage. The herbivory attracted both antskards, but its effect was stronger
for ants.

Key Words: clay caterpillars, cry for help, Lepidera, predation, trophic interaction

Plants suffering from an attack by herbivores cativaly reduce the number of
herbivorous insects by attracting predators; thesnomenon, known as “plants crying
for help”, is due to a tritrophic interaction, mhich the damaged plants are more
attractive for natural enemies of herbivores. Thersome evidence that plants have
evolved to attract predators, but it is also pdedib explain this as predators evolving
to detect herbivores. Such a response has beemdated for caterpillars and their
parasitic wasps (De Moraes et al. 1998; Hoballath Burlings 2001; Turlings et al.
1990). There are also reports on the increasedctitn of predatory nematodes
(Rasmann 2005), mites (Takabayashi and Dicke 19@6;and Dicke 1992), flies
(Hulcr et al. 2005), true bugs (Mochizuki and Y&@07) and thrips (Shimoda et al.
1997) to plants suffering from herbivory.
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Recently, aviary behavioural experiments showet ivds could use visible
feeding marks on plant leaves, or changes in rfeflee as cues to find insect
herbivores (Boege 2006; Heinrich and Collins 1983ntyla et al. 2004; Mantyla et
al. 2007; Miller et al. 2006). Even if they coulot see the herbivores or the defoliated
plant parts, birds could discriminate herbivordiricees through olfactory detection of
plant volatile compounds (Mantyla et al. 2008). sThig a relevant results since
insectivorous birds are thought to be even mordilsebeneficial than insects to plants
since avian predators can respond quickly and oasiderably reduce herbivore load
or damage to plants (Mooney et al. 2010; Van Baal.2003; Van Bael et al. 2008).

Ants are recognized as another important preddtdredbivorous insect in
many ecosystems, tropical forests particularly (gtidler and Wilson 1990; Stamp
and Bowers 1991). Their recruitment by damage-iedumlatile compounds is known
to increase rapidly following an attack by herbmaes insects on a host plant (Agrawal
1998; Fiala et al. 1989). These examples involvad that had obligate relationships
with their host plants and were thus more effecfivetectors than more common,
opportunistic ants having facultative mutualistedationships with plants (Heil and
McKey 2003).

Both insectivorous birds and ants are importantg@s in most terrestrial
communities, and the overall predation of cateasllis determined to a large extent by
their combined effects (Mooney 2007). Yet the siterof trophic cascades between
plants, herbivores and ant or bird predators witis ar birds as predators can be quite
variable both within (e.g. Mooney and Linhart 20@8)d among communities (e.g.
Shurin et al. 2002). The predation pressure expeg@ by a herbivore is thus a
combined result of the local abundance of predatodstheir preferences for particular
herbivores and/or their particular host plants (@aret al. 2006; Perfecto and
Vandermeer 1996; Richards and Coley 2007; Richamis Phyllis D. C. 2008;
Trollope et al. 2009; Zanette et al. 2000).

The altitudinal diversity and abundance gradienbng of the most striking
biogeographic patterns on Earth (Rahbek 1995), thadrole of multitrophic biotic
interactions is a pervasive theme in efforts toansthnd these altitudinal gradients
(Schemske et al. 2009). Altitudinal trends in ptemapressure are poorly known in
the tropics since most of the studies have focusedowland forest (Novotny and
Basset 2005), and relatively few studies have iiy&t®d biotic interactions along the
entire altitudinal gradient (Schemske et al. 20@ly few studies describe how
predators, prey, and their interactions vary withuale (Hodkinson 1999; Rodriguez-
Castafieda 2012; Samson et al. 1997; Sivinski 2040; Tvardikova and Novotny
2012).
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Previously, we found that the frequency of biréeits on artificial caterpillars
increased from lowlands (200 m asl) to higher wdét (1700m asl, Tvardikova and
Novotny 2012). To our knowledge, predation rateabis or birds has not been studied
along an comparable altitudinal gradient in th@its. However, we expect decreasing
predation rate in higher altitudes, as ants arem@dy thermophilic, and their diversity
rapidly decreases with increasing distance from é¢lq@ator and with increasing
altitude (e.g. Dunn et al. 2007; Yusah et al. 200#) the other hand, homoeothermic
birds do not show such rapid decrease in divetsityards higher altitudes (McCain
2009). This means that they could become key poeddtthe higher altitudes, where
ants are less abundant; however, we need replicatielies of predation rates across
long or preferably complete altitudinal tropicaadients to test this hypothesis.

Direct studies of predation rates are scarce,quéatly in comparison to the
studies of herbivory or parasitism, because predais momentary event that is
particularly difficult to observe in tropical foress Therefore, predation has also been
documented by stomach content analysis, using buifphological and molecular
methods of analysis (Symons and Beccaloni 199%¢radtely, predation pressure can
be inferred from attack rates on baits, such aa haits for ant predation, or artificial
caterpillars for bird predation (Howe et al. 2009sa et al. 2007).

Here we use artificial caterpillars exposed on fglacross a complete tropical
altitudinal gradient (200 — 3700 m asl) in PapuavN&uinea to investigate predation
pressure by two key predatory groups, ants andbadd study their response to 1)
simulated herbivory on tropical trees, 2) altitydend 3) abundance of ants and birds
in the studied forests.

M ethods
Our study was performed along an altitudinal trahss the slopes of Mt. Wilhelm
(4509 m asl) in the Central Range of the Papua Rewnea. The complete tropical
altitudinal gradient spanned from the lowland flpladns of the Ramu River (200 m
asl, S5 ° 44’ E145 ° 20’) to the timberline (3700asl, S5° 47° E145° 03’). The
transect comprised eight study sites, starting f2@f m asl and evenly spaced at 500
m altitudinal increments. The experiments were cotetl in the wet season (April-
June and September-October 2012) to eliminate esshanges in rainfall regime
that can affect biotic interactions (Connahs et28l11; Preisser and Strong 2004;
Stenseth et al. 2002).

Prior to the experiment, we selected 30 experiaidntes from 2 - 3 locally
common species at each altitude (listed in Tab)ewilch had at least 30 saplings 2.5
— 4 m high, which did not produce any exudate,rditlhave any ant nests, and were
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growing new leaves, largely without herbivore dama@/e used either 10 saplings
from each of three species, or 15 saplings fromdpexies at each altitude. We tried to
find trees with low herbivory damage on old leava®] avoided trees with damage on
young trees.

We used artificial caterpillars exposed on the wtiides to monitor attacks by
natural enemies. Caterpillars were made from nktooking dark green colour
modelling clay (Koh-I-Noor Hardtmuth brand), whishmalleable, oil-based and non-
toxic. We modelled artificial caterpillars by pragsthe plasticine through a syringe to
ensure that each caterpillar had an absolutely gmsarface. Artificial caterpillars
were 15 mm long and 3 mm in diameter, matching adybsize locally common
crambid and tortricid caterpillars, and also matighihe median caterpillar size in the
entire caterpillar community (Novotny and BasseB9)9 as well as the size of
caterpillar most commonly taken by birds (Tvardiapunpubl. data). This method has
been successfully used in previous study (Tvardikawd Novotny 2012).

Each experiment was conducted along a single 22%@nm transect at each
study site. Thirty sampling points, representedinividual trees, were spaced at
approximately 75 m intervals along transect. Thigacing ensured that the
experimental trees could be considered independast,the phenomenon of
transmission of volatile compounds between two tslaaquires air contact, and was
detectable up to 60 cm in the field conditions {ar 2007). Ten artificial caterpillars
were placed on each tree, between 2.5 and 4 m dbeground. Artificial caterpillars
were pinned on the distal half of young leaves ghel the head of pin was hidden in
modelling clay. Actual caterpillars present on saplwere removed from the trees
prior to experiment so they did not bias the haeytdvdensity. A subset of leaves on
every second experimental tree were cut by scissmithat 5 % of original leaf area
was damaged and removed, simulating herbivory. dhmage by scissors was
repeated daily (resulting in 5% of leaf area rendogeery 24 hours from each tree) to
ensure that potential attraction of leaf damageramlators remained constant for the
duration of experiment. The overall experimentahege to leaves was thus increasing
from 5 to 25 % of leaf area in the course of thpeexnent. Previous studies showed
that only fresh leaf damage attracted ants (Kar®@@/). Leaves for experimental
herbivory were randomly selected from the entigisg.

We exposed 10 artificial caterpillars per tree, aetotal of 300 caterpillars
along the transect at each study site, including pced on trees with artificial
herbivory damage and 150 on undamaged trees. Edetpitlar was inspected at 24-h
intervals for five consecutive days and carefuktwmined for characteristic bite marks
or signs of parasitism (Tvardikova and Novotny 20X2aterpillars attacked by two
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different predators (N = 23) in same day were &@ats two independently attacked
caterpillars. Missing caterpillars were excludeahirthe analyses as their status could
not be ascertained. All missing caterpillars aatepillars with marks of attack were
replaced by new ones, pinned to approximately #meslocations (Koh and Menge
2006; Posa et al. 2007; Tvardikova and Novotny 2012

Bird sampling

We surveyed bird communities by two types of cersusach altitude — point counts
and mist-netting. Point counts were carried out@points regularly spaced along the
2175 m long transect. We conducted five point-caurwveys during the duration of
experiment with caterpillars. Further, we mist-aedttirds (under license CZ-1062)
into a 200 m long line of nets for 3 days (usingsr5 m high x 12 - 18 m long, mesh
16 mm) from 5:30 am to 5:30 pm daily, with regutdrecks every 20 minutes. We
classified all recoded species into feeding gualdg strategies, and used the number of
insectivorous species occurring in understory and-story at each altitude for the
analysis.

Ant sampling

We surveyed ant communities occurring on experialetnees by observation and
hand collection, as well as using tuna baits. Oladmm of ant activity was performed
prior to the exposure of caterpillars. The trunkeafch tree was examined for 10
minutes, all foraging ant individuals were coungetl voucher specimens were taken
for identification. Commercial canned tuna was ugsedaits, which is a standard
method in the studies of foraging ant communitlEn@a and Koraa 2011). One tea
spoon of tuna was placed as bait under a stripgaoke at breast height at each
experimental tree. Baits were inspected one arekthours following their exposure.
All ants present were counted and voucher specif@nsach species were collected
without disturbing the remaining ants. We used doation of two methods, to
eliminate for known fact, that not all ant specéee attracted to bait (e.g. Véle et al
2009).

Statistical analyses

The data across five experimental days (from 1)taére clumped together, because
daily number of attack was low and did not diffetween days (i 7.05, P = 0.13 -

n =150 -H =9.26, P = 0.06, n = 150). Prior to analysesegn@uded all unidentified
attack attempts (1 %) and lost caterpillars (2 ¥)nf the analysis. The effect of
altitude and herbivory on the incidence of attawies tested by ANOVA with nested
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design and two within-category effects. All 30 séingptrees were nested in each of
the eight experimental sites. Percentages of aldéegpattacked at each sampling tree
were arcsine transformed to meet conditions of aéityn Presence or absence of
herbivory was used as the first within-samplingeeffand the type of predator (birds,
ants, wasps or other insect) as the second withmping effect. Tukey post hoc tests
were performed to inspect differences betweenuditial sites and predator taxa.

Further, numbers of caterpillars attacked by weripredators were regressed
against the abundances of predators or their spa@bness. All analyzes were
conducted in Statistica 9 (StatSoft, Inc. 2010).

Results

We exposed a total of 2,400 caterpillars for fiaysl resulting in 12,000 caterpillar-
days of exposure, during which we identified 1,a8@ck attempts. Median number of
attack attempts for trees with herbivory was 5 arah trees without herbivory across
the whole gradient. Mean predation along the whddelient was 10 + SE 0.8%-d
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Figure 1. Mean percentage of caterpillar attacks by all gte during 5 days of exposition on one tree
with (N = 75) or without (N = 75) simulated herbiyoat each altitudinal site. Sites with signifidgnt
different rates of attacks between trees with aitdout herbivory are marked by asterisks (*** P 901,

** P < 0.05; Tukey post-hoc test). Altitudes witlysificantly different incidence of attack (P < 8)Care
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denoted by different letters; capital letters =efravith herbivory, small letters = trees withouthieory
(Tukey post-hoc test).
Table 1. Effects of altitude (8 sites, 200 - 3700 m asDraaltitudinal increment), and herbivory (present

or absent), and predator (bird, ant, wasp, othsedt) on the incidences of attack on caterpillars.
Repeated-measures ANOVA with two within effects.

SS df MS F P
Altitude 5.06 7 0.72 100.36 <0.001
Herbivory 0.41 1 0.41 61.11 <0.001
Herbivory * Altitude 0.11 7 0.01 1.39 0.085
Predator 5.45 3 1.81 284.55 <0.001
Predator * Altitude 3.58 21 0.17 26.68 <0.001
Herbivory * Predator 0.06 3 0.02 3.87 0.009

Herbivory * Predator * Altitude 0.28 21 0.01 232 0.801

The percentage of attacked caterpillars was saifly higher (effect of altitude,
Table 1) in the lowland forests (14.3 + 5.4%dd all attacks at 200 m asl and 16.6 +
4.3% d' at 700 m asl), and decreased with altitude towar8st 1.1% & at 3700 m
asl. This pattern was observed for both trees wantth without herbivory (Fig. 1). In
total, trees damaged by herbivory (11.4 + SE 1.2%hd significantly (effect of
herbivory, Table 1) more attacked caterpillars thr@es without herbivory (8.9 + SE
1.3% d'; Fig. 1). This pattern did not change across taelignt (interaction herbivory
and altitude, Table 1). However, the attacks oastneith herbivory was significantly
higher on trees without herbivory at only the figever altitudes (200, 700, 1200, 2200
m asl; Fig. 1), but not at the higher altitudes.

The majority of all recorded attacks on caterpillerere made by birds (52 %),
and ants (38 % of recorded attacks). Attacks odisbimnd ants showed significant
results (Fig. 2), and drove observed patterns. attaeks by other predators (wasps =
4%, all other insect = 6 %) were low. Neither allié (Tukey post-hoc test results for
other insect: P > 0.304, wasps: P > 0.06) nor kerpi(other insect: P > 0.51, wasp: P
> 0.08) had significant effect on the number ofirttetacks. Both ants and birds
attacked caterpillars exposed on trees with adifiberbivory damage significantly
more than caterpillars exposed on trees withoutagd@(results of Tukey post-hoc
tests for birds and ants; Fig. 2). Attractiveneksrees with herbivory damage across
all altitudes was higher for ants than for birddN@VA; ants: SS = 175.98, F =
12.027, P < 0.001; birds: SS = 32.46, F = 7.31,0R097; Fig. 2).
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Figure 2. Mean percentage of caterpillar attacks by antshémi$ recorded during 5 days of exposition on
one tree with (N = 75) or without (N = 75) simuldtieerbivory. Sites with significantly different et of
attacks by ants and birds are marked by astert&k$(< 0.001, ** P < 0.01, * P < 0.05). Differensen

the attack rates on caterpillars between treesavithwithout herbivory for birds: P = 0.43 — 20001 —
700m, 0.03 — 1200m, 0.1 — 1700m, 0.001 — 2200n%, ©.2700m, 0.23 — 3200m, 0.78 — 3700m, and ants:
0.008 — 200m, 0.008 — 700m, 0.01 — 1200m, 0.2 OMm7®.02 — 2200m, 0.15 — 2700m, no variance —
3200m, no variance — 3700m. Results of Tukey postdest from repeated measures ANOVA are
presented.

Birds attacked the highest number of caterpilfardoth experimental settings
summed, and experiment setting) at 700 m asl. Tédapon rate of birds correlated
with the number of insectivorous bird specie$£M.82, k¢= 28.62, P = 0.002, n = 8)
and abundances of insectivorous bird$ £R0.78, Fg= 21.36, P = 0.003, n = 8)
recorded (Fig. S2). The number of attacks on ciitEg exposed on leaves with
herbivory correlated significantly with the numbefr bird species (R= 0.80, k¢ =
24.39, P = 0.002, n = 8) and bird individuals relear at each site ER: 0.78, k=
21.63, P = 0.003, n = 8; Fig. 3). Number of attackscaterpillars on control trees
correlated with the number of bird specie$ €0.63, k= 10.14, P = 0.01, n = 8) but
not with the number of bird individuals {R 0.47 F¢= 5.41, P = 0.06, n = 8). Birds
attacked relatively more caterpillars than anty @tlaltitudes above 1700 m asl (Fig.
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2). From our test treating the missing and fallatepillars as predated on by birds
also did not influence the results significantly {fsges= 0.56, P = 0.45).
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Figure 3. Number of caterpillars attacked by birds during whole experiment correlated with number of
bird individuals present at site. Total predatigrbirds = 133.2721+0.0423*x-1.9595E-5*x"2, on Cohtr
trees = 56.0379-0.0016*x-2.3571E-6*x"2, and on Expental herbivory trees = 75.3329+0.0394*x-
1.5667E-5*x"2, Individuals of insectivorous birdsserved = 596.5814+0.4444*x-0.0001*x"2

Ants attacked the largest number of caterpillaiswaer altitudes whilst only 4
caterpillars (0.3%) were attacked by ants at 2708shrduring whole experiment. No
ant attacks were observed at 3200 and 3700 m lasIn@imber of caterpillars attacked
by ants correlated significantly with number ofeseinfested by ants at each altitude
(direct observations = 0.91, ke = 64.95, P < 0.001, n = 8; exposition of tunadait
for three hours R= 0.94, kFe=113.68, P <0.001, n = 8; Fig. 4).

The correlation of caterpillar attacks with the ruen of ant individuals
sampled from those trees (observed or presentramn liaits) was also significant but
explained a lower proportion of variability in ceg#lar attacks (observations?R:
0.63, k= 10.34, P = 0.038, n = 8; tuna baifs=R0.80, ke=25.37, P =0.002, n = 8§;
Fig. 4). Ant abundance decreased with altitude f200 to 2700m asl (tuna baits:
Number of trees with ants = -0.0077*altitude + ZB4n = 8; R = 0.97; Number of
individuals = -954.3In(altitude) + 1584.5, R? = 0.9 = 8).
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Figure 4. The number of trees with ants present influendgsificantly the number of caterpillars
attacked by ants during whole experiment (A). Theralance of ants on experimental trees measured at
tuna baits on trees with and without experimen&btvory together did influence the number of dsac
less significantly (B).

Discussion
Our results demonstrate the importance of leaf denss a herbivore presence cue,
ants and birds, the two most important groups edators in tropical forests. The
effect of herbivory is probably important along #wire altitudinal gradient, although
the number of attacks observed above 2200 m askawakw for rigorous tests. We
reported approximately two times higher daily ptestaon trees with damaged leaves
than on control leaves, which corresponds to osiedies reporting on the effect of
herbivory on predation or attractiveness of predatm herbivore infested plant
(Kessler and Baldwin 2001). Two times higher dailgdation rate results in five times
higher mortality in five days, which makes catdgrd present on trees with herbivory
much more susceptible to predation during thedifne. The trend is significant both
for ants and birds at many altitudes, but the nespdo herbivore is particularly strong
by ants.

The phenomenon of induced attraction of carniverathropods by plants in
response to herbivory is now well accepted (Takably and Dicke 1996). Leaf
damage may be a stronger inducer of ant activignthole presence of herbivore

(Agrawal 1998): study reports as much as a fivefolctease in ants on damaged
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leaves 12 minutes after herbivorous damage, anfbklivincrease in ants on damaged
leaves after 24 hours, compare to simple undamegeilol leaves. Similarly, Romero

(2004) reported three times more ants on youngekeavith damage compare to
undamaged leaves.

Decreasing predation rate with altitude leadsh® prediction of a higher
incidence of anti-predatory defences, such as adwarair behavioural, in the lowlands,
particularly against ants (Agrawal and Rutter 19%&hmidt 1990). Further, the
frequency of aposematic signals is expected toedser with altitude. The linear
relationship between the abundance of predatorstlamdattack rate on caterpillars
suggests that predator/prey ratio remains apprdgisnaonstant along the altitudinal
gradient. Further, it implies that the efficiendypsedators in finding their prey does
not change with altitude, despite the decrease=getation complexity with altitude
(Tvardikova, unpubl. data). Sipo3 and Kindlmannil@0conclude that even with a
constant predator-to-prey ratio, increasing vegatatomplexity may lower attack rate
on prey. This was not the case in our study, pbs$ibcause it was limited to the
understory of primary forest.

The results of experiments with artificial catelgié have to be interpreted
with caution, as clay caterpillars provide onlyuas cues to their natural enemies;
hence it does not test for predators react to deferor deterrent behaviours (Gentry
and Dyer 2002). Further, insect feeding on plantieu natural conditions leaves other
traces that could reveal them to natural enemie{@ and Dyer 2002; Murakami
1999; Vet and Dicke 1992; Weiss et al. 2004). Stlaks could be very different for
individual natural enemies and, and likely diffarenemy taxa handle live insect prey
in different ways (Dyer 1997; Dyer 2002; Hoélldobkend Wilson 1990). The method
used could therefore lead to the exclusion of irtgrdrspecialist predators.

The design is undoubtedly biased towards generalextators that queue out
on visual and mechanical plant damage. However,irthelence of attack on our
artificial caterpillars (exposed on leaves with avithout herbivory) per 24 hours was
similar to incidence of attack measured on geneix@gosed caterpillars in exclosure
experiments (7.5% % 6.7%, median = 5.8%, nine swdrom both tropical and
temperate habitats (Remmel et al. 2011); and demsisvith the results from our
previous study which used the same artificial qgalars (Tvardikova and Novotny
2012). Manipulative studies using artificial caitgps recorded similar daily attack
rates of 11.1% (Richards and Coley 2007) in a lodlaeasonal forest in Panama,
13.7% in semi evergreen lowland dipterocarp foresthe Philippines (Posa et al.
2007), and 5.8% - 52.4% in three studies from wemitiopical areas (Remmel et al.
2011).
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Experimental damage on leaves in our study atua@sts, which are
chemically oriented predators, as well as mainlyually oriented birds. We used
mechanical damage to simulate herbivory on foliagd this may be a less efficient
cue to predators than the damage done by herbivdeesliing, therefore
underestimating the significant effect of predatobserved in this study. From the
literature it is unclear for how long would a tregth high leaf damage remain
attractive to predators. Bolter (1997) reported thaunds healed rapidly after cutting,
and their attractiveness to herbivores disappeshedtly after cutting the leaves. In
other experiments, emissions of compounds thatcattd predators and parasitoids
waned within minutes after mechanical clipping, kerhained 1 — 3 days after actual
chewing damage or application of insect regurgi{(&teinberg et al. 1993; Turlings et
al. 1995). In contrast, Karban (2007) reported thegchanically clipped shoots
attracted predators for up to 6 days following mifg. In order to compensate for
lower efficiency of mechanical damage, we decidedrdpeat it daily during our
experiments. We expected that response to damaystEmic, and undamaged leaves
of injured plants also emit terpenoids based sgyalrlings and Tumlinson 1992).
Future studies of how ants respond to volatile aoumpls released by damaged plants
across elevation are needed to understand whakendées predation by ants across
altitude.

It is worth noting that a daily mortality rate d%, 5% and 20% over the 3-
weeks caterpillar lifespan would produce overallrtaldy of respectively 19%, 66%
and 99%. We assume that the predation rate obsertbis study is plausible since it
corresponds to what is available from the litemturboth temperate 78% in Kentucky
(Choate and Rieske 2005) and tropics 68% in CarspiS8ao Paulo (Gomes-Filho
2003). Further, even if our experiments using medélcaterpillars did not provide an
estimate of natural predation rates, the relativalmer of predation incidents should be
comparable among habitats (Brodie 1993) for indigid species of generalist
predators.

Schwenk et al. (2010) did not find any effect titade on bird predation of
arthropods between 290 and 780 m asl, while weddugher predation rate at 1700 m
than at 200 m asl (Tvardikova and Novotny 2012)s T¥as consistent with the pattern
observed in the present study, where the highesdation by birds was in mid-
altitudes (700 — 1700 m asl). The higher abundanédasectivorous birds in mid-
altitudes, and the relatively gradual decreaséeif tbundances have been observed in
many other studies (McCain 2009). These suggestilds drive the predation rates
of caterpillars at altitudes, where ants are reddyfirare (i.e. 1700 m asl; Fig. 2). Thus,
relative importance of predation of ants is mor@ontant towards the lowland forests
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(200 — 1700 m asl) and it decreases with altitwdesreas bird predation become more
important at mid-altitudes (1700 — 2700 m asl).

We observed a dramatic drop in abundance of antsgat altitudes which
correlated with the predation rate observed. Tésult substantiated previous studies
which observed markedly reduced species richnedsabondance of ants at higher
altitudes (Bito et al. 2011; Bruehl et al. 1999San et al. 1997; Yusah et al. 2012),
most likely resulting in a decrease in predatioespure on herbivorous insect. The
number of trees and baits occupied by ants proeedbet better correlated with
predation rates than the total abundance of antthénsamples. It appeared that
abundance of ant individuals influences only thenber of bites into one caterpillar,
and not the number of predated caterpillars.

In conclusion, our study demonstrates (i) the |lang@ortance of plant damage
as a cue of herbivore presence for predators ¢péatly true for ants but also observed
in birds) (ii) decreasing attack rate of predateith increasing altitudes in tropical
forests, and (iii) a transition in predator domioarirom ants in the lowland forests to
birds at the mid to high altitudes. Further, tharade in dominant predator group with
altitude could lead to dramatic changes in antdptien strategies of herbivores, and
the structure of local food webs, along altitudigeddient.
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SUPPLEMENTARY MATERIAL

Table S1. Tree species used in experiments at each altalsite

Figure S1. The number of bird species (A) and individuals (&x study site had
significant effect on the number of caterpillars toges with experimental herbivory
attacked by birds.
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Chapter IV — Supplementary material

SUPPLEMENTARY MATERIAL

Table S1. Tree species used in experiments at each altaudite

Tree species/Altitude n

200 700 1200 1700 2200 270800 3700

Aglaia lepiorrhachis
Chionanthus ramiflora
Cryptocarya
multipaniculata
Dillenia papuana
Ficus wassa

Gnetum gnemon
Nothofagus grandis
Pittosporum ferruginea
Platea excelsa
Podocarpus sp.
Quintinia sp.

Sterculia schumanniana

X
X

X X X X

Figure S1. The number of bird species (A) and individual¥ gBr study site had significant effect on the
number of caterpillars on trees with experimenebivory attacked by birds. Number of specie$:=R
0.88, R = 24.39, P < 0.002, Number of attacks = 0.0015*Nemof species"1.6229; Number of
individuals: B = 0.92, ke=21.79, P <0.003, Individuals = 0.0858*Numbeimafividuals"1.8573
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Disappearance of birds from forest fragments inuBdpew Guinea
Katerina Tvardikova, Bonny Koan& Samuel JepgyVojtech Novotny

! Faculty of Science, University of South Bohemia &iwlogy Center, Czech
Academy of Sciences, Institute of Entomology, Bsamgka 31, 370 05 Ceske
Budejovice, Czech Republic
2 The New Guinea Binatang Research Center, Madamma&New Guinea

" Corresponding authokaterina.tvar dikova@gmail.com

Abstract

Tropical forests worldwide are being fragmentea aapid rate, causing a tremendous
loss of biodiversity. Determining the impacts ofdst disturbance and fragmentation
on tropical biotas is therefore a central goalaiservation biology. Here we focus on
bird communities in forest fragments (300, 600 &r&D0 ha) in the lowlands of Papua
New Guinea and compare them with bird communitiesdntinuous forest. Size of
forest fragments did not prove to have a significgfifect on the number of locally
recorded birds, and we recorded 80, 82 and 84tfbmekspecies in fragments and 107
in continuous forest. We show that large bodiedifrores and understory insectivores
are particularly sensitive to habitat fragmentatidre did not find strong support for
the food scarcity hypothesis which states thatdeeline of insectivorous birds in
forest fragments is caused by an impoverished iebeate prey base. Neither have we
found significant difference in microclimate in &t interiors. Rather, we show that
the microhabitats preferred by sensitive birds wsearce in forest fragments, but
common in continuous forest. Our results thus stpe hypothesis that changes in
microhabitats make forest fragments unsuitableéotain, sensitive species. Although
none of the studied forest fragments was large gmdo sustain complete bird
communities found in primary forest, they housegdanumbers of bird species, and
they are easily protected on village basis in treddions of Papua New Guinea.

Keywords
food limitation, habitat selection, insectivorougdb, forest fragmentation, frugivorous
birds, microhabitat, tropical forest, rainforestnservation, species loss, local
extinction
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Lowland forests of the wet tropics support the msggécies rich communities of
terrestrial birds. Unfortunately, they are undeéemse threat of disturbance by selective
logging and conversion to plantations (Barlow et, #006), which leads to
fragmentation of the initially continuous forestveo found in many tropical areas.
Unfortunately, forest fragmentation almost alwagsds to local loss of species
(Turner, 1996). Recent research has focused maimlMeotropical forest conversion
(Komar, 2006) and fragmentation (Sekercioglu et2002). More information on the
impacts of this process from other tropical forggtems is needed, particularly from
Africa (Newmark, 1991) and Pacific Ocean islandsaa(&dlen et al., 2006), where the
deforestation is intensifying (Shearman et al.,. 800

Our previous work in primary and secondary foresPapua New Guinea
(Tvardikova, 2010) demonstrated high sensitivitylafland insectivorous birds and
canopy frugivores to forest disturbance. Other @nsthhave also reported large
frugivorous and terrestrial and understory insectus birds to be sensitive to habitat
change (Stouffer and Bierregaard, 1995, Sekercid@f)02, Sekercioglu et al., 2002,
Kattan et al., 2004, Lees and Peres, 2010). Ingge have generally low mobility
and are more confined to forest interior than offoeest passerine guilds. They are
usually more specialized in their foraging techegjwand use narrower habitats and
microhabitats (Terborgh et al., 1990, Stouffer d@idrregaard, 1995). Insectivores
seem to be more sensitive to subtle habitat chamgesuse, unlike fruits, flowers, and
seeds, invertebrates actively avoid insectivoras, as a result, insectivorous birds
have evolved into many specialized niches and peskin certain microhabitats.

Over a dozen of hypotheses have been proposedlairethe disappearance
of insectivorous bird species from forested havitabund the world (Canaday, 1996,
Ford et al., 2001). Four of these are particuleglgvant to the decline of understory
insectivores: The food scarcity hypothesis stdtastmall fragments are impoverished
in prey preferred by understory insectivores (Fetrdl., 2001, Burke and Nol, 1998,
Zanette et al., 2000). The microclimate hypothgsigsposes that these birds are
particularly sensitive physiologically to changasmicroclimate associated with forest
fragmentation (Karr and Freemark, 1983, Canada®6)9The habitat specificity
hypothesis states that the loss of some microhabitments (such as army ant
swarms, dead trees) from fragments may affect manglerstory insectivores
(Canaday, 1996, Ford et al.,, 2001). Finally, accgrdto the limited dispersal
hypothesis, understory insectivores, because df thkatively sedentary habits and
possible behavioural avoidance of clearings aneéredt habitats (Stouffer and
Bierregaard, 1995, Baldi, 1996, Sekercioglu, 2068)y be less likely to disperse into
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more favourable habitats after forest fragmentatiod may disappear from fragments
as a result of stochastic events.

Our objective was to quantitatively describe bodmmunities and their
response to forest fragmentation in lowland tropioeest in Papua New Guinea and
test the above hypotheses on the causes of spessesapua New Guinea forests are
continuous over large areas and they representfotie last three tropical wilderness
areas along with Amazonian and Congo forest (Mitaer et al., 1998). However,
they are presently under increasing threat frongitogy (Shearman et al. 2008). The
response by birds to forest fragmentation in Pddaw Guinea has received little
attention. We focused on birds in a continuousdiofe10,000 ha) and forest fragments
of different sizes (300, 600 and 1,200 ha), in prite identify the size of forest
fragments which would be sufficient to maintaindbspecies richness and functions
similar to continuous forest, and to determine Who€ the four proposed hypotheses
might explain declines in understory insectivores.

Methods

Research Sites Field work was conducted in June 2010, October02&id January
2011 in primary forest and forest fragments in tbwlands of Madang province,
Papua New Guinea (PNG). The study sites were ¢hfjriuous forest (5° 13.5' S, 145°
04.9' E, 120 m a.s.l.) situated in the middle o10000 ha of continuous lowland
primary forest in Wanang Conservation Area, whitself is embedded within
~100,000 ha of selectively logged, but largely @mprdgus lowland rainforest; (2.) a
large fragment (5° 01.73' S, 145° 46.01' E, 100.s1.5— 1200 ha fragment of forest
near villages Rempi and Baiteta; (3.) a mid-sizegrhent (5° 07.99' S, 145° 45.47' E,
100 m a.s.l.) - 600 ha forest fragment near vill&Bgatabag, (4.) a small fragment
(5°16.2' S, 145°41.1' E, 170 m a.s.l.) - 300 hgrfrant of lowland primary forest near
Ohu village. All fragments are located in relativadensely settled and intensely
farmed landscape around Madang town, 15 — 24 km f&ach other, and 67- 76 km
from the site in continuous forest (Fig. 1). Thagiments have been increasingly
isolated since the 1980s as the original mosagriofary and secondary forests around
villages changed into a more intensely managedstzamke with slash-and-burn food
gardens, young secondary forest growing on abamldgaedens, deforested village
settlements, and plantations. All fragments havenbpreserved as village-based
protected areas, where logging and hunting is doldm. The village landowners
supervise the forest preservation. Likewise, th&inaous forest has been declared by
vilage landowners as a conservation area with mggihg and hunting
(www.entu.cas.cz/png/wanang).
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The location and size of the studied forest fragen representative of other
landscapes in Madang province and lowland PNGrgeJavhere most of the inland
area is still covered by continuous forest (althougder increasing logging pressure)
whilst large areas along the coast are now a moshitbod gardens, villages,
secondary and selectively logged forests, and giiams. A few villages where
landowners have interest in conservation protesgnfrents of primary, undisturbed
forests, similar to the ones in which we conductedresearch.

All study sites have a humid climate with a mildy season from July to
September; the average annual rainfall is 3600 MoA(pine et al., 1983). Humidity,
temperature and dew point were recorded every B0fonithe duration of experiments
(15 days) using data loggers (Comet R3120) placetheé forest interior at each
fragment (of study site in continuous forest). Alludy forests had a closed,
approximately 35 m high canopy and relatively operderstory without distinct
stratification.

™ _\_\' o
-
\%@ o
NN Baiteta
— L ®
, Baitabag

Wanang
Continuc.ms forest ' M ada ng

Figure 1. Location of study sites in Papua New Guinea (tesemap) and in the Madang Province.
Baiteta = forest fragment 1200 ha, Baitabag = fofegment 600 ha, Ohu = forest fragment 300 ha,
Wanang = continuous forest area > 10,000 ha. Dark g undisturbed forest, light grey = (selectiyely
logged or altered forest and plantation.
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Bird surveys Bird communities were surveyed by three typeseofsas — point counts,
mist-netting and random walks. Point counts wengied out at 16 points regularly
spaced along a 2250 m transect (successive poeits ®50 + 5 m apart to avoid
overlap). All birds seen or heard were recordethefollowing radial distance classes
in meters: 0 - 10, 11 - 20, 22 — 30, 31 — 40, ahd-4%0. We started censuses 15 min
before day break, at a randomly selected pointhEacnts lasted 15 minutes so that
all 16 points were surveyed before 11:00. We cotatlnine replications at all points,
resulting into 36 hr of observation at each sitdl point-counts represented
heterogeneity of lowland forest habitats in simikay (i.e. survey points included hill
ridges, creeks, natural canopy openings, etc.}hEyrwe mist-netted birds into 200 m
long line of nets for 6 days (using nets 2.5 m higt2-18 m long, mesh 16 mm), from
05:30 to 17:30, with checks every 20 min. We idedi all mist-netted individuals
into species, marked them individually by colourgs, and released within 10 min.
Finally, we walked along the tracks and throughtl¢ area and constructed
continuous list of species during the random walk&lks lasted 2 — 3 hr day-1
(starting at 15:00), and were standardized to 26iterl. All surveys were conducted
by three observers (KT, BK, a local guide famileith avifauna), who had previous
experience with ornithological surveys in Papua N&wnea. We also recorded whole
15 min of point counts and unclear voices duringdoam walks, to enable later
identification (using recorder Marantz PMD 620 & dvbphone Seinnheiser MEG7).
Observed birds were partitioned into four broaghio guilds, namely insectivores
(taking invertebrates as main food), frugivorewiffrand seed eaters), omnivores
(taking plant material and invertebrates in simiatio) and nectarivores, based on
dietary information in standard references (Hoyocakt 1992-2011, Beehler et al.,
1986, Peckover and Filewood, 1976). Raptors, svaftd non-forest bird species
passing through the sites were excluded from aealy8ee Table S1 in Supplementary
material for list of observed species, speciesuthetl in analyses and their habitat and
feeding preferences.

Bird diet We obtained diet samples from insectivorous andiwonous birds by using
nonlethal 1.5% potassium antimony tartarate, baseéstablished protocols (Poulin
and Lefebvre, 1995, Mestre et al., 2010). The fwgthor examined each regurgitate
under a stereo microscope and estimated the nuamuktength of prey items eaten
based on a reference collection and published @plecific regressions of weight on
length (Tatner, 1983, Ralph et al., 1985). Invadtds were identified into orders. The
food analyses are based on examination of preysiteri20 regurgitated samples: five
from each bird species present in all study sites Arses insularis, Colluricincla
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megarhyncha, Meliphaga analoga, Melilestes megarhynchus, Monarcha guttula,
Pitohui kirhocephalus). Other bird species either did not occur in eéissor we did not
manage to get the minimum of five samples thouglaffer adequate representation of
the diet of a species within a given time periodk@cioglu et al., 2002). Twenty-two
prey categories were identified, including 10 insgeooups (Coleoptera, Diptera,
Dermatoptera, Neuroptera, Odonata, Orthoptera, ptenai, Lepidoptera (adult),
Hymenoptera were split into Formicidae, and othe®)ilopoda, Lepidotera larvae,
insect larvae, pupae, eggs, Araneae, Gastropodajeatebrates (small lizard, frog).

Habitat At each point-count point, we measured the follywariables according to
methods in Bibby et al. (1992): canopy height, bhheight (3 measures per point
using laser measuring device); shrub foliage dgiiSimeasures per point using scatter
plot estimates; Creagh et al., 2004); percentaggrotind covered by grass, bare
ground and litter (15 measures in 1x1 m squargpgt); canopy openness (3 photos
taken per point — analyzed in Gap Light Analyzera@er, 1999, Frazer et al., 2001),
presence/absence of fruiting trees at each point.

At each study site, we delineated three 150 xIhes (between points 3-4, 6-
7, 12-13) where we counted all plant stems (DBHcri), and categorized them
according to size (1 -2 cm, 2 —5 cm, and > 5 @K and leaf size (small, mid-size,
large). Trees were scored as for the presencesenab of epiphytes and termite nests.
Further, we counted dead logs or dead standing tréhin the lines.

Prey availability survey We sampled the leaf-dwelling arthropod communifiesn
tree saplings at all study sites. Crowns of tea s&plings (DBH ~5 cm) were lowered
above mosquito net, covered by net and sprayed edathmercial insecticide. All
arthropods were collected, placed in 70% alcohdl identified into the same groups
as the invertebrates in food samples. All leaveewellected, weighed and their leaf
area was measured using ImageJ software analytigiofdigital images. Further, the
mean abundance of ants was counted on 30 tuna(hais25 in continuous forest)
placed at tree samplings after 60 minutes from supo (J. Moses and P. Klimes,
unpubl. data). Finally, abundances of butterfliesensurveyed along three 300 meters
long transects in all study sites. Each transestwalked slowly for 30 min, and walks
were replicated ten times (P. Vlasanek, unpubh)dat

Statistical analyses We used all three survey methods to identify lospécies
richness and bird abundances. We examined micraiiatfiaracteristics of all sites,
and eliminated those without significant differesideetween study sites. Namely,
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canopy height (£,=0.98, P = 0.42), mean tree DBH;(H = 4.67, P = 0.19), fruiting
and flowering trees per point ¢k = 3.08, P = 0.09), number of trees with termite
nests (H..= 4, P = 0.26) and number of dead logs¢+ 1.3, P = 0.72) did not differ
significantly between sites. Further, we useddiaenalysis of variables significantly
different between sites to identify suites (factas correlated (redundant) variables.
We started with six factors (shrub foliage densstyrub height, ground cover — three
variables, canopy openness) and reduced the nuofifactors to three (explaining
86% of variability) using Kaiser-Guttman stoppinger (Jackson, 1993). From each
factor, we selected a single representative vaiaidasured in the field - litter cover,
shrub foliage density, and canopy openness — agdithem in following analyzes.

Using Canonical correlation in R 2.11.1 (R Corafie2012), we selected the
species showing the strongest preferences towardsoous forest (19 insectivores, 9
frugivores, score on first axis > 0.3; CCA, firgisa= continuous forest), and extracted
values of representative variables (litter covbrub foliage density, canopy openness)
from all points where our focal species were obseéréoraging, without respect
whether the point was in fragment or continuousegar Thus we obtained
characteristics of preferred microhabitats and ameg them with habitat
characteristics of all points within individual diusites.

Results

We recorded 123 bird species over the course o$tindy at all four sites (Table S1).
The overall number of forest bird species inclugtednalyses observed at a single site
varied from 80 to 107 (Fig. 2). Total species riess was higher in the continuous
forest (107), than in all forest fragments (1200 8& 600 ha: 82; 300 ha: 80). Daily
mist-net capture rates did not differ between dqites1.61, P = 0.137). Abundance of
birds recorded at each point (during 15 min, N 4 pér study site) was significantly
lower (F3 = 6.42, P <0.001) in the smallest fragh{&9.6 + SD 6.4), than in the other
sites: mid-size fragment (21.3 + SD 6.6), largegfnant (22.1 + SD 4.8) and
continuous fragment (22.3 + SD 5.4). The other rfragts did not differ from each
other and from the abundance values in continuonest.

Similarity in species composition between sites veatively low between the
smallest fragment and both the largest fragmentri@ita - Horn index = 0.62) and the
continuous forest (Morisita - Horn index = 0.59)ll Ather comparisons revealed
higher similarity between bird communities (MorésitHorn index = 0.77 — 0.89).
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Figure 2. (A) Number of species recorded by individual syrtechniques at each site (PC — point count -
selected a priori as the main survey technique, -M8pecies recorded in mist-nets but not PC, RW —
species recorded during random walks only). (B) Nemmof species partitioned into feeding guilds, in
continuous forest (Cont.), fragment 1200 ha (Fr@)20ragment 600 ha (Fr.600), fragment 300 ha
(Fr.300) large.

The number of insectivorous bird species (35 $pund in the smallest
fragment was lower than in continuous forest (44. $pragments of 600 and 1200 ha
housed similar numbers of insectivores (37 and@BpP Species richness of frugivores
in continuous forest (21 sp.) was significantlytég than in all other forest fragments
(1600 ha: 16 600 ha: 16, 300 ha: 14 sp.). Spewdsess of birds identified as
omnivores did not differ significantly between tlaege fragment and the continuous
forest, and between the medium and the small fragifiég. 2). Species richness of
nectarivorous bird did not differ between studesi(Fig. 2)

In bird diet samples Coleoptera, Areneae, Hymtrap(other than ants),
Lepidoptera larvae, and antsofmicidae) were the most common prey, comprising 62
- 71% of all food samples (Fig. 3). The relativeportance of individual arthropod
groups corresponded with their relative abundawemd on tree saplings; however
some exceptions occurred (e.g. ants or cockroagkes relatively more abundant on
tree saplings than in food samples; Fig. 3). Monpartantly, composition of prey
items in diet samples from the forest and fragmdidsnot differ significantly for any
bird speciesy? < 7.2, P > 0.21; Fig. 3). The average numberrey items/diet sample
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did not differ significantly (Fig. 4), except sarapl of Arses insularis (Fig. 4) which
decreased with fragment size.

Number of arthropod individuals per leaf aregsf= 1.15, P = 0.33) and
average body length of arthropods (e.g. AraneagnE 1.17, P = 0.31, Lepidoptera
larvae: B3 = 0.2, P = 0.81, Coleoptera 34, = 0.98, P = 0.37) did not vary
significantly between study sites. Similarly, thevas no difference in number of adult
butterflies observed along transects among theyssitds {2 = 6.66, P = 0.083),
neither was there any difference in ant abundamctuoa baits (k9 = 1, P = 0.40).
However, more traps (17 out of 30) were visitedthe 300 ha fragment than in
continuous forest (9 traps) and the 1200 ha fragifi€ntraps).

We found no differences in microclimate in theefr interior among study
sites. None of the measured variables (averagg @aiperature 9= 0.76, P = 0.53,
average daily humidity £ = 1.2, P = 0.32, and daily temperature fluctuatiing =
2.11, P = 0.34) varied significantly between sites.

= M Presenton trees

I @ Eaten in continuous forest
= 7 L O Eaten in fragment 1200 ha
- [ OEaten in fragment 600 ha

O Eateninfragment 300 ha

Relative proportion

Figure 3. Mean relative importance of main arthropod tax@spnt on tree saplings across all study sites
(there was no significant difference in numberrafividuals per leaf area between study sites) aridad
samples of birds mist-netted in fragments and ooptis forest. The differences between study sites a
not significant.
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Figure 4. Number of arthropod individuals in food samples st bird species (Arselnsu Arses
insularis, CollMega = Colluricincla megarhyncha, MeliAnal = Meliphaga analoga, MeliMega =
Melilestes megarhynchus, MonaGutt = Monarcha guttula, PitoKirh = Pitohui kirhocephalus) in
continuous forest (Cont.), fragment 1200 ha (Fra)2@ragment 600 ha (Fr.600), and fragment 300 ha
(Fr.300).

In general, microhabitats available in forest fnegts differed from those
available in continuous forest. Specifically, cap@penness in forest fragments was
higher than in continuous forest, which resultedairnigher percentage of ground
covered by grass (and ferns) at the expense ef (i&ig. 5). Foliage shrub density at
points was more variable in fragments than in comus forest (Fig. 5). The
proportion of small (1 — 2 cm DBH) to larger (>2 ¢&BH) stems was higher in the
smallest fragment (33%) than in the larger fragmemtcontinuous forest (16 — 23%),
along the measured transects. Also the small stemasto be species with larger leaves
(7% small leaves, 51% mid-size leaves and 55% l|E@ees within 1 — 2 cm DBH
category in 300 ha fragment; 22% - 28% - 29% ipeetively in continuous forest).
Leaf-size composition of larger plants did not elifbetween study sites.

We found most sensitive insectivores in pointaw canopy openness (8 —
14 %), with relatively large litter cover (55 — 88, and shrub density between 20 — 34
% (Fig. 5). Although some points in forest fragnseptovided such conditions, the
mean canopy openness in all fragments was higheanditter cover lower, and shrub

140



Chapter V

density varied a lot between individual points e tfragments, and seemed to be
generally lower, than on the points preferred siare birds (Fig. 5).
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Figure 5. Microhabitat characteristics preferred by 19 d@resiinsectivorous bird species: (A) canopy
openness, (B) litter cover, (C) shrub density, Hrelmean values for these variables in continuorest
(Cont.), fragment 1200 ha (Fr.1200), fragment 6@0(fr.600), and fragment 300 ha (Fr.300). Means
(circles), standard error (lines), and +95% confite intervals of means (horizontal lines). Values f
birds and habitats are separated by interrupted 8ee Table S1 for list of species and their nemdes.

Discussion

We found fewer bird species in forest fragmentsanthn continuous forest.
Specifically, the number of observed insectivorbud species was the lowest in the
300 ha fragment, higher in both larger forest fragta (600 and 1200 ha) and highest
in continuous forest. Also species richness of ifraiges in continuous forest was
significantly higher than in all forest fragments.

Food does not seem to limit local insectivorousidiin studied fragments.
Arthropod richness per leaf area was similar betwadestudy sites, and there was no
obvious difference in amount of foliage across shaly sites. Further, we obtained
similar results from examination of bird diet, witio significant changes in food
composition or in number of insects taken. Only bimd speciesArsesinsularis) had
a lower number of arthropod individuals in food gées from smaller fragments.
More food samples would be however needed to makbwst conclusion. Also some
more subtle specificity in food preference could rglerestimated by our method,
since we identified prey items only to order.

The lack of support for food scarcity hypothesi®ur study was in agreement

with another tropical study (Sekercioglu et al.02Pbut not with three studies in the
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temperate zone where higher food abundance in fargst fragments was positively
correlated with the abundance and reproductiveop@dnce of the two understory
insectivorous bird species studied (Burke and M@88, Burke and Nol, 2000, Zanette
et al., 2000).

Changes in invertebrate communities resulting ffonest fragmentation are
relatively well documented (Didham et al., 1996¢id| 1989, Turner, 1996). Some
studies have also shown that changes are due talitteeences in food and/or
microhabitat preferences: some species are unaffenteven increase their densities
in fragments (Didham et al., 1996). Leaf-litter éntebrates decline as a result of
desiccation in small forest fragments and genératige species that prefer the dense
vegetation near fragment edges increase in nunmbethgm, 1997). Sekercioglu
(2002) found that invertebrate abundance, theiramee length, and dry biomass in
forest and fragment were surprisingly similar. Wavén not found any significant
differences in number of arthropods per leaf angdttfer per tuna bait nor per butterfly
transect) in forest fragments and in continuousdbr We believe that the size of our
forests can provide an explanation, as our fragenemte large and we focused mainly
on forest interior. Also, another study found deseeof arthropods and food shortage
only in smaller fragments (~55 ha), but not in &mmnes (> 400 ha; Zanette et al.,
2000).

The microclimate hypothesis states that sedentaagrstory insectivores react
more unfavourably to microclimate fluctuations ordst fragments than more mobile
species that are frequently exposed to differemtranlimates. However we failed to
find significant differences in forest interior miclimate, by data loggers placed at
least 300 m from forest edge.

We found that while most of the measured foresaratteristics did not differ
significantly between sites, the insectivorous #ies birds foraged preferably in
microhabitats that differed from those broadly &lde in forest fragments. Those
birds were very selective towards ground cover preferred high percentage of
ground covered by litter in contrary to dense gi@ss$ fern cover. They were further
seen mostly in points with small canopy opennesss timall amount of light
transmitted to understory. Forest fragments offeséde range of microhabitats, but
only few of those points seemed to be suitableirfeectivorous birds. On the other
hand, continuous forest and larger fragments seémbd more homogenous and had
more points with suitable conditions. Compared datinuous forest, the understory
plants of the smallest fragment had also diffeteat-size composition, with relatively
more plant species with larger leaves which arevsio be less attractive as searching
substrate for most of the insectivorous birds (BEJG9).
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Monarchidae, Rhipiduridae and Acanthizidae were among the bird species
missing or severely influenced by forest fragmeatatMember of those families are
sallying flycatchers and gleaners searching fodfominly in lower or mid storey of
forests, therefore likely to be influenced by ches@n their foraging substrate. Other
sensitive species, e.Garritornis isidorey, Pitas or Jewel-Babblers, are dependent on
forest ground substrate where they search forgptus. This result is in concordance
with a study on scrubwrens in Australia (Creaghlet2004), or insectivorous species
in Amazonia (Stratford and Stouffer, 2013), Perd diensas (Marra and Remsen,
1997).

All surveys and measurements were conducted stt 168 m from forest edge,
which is believed by some authors to control faed edge effect (Didham, 1997,
Laurance, 1991). Abiotic conditions (air moistuemperature, light and soil moisture)
appear to stabilize at 50 — 60 metres (Murcia, 19@5n forest edge, while canopy
cover and canopy damage was impacted at least 15tmn the edge of forest
fragment (Laurance, 1991). One temperate study stidhat 225 ha forest fragment
represented actually only 23 ha of core area (Barie Nol, 2000), and study from
North-East Queensland, reported elevated forestrmnce evident up to 500 m inside
fragment margins, although the most striking charmggeurred within 200 m of edges.
Another study found kilometer-scale edge effects flarest beetles (Ewers and
Didham, 2008). It is worth to note that 300 hagments, can be represented by a
circle with diameter 1955 m, resulting into 71 Hauatouched forest if we consider
500 m edge effect. Our results show that the etfgeteould influence birds deeper in
forest fragments, supporting thus previous recontagons for 500 m distance from
forest edge as buffer zones for bird point-couBtsckland and Handel, 2006).

Sekercioglu (2002) tentatively rejected the miatnitat hypothesis, and
concluded that limited dispersal capabilities ofeictivorous birds may be the most
important factor in their sensitivity to fragmerntet. However, it is necessary to point
out that he studied dispersion through cleared saredile our study sites are
surrounded by secondary growths or plantationsrewver by cleared areas. The New
Guinean birds can be generally considered as sagtenith limited dispersal abilities
(Diamond, 1973), but we were not able to test fmitéd dispersal hypothesis. Our
observations from surrounding secondary forestenf¥rom fragments) show that at
least some of the species are able to wander g1 deiable habitats (Tvardikova,
unpubl. data), confirming thus that some of thel Isijpecies appear to be able to move
through highly fragmented landscapes, but it issiiids that they suffer high mortality
while doing so.
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Besides insectivorous birds, our surveys faileddofirm presence of some
large frugivorous birds in forest fragments. Fraegous birds not recorded in forest
fragments were all large-bodied birds (Northern msmry Casuarius
unappendiculatus, Purple-tailed Imperial Pigedducula rufigaster, Cinnamon Ground
Dove Gallicolumba rufigula, Victoria Crowned PigeorGoura victoria, Coroneted
Fruit DovePtilinopus coronulatus). Other species had significantly higher abundance
in continuous forest (i.e. Papuan HornlRhyticeros plicatus). None of the frugivores
showed strict preference to measured habitat clegistics, and their presence did not
seem to be determined by differences in numbetowfering and fruiting trees and
between sites during the surveys. However, we atr@lnie to reject the possibility that
canopy frugivores were missing due to seasonal mewmés. They all are good
migrants, and suffer thus less for limited dispeedalities able to make daily flights
>10 km (Holbrook et al., 2002), following food resoes across large areas. Presence
of other smaller nomadic frugivores would howeveggest other explanations. Also
hunting for large bodied birds cannot be excluded gossible explanation, as some
villagers can hunt them on the borders of proteeregs or even circumvent the ban.
Restricted forest area in itself could be also @esjble for absence of large frugivores.
Mean home range of adult Cassowary is 206 - 213/4w@re, 2007), megapodes male
have home range roughly 100 ha (Booth, 1987), ange| canopy frugivores, such
hornbills and fruit pigeonucula, Ptilinopus), are known or suspected to have home
ranges of >100 ha (Corlett, 2009). Ranges can dechoth primary and secondary
growths, but they are usually limited and locatedoading to suitable nesting sites,
preferably in primary forest. This could make thentikely to stay in even large forest
fragments. Decline of large-bodied frugivores hagrb described by some authors
(Wotton and Kelly, 2012), while others did not repsignificant changes in their
species richness in forest fragments (MacGrégos and Schondube, 2011). Here we
show that compared to continuous forests, spemhaass of large frugivorous birds
decreases in forest fragments, while other frugisadid better (e.g. Eclectus Parrot
Eclectus roratus, Brown Cuckoo-Dové/acropygia amboinensis).

In the view of our results, we suggest that miatotat change influences
insectivorous birds (especially litter cover, canagpenness, and foliage structure)
plays important role in shaping of bird communitiéée are not suggesting that these
variables actually determine if birds will be pnetser absent, only that we identified
measurable variables associated with preferredoimatitats of these birds. The direct
causal factors might be prey availability or foragiefficiency, which are influenced
by vegetation structure. As long as the correlatieitionship between an easily
measured variable (such as the density of smalinggpor canopy openness) is
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consistent with a causal factor (such as prey tdensneasurement of vegetation
structure is useful for describing essential elemenf the habitat that must be
maintained for the persistence of terrestrial itigeres.

Forest fragment of 300 ha had the most alteredam&bitat conditions, most
likely resulting from edge effect, which was shoteninfluence vegetation and forest
structure deep in the forest fragments Gehlhausesl. 2000) — 250m, Laurance
(1991) — 500 m. These changes made the forestitablguto some of the most
sensitive bird species. Neither of the larger fragta housed significantly more bird
species. More research comparing foraging sucbeseding and movements in both
forest fragments, and altered habitats is needeeviral the actual mechanisms of the
local extinction of some lowland species in New rigai.

Papua New Guinea is one of the few countries énvibrld where customary
ownership of the land, originating in a tribal paist recognized by the country’s
legislation (West, 2006, Sekhran, 1997), and wHerest-dwelling tribal societies
currently own 85 % of the land in the country (Shesn et al., 2008). Unfortunately,
New Guinean communities tend to lack attitudes fdmadur conservation a priori. We
are not aware of a single large rain forest in Baplew Guinea that has been
successfully protected, and 90 % of communities foptlogging when they have
opportunity to choose between this and conservdtimvotny, 2010). On the other
hand, communities tend to keep a piece of foreatsmurce of bush-medicine, or other
forest products (the case of 600 and 1200 ha fragmer with a vision of profitable
ecotourism (the case of our 300 ha fragment). $ore@st fragments are sustainable for
long periods even when not profitable, if they esent small percentage of land
belonging to community. We show that such forest lvause relatively large numbers
of birds, and size of forest fragment does not hawe significant effect when that
fragment is larger than 300 ha. However, foreggrfrants larger than our study site
(i.e. larger than 1200 ha) would be needed to predarger proportion of forest birds.
While conservation of continuous forest does nansdo be sustainable despite
decades of investment into conservation (Novotj,02, protection of larger forest
fragments (~ 300 ha) could represent a useful Wwloich is also the most achievable at
village base.
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Supplementary material:

Table S1. List of bird species recorded at all sites dustigsurvey, their name codes,
information on habitat requirements, trophic styse and the categorization into guild
for analyzes. Ca — carnivores, Omn — omnivores; frugivores, In — insectivores, Ne
— nectarivores. Raptors, swifts and non-forest Bpdcies passing through the sites
were excluded from analyses, and they are markedtayisk in the list.
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Table S1. List of bird species recorded at all sites duratigsurvey, their name codes, information on
habitat requirements, trophic strategies and thegoaization into guild for analyzes. Ca — carnegr
Omn — omnivores, Fr — frugivores, In — insectivods — nectarivores. Raptors, swifts and non-fdoéest
species passing through the sites were excludeddralyses, and they are marked by asterisk ifisthe
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Scientific name Habitat Trophic strategy  Guild
Accipiter cirrhocephalus* It is found in woodlands and forests, Mainly birds caught in flight.
AcciCirr and above cleared areas. Observed to hunt during the Ca
day, and also at dawn and
dusk.
Accipiter meyerianus* Rain forest, forest edge and adjacent Observed to feed on birds.
AcciMeye native gardens. Nesting reported in Ca
forest.
Accipiter It is found in most forest types, Feed on birds, small mammals,
novaehollandiae* especially tall closed forests, including reptiles and large insects Ca
AcciNova rainforests. (Mantoidea).
Aegotheles bennettii Mainly lowland forest interior and their ~ We did not observe any
AegoBenn edges. feeding behaviour of the Ca
species.
Ailuroedus buccoides We reported the species mainly of Takes insect and seeds on the
AiluBucc dense primary forest. ground, and lower strata.
) Omn
Ocassionally observed to
search for food on forest floor.
Alcedo azurea We reported the species only in the Plunges from perches into
AlceAzur proximity of water, rivers edges and water to catch prey. Prey items
creeks, usually in shady overhanging included: fish, crustaceans, Omn
vegetation. aquatic insects and water
invertebrates.
Alcedo pusilla Observed along creeks and in tropical Feeds on crustaceans, reptiles,
AlcePuss rainforest, creeks with dense cover, and  insects and their larvae. Makes omn
swamps. shalow dive, which resulted in
the catch of small fish.
Aplonis cantoroides Inhabits wide range of natural and Takes mainly fruits (figs, fruit
AploCant modified habitats, including urban from forest palms). Hawks
areas. In forest was reported mainly flying insects. Forages in pairs omn
from gaps, and forest edges with and small flocks. We reported
flowering trees. about 10% of the flocks to be
mixed with Aplonis metallica.
Aplonis metallica In Madang, we reported the species in Mainly frugivorous (figs, and
AploMeta rainforest, coastal woodland, palm seeds); also takes nectar, om
mangroves, also forest edge and some insects. Large flocks
clearings, gardens. observed on flowering trees.
Arses insularis Rainforest in lowlands. Also on forest Primarily insectivorous.
Arselnsu edge, but seems to avoid disturbed Forages mainly in middle
habitat. stratum among large trees (10- In
15 m), but often ascends to
lower canopy and occasionally
descends to thickets.
Cacatua galerita Found in variety of forest areas such as Forages on grasses and herbs.
CacaGale secondary growth, woodland (including ~ Other foods include: roots,
swamp and riverine), mangroves, open nuts, berries, flowers, Fr
country, agricultural land. blossoms and very ocassionally
insect larvae.
Cacomantis variolosus Itis found in wooded habitats, including  Eats insects, particularly hairy
CacoVari rainforest, wet forests, along caterpillars. It usually forages
waterways and in more open forests high in the forest canopy but In
and woodlands. Sometimes in gardens. may sometimes feed on the
ground.
Caliechthrus leucolophus Forest, mainly canopy in hilly country. Mainly insects, including
CaliLeuc caterpillars, other arthropods; In

also fruit. Feeds in canopy.
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Campochaera sloetii
CampSloe

Primary forest and forest edge of small
clearings.

Eats mostly fruit and insects.
Occurs in pairs or small parties

in upper canopy and outer Omn
foliage. Obtains food by
gleaning.
Casuarius Reported only in flat lowland primary Feeds on large fruits collected
unappendiculatus forests. Regularly following from forest ground. Er
CasuUnap watercreaks, where the species was
reported usually in the mornings.
Centropus menbeki Forest, forest edge, srub and lower We reported mainly large
CentMenb middle storyes. insects (grasshoppers, cicadas,
caterpillars), and other
arthropodes, and mall
Omn
vertebrates (snakes, frogs).
Feeds on ground, where
movements clumsy, and in
vines.
Centropus phasianinus Prefers dense understorey vegetation, Feeds on the ground on large
CentPhas particularly grasses, rushes, bracken insects, frogs, lizards. Eggs and
and sedges, in open forests and young of birds and, sometimes,
woodlands, and around wetlands. Often  small mammals were reported mn
found feeding on gardens with thick by other authors, but we did
grasses. not observe such behaviour.
Ceyx lepidus Primary and secondary forest, thick Insect, and small frogs and
CeyxLepi vegetation along stream rivers. tadpoles. Sits on low branches,
However, it is not dependent on water flies usually in lower strata, In
and was found in habitats far away and is very common in mist-
from creaks. nets below 3 m.
Chaetorhynchus papuensis  Typical bird of forest interior. Previously ~ Feeds on insect and spiders.
ChaePapu was reported from altitudes 200 - 1600 Hunts in middle stage of forest,
m a.s.l., mainly 600 - 1400 m a.s.l.. Here  and captures prey by sallying. In
we report the species to occur in
primary forest at 150 - 200 m a.s.l..
Chalcophaps stephani Inhabits humid evergreen forest interior ~ Spend most of the time on the
ChalStep and dry secondary coastal forest. Some ground, taking seeds, fallen
authors reported sympatric occurence fruits and probably insect.
with C. indica, but C. indica occupying
forest edges and C. stephani edges at Fr
that case. We mist-netted both species
in forest interior in the forest fragment
300 ha large, but C. stephani was much
more abundant in continuous forest.
Charmosyna placentis In Madang district, was found primary Feeds on pollen, nectar,
CharPlac forest, forest edge, tall secondary flowers and seeds. Fr
growth, swamps, and coconut groves .
Chrysococcyx minutillus Lowland forest and forest edge, Insect, mainly caterpillars, also
ChryMinu monsoon forest, swamp forest, beetles and bugs. Forages in In
secondary growth. canopy.
Cicinnurus regius Lowland rainforest, and forest edge, Mainly takes fruits and only
CiciRegi including tall secondary forest. sometims arthropods. Forages Omn
at various levels of forest.
Cinnyris jugularis Occurs mainly in forest edges, flowering  Nectarivorous, taking also Ne
CinnJugu trees, forest gaps and clearings. small insect.
Colluricincla megarhyncha  Inhabits rainforest, monsoon forest, Food is mainly insects, spiders,
CollMega ecologically disturbed habitats, tall small snails, and occasionally n
secondary growth. fruit, obtained mostly by
gleaning.
Coracina boyeri Forest, forest edge, tall secondary Eats mainly fruit, especially o
mn

CoraBoye

growth, partly cleared areas and locally

figs, but takes also insect.
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mangrove forest.

Forages mainly in upper
canopy.

Coracina melas

Rainforest and monsoon forest; locally

Feeds mainly on adult and

CoraMela also gallery and mangrove forests; larval insects, including
normally in forest interior, but visits caterpillars; also takse fruit. In
edges and adjacent secondary growth, Foraging in subcanopy and
disturbed areas. lower trees also.
Coracina papuensis Many vegetation types, rainforest, Mainly larger insect. Also
CoraPapu forest edges, secondary growth, known to take fruit and seeds
mangrove, coconut plantations, in od plant as fig, acacia and In
Madang province. grasses. Food obtains mainly
by gleaning.
Coracina tenuirostris We reported the species mainly of Food samples included
CoraTenu forest interior. Observed to search in caterpillars. In
mid-storey and upper-strata.
Corvus tristis Primary rainforest, forest edge, Feeds mainly on fruits in forest
CorvTris secondary growth, gardens. Very often canopy; also takes insects, and
visits open areas and riverbanks, and sometimes scavenges on forest Omn
flies above walleys. floor. Gleans in foliage and also
on ground.
Cracticus cassicus Lowland forest and dense second Feeds on large insects, larvae,
CracCass growth. Occurs in openings in spiders and fruit; also taken
rainforest, forest edge and gardens. small vertebrates, including omn
birds. Forages mostly in crowns
of trees bordering open
spaces.
Cracticus quoyi Occurs in most forest types and Invertebrates, mainly insects;
CracQuoy plantation in lowlands. Sometimes also small vertebrates, e.g.
feeds by pouncing to the ground, but in small lizards and snakes, frogs, omn
forest forages mostly in higher strata. small mammals and birds
(including nestlings), small
crabs and fish; also some fruit.
Crateroscelis murina Primarily hill forest, from 460 m, Diet consisted only from
CratMuri occurring in lower mountains to c. 1700  rthropods. Usually was seen
m. Occupies a terrestrial and low-level singly or in pairs; sometimes in
strata, understorey and shrubs, family groups. Forages low in
sometimes in dense areas but also in understorey, on sides of trees. In
open places. Previous studies reported Glean from undersides of
occurance above 460 m, here we report  leaves.
on range extension to much lower
altitudes at 100 m a.s.l.
Cyclopsitta diophthalma Found in variety of areas including Seeds are main food item; also
CyclDiop rainforest, secondary growth forest, small whole fruits, nectar was
forest edge, riverine forest, and other observed to be taken. Other Ne
open areas. authors reported insect larvae,
but our data can't confirm this.
Dacelo gaudichaud Mainly in lower canopy of riverine Arthropods, also small
DaceGaud forest, and primary rainforest, very vertebrates, such as frogs,
. . - Omn
abundant in tall secondary growth. lizards. Bones of small bird or
Reported mainly from high trees. mammal also reported.
Dicaeum geelvinkianum Forest canopy and edge, particularly Nectar and pollen, fruits and
DicaGeel around flowering and fruiting trees, also  seeds and spiders also taken Ne
secondary growth, plantations and occasionally. Forages in canopy
gardens. and upper atrata.
Dicrurus bracteatus Species inhabits mainly open areas with  Insectivorous
DicrBrac high trees, and higher strata of gallery In

forests. Occurs also in forest gaps in
primary forests.
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Ducula pinon

Inhabits forest, and partially cleared

Frugivorous, searching in

DucuPino areas. canopy. Fr
Ducula rufigaster Forest and sometimes forest edge. Frugivorous, the most
DucuRufi important were Arecacea, Er
Myristicae, Lauraceae. In lower
canopy.
Ducula zoeae Inhabits rain forest. Feeds on various fruits
DucuZoea including Arecaceae,
Lauraceae, Annonaceae and Fr
Moraceae. Feeds in canopy in
small flocks of up to 10 birds.
Eclectus roratus Found in wide range of habitats from Consists of fruits, berries, nuts,
EcleRora forest to secondary growth forest, and seeds of eucalypts and acacias Er
coconut plantations. in particular; nectar, leaf buds
and blossoms.
Eudynamys scolopaceus Forest interiors and only ocassionally Consuming a variety of insects,
EudyScol forest edges. small vertebrates and various
fruits. We reported fruits to be n
taken only ocassionally, other
authors identified the species
as omnivorous.
Eurystomus orientalis Inhabits open wooded areas, with Feed almost exclusively on
EuryOrie mature, hollow-bearing trees suitable flying insects. They search for
for nesting. Daytime spends pearching food from a conspicuous perch In
on emergent or dry standing trees in and then capture it in skilful
open ares (gardens, forest gaps). aerial pursuits.
Gallicolumba rufigula Primary rain forest. Diet consists of seeds, fallen
GallRufi fruits and insect. Considered to Er
be more insectivorous than C.
indica and C. Stephani.
Garritornis isidorei We recorded the species mainly in Forages mainly by probing bark
Garrlsid primary forest, and on edges of small and on trunks and branches,
gaps. also digs in litter of jungle floor n
very often. Diet includes a
range of arthropods; small
reptiles are also taken.
Geoffroyus geoffroyi Found in primary and secondary Feeds on nectar, seeds, fruit
GeofGeof forests, plantations, open woodland, and blossoms. Ne
mangrove and gardens.
Gerygone chloronota In dense forests and thickets, mainly in Prey includes spiders
GeryChlo primary forest and also tall secondary (Araneae), cockroach egg sacs
growths. (Blattodea), beetles
(Coleoptera), bugs In
(Hemiptera), wasps
(Hymenoptera) and
lepidopteran larvae.
Gerygone chrysogaster Rainforest, secondary growth, monsoon Insectivorous, but no details of n
GeryChry forest and riparian formations. prey.
Goura victoria Occupies swamp and large primary Diet consists of fallen fruit,
GourVict forests, as well as drier forests, only in berries and seeds. Occasional
the extreme lowlands. snail and possibly ground- Er
dwelling larger insect. Forages
on the forest floor in groups of
two to ten individuals.
Haliastur indus* Terrestrial wetlands and urban areas, in Variety of small animals and
Halilndu tropics ranges over forest, farmland and  carrion, including mammals,
grasslands. In primary forests reported birds, reptiles, amphibians, Ca

mainly along river banks and large
clearings. Nets usually at high tree close

fish, arthropods. Quite often
also domestic poultry.
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to river. Two nests reported on high dry

trees in the middle of large cleared
garden.

Haliastur sphenurus* Lightly wooded and open areas, Variety of small animals and
HaliSphe typically near or over terrestrial and carrion, including mammals, Ca
marine wetlands. birds, reptiles, fish,
crustaceans, insect.
Harpyopsis Local in large primary forests, but visits Mainly terestrial and arboreal
novaeguineae* nearby clearings and native gardens. mammals, including cuscus,
HarpNova Nests reported only in forest. No possum, wallabies, tree-
individuals reported in further distance kangoroos, giant rats. Possibly
from forest, in larger open areas. young dogs and pigs (reported Ca
by villagers). Also birds and
reptiles, including snakes and
monitor lizards. Forages from
series of perches.
Hemiprocne mystacea High emergent crowns, scattered trees,  Takes flying arthropods,
HemiMyst and edge of large forests. Ocassionally including bees, ants, In
reported in gaps. hemipteran bug and beetles.
Henicopernis longicauda* Tropical rain forest, forest edge, and Mostly takes insect, including
HenilLong adjacent clearings. One nest found in wasps and their larvae, also
forest lizards, small birds and content
of their nests, and small Ca
mammals. Forages close to
forest canopy, or between tree
trunks.
Lalage atrovirens We reported the species mainly in Eats mostly fruit but we
LalaAtro forest interior, and on high trees in reported also insects. Food omn
clearings. obtains by gleaning and by
“flycatcher-gleaning”.
Leptocoma sericea Species of edges, where flowering trees  Food includes pollen, nectar,
LeptSeri are presents. Possibly also canopies. floweres and soft fruits. We did Ne
Present in both primary and secondary not find any insect in food
forests. samples.
Lonchura tristissima Species was reported in grasslands, Diet mainly consists of grass
LoncTris along river banks in primary forest, and seeds and weeds. Fr
in gardens or small gaps.
Lorius lory Found in primary forest and forest Includes pollen, nectar,
LoriLory edges, also has been recorded in well flowers, fruit and insects. In
grown secondary forest. Also occurs in
partially cleared areas.
Machaerirhynchus Rainforest, gallery forest, thick Food insects. Seen singly or in
flaviventer secondary growth and forest edge. pairs; often a member of
MachFlav mixed-species feeding flocks. In
Macropygia amboinensis Forest edges in gallery woodland, Small fruit, seeds and nuts,
MacrAmbo isolated tree groups an grasslands, grass seeds have been
forest secondary growth and gardens. recorded in food samples. Er
Small stones reported also in
food samples. It is found
feeding in middle to canopy.
Manucodia chalybatus We reported the species mainly in Mainly fruits, especially figs;
ManucChal forest interior, and on high trees in also invertebrates, including
clearings. insects and spiders (Araneae). Omn

Forages mostly in middle to
canopy levels.
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Megapodius decollatus

Rain forest interior, usually along

Searches for insect in litter,

MegaDeco riverine flatlands. and high proportion of food is Omn

represents fallen fruits.

Melanocharis nigra Dense vegetation in primary rainforest, Insect. Forages in mid-storey,

MelaNigr and dense secondary growth. Nests and in lower strata.
found usually above 10 - 15 abuve In
ground in forest interior, but not dense
shrubs.

Meliphaga analoga Primary forest and forest edge, Diet includes arthropods

MeliAnal secondary forest, tall secondary growth, (insects), fruit, seeds (probably
scrub and scrub-forest, also riparian ingested with fruit), and nectar omn
and roadside vegetation, in some areas from flowering trees (including
also coffee plantations, gardens and Syzygium). Insect also found in
garden trees at forest edge. food samples.

Meliphaga aruensis Variety of forest habitats, including Diet includes fruit, seeds

MeliArue primary rainforest and low plains forest,  (probably ingested with fruit),
also disturbed habitats such as forest and arthropods (mainly
edge, secondary forest and tall or old insects); probably also nectar,
regrowth. and known to visit Omn

inflorescences of
Poikilospermum and Syzygium.
Mainly in understory, lower
middle story.

Melidora macrorrhina Lower primary and secondary Large insect, including stick-

MeliMacr rainforest, gallery forest, scrub-forest, insect, also frogs. n
also partly cleared areas, isolated
groups of trees.

Melilestes megarhynchus Dense vegetation in primary rainforest, Small arthropods, nectar,

MeliMega forest edges, tall riparian forest and occasionally fruit. Forages at all
secondary growth, and other disturbed hights, mainly in lower and In
habitats. middle storey, less often in

canopy.

Microeca flavovirescens Mostly in interior of primary forest. Insects including weevils and

MicrFlav other beetles (Coleoptera) and In
Hymenoptera.

Micropsitta pusio Found in many habitats, in canopy of Feeds while gripping upside

MicrPusi primary forest or in edges of forest down on the sides of tree
fragments. Also in clearings with high trunks, tail braced as a prop. Ne
trees. Takes mostly fruils, nectar but

also insects.

Mino anais Tall primary forest, forest edge and Diet apparently only fruit.

MinoAnai partially cleared areas, provided that Forages primarily in upper Omn
tall trees still present. canopy.

Mino dumontii Forest of various types, including Diet mainly fruit, also insects.

MinoDumo rainforest, swamp-forest; also forest Often feeding on fruit and
edge and partly cleared areas. berries. Also gleans caterpillars Omn

or hawks insects from high
perches.
Monarcha chrysomela Forest, including monsoon forest, hill Food largely small
MonaChry forest and gallery forest, usually along invertebrates, including In
edges, clearings and treefall areas. grasshoppers (Orthoptera).
Monarcha frater Mainly forest interior, but also forest Food items mostly small to
MonaFrat edges and secondary forest. medium-size invertebrates.
Forages and gleans insects In
from within canopy of middle
levels of forest trees.

Monarcha guttula Interior of primary and secondary Food items mostly small

MonaGutt forest; however more common in invertebrates and larvae. In

primary forest. Secondary growths only

Search in shrubby and shaded
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those old and tall.

lower and middle levels af
forest trees.

Monarcha manadensis

Mainly in forest interior.

Insectivorous, hunting in mid-

MonaMana storey, understorey. In
Monarcha rubiensis Lowland rainforest and swamp forest, Food mainly small to medium-
MonaRubi usually in forest interior. sized invertebrates. Forages In
among foliage of lower to
middle level of trees.
Myiagra alecto Primary forest, forest edges, streamside  Largely insectivorous; some
MyiaAlec vegetation, secondary growth; usually fruit, small molluscs and
in vicinity of water, but will visit forest crustaceans may be taken. In
patches. Tends to keep to middle and
low levels in dense vegetation.
Myzomela eques Primary rainforest, forest edge and tall Primary nectar, from wide
MyzoEque secondary forest and regrowth, found range of flowering plants,
in lowland alluvial rainforest and edge. including figs, also insect and
reported as eating plants.
Forages mainly in outer canopy Ne
of tall flowering trees, also in
vines and epiphytes, less often
in lower canopy, subcanopy or
mid-strata.
Oedistoma iliolophus Interior of primary forest. Insect and nectar. Forages in
.- . Omn
Eodillio mid-strata.
Oriolus szalayi Mainly disturbed areas, forest edges Fruits, insect, also some grass
OrioSzal and second growth, swamp forest, seeds and probably nectars. Omn
gallery forest and scrub. Mainly in canopy.
Pachycephala hyperythra Previously reported from forest Insects. Prey captured by
PachHype interiors at altitudes 400 - 1200 m, gleaning in undergrowth (c.
locally to 1400 m, being replaced, with 30%) and lower storey (c. 70%),
considerable overlap, by P. simplex in mainly on the trunk and
lowlands and by P. soror at higher branches in inner two-thirds of In
elevations. We reported the species to trees.
be present at much lower altitudes (100
-200 m a.s.l.) in all surveyd primary
forests; however in low abundances.
Pachycephala simplex Inhabits rainforest, tall secondary Insects. Gleans prey mainly in
PachSimp growth, forest edges, only partly cut lower to middle storeys of In
forest or dense second growth. forest; forages also at tops of
saplings in clearings.
Paradisaea minor Primary forest, swamp-forest, forest Mostly fruits, also arthropods.
ParaMino edge and second growth; adaptable to Forages mainly in canopy; also
human-altered environments. Adult lower when seeking
and subadult males restricted to forest arthropods. Omn
and advanced second growth, whereas
birds in female-type plumage have
broader variety of disturbed habitats.
Peltops blainvillii Canopy of lowland rainforest, especially ~ Mainly flying insects, including
PeltBlai at openings and edges; three falls, road dragonflies. In
verges and river edges and another
disturbed areas, such as gardens.
Philemon buceroides Rainforest, forest edge, swamp forest, Fruit, nectar and insect. Mainly
PhilBuce tall and dense secondary growth and in uppers canopy. Often on
. . ) Omn
other disturbed areas, such as sides of flowering trees.
roads and tracks.
Philemon meyeri Rainforest, forest edge, swamp forest, Fruit, nectar and insect. Mainly
PhilMeye tall and dense secondary growth and in uppers canopy, at times Omn

other disturbed areas, such as sides of

descending to upper levels of
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roads and tracks.

middle stage of lower in dense
secondary growth.

Pitohui dichrous

Forest, forest edges and secondary

Mainly fruit, including small

PitoDich growth, occasionally mangroves and figs (Ficus); some insects and
low beach trees. grass seeds.Found at most Omn
levels, from undergrowth to
canopy.
Pitohui ferrugineus Rainforest, monsoon forest, gallery Insects and fruit. Frequents
PitoFerr forest, tall secondary growth, understorey to lower canopy.
sometimes extending into disturbed Omn
areas and plantations adjacent to
forest.
Pitohui kirhocephalus Forest edges, tall secondary growth, Insects and fruit. Ranges from
PitoKirh disturbed forest, primary rainforest, understorey to canopy; often omn
swamp-forest, gardens. hides in dense vegetation.
Pitta erythrogaster Found in many habitats, from dense Takes insects and their larvae,
PittEryt primary rainforest to logged or heavily e.g. small beetles, also snails,
degraded forest and scrub, plantations, earthworms, and even green n
remnant forest patches within plant material and seeds.
cultivations, and thickets near rivers. Forages on forest floor, mainly
by gleaning on litter.
Pitta sordida Occupy especially primary riverine Insects of many kinds, e.g.
PittSord forest, secondary forest with heavy beetles, ants, termites
understorey or scrub, wet or dry forest, (Isoptera), Orthoptera,
also peatswamp-forest. cockroaches (Blattodea), bugs n
(Hemiptera), various larvae;
also earthworms and snails.
Forages on forest floor among
litter.
Poecilodryas hypoleuca Rainforest, swamps forest with sago Insects. Most common in lower
PoecHypo palm. Locally reported in secondary understorey, usually within a
growth, particularly where sympatric few metres of ground, n
with P. brachyura. occasionally up to 15 m in
studies. Prey obtained mostly
by gleaning.
Probosciger aterrimus Primary rain forest. Feed on seeds, nuts, berries,
ProbAter and fallen fruits that they may
find, but they would rather eat Fr
plants than fruits. They also
eat insects, and insect larvae.
Pseudeos fuscata Prefers humid forest margins, Feeds on flowers, fruits and
PseuFusc secondary growth, savanna, plantations insects. Fr
and some inhabited areas.
Psittaculirostris edwardsii Found up to 800m in humid lowland Feeds on fruits, figs,
PsittEdwa forest, partially cleared areas, forest casuarinas, nectar. We did not Er
edge as well as near human confirm any insects to be
settlements. taken.
Ptilorrhoa caerulescens Rainforest, monsoon forest, adjacent Forages on ground for insect;
PtilCaer tall secondary growth and gallery uses bill to turn leaves, and In
forest; prefers damper localities. probes in crevices.
Ptilinopus coronulatus Inhabits rain forest, secondary forest Frugivorous, feed on variety of
PtilCoro and edge, monsoon forest and in some fruits, particularly figs, laurel
areas gallery forest. and palms. Feeds at al levels Fr
from undestorey to upper
canopy.
Ptilinopus iozonus Inhabits a variety of forest types and Feed on fruits, mainly on figs
Ptillozo wooded open areas. One of the most (84%). er

common Fruit Dove in many habitats
aorun Madang lowlands. Seen in large
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flocks in open areas and forest edges.

Ptiloris magnificus
PtilMagn

Lowland forest, swamp-forest, and
gallery forest and forest edge.
Occasionally in mangroves and
plantations.

Fruits and animals, latter
including wide variety of
insects, spiders and myriapods.
Overall a greater proportion of

arthropods eaten, but relative omn
proportions vary seasonally.
Forages mostly in main canopy
for fruits, but gleans/probes
for insect.
Ptilinopus perlatus Found in lowland rainforest, quite Feed on fruit, especially figs Er
PtilPerl common along river courses.
Ptilinopus pulchellus In primary and secondary forest. Diet consists mainly of various
PtilPulc fruits from trees, palms and Fr
vines.
Ptilinopus superbus Found in rainforests, rainforest margins, ~ Feed almost exclusively on
PtilSupe mangroves, wooded stream-margins. fruit, mainly in large trees. Fr
Ptilinopus magnificus The most favoured habitat is rainforest, Feed on a variety of rainforest
PtilMagn and birds are rarely seen in other areas.  fruits.
The birds do not travel large distances, Fr
but move around in small, localised
areas in search of fruit-bearing trees.
Reinwardtoena Very common species of many habitats Feeds on variety af small seeds
reinwardtii with high trees. and fruit, pebbles found in Fr
ReinRein some stomachs. Comes to
ground periodically to feed.
Rhipidura leucothorax Variety of habitats, including scrub, Insect, nestling diet includes
RhipLeuc secondary growth fringing waterways, butterflies and moths. Forages
forest edges of mangroves, also usually within a few meters of In
gardens. Usually doesn't enter forest the ground. Gleaning 40%, and
intrior of primary forest. Rhipidura flycaching 20%.
species of the most open habitats.
Rhipidura rufidorsa Rainforest, monsoon forest, nerby tall Insect. Forages from near
RhipRufd sedentary growth and swamp-forest. ground levet to canopy, but
Mainly in interior of forest, sometimes mostly in lower to middle
on edge. levels. Mostly gleaning on In
leaves (on growth upto2 m,
80% of our observations), but
also leaf litter.
Rhipidura rufiventris In a range of forest habitats from Insectivorous. In New Guinea
RhipRufv primary rainforest to tall secondary reported to be 7% of feeding at
forest. Often in more open areas than 0-1m, 10% at 1-2m, 26% at 2- In
R. threnothorax and R. rufidorsa. 4m, 16% at 4-6m, 19% at 8-
12m.
Rhipidura threnothorax Primary forest interior. Particularly Small insect, restricted to
RhipThre dense undergrowth in deep shade, understorey. Usually no more
avoiding direct sunlight. than 2 m from ground. Food In
items gleaned from leaf litter
on ground and on branches.
Rhyticeros plicatus Occurs throughout lowland forests Its diet consists mainly of
RhytPlic (primary nad secondary). Nests are fruits, especially figs (Ficus).
placed on high trees, and species seem Occasionally supplemented
to be limited by their presence. Few with large insects and other Fr

times was reported to over-fly smaller
fragments, and secondary growths, but
we never repoted the species to used

small animals.
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such habitat activelly.

Sericornis spilodera
SeriSpil

Found in dense interior of primary
forest only. Mist-netting reveald the
species occur mostly in understory, but

Exclusively insectivorous.
Keeps quiete low in
understorey but will ascend to

reported to ascend to 15 m in dense middle level; gleans actively In
patches with high saplings. from leaves, twigs and
branches.
Syma torotoro Species of interior of primary forests. Insect, larvae, and small lizard. omn
SymaToro Seems to avoin open areas.
Talegalla jobiensis Seems to prefer dry ground, in flat area,  Orbserved to take fruits, as the
TaleJobi and avoind swampy forests. However, main food. Possibly also takes
quite often found to search in larger insects found in litter. Fr
previously flooded habitat along river
banks. Nest never found there.
Tanysiptera galatea Primary lowland rainforest but also Takes many different
TanyGala found along watercourses in grassy arthropodes, also Gastropoda,
valleys, and in forest fragments, and in Coleoptera, Orthoptera, omn
secondary forest. Dependent on Lepidoptera, Chilopoda and
presence of arboreal termites. small lizards.
Toxorhamphus We reported the species mainly in Insect and nectar. Forages in
novaeguineae interior of primary forest. mid-strata. Fr
ToxoNova
Trichoglossus haematodus  Occupies wide variety of areas including  Feeds mainly on nectar but will
TricHaem settlements, forest, coconut also take figs, insects. omn
plantations, savanna, eucalypt stands
and mangroves.
Xanthotis flaviventer Mainly dense lowland rainforest, forest Mainly insect, including
XantFlav edges, remnant forest patches, and beetles, grasshoppers,
secondary rainforest forest. cockroaches, cicadas and Er

caterpillars, also nectar and
fruit. Forages at all levels,
mostly in upper canopy.
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Predation on exposed and leaf-rolling artificial caterpillars in tropical
forests of Papua New Guinea

Katerina Tvardikova' and Vojtech Novotny

Faculty of Science, University of South Bohemia and Biology Center, Czech Academy of Sciences, Branisovska 31, 370 05 Ceske Budejovice, Czech Republic
(Accepted 26 March 2012)

Abstract:  Although predation is generally seen as one of the key factors determining the abundance and
composition of insect herbivore communities in tropical rain forests, quantitative estimates of predation pressure
in rain-forest habitats remain rare. We compared incidence of attacks of different natural enemies on semi-
concealed and exposed caterpillars (Lepidoptera) in lowland and montane tropical rain forests, using plasticine
models of caterpillars. We recorded attacks on caterpillars in four habitats: primary forest, secondary forest and
forest fragment in lowlands (200 m asl), and montane primary forest (1700 m asl). We used 300 exposed and 300
semi-concealed caterpillars daily, and conducted the experiment for 6 d in every habitat. Daily incidence of
attacks was higher on exposed caterpillars (4.95%) than on semi-concealed (leaf-rolling) caterpillars (2.99%).
Attack pressure of natural enemies differed also among habitats. In the lowlands, continuous primary and
secondary forests had similar daily incidence of attacks (2.39% and 2.36%) which was however lower than that
found in a primary forest fragment (4.62%). This difference was caused by higher incidence of attacks by birds, ants
and wasps in the forest fragment. The most important predators were birds in montane rain forests (61.9% of
identified attacks), but insect predators, mostly ants, in the lowlands (58.3% of identified attacks). These results
suggest that rapid decrease in the abundance of ants with altitude may be compensated by increased importance of
birds as predators in montane forests. Further, it suggests that small rain-forest fragments may suffer from
disproportionately high pressure from natural enemies, with potentially serious consequences for survival of their
herbivorous communities.

Key Words: ants, birds, Lepidoptera, model caterpillars, parasitoids, predation pressure, primary, rain forest, secondary
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Summary

SUMMARY

This thesis explored the diversity and ecology aksét bird communities in diverse
tropical forests in Papua New Guinea. Altogethberé is about 485 bird species
occurring in forests on the mainland of New Guirie@m those, | managed to record
260 bird species along altitudinal gradient and k@ species across various lowland
sites during the course of my field work. For mofsthem, ecological requirements are
poorly known.

A typical square kilometre plot of lowland rainést in New Guinea supports
roughly 150 bird species, and about 120 - 130 gllyidorest species in forest interior.
With an approximate figure of 150 species, the Bagdist is comparable to a site in
Indonesia, richer than forest in West Africa, betywmuch poorer than a variety of
sites in Amazonia, where local lists commonly exc@50 species (Beehlet al.
1986). While the lowland and hill forests commuestiare the most species rich, the
forest at higher altitudes become gradually spep@s, and tops of the mountains
host about 30 - 40 species.

With respect to avian guilds, | found that foreefsNew Guinea support
relatively low proportion of frugivores (40% ideftd as mixed-feeders taking both
fruits and some insect Ghapter 111, 34.5% of birds identified as “mainly frugivores”
along the altitudinal gradientGhapter I, but only 8% identifies as strict fruit feeders —
Chapter 1Il). This includes members of obligate frugivores n{ge Ducula and
Ptilinopus), relatively uncommon in other parts of the worad occurring mostly in
New Guinean lowlands.

New Guinean assemblages of ground-feeding forasts bare likewise
considerable. With cassowaries, megapodes, lamendrpigeons, and forest rails, it
appears that there has been a considerable radiat@ybe thanks to missing large
ground vertebrates and ground predators.

Insectivorous birds in New Guinea are very spegis showing all kinds of
segregation, and allowing thus high species richnas local scales. Altitudinal
segregation (in many genera, two or more speciegyéoin similar ways at different
altitudes), habitat segregation (e.g. uniform speaf genusGerygone subdivide
lowland habitats) or vertical stratification of ést strata (e.g. gendghipidura) are
among the most common.

On the other hand, surprising gaps exist in coitipasof the Papua avifauna.
For example, the remarkable ant-following guildewn from Neotropics are absent in
New Guinea. The “woodpecker” niche is only partijeti by some bark-gleaning
species (various birds of paradise, sittellas ane tveecreeper). Also most of the
forest-dwelling raptors are very rare and infredlyeancountered, despite their high
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species richness (Beehler al. 1986). Also vultures are absent from New Guinean
avifauna (with the gap partly filled by Brahminy Wistling Kites occurring in open
areas across studied sites), again thanks to pafdarge terrestrial vertebrates.

In spite of abundance of expeditions conducted oware than two centuries,
there are still birds that are scarcely known ipwWaNew Guinea, and good-size
regions remain ornithologicaly untouched. Most bé tavailable information and
species lists date back to 1980'’s, while ornithiglalgsurvey slowed down during last
decades. Scarce observations come mainly from biahgrs. Unlike many other
ornithological expeditions and surveys in the ragibconducted a standardized and
complex survey designed across complete altitugjredient (first four studies) and in
various habitats in lowland forests (last two stsjli | focused on ecology of birds with
different feeding specializations, and on ecologyneectivorous birds and their food
preferences. This allowed me to describe the fopdcializations and habitat
preferences for previously poorly known birds.

| provided interesting insights into the factoesponsible for patterns of
species richness. | applied rarely used or noveéhoas to study food preferences of
birds and their predation pressure on herbivoressuch, | provided more detailed
information on the shortcoming of the methods drrtuse in the field. Many more
detailed studied on birds communities are not pathe thesis and will be published
later. Namely studies on bird community composititheir abundances, and most of
the work relaying on body measurements. Besideditket analyzes and field work, |
produced also many educational booklets, and omeplete internet database (see
Appendices) including information about most of tew Guinean birds. | hope that
those will attract interest of wide public and Ibpaople, as well as the thesis will
serve as a determination or inspiration for futtrelies on New Guinean birds.

MAIN FINDINGS

The first chapter focused on the altitudinal species richness ofisbiand birds
partitioned into feeding guilds and its driversexplored the main environmental
factors that might influence observed patternsilabie area, regional species pool,
mid-domain effect, climatic conditions, and habitharacteristics. In agreement with
many other studies, | found the species richnedsetthe highest in lowlands (133
forest bird species) and decreasing towards tohtgkest altitudes (37 forest bird
species at the tree line). Beehler (1986) repartedn of 100 bird species at 1,500 m,
75 from 2,500 m, and 25 species from 3,500 m framous site in New Guinea, and
proposed the reduction of available area, decriaamperature and decrease in tree
height and habitat structural diversity as possiéglanations. In comparison to
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Beehler, | observed more bird species in highé&udks of Mt. Wilhelm and identified
habitat complexity as the main driver of observattgrns for all birds, especially for
insectivorous birds. Frugivorous birds followedghklily different pattern of species
richness which correlated strongly with climatic nddgions. Overall, habitat
complexity, climatic conditions and regional spscipool received the strongest
support as the drivers of altitudinal species r&ds0n the other hand, area and mid-
domain effect were particularly poor predictors of avian species richness and are thus
unlikely as mechanisms underlying these species richness patterns.

The focus othe second chapter was to describe new range extensions and bird
species previously not recorded in the region cftéa slopes Mt.Wilhelm. Based on
the field work conducted in 2010 — 2012 and thregeditions along the altitudinal
gradient; | present novel distributional informatitor 52 bird species. This includes
range extensions, demographic data and altituderage shifts. | recorded 29 bird
species with upwards range shifts compared to pusly published literature, and
tentatively concluded that upward (but not downwaethge extensions and shifts are
probably real, rather than resulting from poor gyadf previous information. | also
provided observed altitudinal ranges of all biré&édps recorded during standardized
survey methods (analyzedfimst chapter) and few bird species recorded in addition to
them, or excluded from analyzesfirst chapter (i.e. raptors).

In thethird chapter, | focused in detail on feeding specialization®iofis mist-
netted along the altitudinal gradient. | employethtively rarely used method of non-
lethal sampling by emetic tartar. | found the methwseful and harmless to tested
birds. Overall, | forced 999 birds to regurgitatelany data set comprised 99 species
occurring at 10 different altitudinal sites. | aymdd 739 food samples from 99 bird
species, and identified 3,504 food items (i.e.raphd individuals, seeds or other plant
materials), from which 2,728 items were arthropo@ike information of feeding
preferences was previously unknown for most oftiing species sampled by us. | was
thus able to report and analyze new informatioruabmany New Guinean birds. | also
clustered species into feeding guilds based oolkened datasets, which helped us in
further analyzes. | also pointed some altitudimahds in food preferences (i.e. bird
taking relatively less arthropods at the highestuales than in the lowlands), and
correlation between body sizes of birds and foechs.

In thefourth chapter, | studied predation pressure on an artificiahrampod — a
clay caterpillar — along the altitudinal gradiehfocused the study on the two main
predators of arthropods in the tropical forestrddiand ants. The method used in this
study is relatively new, and seems to be usefubfodies comparing predation rate of
a given predator between various sites. | usealthemodels exposed on leaves with
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herbivory and on leaves without herbivory to findt evhether birds and ants orient
themselves according to herbivorous damage whaeching for food. | completed the
study with survey on abundances of ants and abwedanf insectivorous birds
occurring in forest interior (as a part of studyfirst chapter). | found that clay
caterpillars placed on leaves with mechanical dansag significantly more attractive
for both birds and ants. However, the damaged &awere more attractive for ants
than for birds. The majority of all recorded atta@n caterpillars were made by ants
(36 % of recorded attacks), and birds (42 %), fedld by attacks by unidentified
insects, probably mainly by grasshoppers and dscké %), wasps (4 %), and
parasitoids (1 %). Along the gradient, the numbeattacks by birds correlated with
the species richness and abundances of insectsbrads. The ants caused majority of
attacks in lowlands, but their predation decreaséd altitude, and we did not find any
ants and any ant marks on caterpillars above 27@61@n the other hand, bird marks
on clay caterpillars were relatively rare at thevdst altitude, and birds only become
more important predators at mid altitudes, whete amre already disappearing.

Thefifth chapter focused on bird communities in forest fragmentkinlands.
Lowland bird communities are naturally species riblat lowland forest in New
Guinea is currently endangered by logging actisjtend fragmented at a rapid rate. |
therefore focused on the effect of fragmentatiobinf communities. | found that none
of the studied forest fragments housed the samebeumf species as continuous
forest. However, forest fragments of 300, 600 a2@01lha housed still more than 80%
of bird species recorded in primary continuous $greand the difference between
species richness in fragments was not signifiddotther identified the most sensitive
bird species between frugivores and insectivored,their habitat preferences. | also
used non-lethal emetic tartar method (same asdrthihd chapter) to survey food
taken by six species mist-netted in all fragmeautsl completed the study by arthropod
sampling. | concluded that food availability doésgem to limit insectivorous birds in
studied fragments. Also microclimate in forest fraamts did not differ significantly
from the continuous forest, and was unlikely toluefce birds negatively. More
importantly, | found that the sensitive bird spedie.gMonarchidae, Rhipiduridae and
Acanthizidae) foraged preferably in microhabitats that differedm those broadly
available in forest fragments, and were rare iregbrfragments. | concluded that
microhabitat influenced insectivorous birds, andt tforest structure (especially litter
cover, canopy openness, and foliage structure)spilayportant role in shaping bird
communities.

In thesixth chapter, | again studied attacks on artificial caterpillaeorded in
four habitats: primary forest, secondary forestegb fragment in lowlands (200 m asl),
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and montane primary forest (1700 m asl). | companedience of attacks of different
natural enemies on semi-concealed and exposedpiiatst | aimed to find out
whether leaf rolls, folds and ties protect catéaysl from predators, particularly birds,
ants and wasps or whether they serve as cues dlatpre and thus have negative
effects on survival. We exposed a total of 14 4@@millars, and identified 2443
attack attempts. The exposed caterpillars wereapeddsignificantly more than the
caterpillars in leaf rolls. The study shows thatriam disturbance can affect the biotic
interactions between caterpillars and predatormil&ily to the results in fourth
chapter, | show here than birds are relatively mionportant predators at higher
altitudes, and that birds are compensating fodesatppearance.

In summary, the results of the thesis demonstrdiggh sensitivity of
insectivorous birds to habitat characteristicssttieir sensitivity to changes in habitat
structure. | show that insectivorous birds arelyike be limited by presence of suitable
microhabitats (both in lowlands and along altit@dirgradient) and forest strata
complexity. Insectivorous birds then tend to dissgpfrom disturbed habitats (or do
not inhabit less complex forest), which results dramatic changes in trophic
interactions with arthropods, representing theindfaesources. | also showed that
arthropods are limited by different kinds of predatin different habitats and at
different altitudes.

Reference:
Beehler, B. M., T. K. Pratt, and D. A. Zimmermar286. Birds of New Guinea.
Princeton University Press.
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APPENDICES

Appendix 1. An example of work with local assistants and theaditional knowledge abol
birds, which helped me a lot during my field workvas working with villagers speaking eic
local languages, recording local names ofbéltls in their languages. The table presean
example ofvernacular names in three languages for five biecies Figures shows (a) men
from Sinopass (2200 m asl), (b) men mmstting birds in Bruno Sawmill (20 m asl, (c)
school children interested knowledge of their village leader, (d) front padettee educatior
booklet made for schools along altitudinal gradiesftowing iversity of insect (“binatang”)
frogs (“rokrok”) and birds (“pisin”).

Bird species Biyom Gende Kuman
Lichenostomus sp. togi tynarengoro
Melidectes fuscus gori zoro minmogoyag|
Melipotes fumigatus nafena gori toro wocha

auka (Juv.)9
Melidectes belfordi mori

mucha (Ad.)
Melidectes princeps X kwakija paunangojach

“LukAuTIM NAU, LUKIM TUMORA”

OL BINATANG, ROKROK NA PISIN NAMEL LONG
BRAHMAN, MADANG PROVINS NA
MTt. WILHELM, SIMBU PROVINS
PApua NIUGINI

DISPELA WOK I KAM LONG OL SUMATING BILONG
'UNIVERSITY OF PAPUA NEW GUINEA NA NEW
GUINEA BINATANG RESEARCH CENTER

WANTAIM STRONGPELA HALIVIM 1 KAM LONG
THE CHRISTENSEN FUND LONG USA

AucusT 2010

ENVIRONMENTAL EDUCATION SERIES

(d)
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Appendix 2. An example of birdspecies description published on web encyclopefiideav
Guinea birds which | developed during my Ph.D. gtugincyclopedia includes descriptiol
maps, sounds, photos of most of the species ongurrithe region
http://pngbirds.myspecies.info/

New Guinea Birds [searcn. |

@ Al (® Taxonomy

speCEs Crateroscells murina von spix 1825

Accipitriformes (1)

Aegotheliformes (1) Overview Descriptions Media Literature Maps Specimens
Anseriformes (2)

Apodiformes (2)

Caprimulgiformes (1) NOMENCLAT MED;

Casuariiformes (1)

& Charadriformes (10) Family: Acanthizidae

Ciconiiformes (3}

. rocceli
Columbiformes (1) Genus: Crateroscelis

Coraciiformes (4) Species:

Cuculiformes {1} Crateroscelis murina von Spix, 1825
Falconiformes (1) Usage: valid

Vernacular names:

Lalliformes
Gruiformes (3]
=1 Passeriformes (41)
= Acanthizidae |
Acanthiz.

Vernacular

name:

Lowland Mouse Warbler,
Chanting/Lowland/Rusty Mouse-warbler,

o _Crateroscelis (3)
{4 Crateroscelis murina Lowland/Rusty Mouse-babbler
[ _Crateroscelis nigrorufa
01 _Crateroscelis robusta

Gerygone (8)
Sericornis () SUMMARY

Alaudidae (1)

Artamidae (1)

Campephagidae (3]
Cinclosomatidae (1)

Gende language: Topul; Kausi language: Kiasi, Bundi language: Sila
Male nominate race has top of head black, upper parts, including upper wing and tail, dark

Cisticolidae (1) olive-brown or rufous-brown, slightly more rufous on upper tail-coverts; throat white,

= Taxonomy, Distribution, Maps ¥ Without information ® Description ™ Without description

0.5

= With photo = Without photo ® Withsound = Withoutsound
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Appendix 3. Examples of attack marks made by natural predafocaterpillars. Full guide
available onlinehttp://tvardikova.weebly.com/downloads.html
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