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ABSTRACT

The majority of old-growth tropical forests and the vast biodiversity they support exist outside
of protected areas, either embedded within production landscapes or adjacent to them. As a
consequence, conserving the world’s tropical biodiversity depends largely on the effective
management of production landscapes (landscapes containing one or multiple production land-
uses). Effective conservation management necessitates a balance between production goals (e.g.
crop or timber yields) and biodiversity conservation. ‘Land-sharing’ strategies attempt to
achieve this balance in production landscapes by encouraging lower-intensity production land-
uses and where possible, the retention of pre-conversion vegetation cover. This presents a
promising way forward for conservation in production areas but is hampered by inadequate
information on the capacity of production landscapes to support native biodiversity in most

tropical ecosystems.

In this thesis I investigated the biodiversity conservation value of a multi-use production
landscape comprised of native timber (Eucalyptus deglupta) plantations interspersed with
(historically logged) secondary forests and unlogged forest remnants. The study was based in
the lowlands of New Britain Island, Papua New Guinea and represents one of the only studies
of the impact of production landscapes on Melanesian biota. To assess the state of biological
diversity within this production landscape I had three principal objectives: (1) understand which
forest species can and cannot persist in production land-uses and how these patterns are
mediated by species’ biological attributes; (2) evaluate the effect of land-use type on vegetation
and stand-level structural attributes; and (3) examine which properties of the native plantation
landscape most influence the occurrence patterns of lowland forest birds. Surveys were
conducted at 156 survey sites over a two-year period (2007-2008). Sites were stratified among
the five main management elements that comprised the plantation landscape and represented a
gradient in land-use (from least-to-most disturbed): unlogged forest, secondary remnant forest,
secondary riparian buffer strips, mature plantations and young plantations. At each survey site I
recorded data on the occurrence of forest bird and tree species and measured the incidence of
vegetation types and the stand structural attributes. Based on the knowledge gained from this
research, I formulated conservation management strategies that can effectively balance the

maintenance of forest biodiversity in the landscape with timber yield targets.

Investigation into the patterns of forest species occurrence among landscape elements (the main
land-use types) revealed that at least 70% of tree species and 90% of bird species were capable
of existing outside of unlogged remnant forest, within the matrix of mature plantations and

forestry-affected secondary forest. These levels are high compared to the tropical literature on
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timber plantations and suggest both a resilient species pool along with management practices
that may encourage biodiversity retention. However, species richness at sites within mature
plantations was lower than within unlogged and secondary forest and their species assemblages
were compositionally dissimilar to those of unlogged forest, demonstrating a successive loss of
more vulnerable species (e.g. late-successional trees, and frugivorous and forest-specialist
birds). In addition, young plantations (2—6 years old) supported very few forest species and
these species were in low abundance. These trends highlight the importance of considering the

temporal as well as spatial aspects of production types when assessing conservation value.

Evaluation of land-use effects on vegetation and habitat structure provided insight into both the
post-disturbance recovery trajectory of the island’s flora and the ramifications of this for their
provision of potentially important habitat resources. In general, structural attributes recovered
more rapidly than tree and plant species composition in the modified landscape elements. The
secondary remnant forest, which was protected by a conservation reserve, demonstrated a very
high regenerative capacity. By contrast, the unprotected secondary riparian element, which was
subject to ongoing human disturbance and was of more linear shape and fragmented
distribution, displayed simplified canopy structure and contained less late-successional
vegetation. A similar but more extensive reduction in many old-growth habitat properties was
observed for mature plantations, and young plantations suffered acute losses (and absences) for

all habitat properties measured.

Building on these findings, I examined the influence of both habitat properties and landscape
spatial context on the species richness of forest birds. I found that habitat attributes (e.g. canopy
cover and tree species richness) had a greater influence than spatial context (the proportion of
unlogged and high-quality secondary forest within a 2km radius) on the richness of bird species
among survey sites. In addition, for a sub-set of more vulnerable species (forest-specialists) I
found palm cover to also be an important predictor of richness. These results further
demonstrate the value of unlogged and secondary forest in terms of their quality as habitat for
sustaining avifaunal populations, underscoring the need to formally protect these forests to
achieve long-term biodiversity conservation benefits. These results also revealed the properties
of mature plantations that facilitated visitation by forest birds and conversely drew attention to

management practices that could negatively affect this relationship.

The outcomes of this thesis indicate that land-sharing strategies incorporating production types
such as native timber plantations, which permit high canopy cover and tree species richness,
can be effective at balancing yield production with biodiversity conservation. Native species are
used in <15% of tropical plantation forests globally and given their potential to deliver

conservation outcomes, research should be directed at countering barriers to their use over
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exotic species. However, this study also concluded that such conservation outcomes are
dependent on the sympathetic management of plantations, as well as land-use planning directed
at facilitating the spatial and temporal continuity of old-growth forest features in the landscape.
In addition, without the formal protection and careful management of unlogged and secondary
forest reserves, the likelihood of long-term conservation of many forest-dependent species will
diminish. Basing conservation management of production landscapes on scientific research is a
vital but often unachievable undertaking in the tropics, particularly over the long-term. It is
likely that the adoption of recommended management actions can be supported by more
targeted research and importantly, through greater collaboration between research institutions,
sustainable management organisations, land managers and local communities. Science can go a

long way to assist with decision-making but ultimately decisions rest with the values of society.
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Chapter 1 — General Introduction

GENERAL INTRODUCTION

Multi-use production landscapes are becoming increasingly important for the conservation of
tropical biodiversity. Today, around half of the world’s remaining tropical rainforests are made
up of secondary regrowth or degraded old-growth forests (Gardner et al. 2009). The majority of
remaining old-growth (unmodified, late-successional) forest and the vast biodiversity it
supports (Sodhi et al. 2010; Dirzo & Raven 2003) occurs outside of protected areas, either
embedded within and around production landscapes, or as remnant tracts with an uncertain
development future (Sutherland et al. 2009). ‘Land-sharing’ conservation strategies, which aim
to balance biodiversity conservation with production in multi-use landscapes (Perfecto &
Vandermeer 2010) are proposed as a potentially promising way forward for conservation in
lowland tropical forests (Fischer et al. 2008; Melo et al. 2013). However, assessing the capacity
for multi-use production landscapes to achieve conservation outcomes will be complex because
of the variety of land-uses, management scenarios, spatial compositions and biogeographic
contexts in which they occur (Gardner et al. 2009; Tscharntke et al. 2012; Chazdon, Harvey, et
al. 2009a). Currently, research has provided comparatively little information on the ability of
these landscapes to support organisms across many tropical ecosystems (Sekercioglu & Sodhi

2007; Chazdon, Harvey, et al. 2009a).

In this thesis I assess the biodiversity conservation value of a multi-use native timber
(Eucalyptus deglupta) plantation landscape in Papua New Guinea and in doing so, I endeavour
to address knowledge gaps in current conservation research. Firstly, primary forest research still
dominates the ecology and conservation literature, despite the identification of production
landscapes as a global conservation priority and their proportionally greater cover of the
world’s terrestrial area (Sutherland et al. 2009; L. J. Martin et al. 2012). Secondly, conservation
research of tropical native timber plantations is poorly represented in the literature (Stephens &
Wagner 2007) and yet the capacity of native plantations to support remnant forest biota is
posited to be higher than for exotic plantations (Bremer & Farley 2010; Brockerhoff et al.
2008). Providing evidence of the conservation potential of different plantation types is vital,
given that plantations are predicted to represent over 20% of total forest area by the end of this
century (Brockerhoff et al. 2013). Thirdly, Papua New Guinea itself is part of Oceania, home to
some of the most highly endemic floral and faunal communities in the world (Woinarski 2010
and references therein). However, many of Oceania’s nations face unprecedented loss and
modification of forests (Woinarski 2010). Still, the region is one of the most understudied

globally and the consequences of modern anthropogenic change on Oceania’s unique
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biodiversity remains largely unknown (L. J. Martin et al. 2012; Kingsford et al. 2009). By
addressing these knowledge gaps, I hope to contribute valuable ecological knowledge to this
research area and engender a greater understanding of some of the limitations and values of

land-sharing conservation strategies.

1-1 Thestate of tropical forestsworldwide

Recent analysis estimates that currently, around 64,000 km? of tropical forest is deforested or
degraded every year, primarily through conversion to smallholder agriculture, wood collection
for fuel and commercial logging (Wright 2010). Many commercially logged countries
(especially those of Southeast Asia and the Pacific) have either been overharvested or are at risk
of overharvesting in the near future (Shearman et al. 2012). Hence, logging activities are
necessarily intensifying in regions where accessible forests are comparatively intact, such as
central Africa, pockets of South America, and Oceania (including Papua New Guinea, Wright
2010; Shearman et al. 2012; Blaser et al. 2011). The encroachment by logging activities is
compounded by rising human populations and global demand for rainforest products, food
crops and biofuels. Demand for these products drives the extensive conversion of both old-
growth (forests of late-succession that have been long-undisturbed by large-scale human
modification or natural disturbance; Clark 1996) and recovering secondary forest to novel,
multi-use production landscapes (Wright 2010; Shearman et al. 2012). The remaining old-
growth forests—particularly those of value to industry Lare further imperilled by a lack of
effective, formalised protection, which is a consequence of their distribution being mostly in
poor countries with unstable governance and little centralised advocacy for landowners’ rights
and biodiversity conservation (Wright et al. 2007; Barrett et al. 2011). The loss and degradation
of tropical forests has broad ramifications as they contain over half of the world’s terrestrial
plant and animal species (Peres et al. 2010; Gardner et al. 2010), including 79% of the world’s
threatened bird species (Sodhi, Sekercioglu, Barlow & Robinson 2011b) and because they play
a key role in maintaining global carbon and hydrological cycles (Bradshaw et al. 2007;

Houghton 2012).

Today, secondary regrowth and degraded (modified) old-growth forests are estimated to make
up around half of all remaining tropical forest (Chazdon, Peres, et al. 2009b). This change in
forest composition is considered by some to mark the era of the novel tropical forest:
regenerated forests comprised of novel species assemblages in response to advanced human
alteration (Lugo 2009). However, being human-driven, these forest changes are dynamic and
unevenly distributed across the tropics, reflecting their relationship to prevailing global and

local socio-economic conditions (DeFries et al. 2010). For example, lowland forests in
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particular experience extensive conversion to novel, multi-use production landscapes (e.g. oil
palm, timber plantations, agriculture), as they are the most accessible and valuable areas in
terms of resource production (Miettinen et al. 2012; Blaser et al. 2011). In contrast, significant
forest recovery is occurring in previously exploited areas where modern farming practices are
deemed unprofitable, such as those with steep slopes and montane habitats (Aide et al. 2012;
Wright 2010). More recently, recognition of the importance of tropical forests for carbon
sequestration and critical ecosystem services (e.g. soil stabilization, nutrient cycling, watershed
maintenance) has resulted in small increases in protected forest reserves, sustainably managed
permanent forests, and the need for incorporation of sustainable goals in production landscapes
(Gardner et al. 2009; Blaser et al. 2011; Dennis et al. 2008). This has been aided by a surge in
market-based mechanisms that reward land-managers who manage their landscapes sustainably
(e.g. Reduced Emissions from Degradation and Deforestation Plus (REDD+, Harvey et al.
2010), forest certification (Blaser et al. 2011), and Payments for Ecosystem Services, (PES,
Tacconi et al. 2011)). To date these activities are far-overshadowed by the continued
exploitation of forested areas, particularly in the lowlands, but recent estimates have recorded
an almost doubling, over just five years (2005-2010), of the total production and protected
forest estate falling under sustainable management (Blaser et al. 2011, although some of this

may be attributable to improved reporting).

1-1-1 Changing conservation strategies: seeing the value of production

landscapes

To fully understand the current state of biological diversity in the tropics, and to make decisions
for its future management, conservation biologists have begun to alter their research focus. The
traditional preservationist approach is still considered important (Gibson et al. 2012), but is
certainly not effective nor representative enough to sustain the vast diversity of tropical
organisms (Dirzo & Raven 2003). Throughout the tropical lowlands in particular, the majority
of species exist in production landscapes: mosaics comprised of human-modified land-uses (the
production matrix) interspersed with remnant old-growth and fallow secondary forests
(Kennedy et al. 2010). While there is still an urgent need to protect old-growth forests from
further encroachment, effective conservation of lowland species necessitates management of
these production landscapes to achieve a balance between resource production and biodiversity
conservation (Gardner et al. 2009). There are competing philosophies regarding the best way to
attain this balance. ‘Land-sparing’ describes the partitioning of landscapes into distinct areas
dedicated to high-intensity, high-yielding land-use (usually agriculture) and to biodiversity
conservation (usually ‘sparing’ remnants of pre-conversion vegetation, Perfecto & Vandermeer

2010). Conversely, ‘land-sharing’ is typified by a more heterogeneous landscape incorporating
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multiple land-uses of lower intensity, and encourages the retention of remnants of pre-
conversion vegetation wherever possible (usually smaller than their ‘sparing’ counterparts,
Fischer et al. 2008). In reality, the choice of conservation strategy for a given landscape is often
dictated by environmental factors (e.g. topography) economic circumstances, and land-
ownership (Fischer et al. 2008). However, in this thesis, I refer to the strategy of balancing
conservation and production outcomes as ‘land-sharing’ because it exemplifies the predominant

situation in the tropics (Melo et al. 2013) including the multi-use landscape I studied.

1-2 How can multi-use, production landscapes conser ve biodiver sity?

For land-sharing conservation strategies to work, ecologists and conservation managers face
key challenges: (1) to identify species that can and cannot survive in production landscape
elements and establish why some species are more sensitive to land-use change than others; (2)
to determine the relative habitat quality provided to species by different land-uses; (3) to
determine the influence of spatial context on the occurrence of native species within multi-use
heterogeneous landscapes. These fundamental challenges have been the focus of numerous
studies over the past two decades. While they are far from being resolved, particularly for
tropical ecosystems (Lindenmayer 2010) patterns of species occurrence in these landscapes may

be broadly underpinned by the following ecological theories.

The ability of a species to colonise and exploit novel land-use types and to tolerate changing
spatial availability of key resources is thought to be largely mediated by their physiological and
behavioural traits (Tscharntke et al. 2012). Generally, forest species with more forest-
specialised traits will have difficulty adapting and persisting in modified habitats because the
modified habitats no longer meet the species’ resource, microclimate and microhabitat
requirements. Additionally, traits governing fecundity and life-cycle stages can influence
species recovery when declines are caused by habitat loss or stochastic events (Purvis et al.
2000; Van Allen et al. 2012; Beissinger 2000). Meta-analyses and large-scale studies have
described new community assemblages in modified landscapes which are disproportionately
comprised of generalists, at the expense of forest specialists (Barnagaud et al. 2011; Devictor et
al. 2008; T. M. Blackburn et al. 2009; Mandle & Ticktin 2013). However, determining
universal ‘generalist’ or ‘specialist’ traits for taxa has proven difficult, possibly because of the
influences of biogeography and evolutionary history in different regions. Biogeography and
history of anthropogenic disturbance shape a given species pool (Carstensen et al. 2013) and
may influence the composition of traits in biotic communities and potentially also their overall
resilience to disturbance (Gray et al. 2007). Understanding how traits confer either vulnerability

or advantage in a given context, and which traits can be readily adapted in the face of
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disturbance, would provide crucial information for conservation targeting (Lavergne et al.

2012).

Traits do not act in isolation. The environmental filter imposed by production land-use types
may interact with traits to determine which species can exist in the matrix, outside old-growth
remnants (Mayfield et al. 2010; Lebrija-Trejos et al. 2010). The capacity of production land-
uses to provide habitat for native species (in terms of resource, microclimate and microhabitat
requirements) is of direct interest to conservation-managers. For a given production type,
habitat quality will be influenced by the intensity, duration, and scale of disturbance necessary
for resource production and harvest. For example, more intense land-uses (e.g. agricultural
crops, cattle pastures) involve clearfelling and complete conversion of forest habitat, resulting
in the simplification of vegetation structure and loss of plant species diversity (Letcher &
Chazdon 2009; Zurita & Bellocq 2012; Catterall et al. 2012). By contrast, less intense land-
uses, which permit the retention of a degree of structural complexity and pre-disturbance
vegetation cover (e.g. selectively logged forests, agroforests), may be capable of supporting a

greater richness of forest biota (Gibson et al. 2012; Thiollay 1995).

In addition to the effects of disturbance associated with the establishment of a particular land-
use, disturbance intensity may also change over time, altering the provision of resources
available. For example, some land-uses, such as agricultural crops and pasturelands, require
intense management throughout their production leaving little possibility for colonisation by
native species besides ubiquitous pioneers (Danielsen et al. 2009; Zurita & Bellocq 2012). In
contrast, land-uses demanding less frequent management for yield production may be more
dynamic in their provision of resources. This may be particularly the case for production types
which encourage tree growth (e.g. selectively-logged forests, agroforests, timber plantations),
whereby habitat attributes such as basal area, canopy cover and nutrient turnover can change as
they age (Brockerhoff et al. 2008; Letcher & Chazdon 2009). Therefore, an understanding of
how the biodiversity value of different landscape elements changes through time and
disturbance intensity must be incorporated into the development of land-sharing conservation

strategies (Watson et al. 2014) (Ewers et al. 2013).

Spatial context is also likely to influence the occurrence patterns of species in tropical, multi-
use landscapes (Fischer & Lindenmayer 2007). Spatial context includes the composition of
landscape elements (e.g. production, secondary, remnant land-covers) and their proportional
coverage over the landscape (i.e. the scale of each land-cover). These factors may affect the
dispersal ability of some species as well as their capability to exploit resources and extend their
populations throughout the landscape (Didham et al. 2012). Theory predicts that landscapes

with a high proportion of remnant forest cover— compared to production cover—can provide
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important refuge for populations of more disturbance-vulnerable species as well as supplement
populations of species capable of using the matrix (Chazdon, Harvey, et al. 2009a; DeClerck et
al. 2010). A hospitable matrix may similarly compensate for habitat loss and fragmentation by
minimising dispersal barriers and extending structural and dietary resources beyond remnants
(Kennedy et al. 2010; Ewers & Didham 2006). Therefore, understanding the relative
contribution that the composition of landscape elements make to the persistence of species
throughout the landscape is vital in informing landscape-wide spatial management decisions
(Gardner et al. 2009), for example, what is the best way to achieve sufficient spatial and
temporal continuity of habitat for forest species? (Chazdon, Harvey, et al. 2009a; Lindenmayer,
Franklin, et al. 2012a). However, relatively few studies of multi-use landscapes have
investigated the effects of all landscape elements (encompassing the gradient of disturbance
existing within a landscape) on species patterns of occurrence (Chazdon:2009wh, but see, E.

Nichols et al. 2007).

1-3 Knowledge gapsin tropical multi-use production landscapes

Research into tropical, human-modified landscapes is gaining momentum but the literature still
reflects a disproportionately high publication of studies in protected forests (L. J. Martin et al.
2012). Historically, these forests have attracted the greater share of research funding because
they represent areas of highest biodiversity and conservation value (Ahrends et al. 2011).
Practically, gaining permission for on-going conservation research on industry- or privately-
owned land is also much more arduous than for unproductive or state-owned, protected land (L.
J. Martin et al. 2012). As a consequence, to date the majority of studies investigating human-
affected land-covers have taken place in fallow secondary forest: previously forested areas
recovering from degradation (harvesting of timber and non-timber forest products) or
deforestation (abandoned or restored areas recovering from clearfelling and land-conversion)
(Putz & Redford 2009). In addition, access to production landscapes across the tropics may be
restricted by the remoteness of some areas (e.g. oceanic islands), by political instability, and by

lack of government or donor support (Amano & Sutherland 2013).

As a consequence, tropical research tends to be aggregated around hubs where access and
funding are secure (Ahrends et al. 2011). These hubs occur predominantly in primary and
secondary forest monitoring sites in the continental Neotropics (tropical areas of North, Central
and South America): La Selva, Costa Rica; Los Tuxtlas, Mexico; Barro Colorado Island,
Panama; and Manaus and Jari in the Brazilian Amazon (L. J. Martin et al. 2012; Gardner et al.
2010). While studies of these ecosystems have contributed to our understanding of primary

forest dynamics, habitat fragmentation, edge effects, forest restoration and matrix ecology, they
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are not representative of the variety of production landscapes that exist throughout the tropics in
terms of land-use types, spatial contexts or their biogeographic species pools. For example, the
rate of forest replacement by oil palm and timber plantations in southeast Asia is proportionally
far greater than any other tropical region (Miettinen et al. 2012), and yet comparatively few
studies have investigated the impacts of these two land-uses on biodiversity (Stephens &

Wagner 2007; Danielsen et al. 2009).

This aggregation of research also means that much of the theory underlying conservation
management decisions pan-tropically is necessarily extrapolated from a subset of un-
representative studies. Clearly, standard ‘rules’ apply across the board for biodiversity
conservation, such as the need to retain old-growth forest remnants. However, in land-sharing
conservation scenarios, management decisions are complicated by the need to trade-off
management options in order to balance the dual outcomes of resource yield and biodiversity
conservation. Without clear, contextual evidence to inform management, there is a danger in
either over- or under-stating the required conservation management actions. In the case of
under-statement the result could lead to population or biodiversity declines, whereas over-
statement will likely present unobtainable options with respect to yield targets, and may lead to
a rejection of conservation management altogether. To comprehensively assess biological
diversity patterns in tropical production landscapes, the relative influence of contextual factors
needs to be more fully explored. From a research perspective there still remains a need to
investigate the responses of taxa to human modification in poorly studied tropical regions, to
evaluate the support provided to biota by all major types of land-use and under different
management scenarios. Moreover, a landscape-wide approach that incorporates the influence of
component landscape elements on the persistence and dispersal of taxa is required to
comprehensively assess the biodiversity value of a given human-modified landscape and to
inform land-sharing conservation management strategies (Chazdon, Harvey, et al. 2009a;

Stephens & Wagner 2007).

1-4 The context of the study

1-4-1 Assessment of a multi-use native timber (Eucalyptus deglupta) plantation

landscape on New Britain Island, Papua New Guinea

In this thesis I assess the biodiversity conservation value of a native Eucalyptus deglupta
plantation landscape on New Britain Island, a province of Papua New Guinea (PNG).
Specifically, I quantify and explain the processes affecting the occurrence patterns of forest

vegetation and bird species among the landscape’s main elements: a mixture of forestry-
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production landscape elements (plantations and selectively-logged forest) and intervening, old-
growth remnant forest, representing land-uses of different timing and degree of modification. In
assessing biodiversity value, it is important, but not always practical, to include a range of
faunal taxa alongside vegetation to appropriately inform conservation management decisions
(Lawton et al. 1998). As this was a PhD study, field data collection was constrained by limited
funding and time and working in a tropical, developing country added considerable logistical
challenges. Therefore, birds were chosen as the single faunal indicator because they occur at a
suitable scale for landscape research, they play an important role in shaping forest plant
community dynamics (Neilan et al. 2006), and they are the most well-studied, conspicuous and
diverse vertebrates of New Britain’s forests (Mayr & Diamond 2001). These attributes meant
that comprehensive data collection was feasible, patterns of bird occurrence could provide
useful information about landscape ecology, and conclusions could be drawn from and

referenced to a large body literature.

Papua New Guinea is located in the Pacific Ocean north of Australia and east of the Moluccas,
and as such it lies within the Oceanic and Asia-Pacific regions. The nation is comprised of the
eastern half of the island of New Guinea and a series of archipelagos, the largest of which is the
Bismarck Archipelago. Papua New Guinea is one of the few tropical countries with extensive
rainforest cover, comprising 61% of its land area (Shearman et al. 2008). These forests have
very high levels of endemism, which has led to PNG’s classification as one of the world’s three
most significant tropical wilderness areas (Myers et al. 2000), and its inclusion in a high-
priority Endemic Bird Area (Stattersfield et al. 2005). Unfortunately, less than 2% of the
country’s forests are formally protected and logging rates have increased in PNG over the past
two decades because of dwindling forest stocks in southeast Asia (Shearman et al. 2010;
Woinarski 2010; Wright 2010). The consequences for PNG’s unique avifauna have rarely been
formally assessed, and PNG remains the nation with the highest number of data deficient bird

species in the tropics (Sodhi, Sekercioglu, Barlow & Robinson 2011b; Butchart & Bird 2010).

New Britain Island, the largest island of the Bismarck Archipelago, has one of the highest rates
of logging and land conversion in the world (Woinarski 2010). Between 1972-2002, 47% of
New Britain’s lowland rainforests were deforested or degraded (Shearman & Bryan 2011),
driven by population growth (increase in subsistence agriculture), logging, and conversion of
logged-forest to oil palm (Elael's guineensis) plantations (Shearman et al. 2009). Oil palm
plantations are extensive on New Britain, with 17% of the lowland forest of West New Britain
Province (WNB) now converted to this land-cover, representing >80% of the country’s oil palm
industry (Nelson et al. 2010). The few studies investigating the biodiversity value of oil palm

concur that these plantations provide very little habitat for most forest taxa, even when

10
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‘wildlife-friendly’ management is attempted (Danielsen et al. 2009; Fitzherbert et al. 2008).
There are plans to further expand this high-revenue crop into East New Britain and the PNG
mainland, with applications submitted for over one million hectares of ‘special agricultural and
business leases’ on tropical rainforest (Nelson et al. 2010). These leases are predicted to cause
significant encroachment into PNG’s remaining old-growth lowland forest, enhancing forest
loss and fragmentation with adverse consequences for the persistence of many unique species
(Shearman & Bryan 2011). On New Britain, the combination of these pressures has led to the
listing of 21 of its bird species/subspecies as threatened or near-threatened (Buchanan et al.

2008).
1-4-1-1 Native timber plantations—a potential solution?

Tropical timber plantations are increasing worldwide (Carnus, Parrotta, et al. 2006b), and have
been embraced as an alternative timber source in regions where natural stocks are depleted yet
demand is increasing in areas such as southeast Asia and Brazil (Paquette & Messier 2010;
Carnus, Parrotta, et al. 2006b; Brockerhoff et al. 2013). Under these circumstances plantations
may reduce logging encroachment into old-growth remnant forests in the short-term, although it
is contentious whether this would be maintained in the long-term (Shearman et al. 2012).
Recent global forestry reports have noted a trend emerging among plantation proprietors
towards more sustainable forestry management to enhance productivity and be eligible for
fiscal rewards through schemes such as certification and future REDD+ funds (Blaser et al.
2011; Davis et al. 2012; Dennis et al. 2008). However, studies investigating the impacts of
timber plantations on biodiversity have only taken place in a handful of locations across the
tropics, which have formed the basis of knowledge from which global guidelines have been
extrapolated (Ndjera & Simonetti 2010; Stephens & Wagner 2007). There is, therefore, a
critical need for further research into the potential ecological benefits and limitations of timber
plantation landscapes for local biota in order to provide management guidelines with clear,

evidence-based biodiversity conservation priorities (Wairiu 2004).

The potential ecological value of timber plantations largely lies in the continuity of tree cover
they provide, especially on abandoned or degraded land (Lamb, 2010; Paquette & Messier
2010). For example, plantation cover can reduce soil erosion and water evaporation, contribute
to soil nutrient turnover, and influence understorey microclimatic conditions to facilitate
successional progression of native rainforest vegetation (in concert with suitable stand-level
management, Putz 2011; Giinter et al. 2011; Carnus, Parrotta, et al. 2006b). Thus, timber
plantations may offer suitable habitat for a greater diversity of native biota compared to
alternative land-uses such as low annual crops, which provide fewer structural resources (Zurita

& Bellocq 2012; Peh et al. 2005; Brockerhoff et al. 2008). Beyond their role as habitat,
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plantations may also play a role in landscape connectivity for vagile species resistant to
crossing more open spaces (Carnus, Parrotta, et al. 2006b; Lamb et al. 1997, although this
would depend on sympathetic spatial management). The consequences of such connectivity
would be particularly important for seed-dispersers (e.g. birds) because of their role in

distributing rainforest plant species (C. Moran et al. 2009).

The extent to which plantations can realise these ecological functions will be influenced by the
environmental context and the objectives of land managers (Pawson et al. 2013; Paquette &
Messier 2010). Specifically, the choice of plantation timber species is emerging as an important
factor for biodiversity conservation. Theory predicts that native timber plantations should
support a greater biodiversity of native species than exotic plantations because of their shared
evolutionary history with local biota, with some studies offering support for this hypothesis
(Haggar et al. 1997; Farwig et al. 2008; Volpato et al. 2010). In addition, incorporating the use
of native species may avoid the potentially damaging effects of exotic plantation trees invading
neighbouring remnant forest (e.g. Acacia species in southeast Asia, Osunkoya et al. 2005). As a
result, research into the viability of native trees for use in plantations has increased (e.g.,
Montagnini & Piotto 2011; J. D. Nichols & Vanclay 2012), in line with the changing
perspective of the role of production landscapes for biodiversity conservation (as summarised
in, Davis et al. 2012). However, the impacts of native plantations on tropical lowland

biodiversity remain understudied (Stephens & Wagner 2007).

1-5 Aimsof the study

The purpose of this thesis is to assess the biodiversity conservation of forest species in a 40
year-old native Eucalyptus deglupta timber plantation landscape, given current management
practices, and to use this information to inform management guidelines to enhance future
conservation of species with little impact on timber yield. There are three reasons for doing this.
Firstly, timber plantations are expanding in southeast Asia and Oceania (Paquette & Messier
2010; Blaser et al. 2011) and yet relatively few studies have investigated their impact on local
biota (Stephens & Wagner 2007; Najera & Simonetti 2010). For example, in PNG I could find
only one published study on a timber plantation (Tectonia grandis), which was conducted over
just three weeks more than 30 years ago (Bell 1979). Secondly, New Britain’s provincial
government and industry agents have mounted a sustained campaign to replace these E.
deglupta plantations with oil palm despite opposition from local landowners and the timber
company. In a bid to make the plantations more economically and politically competitive with
oil palm, the company sought to gain certification status. Therefore, baseline information on the

patterns of biological diversity existing within the landscape was required to determine their
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conservation value and to inform conservation management. Thirdly, national Forestry
Stewardship Council (FSC) certification guidelines for PNG are still in the draft stage and to
date there is no empirical evidence informing management priorities specifically for native

timber plantations.
Thus, the aims of this study were:

(1) To assess the biodiversity conservation value of a native plantation timber production
landscape;

(2) To provide evidence-based management recommendations for biodiversity
conservation for this production landscape, and for timber plantation landscapes more

generally.
In order to achieve these aims, my study had three objectives (outlined in Figure 1.1):

Objective 1: to identify species of forest trees and forest-using birdsthat can and cannot
persist in production land-uses and how occurrence patterns are mediated by species
traits (Chapters 3 & 4). The E. deglupta plantation landscape was comprised of five main
management types (landscape elements): young plantations, mature plantations, secondary
riparian buffers, secondary remnant forest, and unlogged forest (detailed in Chapter 2, sections
2-1-1 and 2-1-2). Identifying which species can and cannot survive in production land-uses
provides crucial information for conservation targeting. Understanding what may be driving
species’ differential survival can assist in informing the extent and type of conservation action
required (e.g. setting monitoring targets for adaptive management, design of buffer areas,
retention forestry). I analysed the community composition of two indicator taxa: (i) tree
(Chapter 3) and bird (Chapter 4) species that occurred in old-growth forests, among the main
landscape elements to determine the effect of land-use on species occurrence. I further
investigated whether relative occurrence patterns among elements could be explained by
species traits (and successional status for tree species). Finally, I discussed what these patterns

may reveal about the mechanisms underlying trait-disturbance interactions.

Objective 2: to assess the effect of land-use on vegetation and stand-level structural
attributes (habitat properties) (Chapter 5). To assess the capacity of a production landscape
to conserve biodiversity it is important to understand the effects of land-use on the condition of
vegetation structure and plant species composition (i.e. habitat quality). I first described,
quantified and compared attributes of vegetation structure and species richness and composition
among the five landscape elements (Chapter 5). I then selected a subset of these attributes that

may be important for forest birds in terms of structural/food resources, microclimate and
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microhabitat requirements. In Chapter 6, these were used as predictor variables of forest bird

species richness.

Objective 3: toinvestigate the relative influence of habitat attributes and spatial context
on forest bird species occurrence (Chapter 6). Forest bird species richness at a site will be
influenced by the habitat quality of the site as well as a species’ ability to access it.
Understanding the relative influence on species occurrence patterns of (i) site-level resource
provision and (ii) the provision of preferred habitat within the wider landscape provides vital
information for the spatial and temporal management of the landscape. I used an information
theoretic approach to simultaneously compare the influence of (i) site-level habitat attributes
and (ii) the proportion of unlogged and old-growth secondary remnant forest within a 2 km

buffer, on the richness of forest-occurring and forest-specialist birds.

Objective 4: to provide suggestionsfor stand-level and landscape-wide management
consistent with balancing conservation and yield outcomes (Chapter 7). Biodiversity
conservation in production landscapes involves a trade-off between yield production and
provision of habitat for native species. While general principles can be extrapolated from the
literature, there are many contextual influences that can either assist or hamper efforts to
achieve a level of balance between conservation and production. The results of my data
chapters (Chapters 3—6) provide empirical and contextual data that inform my recommendations
for stand-level and landscape-wide management aimed at achieving conservation objectives for
birds and vegetation with minimal impact on yield (Chapter 7). Furthermore I suggest
incentives and frameworks which can assist the application of these guidelines in other tropical

forests.

1-6 Thessstructureand outline

I have written this thesis with the intention of publishing all of the data-related chapters. As a
consequence, these chapters have been written as self-contained publications, resulting in some
necessary overlap between them (e.g. study design, site selection, data collection). Therefore, in
addition to a general introductory chapter (Chapter 1) I have included a general methods
chapter (Chapter 2) in order to avoid repetition in subsequent chapters that may impede the
narrative (Figure 1.1). Similarly, in-keeping with the University’s thesis protocol, I have
removed the manuscript abstracts from these chapters and replaced them with brief summaries
at the start of each chapter, outlining the purpose of the chapter and placing it within the thesis
framework. I have also provided summaries of key findings at the end of each chapter to
likewise assist readability. My four data chapters (Chapters 3—6) follow the general introduction

and methods chapters, and address objectives 1-3 of the thesis. The final general discussion
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chapter (Chapter 7) summarises and interprets the results of the thesis and addresses objective
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Figure 1.1 The thesis structure.

Chapter 1— General Introduction. In this chapter I provide a general introduction to the state
of tropical forests worldwide and discuss how this has precipitated a change in conservation
strategy from its traditional preservationist approach, to one that recognises the importance of
including land-sharing strategies. I briefly explain the main ecological theories underpinning
assessment of multi-use production landscapes where land-sharing strategies are considered,
and highlight areas where further research is needed. Finally, I introduce the study, its

ecological and political context and my aims and objectives.

Chapter 2— General Methods. The purpose of this chapter is to provide site context and
methodological information that is common to all data chapters and whose repetition would
impede readability of the thesis. Thus, I present detailed information about the study area and
survey design. Specifically, I explain my approach of surveying biota in the five main
landscape elements comprising the native timber landscape in order to capture the effect of
land-use heterogeneity on the occurrence of biota, which is a common feature of multi-use

production systems that is rarely surveyed. The landscape elements represent land-uses of
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different timing and degree of modification (from most to least modified at the time of the
study): young plantations, mature plantations, secondary riparian forest, secondary remnant
forest and unlogged forest. I also explain some of the limitations of the survey design arising
from logistical constraints, and describe the statistical approaches I took to account for them.
Finally, I explain the new method of multivariate analysis conducted in Chapters 3 and 4

(multivariate generalised linear models) and justify its application to this study.

Chapter 3— Conservation of lowland tropical tree speciesin a nativetimber plantation
landscape. In this Chapter I identify the differences in tree species composition among
landscape elements to assess the capacity of native timber plantations and secondary (logged)
forest elements to support tree species otherwise restricted to old-growth, remnant forest. I also
seek to explain the ecological mechanisms involved in community assembly among landscape
elements by determining (1) the relative importance of the successional stage of trees on their
occurrence and (2) the effects of tree species’ mode of dispersal on their establishment in
modified elements. Finally, I suggest management protocols aimed at maintaining populations

of trees that are most vulnerable to anthropogenic disturbance.
Publication

Pryde, EC, Watson, SJ, Holland, GJ, Turton, SM, Nimmo DG (in press)
Conservation of tropical forest tree species in a native timber plantation landscape.

Forest Ecology and Management.

Chapter 4 — Conservation of lowland forest birdsin a nativetimber plantation landscape:
how do traits affect species occurrence? In this Chapter I investigate the relative importance
of different land-uses for supporting lowland forest bird species in the E. deglupta plantation
landscape by comparing the composition of forest-occurring bird species among landscape
elements. I then explore the interaction between species traits and disturbance response and
assess whether trait inferences hold between different biogeographic regions. Finally, I use my
results to discuss the potential of production forestry to be effectively integrated into land-
sharing-based conservation strategies in the region, which faces extreme pressure from logging

and land conversion.
Publication

Pryde, EC, Nimmo DG, Holland, GJ, Watson, SJ (in review) Conservation of lowland
forest birds in a native timber plantation landscape: how do traits affect species

occurrence? Biological Conservation.
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Report

Pryde, EC (2009) Does the landscape matrix of native Eucalyptus deglupta
plantations, logged-over and primary rainforest on the Gazelle Peninsula, Papua New
Guinea, provide sustainable habitat for local wildlife? A report to the Australia Pacific
Science Foundation, APSF 07/5.

http://apscience.org.au/projects/APSEF 07 5/apsf 07 5.html

Chapter 5—Vegetation in a mixed tropical forest production landscape. Maintaining
temporal and spatial continuity of pre-conversion habitat characteristics throughout production
landscapes is of great importance for the conservation of both flora and fauna (Lindenmayer,
Franklin, et al. 2012a). In this chapter I compare attributes of unlogged forest and human-
modified landscape elements for two components of biodiversity: vegetation structure (tree
attributes, ground cover), and the composition of adult tree species and rainforest plant life
forms. Key goals are (1) to ascertain which vegetation attributes most clearly differentiate
unlogged (old-growth) forest from modified landscape elements; (2) to determine the extent of
retention of old-growth forest attributes in modified elements. I also assess which of these
variables best represent habitat conditions that could influence bird species’ occurrence. These
variables are then used as candidate environmental predictors for modelling bird species

occurrence across the plantation landscape (Chapter 6).
Publication

Pryde, EC (in prep) The effect of a native timber plantation landscape on rainforest

vegetation in Papua New Guinea. Journal of Tropical Forest Science.

Chapter 6 — Conserving forest birdsin a plantation landscape: what drives species
occurrence? In this chapter I use an information theoretic approach to determine the relative
influence of site-level habitat attributes (Chapter 5) and landscape composition on the richness
of (1) forest-occurring and (2) forest-specialist birds across the plantation landscape. I then
establish the comparative support provided by different landscape elements and speculate how
this may be affected by age or management practices. Finally, I discuss the implications of

these results for conservation management of this landscape.
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Publication

Pryde, EC, Watson, SJ, Nimmo DG, Moloney, JM, Holland, GJ (in prep) Conserving
forest birds in a native timber plantation landscape: what drives species occurrence?

Biotropica.

Chapter 7 —General Discussion. In this chapter I synthesise the findings of my four data
chapters (Chapters 3—6), integrating the trait-based results with those of environmental
predictors. I summarise the outcomes of the thesis and discuss my recommendations for stand-
level and landscape-wide management that are required to achieve conservation outcomes for
vegetation and birds, while impacting minimally on timber yields. I also attempt to align
management recommendations with broad national FSC draft guidelines, to demonstrate the
potential assistance such frameworks can provide for management adoption, and to highlight
areas where empirical evidence is important to improve current guidelines. I then highlight
areas of future research that would improve our understanding of the ecology and conservation

management of multi-use production landscapes.
Report

Pryde, EC (2014) Recommendations for sustainable management of the Open Bay
Timber Eucalyptus deglupta plantation landscape: A Report to Open Bay Timber
Company.
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Chapter 2 — General Methods

GENERAL METHODS

This chapter serves three purposes. Firstly, to enhance readability of the thesis by covering the
repeated methods applicable to all data chapters (Chapters 3—-6). These include information
about the study area, study design and data collection. Secondly, to explain the novel, model-
based multivariate analysis method used in Chapters 3 and 4 in more detail. Including this detail
in the text of the data chapters would have interrupted their legibility and narrative flow.
Thirdly, to explain analytical approaches taken to overcome common issues with ecological

data and to identify the potential consequences of limitations arising from the study design.

2-1 Methods

2-1-1 Study area

The study was located within the Open Bay Timber (OBT) operation area on the western
coastline of the Gazelle Peninsula, East New Britain, a province of Papua New Guinea (PNG)
(Figure 2.1). New Britain Island was formed from volcanic activity and subsequent
sedimentation between the Late Eocene and Early Miocene (Madsen & 1. D. Lindley 1994).
The geology of the Gazelle Peninsula has been shaped by subsequent volcanic events through
its central region, and via vast coral uprisings along the coast (D. Lindley 1988). The main
vegetation type at Open Bay is tropical wet rainforest. The mean annual rainfall varies from
2000-3500 mm across the region, with a noticeably wetter period between December and
March (McAlpine et al. 1983). New Britain Island is rich in faunal endemism because of its
evolutionary isolation (Mayr & Diamond 2001), forming part of a high priority Endemic Bird
Area (Stattersfield et al. 2005), and along with mainland PNG, is considered one of the world’s

most significant tropical wilderness areas (Myers et al. 2000).

New Britain has one of the longest recorded histories of anthropogenic colonisation (~35,000
years) and modification of its forests through clearing, harvesting and cultivation of food and
medicinal plants (Lentfer, 2010). Recent research estimates that shifting cultivation has
occurred on the island since the early-mid Holocene (Lentfer, 2010). No archaeology has been
conducted on the Gazelle Peninsula. However, it is likely that these forests have been exposed
to thousands of years of similar modification and land-use. Around 400 hundred years ago more
intensive slash-and-burn agriculture was employed in PNG, involving clearing of large patches
of forest for crop establishment which were left fallow after harvest for periods of varying

length (Lentfer 2010; Allen et al. 1995; Hope et al. 1983). Today at Open Bay, four of the six
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local clan groups (customary land-owners of surrounding forest area) rely on this type of
agriculture, with the other groups practicing the more ancient nomadic shifting agriculture,
which is less intensive, but which occurs more broadly across the landscape (lowlands to
highlands) (Lentfer 2010; Allen et al. 1995; pers obs). Therefore, it is not possible to consider
any of the lowland forest on New Britain to be ‘undisturbed’ by either anthropogenic
modification or by large-scale natural disturbances such as regular volcanic events (Lentfer,
2010; Steadman 2006; Boyd et al. 2005; Mueller-Dombois and Fosberg 1998). As such,
throughout the thesis I use the term ‘old-growth’ instead of ‘primary’ forest to indicate those
forests which have acquired structural and functional characteristics over a long period without
large-scale anthropogenic or natural disturbance (sensu Clark, 1996). It is important to
recognise that the long history of regular disturbances in these forests (along with forests of
most other tropical regions) may have lasting effects on the composition and survival of

vegetation and faunal communities in ‘old-growth’ forests (Clark, 2007).

New

w:

NEW BRITAIN
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New Guinea
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Figure 2.1 The study location on New Britain Island, a province of Papua New Guinea

Open Bay Timber is one of only two plantation enterprise in PNG cultivating locally native tree
species. The focal species, Eucalyptus deglupta, is native to Indonesia, Timor-Leste, PNG and
the Philippines (Ladiges et al. 2003). It is a fast-growing, light-demanding, wind- and water-
dispersed species that forms dense, pure stands on river flats and after disturbances such as
landslips and volcanic activity (Paijmans 1973). Before logging activity at Open Bay (~1950),
E. deglupta stands occurred naturally on river flats, and in disturbed patches of lowland forest
embedded within late-successional mixed alluvium forest of floristically and structurally

complex vegetation (Paijmans 1976).
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Eucalyptus deglupta plantations were first established in the 1980s through conversion of
selectively-logged secondary forest, between elevations of 10-350 m above mean sea level.
Plantation management includes clear-fell harvesting, after which remnant logs are left to
decompose and fire often used to clear weeds and vegetative waste prior to seedling planting.
Eucalyptus deglupta seed stock is sorced locally on the island, with seeds progressively selected
from individual plants with highest yield and best form (OBT Management, pers comm.).
Seedlings are propagated in polythene tube bags at the Open Bay nursery. When more than two
pairs of leaves grow above the cotyledons, the seedlings are planted (Srivastava, 1993).
Seedlings are planted at an average density between 313 trees/ha (spacing 4 m x 8 m) and 625
trees/ha (spacing 4 m x 4 m). The timber company has taken the unusual step of encouraging
local residents to grow food crops among the planted Eucalyptus seedlings (e.g. tubers
Dioscorea spp. and |pomoea batatas, corms such as taro Colocasia esculenta, peanuts (Arachis
hypogaea), Musa spp, Ananas spp., and paw-paw (Asimina spp.) among others). While
typically involving the use of fire, this traditional agricultural practice also produces benefits,
such as enhancing soil fertility, reducing the need for chemical inputs, and lessening soil
compaction (The Review Team 2005). Manual weed tending occurs from six months-to-three
years, and vine cutting from three-to-six years. There is no tree thinning. Plantations are
harvested at 15—17 years and Eucalyptus timber products (average >80,000 m? of sawn logs
annually) are exported predominantly to Vietnam for use in construction and furniture (veneer)

(The Review Team 2005).

At the time of the study E. deglupta plantations covered ~14,900 ha (12,000 ha planted area,
and ~2,900 ha of roads, rivers and tributaries, and temporary employee housing). Therefore,
while native to New Britain’s lowland region, the plantations extend this species beyond the
disturbed sites where it naturally colonises. Plantations were organised into management blocks
of broadly different ages (young, intermediate, mature) which were separated into evenly aged
compartments. Within a given block, compartments could differ by up to four years in age. The
plantation landscape included an area of ~36,400 ha of which ~13% was young plantations (2—6
years), ~4% was intermediate-aged plantations (7-12 years), and ~23% mature plantations (13—
15 years), interspersed with secondary forest (selectively-logged before 1992) and unlogged
forest (~33% and 26% of the plantation landscape respectively, Figure 2.2).

The broader landscape constituting the timber company’s production forest was comprised of a
further ~18,000 ha of unlogged forest and ~24,000 ha of secondary forest (selectively-logged
before 1998). Riparian buffer zones of a minimum width ~50 m either side of water bodies,
occur around the two main river systems and their permanent tributaries (the Sai and Toriu

Rivers) their permanent tributaries and are embedded within the plantation matrix (we did not

23



Chapter 2 — General Methods

have access to high enough resolution data to estimate their coverage in the landscape). Most
riparian buffers experienced a degree of selective logging before the 1980s, and accessible
edges are still subject to timber extraction and path-cutting by local residents. Within the
operation’s bounds a logged-over forest remnant of 382 ha was formally designated a watershed

conservation area in 1991.

Logging Treatments

- Unlogged rainforest
[ secondary rainforest
I Mature plantation
:I Young plantation
] open

Non-rainforest

Figure 2.2 The configuration of landscape elements within the multi-use plantation landscape. Broad
survey areas are marked with letters corresponding to landscape element type shown in
Figure 2.3: (a) unlogged forest; (b) secondary remnant forest; (c) secondary riparian
buffer; (d) mature plantations; and (e) young plantations.

2-1-2 Study design

I classified vegetation as one of five elements, reflecting the main management stages and
representing land-uses of different timing and degree of modification (from most to least
modified at the time of the study): (1) young plantations, 2—6 years after planting; (2) mature
plantations, 13—15 years after planting; (3) secondary riparian forest ~20 years since selective
logging (plus ongoing ad-hoc timber extraction by local residents); (4) secondary remnant
forest (conservation area), 1625 years since selective logging; and (5) unlogged lowland forest

(Figure 2.3).
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Figure 2.3 The main landscape elements comprising the Open Bay Timber Eucalyptus deglupta
plantation operation: (a) unlogged forest; (b) secondary remnant forest conservation area;
(c) secondary riparian forest buffer; (d) mature plantation, ~14 years old; and (e) young
plantation, ~3 years old.

2-1-2-1 Stesdection

I used Open Bay Timber Company logging maps to select survey areas that had the highest
interior-to-edge ratios of even-aged vegetation to control for contextual noise and edge effects
(riparian buffer areas were necessarily linear and thus characterised by edges). Survey areas
occurred below 400 m a.s.]. to avoid variation associated with elevation gradients (Paijmans,
1976). Survey areas within a particular forest element were spread across the geographical
extent of the element to ensure sampling across the variation in topography and soil type
manifest in the region. Plantations, unlogged forest, and the secondary riparian element
occurred in discrete patches across a large, accessible region within the landscape (Figure 2.2).
This allowed me to sample elements which were interspersed amongst other land use types,
thus reducing the potential influence of spatial clustering driving results. However, this was not

the case for secondary remnant forest.
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Significant logistical constraints existed throughout the study area such as restricted access,
extreme topography and geological barriers (e.g. waterfalls), which made random sampling of
the landscape impossible. Therefore, I established point transects in each landscape element,
locating survey sites perpendicular to transects (Buckland, 2006; Marsden, 2003b). Transects
were between 1.2-2.4 km in length (depending on logistical constraints) and were separated by
a minimum distance of 1km within each landscape element. The number and length of transects
was proportional to element area (young plantations — 3, mature plantations — 6, secondary
riparian — 3, secondary remnant — 2, unlogged forest — 5). Along these transects I established a
total of 156 survey sites, however not all were used in all analysis (see Table 2.1 for details).
For all elements, sites were positioned >200 m apart from one another to enhance
independence. In northern mature plantations and unlogged forest, I cut 3-m-wide, 1.2 km
transects using machetes, positioning survey sites 100 m perpendicular to each transect and 200
m apart. For other landscape elements, transects were located along logging roads. Survey sites
were positioned at least 150 m from any roads to reduce potentially confounding edge effects
(Ries et al. 2004). The secondary riparian element was embedded within the plantations, and
sites were located between the Sai River and the main logging road. The logging road was
much closer to the river in some areas compared to others resulting in strips narrower than 150

m. For these sites, I surveyed the midpoint between road and river.

Table 2.1 Numbers of survey sites used in analyses for each Chapter.
Chapter  Data analysed Number of sites Reasons for exclusion
3 Trees >10 cm DBH 142 Four of the young plantation sites

contained no trees > 10cm DBH and
thus could not be analysed. Ten sites
Mature Plantations — 50  in the mature plantation element were
found to be outliers because they
either contained experimental stands
of mixed-species plots, or because of
large, recent tree-fall events.

Young plantations — 20

Secondary remnant — 10
Secondary riparian — 14

Unlogged forest — 48

4 Bird species occurrence 122 Ten sites in the mature plantation
element were found to be outliers
because they either contained
Mature Plantations — 43  experimental stands of mixed-species
plots, or because of large, recent tree-
fall events. Three of the mature
plantation sites were logged between
the first and second field season. Four
Unlogged forest — 32 mature plantation sites, one secondary
remnant site and ten of the unlogged
forest sites were also found to be <
250 m apart by GIS mapping because
topography obscured true distance on
the ground. This was considered too
close for independence of bird
surveys. A further six of the unlogged
forest sites were compromised in the
second survey season because of tree-

Young plantations — 24

Secondary remnant — 9

Secondary riparian — 14
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Chapter  Data analysed Number of sites Reasons for exclusion

fall events or human modification of
sites that occurred in the interim.

5 Vegetation attributes 142 The total number of sites is the same
as for tree species surveys, however,
special life form and/or vertical
Mature Plantations — 50  stratification data was missing for 9

sites (6 of the mature plantation sites
Secondary remnant — 10 ¢hrough error, and 4 of the young
plantation sites which contained no
trees).

Young plantations — 20

Secondary riparian — 14

Unlogged forest — 48

6 Bird and vegetation data 107 Of the 122 bird survey sites, 107
contained all vegetation and GIS data
(GIS data points were missing for 2

Mature Plantations — 37  unlogged forest sites and 3 young
plantation sites).

Young plantations — 17

Secondary remnant — 9
Secondary riparian — 14

Unlogged forest — 30

2-1-3 Data collection

I collected both vegetation and bird data throughout the E. deglupta plantation landscape. Data
were collected over two, five-month periods (from July-November, 2007-2008), in what is
considered the ‘drier’ season for the Gazelle Peninsula. It was impossible to collect data outside
of these months because of the heavy rainfall which produces sub-optimal conditions for bird
surveys, washes away access roads, and creates an unsafe environment in unlogged rainforest
camps. Sample plots were jointly used for vegetation and bird surveys, with a single plot per
site. Circular plots of 0.79 ha (50 m radius) were used for bird surveys and included nested
square subplots of 0.18 ha for vegetation surveys (Figure 2.4). The latter are outlined in detail in

Chapter 5 (section 5-2-1).
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L

Figure 2.4 Plot design for surveys of vegetation and birds. Blue circle delineates the bird survey plot.
Green square represents the ~1800 m? vegetation survey plot. Brown squares approximate
the location of 1m? ground survey plots. Details of specific vegetation surveys are in
Chapters 3, 5 & 6. This configuration complemented bird surveys and was the most
efficient and accurate design for the often very dense and uneven forest conditions.

Bird surveys are briefly explained in Chapters 4 and 6 to maintain the flow of the narrative;
therefore, a more detailed account is provided here. I restricted surveys to lowland forest
species (excluding grassland, coastal, and waterfowl species) because I aimed to observe
disturbance impacts on birds that use forest habitat rather than to record responses of non-forest
and disturbed-habitat specialists (e.g. grassland birds, Peh et al. 2006). Forest species were
defined by their occurrence in lowland forested habitats on New Britain (Coates & Peckover
2001; Mayr & Diamond 2001). Non-breeding and seasonal migrants were excluded because |
only surveyed in the dry season, and nocturnal species were excluded because my surveys were

not designed to adequately survey them.

At each site I recorded forest birds using circular point-counts recording all birds seen or heard
within 50 m of the observer over a 20 min period. I surveyed all sites in both survey years and
was accompanied by a single volunteer who acted as scribe. Line transects were considered
inappropriate because walking through rainforest disturbed local avifauna and would bias
survey outcomes. Mist-netting was avoided because of its limited ability to survey birds above
the understorey and because nets can cause social and environmental conflict in these forests
(Barlow, Gardner, et al. 2007a). Point counts followed Marsden (2003b) with adjustments to
suit logistical limitations and knowledge gaps. Counts lasted 20 minutes because of the density
of vegetation and reliance on aural cues (Stouffer et al. 2011). I employed a distance sampling
method (Buckland ST et al. 2004), using distance categories (0—10 m, 10-20 m, 20-30 m, 30-
50 m) instead of actual distance to individual because despite using a laser range finder (Opti-
logic Laser Rangefinder—600 yd), accurate determination of perpendicular distance to each

individual (within 5 m) was impossible in forest habitats. I did not record birds flying through
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the plot or above the canopy. Surveys commenced at sunrise (~ 05.15) and continued until
09.00, after which there was generally a rise in temperature and reduction in bird activity.

Surveys were not conducted during rain or on occasions of high wind.

The distance sampling method was used because I had initially intended to estimate absolute
bird abundances within habitats. However, there were too few individuals to reliably estimate
detectability of each species. Instead, I transformed my data to presence-absence data for
analyses: a valid option because relative rates of occupancy within habitats were found to be an
appropriate proxy for species abundance (correlations between count data and occupancy data
for the most abundant species were r > (.8). I attempted to account for differences in
detectability across habitats through long survey time, transformation of counts to presence-
absence, the removal of rare birds (< 2 records) and the removal of birds with obvious detection

bias across habitats (e.g. raptors) from analysis (Ruiz-Gutiérrez et al. 2010).

2-1-4 Data analysis

All statistical analyses (with the exception of GIS data, section 2-1-4-1) were conducted in the

R software package (R Core Team 2013).
2-1-4-1 GlSdata preparation and analyses

Sample sites were initially chosen based on existing scanned pdf maps of the plantation blocks
within the study area (sourced from Open Bay Timber Ltd) combined with local knowledge and
field surveys. However, to allow quantitative spatial analyses of the landscape context of sites, a
more complete, georeferenced GIS base map was required. To achieve this, two pdf maps of
plantation blocks were first opened in ArcGIS 10.0 (ESRI 2011) and georeferenced to AGD84
Zone 56 using a Landsat ETM satellite image (image-to-image rectification) and second-order
polynomial transformation. Secondly, landscape elements (distribution of plantations of
differing ages, cleared areas, logged and unlogged forest) were digitized from the now-
georeferenced logging block images. Thirdly, the landscape elements map (vector polygons)
was edited for completeness, accuracy, and timeliness with reference to the Landsat ETM

satellite image (5th June 2003), and extensive field verification.

Soatial Analyses

Spatial analyses were conducted in ArcGIS 10.0 (ESRI 2011). Two types of ecologically
relevant landscape measures were derived for each site; distance to unlogged forest, and the

proportion of unlogged forest within varying radii of each site. The distance from study sites to
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unlogged forest was calculated by first selecting the unlogged forests from the treatments layer

and then using the ‘Near’ analysis, which adds a field to the attribute table of the sites layer.

The proportion of unlogged rainforest and other landscape elements within 500 m, 1 km, and 2
km of sites (for use in Chapter 6) was calculated by first creating overlapping circular buffers
(non-dissolved boundaries between circles) for each site, and for each radius. This resulted in
178 overlapping buffers in each of three output layers. Each layer was then overlain (‘Intersect’
tool) with the treatment layer to produce output layers containing polygons with attributes of
the particular site buffer (i.e. the area of each landscape element). Finally, the three attribute
tables were then exported into Microsoft Excel, where pivot tables were used to summarise the
areas (ha) of each treatment that lay within each point buffer, allowing the calculation of
proportions as well as absolute areas. A flow-chart outlining these steps is depicted in Figure

2.5.

Logging blocks (x2)
Landsat ETM % GeorAeferenced
Logging blocks Field survey

D’Jjﬁse Sites (Point)

Sites (Point)
‘ Treatments Map (Polygon) ‘
Bujfer
Near,
500m buffer 1km buffer 2km buffer
A (polygon) (polygon) (polygon)
Distance to
Primary Forest Intersect
Areas of Areas of Areas of
treatment per treatment per treatment per
500m buffer 1km buffer 2km buffer
Areas of treatment Export to Excel (polygon) (polygon) (polygon)

within each buffer 1 \
distance for each site

Figure 2.5 The steps taken in GIS mapping and analysis of spatial data. Buffers of 500 m and 1 km
were also calculated but were considered unsuitable for analysis. Landscape measure
outputs are identified in blue.

2-1-4-2 Multivariate generalised linear models

In Chapters 3 and 4 I analysed tree and bird species community assemblage data using
multivariate generalised linear models (GLMs) because of the issues arising from using
traditional distance-based metrics. Here I provide a brief explanation of these issues and how

the statistical approach overcomes them.
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Multivariate abundance data is often collected in ecology in the form of species counts or
presence-absence data across sites. To analyse this type of community data, the traditional
approach has been to calculate pairwise differences between multivariate abundance values
among all study sites. These differences are calculated using distance metrics such as Euclidean
distance or Bray-Curtis dissimilarity, and produce a matrix of pairwise distances between sites
is created (Clarke & Warwick 1994). To create multi-dimensional scaling (MDS) ordination
plots of these distance matrices, fitting algorithms order sites and rank them according to their
mean similarity to all other sites, and a two-dimensional ‘map’ of these ordered relationships is
generated. To determine whether there is a treatment effect on the community of interest (e.g.
differences between groups), multivariate analogues of analysis of variance (ANOVA), such as
PERMANOVA (Anderson & J 2001) or ANOSIM (Clarke 1993) are commonly used. Both
methods partition variance of dissimilarities (or their ranks) into within and between-treatment
components, and use permutation tests to compare a test statistic to a null distribution
(resampling rows of data in an abundance matrix). These tests essentially attempt to separate
effects of treatments on ‘location’ (the mean abundance of key species), and ‘dispersion’ (the

variability in abundances within a treatment) (Warton et al. 2012).

While distance-based ordination methods are very useful for visualizing community
assemblages across a study area, they tend not to model the mean-variance relationship
appropriately in multivariate abundance data (e.g. Poisson-distributed counts for which variance
increases with the mean). When comparing community assemblages between treatments, this
can result in the miscalculation of variances within and across treatments (Warton et al. 2012).
Given that dispersion effects are considered to be changes between treatments that occur
beyond those accounted for by the mean-variance relationship, incorrect specification of this
relationship leads to incorrect detection (and magnitude) of dispersion effects. Potential
consequences of incorrectly modeling mean-variance relationships in the data are three-fold: (1)
dispersion effects on MDS plots can be erroneously large for treatments which have very low
mean abundances of taxa; (2) taxa which occur in higher numbers (and thus, higher variance)
are preferentially identified as ‘differentiating’ over rarer taxa between treatments; and (3)
multivariate effects which are driven by rare taxa go undetected (there is little power to detect a
difference, Warton et al. 2012; Warton & Hudson 2004). Warton (2012) provides a detailed
mathematical explanation of how these consequences arise alongside worked examples. Given
that rare taxa are often of key conservation concern, correct identification of changes in their

abundances due to treatment effects (e.g. changing environmental conditions) is vital.

A novel multivariate analysis method has recently been developed which explicitly models the

mean-variance relationships that exist in count and presence-absence data (Wang et al. 2012).
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This method fits separate generalised linear models (GLMs) to the multivariate data, using the
same set of explanatory variables, in order to test hypotheses about effects. Significance values
for ANOVA tests of the effect of treatments on community assemblages are subsequently
calculated for these multivariate GLMs by resampling the data using parametric bootstrapping,
with the Wald or likelihood ratio employed as the test statistic (Wang et al. 2012). Significance
of the effect of treatments on individual species’ abundances can also be calculated, and
corrected for family-wise error (between species) using Holm’s multiple testing procedure

(Wang et al. 2012).
2-1-4-3 Pooling bird data

I pooled the bird data across 2007 and 2008. To ensure that this was justifiable, in terms of
there being no effect of ‘year’ on species compositions among landscape elements, I ran
multivariate GLMs comparing the composition of the 2 datasets: one with species composition
based on data from 2007 and the other from 2008. I built models based on the presence-absence
of species at sites, specifying a binomial error distribution. Landscape element was included as
a single categorical predictor, and unlogged forest the reference factor. I then compared the two
models using analysis of deviance, and found no significant difference in the composition of
species between the two years (p = 0.52). Therefore, pooling bird presence-absence data over
the two collection periods was justified. Multivariate GLM analyses were made using the

‘mvabund’ package (Wang et al. 2013).
2-1-4-4  Accounting for spatial autocorrelation in the data

By logistical necessity, I surveyed landscape elements using point transects rather than locating
sites randomly (Marsden, 2003b). This introduced the possibility of spatial autocorrelation of
sites along a given transect. For all univariate generalised linear models I tested for
autocorrelation in model residuals using Moran’s | tests statistic (P. A. P. Moran 1950), to
determine any spatial autocorrelation that remained unexplained by the independent variables.
Moran’s index of autocorrelation was calculated on an iterative series of nearest neighbours
(sites) defined using the R package ‘spdep’ (Bivand 2014). For models where autocorrelation
was present in the residuals (Chapters 3, 5 & 6) I fitted generalised linear mixed models
(GLMMs) using the ‘lme4’ package (Bates et al. 2013), with transect included as a random
effect to account for non-independent error structures associated with clustering of study sites

(Zuur et al. 2011).

Multivariate data are notoriously difficult to test for autocorrelation (Ramage et al. 2013). For

my tree and bird species community data, I accounted for potential autocorrelation by including
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an interaction term (transects x elements) in my models, as per Wang (2012). For example, for

tree species data my model equation was:
log(,ujkl) = intercept; + transectj, + element;; + transect X elementy,

where jy; is the mean of Yjy; (the number of individuals of a given species at site j along a

given transect K, located within landscape element |.

Resulting analyses of deviance found no significant interaction between landscape elements and
transects for tree species (P = 0.06) nor bird species (P = 0.18), meaning that the multiplicative

effect found for landscape elements was consistent among transects (Wang et al. 2012).
2-1-4-5 Chronosequence assumptions

Given the time constraints inherent in field-based PhD projects, a chronosequence approach is
often necessary to study land-use impacts (Chazdon et al. 2007), as opposed to more rigorous,
long-term monitoring (e.g. the Biological Dynamics of Forest Fragments Project in central
Amazonia, (Laurance et al. 2002)). Chronosequence studies in forest ecology involve assessing
stand changes through time by measuring attributes in stands of different ages within a short
time-frame rather than surveying changes within a given stand through time (space-for-time
substitutions). In this study, I compared a number of biological attributes among landscape
elements with the assumption that differences found were due to ‘treatment’ effects of a given
land-use. However, because this study did not follow changes among landscape elements
through many years of monitoring, differences between elements may have been partially
caused by effects of location. I attempted to account for variation caused by location effects by
sampling many sites within elements, and by attempting to sample across the variation in
topography, watercourses and soil types present in the landscape. I also sampled at a uniform
distance from the coastline and within the same elevation to reduce effects on composition
arising from costal-inland and elevation gradients (Paijmans 1976). However, it is not possible
to fully account for the heterogeneous distribution of rainforest plant species richness and
composition which would have occurred among landscape elements prior to human disturbance
(Ramage et al. 2013; Letcher & Chazdon 2009). Thus, conclusions drawn from the ensuing
analyses with respect to changes in species richness and composition among elements are made

with acknowledgement of the inherent limitations of this study design.
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CHAPTER THREE

In this chapter I investigate the conservation value of native Eucalyptus deglupta plantation
forests for tree species in the lowlands of New Britain Island, Papua New Guinea. Specifically,
I address the first objective of the thesis: to identify forest species that can and cannot persist in
production land-uses and how occurrence patterns may be mediated by the biological attributes
of species. I compare the tree species composition of unlogged forest to those of different aged
native E. deglupta plantations and intervening (historically logged) secondary forests. I also
evaluate the patterns of occurrence of species of different successional stages and dispersal
modes among landscape elements and suggest some underlying processes that may be directing
them. Key findings from this study are interpreted in terms of their ramifications for

conservation management of this landscape and for similar landscapes in other tropical regions

3-1 Introduction

Deforestation and degradation of tropical forests has precipitated a change in the global
composition of rainforest cover, whereby around half of remaining forest cover consists of
secondary regrowth and degraded old-growth forests (Chazdon, Peres, et al. 2009b). Tropical
lowland forests experience particularly high levels of deforestation because they occur on flat
and fertile soil comparative to other tropical forests, making them valuable for agriculture,
logging and agroforestry (Wright 2010; Miettinen et al. 2011). The loss and degradation of
lowland forests has broad ramifications as they contain over half of the world’s terrestrial plant
and animal species (Sodhi et al. 2010; Dirzo & Raven 2003) and play a key role in maintaining
global carbon and hydrological cycles (Houghton 2012; Bradshaw et al. 2007). Consequently,
sustainable management of these forests has been identified as a conservation priority

(Bradshaw et al. 2009; Gibson et al. 2012).

The needs of local human populations and global demand for forest products means that the full
protection of tropical lowland forests is unlikely (Coad et al. 2009). For example, despite being
recognised as one of the world’s most significant tropical wilderness areas (Myers et al. 2000),
the Southeast Asia-Pacific region has one of the world’s highest rates of deforestation and
degradation (Shearman et al. 2012). As such, conservation priorities are shifting from using
reserve-based systems to ones targeting sustainable management of multi-use landscapes, which
attempt to balance biodiversity conservation with production land-uses (Melo et al. 2013). For
such approaches to be successful, conservation managers need to understand the capacity of
different land-uses to support native biodiversity and the processes which allow persistence of

species in heterogeneous production landscapes (Perfecto & Vandermeer 2010).
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Native timber plantations may represent a land-use capable of balancing production and
conservation in tropical forests. This is because they can potentially support understorey plant
and tree species otherwise restricted to remnant forest (Bremer & Farley 2010), which in turn
would provide for rainforest-dependent fauna (Brockerhoff et al. 2008). By contrast, most
agroforests and tree crops are comparatively limited in this capacity (Wilcove et al. 2012).
However, the extent to which native timber plantations can support plant communities similar
to natural forests is poorly understood, particularly outside of the Neotropics (Chazdon et al.,
2009a; Stephens and Wagner, 2007). Given the expansion of timber plantations in the tropics
(Carnus, Parrotta, et al. 2006b) and the push for greater representation of native plantations
globally (Davis et al. 2012) it is crucial to gain a better understanding of the contribution that

such plantations can make to biodiversity conservation.

Little is known regarding the functional breadth of forest plant species that can be supported in
native plantations. For instance, do plantations support species from multiple forest
successional stages, or only early successional species? How is this affected by plantation age?
The ecological mechanisms underpinning the ability of species to colonise native plantations
are also poorly understood. Examining how species’ traits affect their ability to become
established in plantations may provide valuable understanding of the dynamics of understorey
composition. For example, following clearing of tropical forests, recruitment of tree
communities is largely dependent on ex Situ colonisation (Holl 1999; Chazdon et al. 2007)
because most of the seed bank and “seedling bank™ (pre-existing seeds stored in the soil and
small seedlings) is destroyed during land clearing, particularly when fire is used (Mamede & de
Araujo 2008). Consequently, dispersal mode is likely to be a fundamental trait influencing

assemblages post-clearing (Uhl et al. 1982).

Here, I investigate the role that native plantation forests can play in biodiversity conservation in
the lowlands of New Britain Island, Papua New Guinea. I assess: (1) the relative ability of
different aged Eucalyptus deglupta plantations and intervening secondary forest (historically
logged) elements to support tree species of undisturbed forest; (2) the ability of plantations to
support a diverse range of successional tree species (e.g. early, mid, and late- successional
species); and (3) the effects of dispersal mode on establishment in plantations. Identifying the
conservation value of native plantations will provide vital information for management and the

design of production landscapes.
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3-2 Methods

Study Area, study design and site selection are outlined in sections 2-1-1 and 2-1-2 (Chapter 2).

3-2-1 Data collection

Tree surveys were completed for 142 sites among landscape elements, with a single plot per site
(young plantations = 20, mature plantations = 50, secondary riparian = 14, secondary remnant =
10, unlogged forest = 48). At each survey site a 30 m line from the central survey point was
marked in each of the cardinal directions resulting in a square vegetation plot of 1800 m?
(Figure 2.4). All trees =10 cm diameter at breast height (DBH) were tallied, and species, size
(DBH), mortality status, and phenology (fruit/flower present) were recorded. Plots of 1800 m2
are unlikely to capture all tree species occurring within diverse tropical lowland forest.
Consequently, we use these data to compare relative species density and composition between
treatments (landscape elements) and discuss broader species richness trends in regard to

rarefaction curves.

The successional stage and mode of dispersal for each species was defined using data collected
from several sources (Appendix Table A.1). Post-disturbance successional processes occur on a
continuum and are influenced by stochastic as well as deterministic factors (e.g. plant species
traits, soil conditions) (Guariguata & Ostertag 2001), but for explanatory purposes, successional
status is commonly assigned to a species based on its relative ability to develop and compete for
resources under differing levels of shade (canopy closure) (Whitmore 1989). Early-
successional (heliophilic) species require full sunlight throughout their life cycles, mid-
successional species require light in earlier life-stages but tolerate shade once established, and
late-successional species (the most species-rich category), are able to tolerate the most amount
of shade throughout all life stages (Strauss-Debenedetti & Bazzaz 1996; M. S. Ashton 2011).
For this study, I grouped species according to successional classes following the description in
van Valkenburg (1994): (1) early-successional species (light-demanding (heliophilic), early
maturing species (<5 years) with a relatively short life-span (<80 years) (e.g. Macaranga
species)); (2) mid-successional species (heliophilic species but with shade tolerant life-cycle
stages (e.g. Octomeles sumatrana), and species that can tolerate shade in earlier developmental
stages (e.g. Canariumindicum)); and (3) late successional species (species that are relatively

slow-growing, and tolerant of shade through all developmental stages (e.g. Celtis rigescens)).

Trees often have more than one mode of seed dispersal (Nathan & Muller-Landau 2000), so 1
classified species according to their primary mode of dispersal: animal dispersed (birds, bats

and some arboreal and ground mammals); or non-vertebrate dispersed (NVD) (wind, water or
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gravity) (Paijmans 1976). Where information regarding dispersal mode was not available at

species-level, dispersal mode was inferred from genus-level knowledge (Appendix Table A.1).

3-2-2 Data analysis

All data analysis was performed in the statistical computing program R (R Core Team 2013).
To observe the accumulation of species richness within each landscape element we conducted
rarefaction analyses using the function ‘specaccum’ in R package ‘vegan’ (Oksanen et al.
2013). Accumulation curves were calculated based on both (i) survey sites (using the ‘exact’

method) and (ii) individuals sampled (using the ‘rarefaction’ method).

I modelled species density (sensu Gotelli and Colwell, 2001) for each element using generalised
linear mixed models (GLMMs) in the ‘lme4’ package (Bates et al., 2013). The response
variable was the total number of species recorded at each site and was modelled as a Poisson
distribution. Each transect was specified as a random effect to account for non-independent
error structures associated with potential clustering of study sites (Zuur et al. 2011), and the
landscape element sites were located within (i.e. young plantation, mature plantation etc.) was
specified as a fixed effect. Landscape elements were considered an important influence on
species richness where 95% confidence intervals (CI) for parameter estimates did not overlap

zero when compared to the reference element (unlogged forest).

I also used Poisson GLMMs to compare the density of species grouped according to (i)
successional stage and (i1) dispersal mode per site. Response variables represented the total
number of species belonging to each category that occurred at each site. Each transect was
assigned as a random effect, and the landscape element as a fixed effect. Pairwise comparisons
between elements (with unlogged forest as reference category, and secondary remnant as
reference category) were corrected for family-wise error using a Bonferroni correction to adjust
significance levels (Quinn & Keough 2002). All mixed models were tested for overdispersion,

and for autocorrelation using Moran’s | statistic (Bivand 2014).

To assess differences in tree species composition across elements, I applied a novel model-
fitting method of multivariate generalised linear models (GLMs) to my tree species basal area
and count data (Wang et al. 2012). This method directly models the underlying mean-variance
relationship in the abundance data rather than using distance based measures of community
dissimilarity/similarity (Warton et al. 2012). As such, the approach is useful for assessing
treatment effects on community composition because it better detects the influence of

treatments on rare species (Warton et al. 2012). This was important for my study because the
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lowland rainforests are hyper diverse with patchy dominance by any one species (Paijmans

1976; Mueller-Dombois & Fosberg 1998).

Models were fitted using the ‘manyGLM’ function in R package ‘mvabund’ (Wang et al. 2012;
Wang et al. 2013). I built models based on the number of individuals of species at sites
(counts), specifying a negative binomial error distribution. Landscape element was included as
a single categorical predictor. To determine whether landscape elements had a significant effect
on tree community assemblage, the data were resampled using parametric bootstrapping, with
likelihood ratio employed as the test statistic (Wang et al. 2012). To compare pairwise
significance among landscape elements I ran the resampling step twice, first with unlogged
forest as the reference factor and second with the secondary remnant forest as the reference
factor. The significance of landscape elements on individual species abundances was corrected
for family-wise error between species using Holm’s multiple testing procedure (Wang et al.
2012). These significance values were used to identify which species were having a
differentiating effect among elements, and abundance plots comparing these species among
elements were used to distinguish the element(s) in which they were comparatively most
localised (Warton 2008). In this way I was able to determine species characteristic of certain

land-covers.

3-3 Results

3-3-1 Tree species richness and composition

In total, 95 tree species with DBH >10 cm were recorded across all elements in the plantation
landscape. Accumulation of species across sites was similar for unlogged forest and secondary
remnant and riparian elements as evidenced by their rarefaction curves and overlapping
confidence intervals (Figure 3.1). Accumulation of species in mature plantations was lower than
unlogged and secondary forest (although still quite high), and young plantations were
depauperate compared to all other elements (Figure 3.1). The slightly steeper accumulation
curves of both secondary forest elements compared to the curve of unlogged forest (Figure
3.1a) appears to be mostly caused by an increased stem density in secondary forest elements
(Gotelli and Colwell, 2001) as exemplified by the greater similarity in rarefaction curves of
these three forest elements (Figure 3.1b). Comparisons between species densities among
elements (alpha diversity) supported the overall species richness results, demonstrating that
species densities were similarly high in both unlogged (Figure 3.2, S = 27.60 + 0.29) and
secondary elements, but were significantly lower in mature and young plantations (Table 3.1,

GLM p <0.095).

41



Figure 3.1

Chapter 3 — Conservation of tree species in a native timber plantation landscape

40 60

Species

20

SRE

SRI

Sites 30

40

40 60 80

Species

20

UF

1000

2000 | dividuals 3000

4000

Accumulation of species based on (a) sites and (b) individuals (rarefaction) for each

landscape element. Landscape elements are: UF — unlogged forest, SRE — secondary
remnant, SRI — secondary riparian, MP — mature plantation and YP — young plantation.

Total species density

Non-vertebrate dispersed

Animal dispersed

60.0 10.0 50.0
75 400 i ° °
40.0 ° . y 0o 08
50{ ° % ° . o o oooo&)ooa’on: o7,
> 21 % o Y a: .. 100 < ; % o0
E 00 00 ) '.-*' o mgym , | 00 'ﬁ' el
[J] v v v v T 4 T T T T — — -
o Early successional Mid successional Late successional
-8 125 25.0 .
8_ 100 2 . 15.0 - . o 200 OE b
(Va] ° ° & 5 2 5 o .
= ° o ® . o 1504 © 8 L
. ° . . 8 100 ° . 8 o ) T °
501 o 4o 9 8 R I DRy 10.0 o |o .
25 Eﬁo 5 ° N i.: .. | 50 '.....:\. 50 -_.' o
oof i . © Wi | oo .Iilr: Tt joo ‘ KT < senee
UF SRE SRI MP YP UF SRE SRI MP YP UF SRE SRI MP YP
Landscape element
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forest, SRE — secondary remnant, SRI — secondary riparian, MP — mature plantation and
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Table 3.1 Model results of species densities for all tree species, and species densities grouped

according to successional type and dispersal mode. Emboldened figures represent values

whose 95% confidence intervals do not overlap with zero with unlogged forest as

reference group (intercept).

Response variable L andscape element Coef SE zvalue
All species Intercept 3.325 0.292 11.369
Secondary Remnant 0.054 0.508 0.107
Secondary Riparian -0.122 0.508 -0.24
Mature Plantation -1.445 0.418 -3.456
Young Plantation -3.323 0.448 -7.208
Early successional species Intercept 1212 0.276 4.39%4
Secondary Remnant 0.326 0.487 0.669
Secondary Riparian 0.562 0.478 1.177
Mature Plantation -0.145 0.393 -0.368
Young Plantation -1.489 0.444 -3.354
Mid successional species Intercept 2.289 0.190 12.057
Secondary Remnant 0.158 0.335 0.471
Secondary Riparian 0.079 0.333 0.239
Mature Plantation -1.142 0.279 -4.100
Young Plantation -3.236 0.438 -7.380
Late successional species Intercept 1.742 0.171 16.064
Secondary Remnant -0.099 0.303 -0.327
Secondary Riparian -0.548 0.304 -1.802
Mature Plantation -2.024 0.261 -7.757
Young Plantation -2.761 0.320 -8.626
Animal dispersed species Intercept 3.202 0.293 10.942
Secondary Remnant 0.065 0.509 0.128
Secondary Riparian -0.136 0.509 -0.267
Mature Plantation -1.463 0.419 -3.492
Young Plantation -3.467 0.467 -7.431
Non-vertebrate dispersed species Intercept 1.159 0.081 14.339
Secondary Remnant -0.028 0.197 -0.141
Secondary Riparian -0.014 0.171 -0.082
Mature Plantation -1.120 0.161 -6.977
Young Plantation -2.076 0.363 -5.723

Tree species composition differed significantly among landscape elements (multivariate GLM,

p <0.001). All modified elements differed in composition from unlogged forest except the

secondary remnant for which there was no significant difference (although the p-value was

close to significance, p = 0.052, Table 3.2). Univariate analyses of species’ relative abundance

found 38 species were the main drivers of compositional differences among landscape elements

(i.e. occurring in different abundance among elements, Pagj <0.05, Appendix Table A.2). The

majority of these trees were late-successional, animal-dispersed species (Figure 3.3).

3-3-2 Successional stage richness and composition among elements

The unlogged forest was primarily composed of late-successional species (67%), followed by
mid-successional (25%), and early-successional (~10%) species across all sites. The

composition of the secondary remnant element, while not significantly different to unlogged

43



Chapter 3 — Conservation of tree species in a native timber plantation landscape

forest, did contain a higher proportion of early- and mid-successional differentiating species
(Figure 3.3). The secondary riparian and secondary remnant elements differed in their
composition (multivariate GLM, p <0.006, Table 3.2), even though both elements had a similar
richness of tree species belonging to each successional class (Figure 3.2). The secondary
riparian element was comprised of a greater proportion of individuals belonging to early- and
mid-successional differentiating species, and the secondary remnant had a greater proportion of
late-successional individuals (Figure 3.3). Cumulatively across all mature plantation sites 70%
of tree species found in the unlogged forest were recorded, however, in mature plantations they
were sparsely distributed: 24 were found in significantly lower abundance compared to
unlogged forest (Figure 3.3b). Figure 3.3b shows the occurrence of recruited trees in mature
plantations, with most individuals representing early-successional and mid-successional
heliophilic classes. Young plantations contained very few trees aside from E. deglupta (Figure
3.2) leading to either an absence or lower abundance for all species except the invasive exotic,

Mutingia calabura (cherry), including a complete absence of any late-successional trees.

b)
DX
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80%

60%

40%

20%

0%

Unlogged Secondary Secondary Mature Young Unlogged Secondary Secondary  Mature Young
Forest Remnant Riparian Plantations Plantations Forest Remnant  Riparian Plantations Plantations
Figure 3.3 Composition of differentiating species (found to occur in significantly different number

among elements), grouped by successional class and mode of dispersal; (a) including
Eucalyptus deglupta (b) without Eucalyptus deglupta to show the composition of
understorey recruits. LS = Late successional; MS, Mid-successional; ES = Early-
successional; NVD = Non-vertebrate-dispersal; A = Animal-dispersal.

3-3-3 Dispersal mode richness and composition among elements

Typical of wet tropical forests where the majority of woody plants are vertebrate-dispersed
(Jansen & Zuidema 2001 and refs therein), >93% of the species found in unlogged forest were
animal-dispersed. The species densities of dispersal modes was similar for both secondary

remnant and riparian elements (Figure 3.2, Table 3.1), although the number of non-vertebrate-
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dispersed individuals was proportionally greater in the riparian element (Figure 3.3). The
species density of animal-dispersed trees was significantly lower on average in mature
plantation sites compared to unlogged forest (Figure 3.2, Table 3.1). This was because,
although 75% of animal-dispersed trees were recorded across all sites in mature plantations,
they occurred in comparatively sparse distribution. Similarly, species densitiy of non-
vertebrate-dispersed species was also significantly lower in mature plantations (Table 3.1),
however this was caused by an even lower representation of non-vertebrate-dispersed species
found in unlogged forest (only 50%), also sparsely distributed. The eight tree species recorded
within the young plantations were comprised of animal-dispersed species that were patchily
recruited (e.g. Macaranga spp., Endosper mum medullosum) and non-vertebrate-dispersed
species (e.g. O. sumatrana, Alstonia scholaris) that occurred as large remnant individuals in a
few sites (Figures 3.2 & 3.3).

3-4 Discussion

The ability to conserve biodiversity in production landscapes will be critical to biodiversity
conservation in the 21* century. Here I have shown that native timber plantations and secondary
logged forests support a substantial proportion of forest tree biodiversity. Native plantations
supported 70% of forest tree species and the number of tree species in unlogged and secondary
forest elements was similar. However, clear differences were evident in the species composition
of unlogged forest and most modified elements, and these were related to the attributes of
species (namely, species’ successional stages and modes of dispersal). While modified
landscape elements can be species-rich and play a role in maintaining biodiversity in tropical
regions, the retention of secondary and unlogged forests within production landscapes remains

critical for conserving populations of old-growth forest tree species.

3-4-1 Species richness and composition of landscape elements

Both secondary forest elements, the secondary remnant forest in particular, demonstrated a high
conservation value, as evidenced by the presence of a similar number of tree species in common
with unlogged forest. This finding is consistent with the high species richness observed in other
selectively-logged tropical forests after relatively short fallow periods (Gibson et al. 2012; Putz
et al. 2012; Hall et al. 2003). In some cases, this comparably high richness has been the result of
an increased number of early and mid-successional species after selective-logging at the
expense of late-successional species, therefore masking compositional differences between
forest types (Sheil & Burslem 2003). By contrast, I found no significant difference in

composition between the secondary remnant and unlogged forest in this study, although the
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secondary remnant displayed a trend towards higher abundance of early and mid-successional

species.

Compositional similarity between the selectively-logged, secondary remnant element and
unlogged forest may be explained by the evolution of these forests in conjunction with regular
volcanic disturbances, and one of the longest histories of anthropogenic modification in the
world (over 30,000 years) (Lentfer et al. 2010). These regular disturbances may have resulted in
the filtering of more disturbance-tolerant plant assemblages—an observation which has been
made of forests on neighbouring Melanesian islands (Bayliss-Smith et al. 2003). Therefore, the
unlogged forests in this study may resemble secondary forest more closely than studies in other

regions experiencing different biogeographic processes and disturbance histories.

Selectively-logged secondary forests can play a vital conservation role as source pools of forest
propagules in production landscapes if properly managed (Edwards, Larsen, et al. 2010b).
However, the selectively-logged, riparian elements which are subject to ongoing local timber
extraction had a lower abundance of late-successional species compared to the secondary
remnant, exhibiting a diminished conservation value for these trees which make a substantial
contribution to plant biodiversity and ecological function in tropical forests (Orains et al., 1996;
Pinotti et al. 2012). Significant decline in the biodiversity value of secondary stands
experiencing continuing disturbance has been well documented (Laurance 1997; Chazdon
2003; Gibson et al. 2012) and it is equally likely here that without adequate protection from

further modification, the biodiversity value of secondary elements will continue to decline.

Mature plantations demonstrated high cumulative species richness, recruiting 70% of forest
species across all sites, although occupation of sites by E. deglupta resulted in their sparse
distribution (low site-level richness) compared to non-plantation elements. Comparison of tree
species richness with other tropical plantation studies is confounded by differences in the age of
plantations studied, the life-stage measurement of woody plants (seedling, sapling, tree), and
the study site’s baseline forest species richness. Nevertheless, the mature E. deglupta
plantations contained a similar or greater proportion of native rainforest tree species compared
to studies in exotic (Parrotta 1995; L. J. Chapman & C. A. Chapman 1996; Lugo 1992b) and
native timber plantations (Keenan et al. 1997; Wardell-Johnson et al. 2005). By contrast, young
plantations 2—6 years post-clearfell had a substantially reduced richness of recruiting trees,
which is not surprising given that only trees >10 cm DBH were sampled and few recruits would
have grown to that size within the time since plantations were established. This highlights the
varying contribution of differently aged plantations to the functional composition of trees in a

landscape.
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3-4-2 Successional stage is limited by plantation age

Mature plantations were mainly comprised of early- and mid-successional individuals. Most
late-successional trees were found in low density, but cumulatively, across mature plantation
sites, two-thirds of late-successional species found in unlogged forest were capable of growing
to 10 cm DBH in mature plantations. It is possible that even more late-successional species,
which were <10cm DBH, were present in mature plantations. Late-successional trees tend to
grow slowly (Laurans et al., 2012), resulting in more individuals occurring as difficult to detect
saplings and seedlings (<10cm DBH). For example, in some other plantation studies, richness
of late-successional trees was found to be higher in juvenile stages compared to adult stages
(Farwig et al., 2009; Keenan et al., 1997). The richness of late-successional species is best
assessed where juvenile tree species (<10cm DBH) can be identified and recorded. This was not
possible in this study and it is therefore likely that we have underestimated richness of these
species here. This type of assessment would be especially instructive for those plantations
incorporating a restoration role. For the industrial plantations of this study, plantation age is a
more influential inhibitor of the density of late-successional trees that can survive beyond

juvenile stages.

The ability of E. deglupta plantations to support a breadth of successional types may arise from
its natural role in these forests as a successional catalyst, where it invades disturbed sites,
quickly forms mono-specific stands, suppressing weedy plants and creating abiotic conditions
resembling intact rainforest (Paijmans, 1973). Additionally, facilitative germination conditions
are likely augmented by the low intensity of stand-level management: thinning was unprofitable
and rare, and manual weed tending ceased at three years. In many production plantations, high
intensity management has inhibited recruitment of mid- and late-successional species

(Kanowski et al., 2005; Keenan et al., 1997).

3-4-3 Dispersal mode drives colonisation in plantations

Of the trees recorded in unlogged forest, mature plantations supported 50% of the non-
vertebrate-dispersed species and 75% of animal-dispersed species. This finding likely reflects
the lower dispersal capacity of non-vertebrate-dispersed species throughout the landscape
(Willson & Crome 1989). Distribution of animal-dispersed trees in this landscape does not
appear to be as limited and may be explained by the high permeability of the matrix to local
animal vectors (e.g. birds, bats). My contemporaneous studies of forest birds supports this
hypothesis: I found just two species restricted to unlogged forest (Chapter 4), and birds, along
with bats, are considered the primary tree dispersers in these lowlands (Mayr & Diamond

2001). Permeability is thought to be enhanced in plantation landscapes because of the
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proportion of the matrix with a continuity of tree cover (Keenan et al. 1997; Brockerhoff et al.

2008).

The recruitment of most animal-dispersed species in the plantations (albeit, in low abundance)
suggests that plantations themselves attract visitation by a range of seed-dispersing species.
This is most likely in more mature stages when plantations have a higher tree species richness,
however, in young plantations I still observed birds exploiting the perching structure and nectar
provided by E. deglupta, a particularly important food resource for the island’s parrot species
(Marsden & Pilgrim 2003b). Between three-to-six years of age, E. deglupta can flower and
grow to a height of 10 m (Francis 1988). The fast growth rates typical of plantation species has
been similarly observed to provide structural resources from very early stages (Parrotta 1995;

McClanahan & Wolfe 1993).

3-4-4 Conservation and management implications

The results from this study indicate that the combination of native timber plantations set among
older secondary forest elements can support high levels of tree species biodiversity. Native
timber plantations are rare in many tropical regions and should be more widely considered for
their enhanced capacity to harbor native biodiversity. I found that older plantations held greater
benefit for biodiversity, with young plantations demonstrating a poor capacity to recruit all but
a homogeneous assemblage of early-successional tree species. Therefore, temporally varying
harvesting cycles to ensure the highest possible cover of mature plantations through time (and
their presence at all times) would increase the biodiversity conservation value of the landscape.
This would involve a trade-off between production and conservation objectives and is discussed

in more detail in Chapter 7 (section 7-1-2-2).

Regenerating secondary forest elements were found to be important for populations of
rainforest-restricted species, such as slow-growing, late-successional and non-vertebrate-
dispersed trees. Therefore, recognition of their high conservation value is vital, and their
protection from further encroachment though plantation establishment is recommended. Open
Bay’s high ratio of unlogged forest to clearfelled area in the broader landscape, and the
extensive, old, regenerating secondary forest within the production landscape, have been
identified as key contextual characteristics for biodiversity conservation in multi-use landscapes
(Gibson et al. 2012; Letcher & Chazdon 2009). Therefore, any future expansion of plantations
to meet increasing timber demands should be located on heavily degraded lands (i.e. areas used
for industrial agriculture, deforested areas) rather than by encroaching into logged-over forest,

as is current practice in New Guinea.
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Ultimately, the capacity of plantations to contribute to biodiversity in terms of species
population sizes and reproductive success will be modest when compared with that of unlogged
and secondary elements because of clearfell practices and competition from plantation trees
(Catterall et al. 2005). Thus, ensuring that old-growth rainforest is retained is critical, to provide
both refuge for rainforest-restricted species and source pools for species capable of existing in

modified elements.

3-5 Chapter summary

I found a high capacity for biodiversity conservation within plantations, with 70% of forest tree
species persisting in mature plantations (13—15 years old). However, compositional analyses
revealed declines in both late-successional and non-vertebrate-dispersed species in the
plantations, demonstrating the difficulty of retaining old-growth forest trees in this land-use.
Secondary forest protected by conservation reserves was compositionally indistinct from
unlogged forest. However, unprotected and highly fragmented secondary forest (i.e. riparian
forest) contained comparatively fewer late successional trees than reserved secondary forest.
The results of this chapter demonstrate the potential for tropical native timber plantations to
contribute to the retention of biodiversity. Nonetheless, sympathetic management is required to
allow the establishment of late-successional species and to ensure the persistence of source

populations (i.e. unlogged forest).
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CHAPTER FOUR

In Chapter 4 I investigate the conservation value of native Eucalyptus deglupta plantation
forests for bird species of lowland New Britain, PNG. This chapter also addresses (but with
avifauna) the first objective of the thesis: to identify forest species that can and cannot persist in
production land-uses and how occurrence patterns may be mediated by the biological traits of
species. Identification of universally ‘susceptible’ traits, in terms of bird species’ response to
disturbance, has proven elusive because studies have been concentrated in a limited number of
continental regions, and patterns may not hold in different biogeographic contexts. Here 1
compare species and trait composition of 41 lowland rainforest birds among the landscape
elements comprising the plantation landscape. Traits were selected according to their common
association with disturbance responses in birds, according to the literature. Key findings from
this analysis are explained in terms of their implications for trait-based ecological studies as
well as their significance for conservation management of this and similar tropical production

landscapes.

4-1 Introduction

Tropical forests are critical reservoirs of global biodiversity (Myers et al. 2000; Dirzo & Raven
2003; Sodhi, Brook, et al. 2009a). Over one-third of the world’s threatened bird species occur in
tropical and subtropical lowland forests, making these habitats vital for global avian
conservation (IUCN 2014). However, declines of bird species in tropical forests have been
widely reported (Sodhi, Sekercioglu, Barlow & Robinson 2011a and refs therein), primarily
driven by deforestation and forest degradation (Sodhi, Lee, et al. 2009b; Gibson et al. 2012).
Logging has intensified in those tropical regions where forests still remain relatively intact
(Shearman et al. 2012), and clearing of primary and secondary forests to make way for
agriculture and agroforestry continues across the tropics (Wright 2010; Gardner et al. 2010). In
addition, less than 10% of tropical forests are formally protected (Chazdon, Harvey, et al.
2009a) and long-term conservation of their biota depends largely on the activities in
neighbouring anthropogenic landscapes (Wittermyer et al. 2008). As a consequence, tropical
conservation management based on reserves alone is unlikely to succeed, and conservation
strategies are increasingly aiming to manage multi-use landscapes in a manner that balances
production and biodiversity conservation, often termed land-sharing (Gardner et al. 2009;

Perfecto & Vandermeer 2010).
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While land-sharing schemes present a potentially promising way forward for conservation in
agricultural systems (Melo et al. 2013; Fischer et al. 2008), there is little information on the
capacity of forestry-based production landscapes to support biodiversity (Gardner et al. 2009;
Sodhi et al. 2011a, but see Edwards, Gilroy, et al. 2013a). Species’ occurrence in historically-
forested, production landscapes tends to be greatest where modified elements sustain higher tree
cover because dispersal barriers are minimised and structural and dietary resources can extend
beyond remnants (Clough et al. 2011; Renjifo 2001). Thus, selectively-logged forest, timber
plantations and agroforestry may support more tropical biodiversity compared to agricultural
crops (Kennedy et al. 2010; Peh et al. 2005; Brockerhoff et al. 2008). As compared to other
forms of agroforestry, native timber plantations may provide additional benefits to biodiversity
as they can facilitate recruitment of native flora (Bremer & Farley 2010; Edwards et al.
2011)and may provide enhanced connectivity and habitat area for forest biota within production

landscapes.

Understanding why some species can survive in production land-uses while others cannot is a
major challenge for ecology and conservation (Chazdon, Harvey, et al. 2009a). Species’ traits
such as body size, diet, habitat (niche) specialisation, and geographic range have been identified
as key determinants of extinction-risk because they mediate species’ abilities to adapt to
landscape modification (Purvis et al. 2000; Van Allen et al. 2012; Beissinger 2000; Tscharntke
et al. 2012). For example, in tropical forests, there is evidence that a range of traits increase the
vulnerability of avifauna to landscape modification, including diet specialisation (Newbold et
al. 2013; Karp et al. 2011), large body size (Sodhi et al. 2004), dependency on old-growth
habitats (Bowman et al. 1990; Peh et al. 2005) and endemism (implying a small global
population size and limited dispersal ability, Boyer 2010; Renjifo 2001; Jankowski & Rabenold
2007).

Although some traits have repeatedly been correlated with declines and extirpations of tropical
birds, there are also many cases of conflicting results (Sekercioglu & Sodhi 2007; Ewers &
Didham 2006). One potentially important reason for the lack of consensus is that most trait-
based theory has been developed from research conducted in the continental Neotropics.
Consequently, contrasting results may be a product not only of disturbance/habitat
modification, but also the biogeographic and historical context of those ecosystems, which is
different in other key tropical regions (Gray et al. 2007). A more general understanding of the
traits which confer resilience and vulnerability to land-changes may be attained by undertaking
studies in regions where the faunal community has developed under different biogeographic
processes (Ewers & Didham 2006). For instance, on oceanic islands and archipelagos dispersal

ability and niche breadth may be less important because the fauna represent a subset of species
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which have necessarily needed to be effective dispersers and colonisers (at least historically)
and have become established under very different competitive situations to mainland

populations (T. E. Martin & G. A. Blackburn 2013).

Here, I examine avian communities in a native timber (Eucalyptus deglupta) production
landscape, on the oceanic island of New Britain, Papua New Guinea (PNG). I aimed to: (1)
examine the occurrence of lowland forest-using birds within land-use elements comprising a
native timber plantation landscape (young and mature plantations, forestry-affected secondary
forests and unlogged forest); (2) assess what ecological traits are associated with bird species
occurring in different landscape elements; and (3) assess the potential of production forestry to
contribute to conservation strategies in tropical lowland regions, which face extreme pressure

from logging and land conversion.

4-2 Method

Study Area, study design and site selection are outlined in sections 2-1-1 and 2-1-2 (Chapter 2).

4-2-1 Bird data collection

Bird surveys were completed for 122 sites among landscape elements, with a single plot per site
(young plantations = 24, mature plantations = 43, secondary riparian = 14, secondary forest =9,
intact forest = 32). I surveyed bird species at each site using circular point-counts, recording all
birds seen or heard within 50 m of the observer over a 20 min period. I did not record birds
flying through the plot or above the canopy. Surveys commenced at sunrise (~05:15) and
continued until 09:00 after which time there was a rise in temperature and reduction in bird

activity. Surveys were not conducted during rain or on occasions of high wind.

I restricted analysis to forest-occurring species (excluding grassland, coastal and waterfowl
species) because I aimed to observe disturbance impacts on birds that use forest habitat, rather
than to record responses of non-forest and disturbed-habitat specialists (e.g. grassland birds)
(Koh et al. 2005). Forest species were defined by their regular occurrence in and use of forested
habitats on New Britain, although there were varying degrees to which they were restricted to
this habitat (Table 1, habitat breadth). Nocturnal and migratory species were excluded because

my surveys were not designed to adequately survey them.
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4-2-2 Data analysis

4-2-2-1 Effects of |andscape el ements on species richness and composition

I modelled species richness among elements using Generalised Linear Models (GLMs) with a
Poisson error distribution, in the R ‘stats’ package (R Core Team 2013). The response variable
was the total number of species recorded at each site, and the single categorical predictor was
the landscape element, comprised of five levels (representing each element). Species richness in
elements was considered significantly different where 95% CI (confidence intervals) did not
overlap other estimates. I conducted multiple comparisons between landscape elements and
accounted for family-wise error in significance tests of pairwise comparisons using a
Bonferroni correction (Quinn & Keough 2002). Moran’s | test statistic was used to test for

effects of spatial autocorrelation in model residuals (package ‘spdep’, Bivand 2014).

I determined the effect of landscape elements on bird species composition using multivariate
GLMs (Wang et al. 2012). I built models based on the presence-absences of species at sites,
specifying a binomial error distribution. Landscape element was included as a single categorical
predictor for all species, and unlogged forest the reference factor. Models were built and tested
using the ‘manyGLM’ function in package ‘mvabund’ (Wang et al. 2013). To determine
whether landscape elements had a significant effect on community assemblage, the data were
resampled using parametric bootstrapping, with likelihood ratio employed as the test statistic
(Wang et al. 2012). The significance of landscape element on individual species abundance was
corrected for family-wise error between species using Holm’s multiple testing procedure (Wang
et al. 2012). Significance values were then used to identify species that were responsible for
differences among elements, and species abundance plots by landscape element were used to
distinguish the element(s) for which they were comparatively most localised (Warton 2008).

This allowed me to determine species characteristic of certain land-uses.
4-2-2-2  Effects of traits of specieson their prevalence in landscape elements

Based on global literature on the effects of disturbance on tropical bird communities I identified
six traits with the potential to affect species’ occupancy of landscape elements: diet, body size,
habitat breadth (an index of forest specialisation), primary stratum occupancy layer and species
and sub-species geographic range (Table 4.1). Species were included in a trait class based on
data from field guides, regional scientific literature, and online databases, along with expert
opinion and field observations. For birds with insufficient data, I approximated their trait class

from conspecifics (in the case of sub-species) and congeners. Details of the process of trait
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classification for each species and literature cited can be found in Appendix Table B.1,

Appendix B.2 and B.3.

I analysed the effects of landscape elements on the relative occurrence of trait classes using
generalised linear models (GLMs). For each trait, I generated a univariate GLM in which the
response variable was the proportion of the total number of records of species within each trait
class (i.e. across the entire dataset) that occurred at a given site. Landscape element was the
single categorical predictor, and unlogged forest was the reference factor. As the data were
proportional data, a binomial error distribution and logit link was specified. Autocorrelation
analysis (Moran’s |) revealed autocorrelation in model residuals for carnivores, possibly due to
the location of seasonal water bodies. I accounted for this autocorrelation by including
‘northing’ as a predictor for each site, following Taylor (2012). Model fit was calculated using

the percentage of null deviance explained (d?) (Zuur et al. 2011).
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Table 4.1

Species traits and categorisations. Literature cited demonstrate studies where traits have been associated with declines in response to disturbance for the
tropics generally and for the SE-Asia/Oceanic bird fauna.

Trait Measurement Rationale for inclusion of Pan-tropical literature SE Asian—Oceanic
Trait Classes* trait literature
Diet Primary food consumed  Frugivore Food resources can vary across Canaday, 1997, Aratrakorn et al., 2000;
by the species landscape elements and drive Gray et al., 2007; Bowman et al., 1990;
Carnivore heterogeneity in species’ occurrence. Karp et al., 2011; Kanowski et al., 2004.
(vertivores, & insectivores) Newbold et al., 2013. Sam et al., 2014
Omnivore
(>2 food sources)
Body Size Body mass and length Large-bodied (>300 g) Body size in birds is associated with Laurance and Bierregaard, 1997;  Boyer and Jetz, 2010;
fecundity, home range, energy Najera and Simonetti, 2011; Cleary et al., 2007.
Medium (50-250 g) requirements, hunting pressure, and Pimm et al., 1988;
habitat structural requirements. Thiollay, 1999.
Small (< 50 g)
Habitat Breadth  Index of forest Forest (old-growth) Habitat breadth — ability to use Devictor et al., 2008; Bowman et al., 1990.

specialisation

Stratum Use Primary vegetation
stratum used by the

species

Forest edge
Secondary closed forest (mature)
Secondary open forest (young)

Generalist species (all habitats)

Ground
Midstorey

Sub-canopy

Canopy

multiple land-cover types as well as
forest use can be an indicator of
specialist requirements of species
throughout their life history stages

Vegetation stratum use is related to

species’ needs in vertical structure (for
foraging, nesting and social activities).

Gage et al., 2004;
Kattan et al., 1994;
Ruiz-Gutierrez et al., 2010.

Laurance and Bierregaard, 1997;
Ribon et al., 2003;

Stouffer et al., 20006;

Sodhi, 2004.

Cleary et al., 2007
Ranganathan et al., 2008;
Waltert et al., 2004;

Peh et al., 2005.
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Trait Measurement

Trait Classes*

Rationale for inclusion of
trait

Pan-tropical literature

SE Asian—Oceanic
literature

Species Range
(historic
dispersal
ability)

Species geographic range

Sub-species geographic
range

Sub-species
Range (current
dispersal
ability)

New Britain & Bismarck
Archipelago endemics

Northern Melanesian endemics
Melanesian range birds
Asia-Pacific range birds

New Britain endemics

Bismarck Archipelago endemics

Melanesian range birds

Geographic range has been linked to
both physical and behavioural ability
to leave an area and re-colonise novel
habitats (Diamond 1981) and restricted
range (e.g. endemism) is considered a
criterion for predicting extinction risk
in birds according to the [IUCN because
of localised and globally small
population sizes (IUCN, 2012).

Gage et al., 2004;
Laurance et al., 2002;
Moore et al., 2008;
Renjifo, 1999;

Van Houtan et al., 2007.

Brooks et al., 2007,

Boyer, 2010;

Martin and Blackburn, 2013;
Posa, 2007;

Waltert, 2011.
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4-3 Results

I detected 58 of the 68 lowland forest-dwelling bird species known to reside on New Britain

(Dutson 2012). Five species were removed from my analysis because they were supra-canopy

species (swifts, raptors) and were thus detected differently in closed and open elements. Six

species were removed because they had <2 occurrences, and another six were removed because

of inconsistent identification throughout the study. This reduced my surveyed forest birds to a

subset of 41 species (Table 4.2).

Table 4.2

Species detected at Open Bay. Emboldened species are those included in the analysis.

Species Name

Common Name

Reason if not included

Accipiter novaehollandiae
Accipiter princeps
Aceros plicatus

Alcedo lepida

Aplonis metallica
Aviceda subcristata
Casuarius bennetti
Centropus violaceous
Cacatua ophthalmica
Cacomantis variolosus
Caloenas nicobarica
Centropus ateralbus
Chalcophaps stephani
Charmosyna placentis
Charmosyna rubrigularis
Coracina papuensis
Coracina lineata
Coracina novaehollandiae
Coracina tenuirostris
Corvusorru
Ducularubricera
Dicaeum eximium
Dicrurus bracteatus
Ducula finschii

Ducula melanochroa
Ducula pistrinaria
Ducula subflavescens
Eclectusroratus
Eudynamys scolopacea
Falco severus
Gallicolumba beccarii
Gallicolumba jobiensis
Geoffroyus heteroclitus
Haliastur indus
Hemiprocne mystacea
Lalage leucomela
Lorius hypoinchrous

Variable goshawk

New Britain Grey-headed Goshawk
Blythe's Hor nbill

Variable Dwarf-kingfisher
Metallic Starling

Pacific Baza

Dwarf Cassowary

Violaceous Coucal

Blue-eyed Cockatoo

Brush Cuckoo

Nicobar pigeon

Pied Coucal

Stephan’s Ground Dove
Red-flanked Lorikeet
Red-chinned Lorikeet
White-bellied Cuckoo-shrike
Yellow-eyed Cuckoo-shrike
Black-faced Cuckoo-shrike
Common Cicadabird
Torresian Crow
Red-knobbed | mperial-pigeon
Bismar ck Flowerpecker
Spangled Drongo

Finsch's I mperial-pigeon
Bismarck Imperial-pigeon
Island Imperial-Pigeon
Bismar ck Pied Imperial-pigeon
Eclectus Parrot

Common Koel

Oriental Hobby

Bronze Ground-Dove
White-breasted Ground-dove
Song parrot

Brahminy Kite

Moustached tree-swift

Varied Triller

Eastern Black-capped Lory

supra-canopy
supra-canopy

< 2 records

< 2 records

inconsistent identification

inconsistent identification

inconsistent identification
inconsistent identification

< 2 records
< 2 records

supra-canopy
< 2 records
< 2 records

supra-canopy
supra-canopy
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Species Name

Common Name

Reason if not included

Macropygia amboinensis
Macropygia nigrirostris
Megapodius eremita
Micropsitta pusio

Mino dumontii
Monarcha verticalis
Myiagra alecto
Myzomela cineracea
Nectarinia aspasia
Pachycephala pectoralis
Philemon cockerelli
Pitta erythrogaster

Brown Cuckoo-dove
Bar-tailed Cuckoo-dove
M elanesian M egapode
Buff-faced Pymy Parrot
Yellow-faced Myna
Bismar ck pied Monarch
Shining Flycatcher
Ashy Myzomela

Black Sunbird

Golden Whistler

New Britain Friarbird
Red-bédllied pitta

inconsistent identification

inconsistent identification

Knob-billed Fruit-dove
White-breasted Fruit-dove
Superb Fruit-dove

Pied Cuckoo-dove

Northern Faintail

Black-headed Paradise Kingfisher

Ptilinopusinsolitus
Ptilinopusrivoli
Ptilinopus superbus
Reinwardtoena browni
Rhipidura rufiventris
Tanysiptera nigriceps
Todiramphus chloris Collared Kingfisher
Todiramphus albonotatus White-mantled Kingfisher
Tricholglossus haematodus Rainbow L orikeet

4-3-1 Species richness and composition

Cumulative species richness across all sites in each element did not differ between unlogged
forest, secondary remnant and mature plantation elements (Table 4.3). However, sampling
effort differed among elements (see section 2.2) preventing direct comparisons. Comparisons
between species richness at individual sites (alpha diversity) revealed that species richness was
highest in secondary habitats (remnant and riparian), followed by unlogged forest, mature

plantations, and young plantations (Table 4.3).

In addition to species richness differences at sites, all modified elements differed in species
composition compared to unlogged forest (multivariate GLM, p < 0.006). Given >90% of
species found in unlogged forest were also found in all other elements except young plantations
(Table 4.3) compositional differences amongst ‘mature’ elements arose mainly from changes in
the frequency of occurrence of species. By contrast, young plantations differed mainly because
of the absence of 16 of the unlogged forest species. Individual species abundances were found
to be significantly different among landscape elements for 25 species (Pagj < 0.05 for all
models). The habitat association of 6 species conflicted with their categorisation in the literature

(Table 4.4).
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Table 4.3

Species richness of birds in landscape elements

Landscape element

Cumulative
number of species

Site-level species
richness (s.e.) (p <

Percent of unlogged
forest bird species

across all sites 0.05)* recorded
within a landscape
element (7 = no.
sites)

Unlogged Forest 40 (n=32) 15.06 (0.69) 100 %
Secondary Remnant 40 (n=9) 20.78 (1.52)* 95 %
Secondary Riparian 38(n=14) 18.21 (1.14)* 90 %
Mature Plantations 40 (n=43) 12.81 (0.55)* 92.5 %
Young Plantations 25(n=24) 5.25 (0.47)* 60 %

*95% confidence intervals do not overlap with zero with unlogged forest as reference group.

Table 4.4

increasing levels of disturbance from left to right

Bird species characteristic of habitat types throughout the plantation landscape with

Old-growth associated birds

Old secondary associated birds

Secondary associated birds

Unlogged Secondary
forest and remnant and
secondary Secondary secondary Secondary Mature
Unlogged forest remnant™® remnant riparian ¥ riparian plantations
Ducula finschii Ducula Acerosplicatus  Alcedo lepida Aplonis spp. Tanysiptera
rubricera nigriceps®
Ptilinopus Mino Cacatua Chalcophaps Dicrurus Dicaeum
insolitud = dumontiit =2 opthalmica stephani bracteatus eximum
Ptilinopus rivoli Ptilinopus Lorius Tanysiptera Philemon Todhiramphus
superbus hypoinchrous nigriceps® cockerelli albonotatus
Todhiramphus Macropygia Rhipidura
chlorig? ¢ amboinensis leucophrys
Pachycephala Todhiramphus
pectoralis[ A chiorig* ™
Rhipidura
rufiventris

Lalage leucomela

Megapodius
. [F]
eremita

Monarcha
verticalis

[SEC] and [F] denote species that have been categorised in the literature as secondary or forest dependent species

* Birds that occur in unlogged forest and secondary remnant in similar abundance, significantly greater than all other elements

F Birds that occur in secondary riparian and secondary remnant in similar abundance, significantly greater than all other elements

A Birds that were equally abundant in 2 disparate elements
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4-3-2 Trait occurrence across landscape elements

Chapter 4 — Conservation of bird species in a native timber plantation landscape

Landscape elements strongly affected the functional composition of bird communities, with the

prevalence (mean occurrence) of different trait groups varying between elements (Figure 4.1).

All types of species were less prevalent in young plantations. Notably, frugivorous birds and

forest specialists were significantly more likely to occur in unlogged forest and secondary

remnant elements than in the more disturbed plantations and riparian secondary forest (Figure

4.1). Large and medium sized species, along with canopy and sub-canopy using birds, were

more commonly encountered in unlogged and secondary forests than plantations (Figure 4.1).

By contrast, ground-dwelling birds, and restricted range endemic bird species and sub-species

were prevalent across multiple land-covers, except young plantations.

0.8

06
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08

06

Probability of occurrence

02 ¢

04++

Figure 4.1

Primary Diet

®Frugivores (0.72)
Ocamivores (0.53)
4 Omnivores (0.41)

®Forest (0.69)
DOForest/Edge (0.53)
4Secondary Closed (0.58)
OSecondary Open (0.24)
AAIl (generalist) (0.30)

®Bismarcks endemic (0.45)
ONth Melanesia (0.51)

A Melanesia (0.50}

O Asia/Pacific (0.42)

¢|:|+°

E

Body Size

Stratum Use

*| arge (0.58)

ONedium (0.59)
ASmall (0.41)
u|
. 4 o '
]

D E
®Canopy (0.61)
OGround (0.45)

& Sub Canopy (0.55)
OMidstorey (0.27)
¢
40
D E
® New Britain Endemic (0.52)
OBismarcks (0.85)
4 Melanesia (0.44)

= *

CIYY

Bird trait type analyses showing probability of occurrence (standard error) of birds of
each of the six trait classes among landscape elements highlighting changes in
functional composition. Model fit for each trait type (d?) is indicated in brackets. A —
unlogged forest, B — secondary remnant, C — secondary riparian, D — mature plantation,
E — young plantation. Numerical values and model results are detailed in Appendix

Table B.4.

61



Chapter 4 — Conservation of bird species in a native timber plantation landscape

4-4 Discussion

Mature native timber plantations and secondary forest elements supported >90% of unlogged
forest-occurring birds, indicating that multi-use landscape conservation strategies that
incorporate these production elements could contribute towards bird conservation in tropical
regions. However, the composition of bird assemblages differed between unlogged forest and
modified elements, with fewer specialised species recorded in modified elements. The
ecological traits of species affected their vulnerability to landscape change, as modified
elements had fewer frugivores, forest-dependent species and, to a lesser degree, species of
large/medium body size and canopy/sub-canopy species. This highlights the importance of
maintaining unlogged forests in the landscape. In contrast to expectations, a priori-defined
specialist endemic and ground-dwelling species displayed equal or greater prevalence in

modified elements, with the exception of young plantations.

4-4-1 Bird richness and composition in plantation landscapes

I observed more forest bird species at secondary forest compared to unlogged forest sites. In
other studies, similar findings have been attributed to the addition of ‘generalist’ species that
occur in logged, but not unlogged forests (e.g., Johns 1996; Felton, Wood, et al. 2008b).
Similarly, I found that secondary forests contained a similar or greater prevalence of wider-
ranging secondary-associated species compared to unlogged forest, despite limiting the analysis
to species that are predominantly forest occurring. Furthermore, I found secondary forests have
a similar or greater occurrence of many species considered old-growth specialists. This suggests
that secondary forests contain resources required by old-growth specialists, as has been
observed in other studies of recovering, logged tropical forest (see, Chazdon, Peres, et al.
2009b). My concurrent study found no difference in composition of forest tree species between

unlogged forest and secondary remnant forest (Chapter 3), further supporting this conclusion.

It is important to note that while the secondary elements did provide key habitat for forest birds,
this depended on their frequency and exposure to disturbance, similar to relationships observed
in other tropical regions (e.g., Barlow, Mestre, et al. 2007b). For example, narrow secondary
riparian forests, which experience ongoing disturbance from non-commercial timber extraction
and edge effects, had lower species richness and increased dominance of secondary-associated

birds compared to other secondary remnants.

Over 90% of forest bird species were recorded in mature plantations; a high proportion
compared to other studies of tropical timber plantations (Marsden et al. 2001; Zurita et al. 2006;
Néjera & Simonetti 2010; Farwig et al. 2008; Bell 1979). This finding is likely to be a
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consequence of both the low-intensity stand-level management of plantations (Marsden et al.
2001) and the focal plantation species (E. deglupta) being native to the location (Chey et al.
1998). These factors combined can facilitate the recruitment of a native rainforest understorey
(Chapter 3), which along with the plantation species itself, can provide structural and food
resources for many forest birds (Ndjera & Simonetti 2010). For example, E. deglupta is known
to be a valuable nectar resource for the island’s parrot and cockatoo species (Marsden &

Pilgrim 2003b).

However, plantations do not support all species as effectively as unlogged forest does. Mature
plantations had a lower incidence of over one-third of old-growth species compared to unlogged
forest, and an increased incidence of more ‘generalist’ species, a common trend in plantation
studies (Farwig et al. 2008; Zurita et al. 2006). Moreover, young plantations contained far fewer
species than mature plantations, as has been found elsewhere (Sheldon et al. 2010). This
highlights the importance of correctly classifying land-covers to understand their conservation
potential (i.e. the age of a plantation, not simply its classification as a plantation, is important).
Thus, native plantations can provide spatial continuity in the landscape of some, but not all,
forest resources and are extremely limited in early stages, where they induce temporal

discontinuity.

4-4-2 The role of species’ traits

I expected that species with disturbance-susceptible traits would be more common in the
unlogged forest and decrease in prevalence with increasing disturbance intensity. While I
observed a general trend of species with vulnerable traits characterising less disturbed habitats
(e.g. frugivores (Newbold et al. 2013), forest specialists (Gage et al. 2004)), there were also
exceptions. If a given trait (e.g. diet) is deterministic across a disturbance gradient, then its most
vulnerable class according to the literature (e.g. frugivores and/or carnivores) should explain the
most variation in the occurrence model (highest d? ). This pattern held for some traits (e.g. diet,

habitat breadth and body size), but not for others (e.g. species range restriction, stratum use).

Frugivores and forest specialists occurred most frequently in unlogged forest, including two
species (Reinwardtoena brownii and Ptilinopusrivoli) that were only found in unlogged forests.
The dependence of frugivores on unlogged forest likely relates to the higher diversity of fruiting
plants (though not necessarily abundance) in unlogged forests (Gibson et al. 2012; Marsden &
Symes 2008). In addition, over half of these species are commonly-hunted throughout PNG and
in the study region (Steadman 2006; pers. obs.), and would be less exposed to this threat in the
more dense, isolated unlogged forests. All frugivores in this study were either medium or large-

bodied and are known to range widely to track fruiting resources in tropical forests (Sam et al.
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2014; K. M. Holbrook et al. 2002). Therefore, it is possible that the mobility of frugivorous
birds facilitated their emigration to preferred habitat, causing their observed deficit in modified

elements (Neuschulz et al. 2012).

Medium and large-bodied birds (aside from frugivorous species) and canopy and sub-canopy
birds occurred with equal frequency amongst unlogged and secondary forest elements but were
less common in plantations. This suggests a general tolerance of these often-found ‘specialised’
traits (Sodhi et al. 2004; Kennedy et al. 2010) for low level disturbance that does not extend to

the more simplified stands of monoculture plantations (N4jera & Simonetti 2010).

Endemic birds occurred with equal or greater frequency in modified elements compared to
unlogged forest (with the exception of the young plantations). This contrasts with continental
plantation studies that have found endemic birds to be more vulnerable to disturbance owing to
small population size, limited dispersal capacity and niche specialisation (e.g., Jankowski &
Rabenold 2007; Holbech 2009; Renjifo 2001). These conflicting results may arise from the
biogeographic context of island systems. There is an emerging consistency among island
studies demonstrating a lack of association between range restriction and vulnerability to
disturbance (Cleary et al. 2007; T. E. Martin & G. A. Blackburn 2013; Kennedy et al. 2010).
Biotic communities of oceanic islands have commonly arisen from repeated colonisation events
and subsequent speciation through isolation. Consequently, island species—at least
historically—have generally possessed superior colonising traits such as high vagility and niche

breadth (ecological tolerance) (T. E. Martin & G. A. Blackburn 2013; Mayr & Diamond 2001).

Moreover, New Britain’s lowland forest species represent a depauperate bird community
compared to source pools of New Guinea and Australasia (Steadman 2006). Such species-poor
communities are thought to experience less niche partitioning of resources because of reduced
competition, leading to reduced specialisation (Clegg 2010; Diamond 1970). On islands east of
Wallace’s line, lower avifaunal richness and a broader realised niche are accredited with the
increased resilience observed in traditionally vulnerable trait classes such as understorey
insectivores and restricted range species (T. E. Martin & G. A. Blackburn 2013; Abrahamczyk
et al. 2008; Waltert et al. 2005).

Thus, the different biogeographic and evolutionary processes shaping oceanic island endemic
birds may confer a different complement of traits to continental endemic birds. Further, greater
niche-breadth of New Britain’s lowland species pool may also explain the greater disturbance
tolerance found for commonly susceptible traits than expected (e.g. ground-dwelling birds)
(Sekercioglu & Sodhi 2007). Although the processes suggested here are as yet un-tested, it

remains that for New Britain’s lowland endemic birds, restricted geographic range was not a
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surrogate for habitat-level mobility or niche specialisation in birds. Therefore, these traits
should be measured explicitly for island birds when investigating the impact of human activities

at the habitat- and landscape-scale.

4-4-3 Conservation Implications

The high richness and regular occurrence of forest birds in all production elements (except
young plantations) highlights the capacity of native timber plantations to contribute towards
bird conservation, given appropriate management. However, while mature plantations support a
subset of forest birds, they are inevitably harvested, returning them to young plantations
depauperate of forest birds. Thus, the transient nature of mature plantations means that old-
growth forest reserves are vital for the temporal continuity of avifaunal biodiversity in the
landscape. My work illustrates that selectively-logged secondary forests can also contribute
towards tropical bird conservation, including for those of greatest conservation concern (e.g.
frugivores and old-growth forest-associated species). Protection of secondary forests would
substantially expand the proportion of the landscape providing refuge for forest birds (Sam et
al. 2014). In theory, timber plantation establishment should assist this goal by reducing the need
for logging of both unlogged and old-growth secondary forests (Brockerhoff et al. 2008).
However, there is no guarantee that this will occur in the long-term without formal protection of
these forests (Shearman et al. 2012), or at least mechanisms which can incentivise their

protection (Dennis et al. 2008).

Trait-based analyses of faunal responses to land-use change are increasingly common in
conservation biology, yet a general understanding of which traits confer vulnerability is
confounded by contextual factors such as biogeography, land-use history, and disturbance type
and intensity (Ewers & Didham 2006; T. E. Martin & G. A. Blackburn 2013; Owens & Bennett
2000). Here, I found a general conformity of disturbance response for trait types which acted at
the habitat- and landscape-scale, such as those traits related to forest resource specialisation
(Newbold et al. 2013). Trait analyses thus proved helpful for explaining the relative value of
different landscape elements to lowland birds, and for informing land-use planning. For
example, identifying the importance of unlogged and mature secondary forests for populations
of the 17 frugivore and forest-specialist birds. However, analysis of traits such as restricted
geographic range, which may act beyond the habitat-scale, was not informative in this
landscape. This highlights the importance of understanding the scale at which disturbance

interacts with species traits when designing conservation management strategies.

The composition of the multi-use landscape in this study represents an ideal scenario: a high

ratio of unlogged forest to clearfelled area in the broader landscape and extensive, old-growth,
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secondary forest within the production landscape (Chazdon et al. 2009). Such compositions are
rarely found outside of recently developed areas (Gibson et al. 2012). Further habitat loss
through encroachment on intact forests and the replacement of native plantations by crops (e.g.
oil palm), which is planned for New Britain (Nelson et al. 2010), would likely cause the decline
of many forest birds in the landscape (Edwards, Hodgson, et al. 2010a). For endemic island
species this could lead to their global endangerment (T. E. Martin & G. A. Blackburn 2013;
Boyer 2010). Thus, while multi-use landscapes can potentially achieve a balance between
conservation and production, success is highly dependent on the choice of land-use and the
proportion of remnant primary and secondary forest in the local and broad-scale landscape.
Long-term viability of forest biodiversity necessitates the protection of primary forest, and

increasingly in the tropical lowlands, older secondary forests.

4-5 Chapter summary

At least 90% of forest bird species occurred in mature plantations and secondary (regrown
logged) forest. However, composition changes indicated successive loss of more vulnerable
species (medium and large-bodied frugivores, forest specialists) with increasing intensity of
disturbance. In contrast to many continental studies, where endemism confers susceptibility to
disturbance, I found endemic, island species widely distributed across all land-uses, possibly
reflecting their historical colonising aptitude. The findings of this chapter suggest that native
plantations, when judiciously managed in concert with unlogged and secondary forest reserves,
may assist with biodiversity conservation alongside commercial timber production. Species’
traits help explain their responses to landscape management, however, conservation managers
should recognise that the type and intensity of disturbance and biogeography of a region will

affect the traits-disturbance interaction.
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Chapter 5 — The effect of a native timber plantation on rainforest vegetation

CHAPTER FIVE

This chapter evaluates the effect of land-use on vegetation and stand-level structural attributes
(habitat properties) within the Eucalyptus deglupta production landscape (objective 2).
Vegetation composition and stand-level structural attributes can be indicative of the relative
resource availability offered by different land-uses for forest biota. Here I compare a suite of
stand-level structural attributes as well as plant species richness and composition among the
unlogged forest, plantation and forestry-affected landscape elements. I identify which
vegetation attributes most clearly differentiate unlogged forest from modified landscape
elements and how different land-use types affect all attributes measured. In doing so, I
contribute valuable information to the tropical literature on the disturbance-response of lowland
forest in this Pacific island region. This chapter also provides background analysis for the
following data chapter by way of evaluating and selecting a set of candidate variables for use as

predictors in modelling bird species occurrence across the landscape (Chapter 6).

5-1 Introduction

Multi-use production landscapes are playing an increasingly important role in biodiversity
conservation, particularly in tropical lowlands where human-affected landscapes continue to
expand and full protection of old-growth forests in reserves has had limited success (Laurance
et al. 2012; Sutherland et al. 2009). Yet, the capacity for biodiversity conservation in many
tropical production landscapes remains poorly understood (Chazdon, Harvey, et al. 2009a;
Paquette & Messier 2010). In tropical lowland forests, the extent to which multi-use production
landscapes can conserve native biota is likely to be influenced by the ability of their component
land-covers to provide habitat resources for species (Lindenmayer 2010). For tropical
vegetation, habitat quality is largely contingent on the physical and nutrient condition of the
soil, provision of structural substrates, and suitable microclimate conditions (e.g. light levels
and moisture) (M. S. Ashton et al. 2001; M. S. Ashton 2011). For rainforest fauna, habitat
quality is associated with the complexity of vegetation structure and the diversity and
composition of plant species and life forms present (N4jera & Simonetti 2010; Barlow, Mestre,

et al. 2007b).

Tropical lowland forest areas are used for a range of production purposes including agriculture,
timber extraction and tree crops (Gardner et al. 2010; Ranganathan et al. 2008). For a given
production type, habitat properties can be influenced by the intensity, duration, frequency and

scale of disturbance imposed by resource production and harvest requirements (Chazdon 2003;
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Lamb 2010). For example, more intense land-uses (e.g. agricultural crops, cattle pasture)
implement clearfelling and conversion of pre-existing habitat, causing the simplification of
vegetation structure and a reduction in plant species diversity (Letcher & Chazdon 2009; Zurita
& Bellocq 2012; Catterall et al. 2012). By contrast, less intense land-uses may encourage the
retention of pre-existing structural complexity and vegetation cover (e.g. selectively logged
forests, agroforests), and support a greater diversity of plants (Gibson et al. 2012). Multi-use
production landscapes are typically comprised of a range of land-covers, representing a gradient
in intensity and timing of disturbance (e.g. unmodified forest remnants — secondary forest —
production land-cover(s)). Therefore, to assess the biodiversity conservation potential of a
production landscape as a whole, it is vital to examine the relative effects of land-use on the

compositional and structural properties of component land-covers.

Plant species reassembly after ‘natural’ disturbances in unmodified rainforests generally
involves colonisation and dominance of early successional (heliophilic) species that are
overtaken by their shade-tolerant counterparts over time and die off (Chapter 3, section 3-2-1).
Thus, successional advancement is typified by increasing species richness and dominance of
late-successional species co-existing with long-lived mid-successional species, and a
contraction of earlier-successional plants to disturbed patches (e.g. canopy gaps , Bazzaz &
Pickett 1980). Anthropogenic disturbance may alter this successional trajectory according to the
intensity, frequency and scale of disturbance involved (P. M. Ashton et al. 1997). For instance,
studies of tropical secondary forests (regenerating after conversion and/or degradation caused
by timber extraction) suggest that in some cases plant species richness can be relatively quickly
restored (Letcher & Chazdon 2009; Berry et al. 2010), but that compositional recovery may
take much longer (P. A. Martin et al. 2013; Dent et al. 2012). This in-turn may imperil faunal
species should compositional changes disproportionately effect plant species that provide

important resources (Felton, Wood, et al. 2008b; C. A. Chapman et al. 2010).

Similarly, structural attributes of a given land-use may be influenced by the disturbance
regimen. In theory, for land-uses where disturbance events are infrequent (e.g. fallow secondary
growth, unmodified forests) the accumulation of plant biomass (or basal area) will likely be
greater compared to younger or more frequently disturbed land-use types (Day et al. 2014). For
example, the presence of large, old trees is a feature of old-growth forests that contributes
greatly to stand basal area (Day et al. 2014), which can be reduced in recently-logged forest
where larger trees trees are preferentially removed and/or can be damaged during harvest (West
et al. 2014). Structural complexity may also be associated with the accumulation of plant
species through time (as succession proceeds), potentially incorporating a greater diversity of

growth rates and architecture that may add to overall structural complexity (Pinotti et al. 2012).
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A more complex stand structure is deemed important for the retention of populations of
rainforest fauna because of the provision of a greater number of niche resources it entails (R. H.

MacArthur 1964; Kanowski et al. 2010; Ndjera & Simonetti 2010).

The incorporation of numerous vertical strata in more complex stands can also serve to augment
canopy closure, which may affect levels of heat and light penetration to the understorey
(Kabakoff & Chazdon 1996). Understorey microclimatic conditions influence the composition
of ground-storey vegetation (Orians et al. 1996). Disturbance that induces canopy openness can
cause regular penetration of sunlight to the understorey, and reduce humidity. These conditions
favour the growth of pioneer ground covers such as grasses, heliophilic ferns, and herbaceous
vines and scramblers (Guariguata & Ostertag 2001; Ewel & Bigelow 1996). When extensive,
these pioneer plants may inhibit recruitment of later-successional plant species (Lamb 1994).
By contrast, closed canopies are more likely to assist successional progression by providing
favourable conditions for understorey recruitment of shade-tolerant, juvenile trees and lianae
(seedlings and shrubs) (Hall et al. 2003; D. A. Clark & D. B. Clark 1992; Putz 1984).
Successional processes may also influence properties of leaf litter on the forest floor; disturbed
habitats where the ratio of early:late successional plants is higher have demonstrated a reduced
nutrient quality and decomposition of leaf litter (Vasconcelos & Laurance 2005; Parsons &
Congdon, 2008). Disturbance-induced changes in understorey microclimate and plant species
composition have been associated with a reduced richness of ground-dwelling fauna such as

understorey insectivorous birds (Sam et al. 2014; Canaday 1997).

The intensity, duration, and frequency of disturbance are also thought to influence the
composition of unique rainforest life forms, including the structural parasites (epiphytes, vines,
lianae, hemi-epiphytes, climbing palms); large, perennial herbs (of order Zingiberales (e.g.
gingers) and family Araceae (e.g. aroids)); and palms (Webb et al. 1981). Structural parasites
depend on the presence of trees as substrate for at least part of their life cycles, and have
different shade tolerances and growth rates (Benavides et al. 2013; Fayle et al. 2009). Thus,
while generally considered indicative of more mature forest with high stem density, some
structural parasites may actually abound in the more favourable light conditions present in mid-
successional (secondary) forest (Putz 1984; Letcher & Chazdon 2012). Large perennial herbs
are similarly variable in their shade tolerance and microclimate requirements (Rundel et al.
1998), but they are associated with conditions of high humidity and canopy cover that permits
some regular sunlight (Kubitzki 1998). Rainforest life-forms provide important structural and
food resources for fauna, particularly invertebrates (Kaufmann & Maschwitz 2006; Ellwood et

al. 2002), and birds (DeWalt et al. 2003; Cruz-Angon & Greenberg 2005). Therefore, their
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composition can have an important effect on the biodiversity conservation value of a given

land-use type.

Here, I sought to understand the capacity for biodiversity conservation in a native Eucalyptus
deglupta timber plantation landscape on New Britain Island, Papua New Guinea by assessing
the effects of modified landscape elements on vegetation properties. Few studies of vegetation
responses to disturbance in production landscapes have taken place in Oceania, and there is a
poor understanding of secondary forest regeneration in this region compared to the rest of the
tropics (Woinarski 2010). Similarly, very few studies have quantified the structural and
compositional changes occurring in tropical timber plantations globally, particularly within

native timber plantations (Stephens & Wagner 2007).

I compared vegetation attributes of landscape elements reflecting land-uses of different timing
and degree of modification (unlogged forest and modified landscape elements (secondary forest
and plantations)). Vegetation attributes were representative of two components of biodiversity:
vegetation structure (tree attributes, ground cover) and the richness and composition of plant
species and types (adult tree species, rainforest life forms). I had two principal goals: (1) to
ascertain which vegetation attributes most clearly differentiated unlogged (old-growth) forest
from modified landscape elements (i.e. which attributes were most affected among landscape
elements); and (2) to determine the extent of old-growth forest attributes conserved in modified
elements (i.e. how attributes were affected among landscape elements). A secondary goal (3)
was to choose a subset of these attributes as candidate variables for modelling bird species
occurrence throughout the plantation landscape (Chapter 6). Understanding the effects of land-
use disturbance on vegetation and habitat properties can assist with the design of effective
conservation management actions to maintain both native rainforest flora and fauna in

production landscapes.

5-2 Methods

Study Area, study design and site selection are outlined in sections 2-1-1 and 2-1-2. For each
site I collected data on a series of standard structural attributes (Table 5.1), on tree species
richness (Chapter 3) and on the occurrence of special rainforest life forms (Table 5.2). I
compared site-level differences in vegetation structural attributes among landscape elements by
fitting GLMs and GLMMs where appropriate (Table 5.4, section 5-2-2-1). For ground cover
and rainforest life forms, I summarised changes in composition in response to the disturbance
gradient using principal components analysis (PCA, sections 5-2-2-2 and 5-2-2-3 respectively).
To choose a set of variables for use in modeling bird species occurrence, I compared the results

of all analyses and tested for correlations between suitable variables (section 5-2-2-4).
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5-2-1 Vegetation data

Vegetation surveys were completed for 142 sites across landscape elements, with a single plot
per survey site (young plantations = 20, mature plantations = 50, secondary riparian = 14,
secondary remnant = 10, unlogged forest = 48). Two attributes, special life forms and vertical
stratification had data missing for some sites of young and mature plantation elements, making
the total number of sites for these landscape elements 17 and 44 and respectively (Chapter 2,
Table 2.1). The vegetation attributes that were selected for survey and their mode of measure
were based on the methods presented in the Monitoring Revegetation Projects for Biodiversity
in Rainforest Landscapes Toolkit (Kanowski & Catterall 2007 hereinafter the ‘toolkit”), and
were adapted to the New Guinean context (Table 5.1 and in text). The toolkit was designed to
monitor the success of restoration projects in tropical Australian forests and included stand-
level properties that were representative of two components of biodiversity: vegetation structure
and the richness and composition of plants (Kanowski et al. 2010). These consisted of site-level
measures of: tree attributes (plant richness and structural complexity), canopy cover (structural
complexity), ground cover (plant composition and structural complexity) and composition of
rainforest life forms (plant composition, Table 5.1). Since a key aim of this thesis is to
determine the impact of the plantation landscape on the forest bird community, I also added
attributes potentially important for bird usage that were not in the toolkit (R. H. MacArthur
1964; R. MacArthur & J. MacArthur 1961).

Plots used for bird surveys were also used for vegetation surveys with nested square subplots of
0.18 ha being employed (Figure 5.1). Tree attributes (outlined in Table 5.1, ‘Tree richness and
structural complexity’) were recorded within the entire 0.18 ha, and included the number,
species, and size (DBH) of live trees >10 cm DBH, as well as the number of dead standing
trees. Vertical foliar cover in seven height categories (2-5 m, 5-10 m, 10-15 m, 15-20 m, 20—
25 m, 25-35 m and >35 m), and canopy cover were both estimated at two points in the NE and
SW ends of the plot. Vertical foliar cover was visually estimated for each height category with
the aid of a laser range finder (Opti-logic Laser Rangefinder-600 yd). Vertical foliar cover
estimation was conducted using a modified Braun-Blanquet (MBB) (Braun-Blanquet 1932)
ordinal scale (outlined in Table 5.2) and the type of vegetation contributing to cover was
recorded (Table 5.1, ‘Point measures’). Percent canopy cover was derived from standard digital
camera photographs taken at eye-level (~170 cm) pointing up vertically, as per Kanowski
(2007). I visually estimated the percentage cover of ground vegetation (vegetation <Im high,
leaf litter, rock, bare soil) in two 1 x 1 m quadrats in the north and south of the plot (Figure 5.1).
For vertical foliar cover, canopy cover and ground cover, I used the mean of the two surveys at

each site in all analyses.
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-

Figure 5.1 Plot design for surveys of vegetation and birds. Blue circle delineates the bird survey plot.
Green square represents the ~1800 m? vegetation survey plot. The dark green N-NE
triangle (~225 m?) was the location of rainforest life form survey. Brown squares
approximate the location of the 1 m x 1 m ground cover quadrats, and canopy and vertical
foliar cover estimates.

Table 5.1 Vegetation measurements and their relative scales, taken at each site. Measurements are
classified according to the property they represent. The final column explains the method
used to derive univariate values for each attribute. Adjusted from Kanowski (Kanowski
2010) Tables 4.2 and 8.2.

Survey area Habitat Attribute & Measurement(s) Value & Derivation
Property

For each free-standing woody- Species richness

stemmed plant > 10cm DBH (live ~ Species relative abundance (basal

trees), we measured: area and counts)

(a) Species of live trees (genus

Whole plot when species unknown) ‘ ‘ .
(1800 m?) (b) DBH to the nearest Scm Tree size DBH diversity (H)

Tree size distribution
Site basal area live trees
Number of live stems

(c) For dead trees and stags > Site basal area dead trees

Tree richness ~ 10cm DBH, we measured DBH to  Number of dead stems
and structural  the nearest Scm
complexity Percent canopy projective foliage = Derived from photographs taken

cover on site at each sub-quadrat.
Average of 2 x cover estimates
calculated from photos as per the
toolkit

: For vertical strata (2-5 m, 5-10 m,  Vertical foliar diversity (H’)
Point 10-15 m, 15-20 m, 20-25m, 25- Number of height strata (of total
measures 35m and > 35m), MBB*

categorisations of foliage cover
of:

(a) stems > 2.5 cm DBH
according to DBH class;

(b) life-forms: vines, climbing
palms, hemi-epiphytes, clumping

n=9) with tree foliage present
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Survey area Habitat Attribute & Measurement(s) Value & Derivation
Property

epiphytic ferns, woody vines >
S5cm DBH, vine towers

Visual estimates of percent of Average of 2 x cover estimates
ground covered by: for each category

(@) Vegetation <1 m high Note: ‘rocks’ and ‘other’ are not
(recorded separately for: grass, analysed.

ferns, vines and scramblers,

shrubs/seedlings (woody stems);

(b) Leaf litter and fine woody

debris (<10 cm diameter);

(c) Coarse woody debris (>10 cm
Ground Cover  diameter);

(d) Rock;

(e) Bare soil; and

(f) Moss, and

(g) Other

Ground cover was assessed by

lookingdownatal mx 1 m

ground plot, and scoring what can

be seen from this vantage point

(as if looking at a photo).

2x 1 m?
quadrat

(a) Presence /absence of arboreal ~ Life-form richness
termite mounds Life form relative abundance &
(b) Abundance (modified Braun composition
Blanquet (MBB)*

categorisations)

Life forms: hemi-epiphytes, vines

>5 cm diameter, canopy vine

towers, sub-canopy vine towers,

midstorey vine thickets, ground

vine thickets, rattan palms,

clumping epiphytic ferns, palm

trees, understorey palms,

cordylines, other epiphytes, herbs

with long wide leaves (Table 5.2).

* MBB = modified Braun-Blanquet categorisations (Table 5.3)

Triangular Rainforest life
quadrat forms
(225 m?)

I estimated the relative cover of rainforest life forms using the aforementioned MBB scale
within a 225 m? sub-quadrat. Life forms were characteristic of rainforest successional stages
post-disturbance in the Australasian and New Guinean region (Webb et al. 1976). Many life
forms identified in the toolkit were surveyed (Kanowski & Catterall 2007 page 27), but I did
not include: cycads and tree ferns because they were absent from the study area; strangler figs
and Pandanus spp. because they were identified in tree species composition surveys (Chapter
3); and herbs with long, thin leaves because they straddled the descriptions of (i) grasses
(counted in ground cover analyses) and (ii) herbs with long, wide leaves, making them difficult
to consistently define. Additionally, I included four broad categories to characterise vine
structures occurring in different strata (in contrast to just two in the toolkit): understorey vine
thicket, midstorey vine thicket, sub-canopy vine tower and canopy vine tower (see Table 5.3 for
more detail). All forms of vine masses can potentially provide habitat for fauna, and particularly

for birds in upper strata. Conversely, vine thickets can impede growth of other rainforest plant
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species (Ewel & Bigelow 1996), and vine tangles can contribute to adult tree mortality. Life
forms surveyed are listed in Table 5.3 along with detailed descriptions. Appendix Figure C.1
provides some diagrammatic examples of life forms. All Braun-Blanquet measures were

converted to midpoint values to make them amenable to GLM analysis (Table 5.2).

Table 5.2 Modified Braun-Blanquet (MBB) cover estimation and corresponding mid-point values
used in data analyses.

Braun-Blanquet Description Mid-point value
category
0 Absent 0
1 < 5% cover and uncommon 0.1
2 < 5% cover and common (numerous 2.5
individuals)
3 5 —25% cover 15
4 25 =50 % cover 37.5
5 50 = 75% cover 62.5
6 75— 95% cover 85
7 95 — 100% cover 97.5
Table 5.3 Description of special life forms measured.
Life Form Description
Hemi-epiphytes Climbing plants adhering to tree trunks, rooted in

ground for part of their life cycle, e.g. climbing
pandanus. Much contention surrounds the term
‘hemi-epiphyte’. We surveyed what Zotz (2013)
classified as ‘nomadic vines’.

Vines >5 cm diameter Lianae: climbing woody-stemmed plants
dependent on trees for support, and rooted in the
ground

Understorey vine thicket Dense masses of interwoven vine stems in
understorey

Midstorey vine thicket Dense masses of interwoven vine stems in

midstorey (may include lianae)

Sub-canopy vine tower Dense columns of vines growing over and
smothering sub-canopy crowns and stems (may
include ‘primary’ hemi-epiphytes (N. M. Holbrook
& Putz 1996) and lianae)

Canopy vine tower Dense columns of vines growing over and
smothering tree crowns and stems (may include

‘primary’ hemi-epiphytes (N. M. Holbrook & Putz
1996) and lianae)

Rattan palms These were predominantly Calamus species -
thicket-forming climbing palms, often spiny.

Palm trees Palms with stems > 2 m high

Understorey palms Palms with stems < 2 m high, (also includes
juvenile palm trees)
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Life Form Description

Clumping epiphytic ferns Clumping ferns adhering to plants and trees, e.g.
Asplenium spp.

Other epiphytes Growing on trees, e.g. trailing ferns, orchids, not
rooted on ground

Cordylines Shrubs to 5 m high, occasionally branched, with
long leaves

Perennial herbs with long, wide Of order Zingiberales and family Araceae. These

leaves were predominantly represented by Zingiberaceae

species (gingers). Araceae such as the taros
Colocasia esculenta and Cyrtosperma chamissonis
have been cultivated as a food crops in PNG for
thousands of years (Denham 2003).

5-2-2 Data analysis

5-2-2-1 Tree speciesdensity and structural complexity

To compare the site-level values of tree species density and attributes of structural complexity
among landscape elements, I ran a series of generalised linear models (GLMs) in the R ‘stats’
package (R Core Team 2013). Response variables represented the value of a given attribute at
each site. For all models the single categorical predictor was the landscape element, comprised
of five levels (representing each element). Autocorrelation analyses were conducted using
Moran’s | test statistic (Chapter 2). Models whose residuals demonstrated autocorrelation were
subsequently modelled as generalised linear mixed models (GLMMs), using the ‘Ime4’ package
(Bates 2010a), with each transect specified as a random effect to account for non-independent
error structures associated with clustering of study sites (Zuur et al. 2011). Table 5.4 describes
the type of model run, the error distribution and the link function specified for each attribute
(response variable). Landscape elements were considered an important influence on a given
attribute where 95% Cls for parameter estimates did not overlap zero when compared to the

reference element (unlogged forest).

Some structural complexity data required preparation prior to their inclusion as response
variables in subsequent models. Tree size diversity was calculated as the Shannon-Weiner index
(H’) of the proportion of trees in each of eight DBH classes (10-20, 20-30, 30—40, 40-50, 50—
60, 60-70, 70-90, 90-150 cm), in the R package ‘vegan’ (Oksanen et al. 2013). As such, it
represented an index of the size class distribution of trees, with higher values when trees are
more evenly distributed among more size classes (Kanowski et al. 2010). Vertical foliar
diversity (VFD) was similarly calculated as the Shannon-Weiner index of the proportion of

foliar cover in each of seven height classes (2-5 m, 5-10 m, 10-15 m, 15-20 m, 20-25m, 25—
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35m and >35 m), with higher values at sites where foliage is more evenly distributed among

more strata (Farwig et al. 2008).

Prior to modelling, canopy cover values were logit transformed to conform to linearity
assumptions and reduce heteroscedasticity in the residuals, following Warton (2011). The logit

transformation was as follows:

J=rrn

where ¢ is a small value added to avoid issues when taking the natural log of percent cover
values of 0 or 1. I trialled three values for &: 0.05 (the smallest non-zero cover value), 0.005 and
0.01 as recommended by Warton (2011). The value of 0.01 was chosen because it best
represented the mean cover values from the raw data. There was no difference in significance

values for any value of ¢.

Basal area data did not conform to the more commonly used exponential family distributions
because it combines both count and size data. After checking residuals from a number of
different distributions, I found the Tweedie distribution best modelled this data. The Tweedie
distribution is a mixed compound Poisson — Gamma distribution that is continuous except for a
positive mass at zero (Tweedie 1957). The positive mass at zero is necessary to model species
with no biomass at a given site, and the compound Poisson-Gamma can be justified as a sum of
Gamma-distributed individual tree biomasses across a Poisson-distributed number of individual
trees. The Tweedie distribution is a member of the exponential family with an index parameter
(p) between 1-2 in the variance (var = ¢uP), meaning that data can be analysed using a
generalised linear model. The index parameter was calculated for each response distribution

using maximum likelihood estimation in R package ‘tweedie’ (Dunn 2012).

I fit a final set of GLM models to analyse the effects of landscape element on the relative
vertical foliar richness. Four vertical strata were analysed: (1) understorey (2-5 m), (2)
midstorey (5—-15 m), (3) sub-canopy (15-25 m) and (4) canopy (25-35 m). For each stratum, |
generated a GLM in which the response variable was the proportion of the total number of
vegetation types recorded within a stratum (i.e. across all sites) that occurred at a given site.
Landscape element was the single categorical predictor, and unlogged forest the reference
factor. As the data were proportional data, a binomial error distribution and logit link was
specified. For all generalised linear models where I conducted multiple comparisons between
landscape elements, I accounted for family-wise error in significance tests of pairwise

comparisons using a Bonferroni correction (Quinn & Keough 2002). All non-Gaussian models
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were tested for overdispersion and I used Moran’s | test statistic to test for effects of spatial

autocorrelation for all model residuals (section 2-1-4-4).
5-2-2-2 Ground cover

I conducted principal component analysis (PCA) to quantify the relative abundance of ground
cover vegetation types across sites, in the R ‘stats’ package, using function ‘prcomp’ (R Core
Team 2013). Variables consisted of the percent cover of each ground cover type (Table 5.1). In
using PCA T hoped to summarise the changes in composition of ground cover types in response
to the disturbance gradient, and to judge the relative importance of each variable in explaining
variation in ground cover among sites (McElhinny 2005). Moss and coarse woody debris were
excluded from analysis because they were absent from most sites. Moss occurred sporadically
possibly because the study took place below 400 m a.s.l. and moss is thought to be restricted to
higher elevations on New Britain (Paijmans 1976). Coarse woody debris was highly variable
and rare compared to other ground covers, which may have been a function of its size relative
to the 1 m? survey plots. This attribute would have been better measured at the whole 0.18 ha

plot scale, as counts of ground logs >10 cm DBH.
5-2-2-3 Rainforest life form composition

Estimating relative abundance of life forms using a modified Braun-Blanquet ordinal scale
created difficulties for the implementation of multivariate analyses. My conversion of ordinal
measures to midpoints resulted in semi-continuous response data (in that any data point can
only take on a limited number of values between 0—100). This method can lead to uncertainty in
cover estimates, especially in those classes incorporating a broader range of values (Podani
2006). Additionally, the diversity of structures and sizes of life forms in this study meant that
differences in their relative cover may not have been due to differences in abundance, but rather
the amount of space they occupied. For example, epiphytic ferns and understorey vine thickets
occurred in a similar number of sites, but understorey vine thickets had a mean percent cover
three-fold that of epiphytic ferns because they sprawl vertically and horizontally. To
compensate for these uncertainties, I analysed both midpoint values and adjusted presence-
absence values to draw conclusions about special life form composition. Adjusted presence-
absence values were calculated according to the method described by van der Maarel (2007): 1
analysed the frequency of occurrence of MBB cover values (0-7) for each life form, and those
occurring with consistently low cover (MBB = 1-3) were assigned as ‘present’ (1) for all
ordinal values >0; those with consistently high cover (MBB = 3-6) were assigned as present for
all ordinal values >2; and those intermediate life forms (MBB = 2-5) were assigned as present

for all ordinal values >1.
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I used principal component analysis (PCA) to quantify the relative abundance of life forms
across sites, to summarise the changes in composition of life forms in response to the
disturbance gradient, and to judge the relative importance of each variable in explaining
variation in life form occurrence among sites (McElhinny 2005). I ran separate PCAs for each
data set such that variables represented (1) the percent cover of life forms, and (2) the adjusted
presence-absence of life forms. Small epiphytes (e.g. orchids) were excluded from analyses
because their tendency to occur in low density in the canopy meant that many potentially
remained undetected in more intact forest elements whose canopy was obscured by foliage of
lower strata. Cordylines were also removed from analyses because of their rarity among sites in

this landscape.
5-2-2-4 Variable selection for bird species richness models

There were numerous potential covariates for use as predictors of site-level richness of forest-
using and forest-specialist birds (definitions in Chapter 6). Tropical bird species richness has
been associated with the habitat properties of structural complexity, plant species richness, and
incidence of rainforest life forms (Kanowski et al. 2010 and see 5-1 Introduction and 5-4
Discussion). Therefore, I aimed to include variables that represented these properties as
predictors in my models. The most suitable predictors for use in generalised linear models are
those which are uncorrelated, present at most sites, and that vary across sites in response to site-
level disturbance (Burnham & Anderson 2002; Zuur et al. 2013). Thus, my selection process
involved assessing these criteria for each variable through interpretation of results from
analyses outlined in sections 5-2-2-1 to 5-2-2-3. I conducted spearman correlation tests for all
variables using function ‘cor’ in the R ‘stats’ package (R Core Team 2013). Variables with a
correlation coefficient p >0.6 were considered too closely correlated to be included as
covariates and the variable which best fulfilled the aforementioned modelling criteria was

preferentially selected.

5-3 Results

5-3-1 Tree composition and structural complexity

5-3-1-1 Tree species density, basal area, and size diversity

Tree species density (richness per given area) results from Chapter 3 are also described here
(Table 5.4) because tree species desnity is considered an important stand-level vegetation
attribute (Pinotti et al. 2012; Kanowski et al. 2010). Results of tree species desnity analyses are

presented in Chapter 3 (section 3-3-1) and repeated here in Table 5.4. In summary, species
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denisites were similar for unlogged forest and secondary forest elements and significantly
poorer for both young and mature plantation elements compared to unlogged forest. However,

mature plantations displayed substantially higher species densities than young plantations.

Basal area of both live and dead trees was similar across all landscape elements except the
young plantations, where they were much lower (Table 5.4). While basal area did not vary
significantly among sites in unlogged forest, secondary forests and mature plantations, there
was a trend towards a higher basal area in the secondary forest and plantation elements. Tree
size (DBH) diversity—an indicator of horizontal structural diversity and evenness —was
highest in mature plantations, followed by unlogged and secondary forest elements, and was

lowest in young plantations (Table 5.4).

The tree (stem) size distribution profiles (Figure 5.2) display differences in the distribution of
stems across size-classes for each landscape element. Profiles of unlogged and secondary
forests appear similar, with an abundance of 10-20cm DBH recruits and a declining
representation (and increasingly even distribution) of trees as size-classes increase. However,
the secondary remnant forest has a slightly higher proportion of 10-20 cm DBH recruits and
lower proportion of 20-40 cm DBH trees compared to unlogged forest, and the secondary
riparian element has a lower proportion of 10-20 cm DBH recruits and greater proportion of
20-40 cm trees compared to unlogged and secondary remnant forests. Mature plantations lack
large trees (=70 cm DBH) and are far more even in their distribution of stems among lower size
classes than unlogged and secondary forest elements. Finally, young plantations have a
similarly high proportion of 10-20 cm recruiting trees as unlogged and secondary elements, and

a declining proportion of stems distributed among just four of the six remaining size classes.
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Table 5.4 Means (standard errors) for each attribute among landscape elements, calculated using
GLMs or GLMMs. Emboldened values indicate elements whose 95% CI for a given
attribute did not overlap zero with the unlogged forest as reference category. Tree species
richness data is repeated from Chapter 3.

Attribute Model type Landscape Element
& error
distribution Unlogged Secondary Secopdary Maturg Young.
forest remnant riparian plantations  plantations
Tree species GLMM, 29.21 31.30(1.77)  26.21 10.22 2.10
densityT (per Poisson (0.78) (1.37) (0.45) (0.32)
1800m?)
Basal Area, live ~GLM, Tweedie = 4.570 6.019 6.347 5.781 0.312
trees (m? (0.353) (0.964) (0.850) (0.421) (0.063)
/1800m?)
Basal Area, GLM, Tweedie  0.175 0.145 0.180 0.367* 0.00
dead trees/snags (0.043) (0.068) (0.064) (0.078)
(m?/1800m?)
Tree size GLM, Gaussian  0.792 0.776 0.973 1.301 0.385
diversity (per (0.045) (0.100) (0.084) (0.044) (0.070)
1800m?)
Percent canopy ~ GLM, Gaussian  0.958 0.972 0.956 0.932 0.351
cover (logit (0.005) (0.007) (0.009) (0.008) (0.055)
transform)
VFD GLM, Gaussian ~ 1.570 1.714 1.306 1.442 0.492
(squared (0.040) (0.088) (0.075) (0.038) (0.058)
transform)

*For this measure, there was missing data for 10 sites

Proportion of all live trees

Unlogged forest

Secondary remnant

Secondary riparian

Mature plantations

Young plantations

| ®10-20cm ®™20-30cm ®30-40cm ®40-50cm ®50-60cm M 60-70cm  © 70-90cm W 90-150 ¢cm |

Figure 5.2

Tree size distributions for each landscape element: proportions of all trees for each

landscape element found occurring in each DBH size class. Average number of trees per
site/total trees per element, for each element are: unlogged forest, 99/4735; secondary
remnant, 127/1269; secondary riparian, 138/1928; mature plantations, 84/4194; young

plantations, 7/131.
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5-3-1-2 Canopy cover, vertical foliar diversity and richness

Percent canopy cover was similarly high in unlogged and secondary forest elements,
significantly lower in mature plantations (although still above 90%) and almost three-fold lower
in young plantations, where it was also noticeably more variable (standard error 67 times

greater than other elements) (Table 5.4).

Vertical foliar diversity—an indicator of vertical structural diversity and evenness —was
similarly high in unlogged forest, secondary remnant forest, and mature plantation elements
(Table 5.4). The secondary riparian element had a significantly lower VFD, and young

plantations had a foliar diversity just one-third that of unlogged forest.

Vertical foliar richness, representing the contribution of foliage from different size trees and
plant life forms, was significantly lower in young plantations compared to unlogged forest
across all strata (Figure 5.3). The secondary riparian element was significantly lower than
unlogged forest for canopy VFR, and mature plantations were significantly lower than unlogged

forest for sub-canopy VFR.

Understorey Midstorey

0.5
0.5

0.2

A -

—o— M

Sub-canopy Canopy
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0.4 0.4
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02 | % ;- ! ’

Proportion foliar types present

0.1 0.1 +
0 L [i] L 2
Unlogged Remnant Riparian Mature Young Unlogged Remnant Riparian Mature Young
plantation plantation Plantations Plantations

Landscape Elements

Figure 5.3 Comparisons of mean (standard error) proportion of vegetation types contributing to
foliar cover for the four main vertical strata. Blue stars indicate elements whose 95% CI
for foliar richness in a given stratum did not overlap zero (unlogged forest as reference
category).
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5-3-2 Ground cover

The first two PCA components together explained 64.5% of the variation in ground covers
(Table 5.5). The first component (PC1) explained 39.3% of the variation in ground covers, and
described a gradient of relative site-level abundance of cover types: variables with consistently
low site-level cover (e.g. scramblers) took more negative values, and variables with high site-
level abundance (e.g. leaf litter) had positive values. The second component (PC2) described
the forest disturbance gradient and explained 25% of ground cover variation. Sites at one end
were characterised by grasses, ferns and vines and were associated with plantation elements,
while at the other end sites were characterised by shrubs/seedlings, and bare soil and were
associated with unlogged and secondary forest elements (Figure 5.4). Leaf litter was present in
many sites and occurred in similar abundance across all sites when present (Appendix Figure

C.2).

Table 5.5 Principal component analysis of ground cover variables recorded in 1 m? plots (no

rotation). Values represent component scores.

Ground cover variables PC1 (39.3%) PC2 (25%)

gradient in relative

gradient in ground

abundance of cover cover types
type (least abundant (undisturbed to
ground cover to most disturbed)
abundant)

Ground vines/ scramblers -0.478 0.376

Grass -0.190 0.112

Bare soil -0.067 -0.313

Shrubs and seedlings -0.029 -0.342

Ferns 0.261 0.793

Litter 0.813 -0.045
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9 o Ferns
v * Unlogged forest
A Secondary remnant
o v Secondary riparian
< | le) O Mature plantation
e O O o O O Young plantation
 Vines/scramblers
55
o o)
o)

o~ —

9 31
o
T Litter

x TR
Shrub/seedlings
Soil
<
3
©
£
T T T T T T T
-0.6 -04 -02 0.0 0.2 04 06
PC1
Figure 5.4 PCA biplot of ground covers with sites grouped into landscape elements. Vectors

represent the relative importance of each variable in explaining variation among sites, and
the correlations between variables (Zuur 2011).

5-3-3 Rainforest life form composition

Of the eleven rainforest life forms analysed, nine were found to vary among elements following
disturbance gradient expectations. The two which did not conform were canopy and sub-canopy
vine towers, and these were removed from the final PCA. Given the gradient in time since
disturbance and intensity of disturbance among landscape elements, I would have expected
similar occurrence values among older, less disturbed elements, differentiating them from the

values of more recently and intensively disturbed elements. This was not the case (Table 5.6).

Table 5.6 Mean proportion of sites per element with presence of canopy and sub-canopy vine
towers

Landscape elements

Unlogged Secondary Secondary Mature Young

forest remnant riparian plantation plantation
Canopy vine towers 0.34 0.21 0.58 0.40 0.00
Sub-canopy vine towers  0.65 0.18 0.92 0.90 0.00
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After removal of canopy and sub-canopy vine towers from analysis, two factors were extracted
from both PCA analyses of rainforest life forms, representing 51.8% of variance in the midpoint
cover data, and 56.2% of variance in the adjusted presence-absence data (Table 6). As more of
the variance was explained for presence-absence data, I will only consider the PCA results from
that analysis here (Table 5.7 (b)). PC1b described the gradient in richness of life forms co-
occurring at sites, ranging from least to most rich. It explained 38% of the variation in life
forms’ occurrence. Sites of highest richness were characterised by the presence of palm trees
and large woody vines in particular, while mid- and understorey-vine masses and Zingiberales
spp. (mostly gingers in these forests) tended to dominate the sites when they occurred. PC2b
described the forest disturbance gradient and explained 18.2% of the variation in life forms’
occurrence. Sites at one end were characterised by presence of gingers, midstorey vine masses
and understorey-vine masses and were associated with plantation and secondary riparian
elements (Figure 5.5). At the other end, sites were characterised by highly correlated occurrence
of palms, rattan palms, large woody vines, hemi-epiphytes, and epiphytic ferns and were

associated with unlogged and secondary remnant forest elements.

Table 5.7 Principal components of rainforest life forms for (a) mid-point cover, and (b) adjusted
presence-absence data. PC1b — gradient in the richness of life forms present (from least to
most rich); PC2b — gradient in life form types (disturbed to undisturbed).

Life forms (a) Midpoint cover (b) Presence-absence

PCla (359%) PC2a (15.9%) PCI1b (38.0%) PC2b (18.2%)

Clumping epiphytic fern -0.118 0.014 0.350 -0.003
Calamus -0.110 0.344 0.368 -0.139
Hemi-epiphytes -0.370 0.461 0.349 -0.035
Palm tree -0.189 0.048 0.460 -0.052
Vines >5cm diameter -0.079 0.158 0.427 -0.033
Understorey Palm -0.199 0.029 0.407 0.012
Midstorey vine tower 0.144 0.711 0.076 -0.651
Understorey vine thicket 0.193 0.357 -0.097 -0.623
Ginger 0.835 0.079 -0.214 -0.404
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Figure 5.5 PCA biplot of special life forms with sites grouped into landscape elements; HE — hemi
epiphyte, VB — lianae (vines > Scm), UVT — understorey vine thicket, MVT — midstorey
vine thicket, CA — Calamus spp., P — Palm, GP — understorey (ground) palm, EPF —
epiphytic ferns, GI — Zingiberales spp (gingers). Vectors represent the relative importance
of each variable in explaining variation among sites, and the correlations between
variables.

5-3-4 Variable selection for bird species richness models

I selected variables which were uncorrelated (p <0.60), present in most sites, and varied across
sites in response to site-level disturbance (Table 5.8). Correlation analyses revealed strong
relationships between: (1) VFD and sub-canopy foliar richness, canopy foliar richness and PC1
(ground cover); (2) tree species density and sub-canopy richness, PC2 (ground cover) and PC1b
(life forms); and (3) sub-canopy richness and PC1b (life forms) (Table 5.9). Of these correlated
variables, tree species density was selected because it reflected the disturbance gradient in of
itself and through its correlations with other variables that similarly described the disturbance
gradient (sub-canopy richness, PC2 (ground cover) and PC1b (life forms)). Selection of the
remaining six variables (Table 5.8) is discussed more fully in section 5-4-4 because it

incorporates interpretation from the discussion.
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Table 5.8

Summary of predictor variables chosen for models of bird occurrence in  Chapter 6.

Habitat property (site-level)

Variables

Description

Tree species richness and
structural complexity

Ground cover

Rainforest life forms

Canopy cover

Tree richness

Tree size (DBH) diversity (H’)
Shrubs/seedlings

Ferns

Palm¥

Zingiberales spp. (gingers)

Mean percent cover

Number of tree species recorded
Shannon (H’) index of the size
class distribution of trees

Mean percent cover, (indicative
of less-disturbed elements)
Mean midpoint percent cover
(indicative of disturbed
elements)

Mean midpoint percent cover
(indicative of less-disturbed
elements)

Mean midpoint percent cover
(indicative of disturbed
elements)
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Table 5.9 Spearman rank correlation coefficients for all variables. Pairwise relationships where correlation coefficient p >0.60 are highlighted in bold font.

Tree Basal Treesize Canopy VFD  Understorey Midstorey Sub- Canopy PC1 PC2 PCib PC2b
species area, live diversity cover richness  richness  canopy richness (ground (ground (life (life
richness trees richness cover) cover) forms) forms)

Tree species richness

Basal area, live trees 0.449

Tree size diversity -0.219 0.518

Canopy cover 0.599 0.307 -0.031

VFD 0.545 0.230 0.006 0.472

Understorey richness ~ 0.246 0.145 0.036 0.337 0.313

Midstorey richness 0.554 0.195 -0.122 0.490 0.482 0.250

Sub-canopy richness 0.621 0.147 -0.157 0.436 0.683 0.271 0.481

Canopy richness 0.178 0.293 0.238 0.291 0.605 0.373 0.191 0.386

PC1 (ground cover) -0.009 0.244 0.383 0.026 0.133 0.044 0.012 0.009 0.325

PC2 (ground cover) -0.689 -0.224 0.168 -0.410 -0.371 -0.234 -0.363 -0.558 -0.097 0.032

PCI1b (life forms) 0.721 0.199 -0.138 0.546 0.628 0.370 0.503 0.670 0.416 0.003 -0.537
PC2b (life forms) 0.047 -0.247 -0.219 -0.220 -0.125 -0.100 -0.123 0.001 -0.167 -0.249 -0.119 0.086
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5-4 Discussion

In general, changes in species composition reflected the time since disturbance and gradient in
disturbance among landscape elements more consistently than did structural attributes. Young
and mature plantation elements differed substantially from unlogged and secondary forest
elements by their reduced structural complexity (canopy cover, vertical foliar richness,
shrubs/seedling cover), lower tree species richness, and reduction in late-successional rainforest
life forms (e.g. palms). During the early establishment phase soon after conversion of secondary
forest (i.e. young plantations) there was a decrease in all structural attributes and an absence of
rainforest plant life forms. However, plantations that had reached harvest age (mature
plantations) were capable of recovering some of these attributes to values equal to those of
unlogged forest (e.g. basal area of live and dead trees, and vertical foliar diversity) potentially
providing habitat for a subset forest fauna. None of the structural attributes considered in the
study were able to differentiate secondary remnant forest from unlogged forest elements, and
these elements’ tree species richness and plant composition were also similar. This suggests that
New Britain’s lowland forests can recover substantially from selective logging within 25 years,

and highlights their value for conservation of forest vegetation biodiversity.

5-4-1 Tree richness and structural complexity

5-4-1-1 Tree speciesrichness, basal area, and size diversity

Tree species density (richness per given area) clearly differentiated plantations from non-
plantation landscape elements, but not unlogged forest from secondary forest elements (Chapter
3). The capacity of secondary forests (especially those employing low-level extraction methods
such as selective logging) to recover species richness after relatively short fallow periods (~20—
30 years) has been well documented in the tropics (Cannon et al. 1998; Berry et al. 2010;
Baraloto et al. 2012; Putz et al. 2012; Hall et al. 2003). However, richness comparisons tend to
mask underlying compositional differences in secondary forests, such as the reduced abundance
of late-successional species compared to unlogged forest (Sheil & Burslem 2003). Indeed, a
reduction in late-successional trees in the secondary riparian element compared to unlogged
forest was found in this study (Chapter 3), although compositional differences between the
unlogged and secondary remnant forests were not evident (Chapter 3). Tree species richness
and composition are the focus of Chapter 3 of this thesis, and potential reasons for these
observations are detailed in section 3-4-1. While species density was significantly lower in

plantation elements, mature plantation sites contained a significantly higher density of trees
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than young plantations (Chapter 3). Therefore, plantation age affects the richness of tree species
that can accumulate, which has ramifications for their relative provision of resources for forest

fauna.

Basal area of both live and dead trees was a broad indicator of stand age or maturity, with
significantly lower values recorded in young plantations compared to all other elements. The
similar basal areas found in unlogged, secondary and mature plantations reflect the rapid
growth of woody vegetation common in tropical secondary forests (either logged or
regenerating after clearing) and timber plantations, in the first 10-30 years post-disturbance
(Guariguata & Ostertag 2001; Lugo & Brown 1990; Parrotta 1999; Lugo et al. 1988). For
example, in the Neotropics studies have found reduced-impact logged forest can recover 100%
of its pre-logging above-ground biomass after as little as 16 years (West et al. 2014), and even
secondary forest regenerating after pastureland (when pasture for <10 years) was able to
recover biomass within 21-30 years (Costa Rica, Chazdon et al. 1997; Letcher & Chazdon
2009). In addition to this ‘natural’ biomass accumulation, plantations may be further assisted by
the rapid growth that characterises selected timber plantation species (usually in the first 10-20

years , Chazdon et al. 2007; Keenan et al. 1999).

However, while basal area was similar among mature plantation and unlogged and secondary
forest elements, the composition of stem sizes comprising them differed greatly. In unlogged
and secondary forest elements, tree stem distribution profiles revealed that much of the basal
area was contributed by a high number of recruiting trees (10-20 cm DBH) and low number of
large, old trees > 70 cm DBH. Large, old trees contribute significantly to the basal area of a
given stand (Day et al. 2014) and can play an important role in facilitating understorey tree
recruitment (Schlawin & Zahawi 2009), as well as providing unique resources for structural
floral parasites (Benavides et al. 2013) and arboreal fauna (Lindenmayer, Laurance, et al.
2012b). In contrast, mature plantation basal area was comparatively evenly comprised of stems
from four classes (ranging from 10-50 cm DBH) made up of focal E. deglupta trees and
recruited native trees of 10-25 cm DBH (Chapter 3). Therefore, in modified land-covers
promoting growth or retention of trees (e.g. plantations, agroforests) basal area values matching
those of old-growth rainforest do not necessarily indicate the same level of structural

complexity or the habitat resources they provide (e.g. Day et al. 2014).

Tree size diversity, based on the Shannon-Weiner index, attempts to summarise the stem
distribution profile of a given stand by describing both the evenness of distribution of stems
among size classes, as well as the diversity of size classes present. Here, tree size diversity was
found to be highest in mature plantations, significantly lower in unlogged and secondary forest

elements and lower still in young plantations. Thus, while it successfully differentiated
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plantations from non-plantation landscape elements, its opposite value in young (low) and
mature (high) plantations means that this variable did not track the disturbance gradient.
Explanation for these values lies again in the stem size distribution profile. For unlogged and
secondary forests, stem distribution is skewed towards a high proportion of trees in the 10-20
cm size class, a common finding in more mature forest (e.g. Bowman et al. 1990). This
skewness is due to the richness and abundance of propagules supplied by the diversity of trees
in these elements, and the slow growth of late-successional trees out of this size class (Condit et
al. 1998). Thus, while these forest elements have individuals present across all size-classes, the
proportion of stems occurring among size-classes varies greatly. By contrast, the number of
trees recruited into the 10-20 cm size class in mature plantations was probably limited by the
lower abundance of late-successional propagules, the inhibitory effect of a high ginger cover
(Denslow 1996 and section 5-4-3), and competition from fast-growing E. deglupta trees, which
were sizeable (20—50 cm DBH). Thus, while mature plantations were missing trees for two of
the eight size classes, the proportion of stems occupying the remaining six size-classes was
relatively similar resulting in their high tree size diversity values compared to unlogged and

secondary forest elements.
5-4-1-2 Canopy cover, vertical foliar diversity and richness

Percent canopy cover, like tree species richness, conformed to expectations of the landscape
element gradient in time since and intensity of disturbance: it was highest in unlogged and
secondary forest elements, significantly lower in mature plantations and almost three-fold lower
in young plantations. However, while lower in mature plantations, canopy cover was still above
90%, which is higher than values observed for mature plantations in other tropical studies
(Kanowski et al. 2003; Zurita et al. 2006). This may result from the combination of consistent
overstorey cover of the emergent E. deglupta trees and the foliar cover provided by rainforest

trees recruited in the understorey.

The contribution of strata to canopy cover can be elucidated by the analyses of vertical foliar
diversity (VFD) and richness (VFR, here modeled as proportion of total possible foliar types
occurring at a site). In mature plantations most strata were evenly represented by foliage cover,
but the sub-canopy was depauperate in foliar cover contributed by trees of different sizes, vines
and epiphytes compared to unlogged forest. Thus, mature plantations were characterised by
inconsistent vertical cover, with an even overstorey of thin-leaved emergent crowns,
supplemented by understorey—midstorey cover of recruited rainforest trees (<25 cm DBH). In
the secondary riparian forest, both VFD and canopy VFR were found to be lower than unlogged
forest, which may have been a consequence of their slightly lower density of larger old trees

(>60 cm DBH). This relative scarcity of old trees may have been caused by the exposure of
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trees located on the edges of the riparian strips to wind and anthropogenic disturbance (Ries et
al. 2004). In the more narrow riparian sites, there may also have been less space to support
these trees and/or increased soil disturbance from seasonal flooding. Nevertheless, the lower
vertical foliar diversity and canopy richness found in this element did not result in a lower mean
canopy cover compared to unlogged forest, presumably because of the inclusion of foliar

richness similar to that of unlogged forest in all other strata.

5-4-2 Ground cover

Principal components analysis of ground cover variables showed that grasses, ferns and vines
characteristic of disturbed, open-canopied stands (Guariguata & Ostertag 2001; Denslow 1996)
were associated with plantations and some of the secondary riparian sites, as expected.
Shrubs/seedlings, and bare soil characteristic of less disturbed forest (Tchouto et al. 2006) were
associated with unlogged and secondary forest elements. However, the principal component
describing this ground cover disturbance gradient did not explain the majority of the variation
between sites, indicating that some trends in ground cover response to disturbance were
difficult to determine. This may be a consequence of a number of factors. First, the broad
classification of ground covers in this study led to conflation of fern and grass species
characteristic of different successional stages. In this study, ferns such as Pteridium spp. were
classic post-disturbance and canopy-gap pioneers found in abundance in plantations (Henty
1982), however Lomariopsis spp. were restricted to unlogged and secondary forest elements.
Similarly, weedy grasses like Saccahrumand Imperata spp. colonised the most disturbed sites,
while palm-like grasses of genus Leptaspis were found in the least disturbed sites.
Differentiation between all fern and grass genera was not possible in the field, so I decided to
only include pioneer genera in surveys. This however, led to the exclusion of species that I
could not identify to genus-level or successional type, resulting in a loss of potentially useful

information.

Second, leaf litter cover was only weakly characteristic of less disturbed forest elements, in
contrast to other studies comparing litter abundance between plantations and primary or
secondary forests (Gardner et al. 2007). Here, litter consistently occurred in high abundance
when present across all sites, making it a poor differentiator of land-cover types. Still, there was
a trend for litter to be lower in young plantations, in-keeping with other studies of young (4-5
year old) Eucalyptus plantations compared to old-growth and secondary rainforests, and was
attributed to their lower above-ground biomass and low tree species richness (Gardner et al.
2007; Lugo 1992a). As tropical plantations age, however, they may accumulate more litter than

old-growth forest and some secondary forests because of their comparatively high net primary
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production and lower levels of decomposition, although the magnitude of these effects depends
on the plantation species and microclimate (Gardner et al. 2007; Cuevas & Lugo 1998; Holl et
al. 2010). Had I measured more attributes of litter (e.g. litter mass and composition), as was
done in the aforementioned studies, differentiation between mature plantation and non-
plantation elements may have been revealed. Given the difficulty in summarising the response
of all ground covers to disturbance concurrently, a better approach may be to simply describe
the effect of land-cover on the two variables most strongly associated with old-growth and

disturbed forest, namely shrubs/seedling and ferns, respectively.

5-4-3 Rainforest life form composition

Most of the variation in the occurrence of life forms among sites was explained by differences
in the richness of life forms present. Unlogged and secondary remnant forest had the greatest
life form richness, comprised of an almost ubiquitous occurrence of more slow-growing plant
forms and/or those reliant on tree substrates (palms, rattan palms, large woody vines, hemi-
epiphytes, and epiphytic ferns) (Webb et al. 1976). A number of these less disturbed forest sites
also contained some of the more disturbance-associated life forms, most likely representing
small tree-fall gaps (Denslow 1996). Life forms characteristic of old-growth forest have been
observed to occur in secondary forest in other studies, including the more extreme case of
secondary forests recovering from clearfell activity (Chazdon 2003; Letcher & Chazdon 2009).
However, studies of the composition of life forms at the species-level suggest that it may take
many years before they resemble communities of undisturbed forest (Woods & DeWalt 2012;
Putz 1984; Letcher & Chazdon 2012; P. H. Martin et al. 2004). An effect of time since
disturbance was evident in the secondary riparian element. Secondary riparian sites ranged from
a comparatively rich composition of life forms in sites located along wider buffer strips, to a
more simple composition with a dominance of gingers (Zingiberales spp.) and lower strata vine
masses in sites found along narrow buffer strips. This lends weight to the theory that the
narrower sites are more prone to disturbance from edge effects, river flooding, and human use
and therefore may offer reduced support for native forest biodiversity (Denslow 1996; Ewel &

Bigelow 1996).

Young plantation sites had the lowest richness of life forms, with most sites either absent of all
rainforest life forms, or with only Zingiberales spp. present. Only a few sites contained hemi-
epiphytes on young trees, and understorey vine thickets. Young plantations lacked necessary
substrates, shade and microclimate conditions required for successful germination of most
forest life forms. Similar observations have been made in young plantations of tropical and sub-

tropical Australia (Wardell-Johnson et al. 2005). By contrast, the structure and canopy cover
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available in mature plantations allowed them to support a range of life forms, with some sites
dominated by a few life forms and others more closely resembling the composition of unlogged
and secondary forest elements. However, almost all sites contained Zingiberales spp, and
contained a high incidence of lower strata vine masses, a consequence of the increased light

levels penetrating the Eucalyptus canopy (Tucker et al. 2004).

The lack of midstorey-to-canopy vine mass differentiation between mature plantations and
unlogged and secondary forest elements may be a consequence of their reliance on a high
density of adult trees and a sufficiently open canopy (Tchouto et al. 2006; Putz 1984). These
conditions are present in mature plantations and unlogged and older secondary forest edges and
canopy gaps. Differentiation may have been more successful had the scope of this study
extended to identifying the specific life forms contributing to these vine masses. These masses
can be composed of a mixture of pioneer-type lianae and herbaceous vines, and late-
successional lianae and primary hemi-epiphytes (Zotz 2013). Thus, identification of vine
masses dominated by slow-growing lianae and primary hemi-epiphytes would be more

indicative of undisturbed sites (Putz 1984; Letcher & Chazdon 2012).

5-4-4 Selection of predictor variables for bird occurrence models

Chapter 6 of this thesis attempts to understand the relative influence of a range of
environmental factors on the occurrence of forest bird species. Habitat-level properties such as
structural complexity (R. H. MacArthur 1964), tree species richness (Farwig et al. 2008), and
incidence of rainforest life forms (e.g. epiphytes, Cruz-Angon & Greenberg 2005; and palms,
DeWalt et al. 2003) have been associated with forest bird species richness in production
landscapes. Therefore, I selected variables representing these properties as possible predictors
of bird species richness. I ensured predictor variables were uncorrelated, present in most sites

and also varied across the landscape in accordance with land-use context.

For structural complexity, canopy cover best met these criteria. Tree size diversity may also be
considered (although it did not describe the disturbance gradient as expected) because it
fulfilled all other criteria and has been observed to correlate with bird species richness in studies
comparing secondary regrowth and monoculture plantations (Kanowski et al. 2008; Sekercioglu
2002). Ground cover also represents structural complexity, as well as plant species composition
and microhabitat conditions that may effect richness of understorey birds (Stouffer & Stratford
2013). Ground cover was poorly summarised by PCA, so I decided this attribute would be
better captured through two variables most strongly associated with old-growth and disturbed
forest—cover of shrubs/seedlings and cover of pioneer ferns, respectively. Rainforest life forms

separated into two correlated groups, both requiring a level of habitat structure to grow, with
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one group more reliant on the shaded, moist microclimate of less disturbed forest. Because of
the high correlations found, I similarly decided to represent life forms as the two variables most
strongly associated with old-growth and disturbed forest—cover of palm trees and cover of
gingers respectively. Palms provide an important food resource for forest frugivores (Peres
1994; DeWalt et al. 2003; Genini et al. 2009) and gingers may also provide resources for some

nectarivores and insectivores (Sakai et al. 1999; Garcia-Robledo & Kuprewicz 2009).

5-4-5 Conservation Implications

With the exception of young plantations, structural and compositional differences among
landscape elements were not as demarcated as expected. The secondary forest and mature
plantation elements demonstrated a rapid recovery of some stand structural attributes of old-
growth forest and were capable of providing substrates and microclimatic conditions required
for growth of some rainforest life forms. This was particularly evident for the secondary
remnant forest protected by conservation reserves, which was structurally and compositionally
most similar to unlogged forest. In contrast, the continual human disturbance occurring in
secondary riparian element (especially where such activity reduced the width of buffer strips,
increasing their fragmentation) resulted in a reduced similarity of both its vegetation structure
and composition compared to unlogged forest. To avoid further degradation of this landscape
element, I recommended that riparian buffer strips be protected from further human
encroachment, that degraded sections are restored through enrichment planting, and that roads

are relocated further from the river in the narrowest sections.

Conversion of secondary forest to plantations resulted in the drastic reduction of all old-growth
structural and compositional attributes, suggesting that they are likely to provide little
connectivity or habitat for forest species in early stages. However, habitat provision changed
with plantation age, and those that had reached harvest age recovered substantially for all
attributes. Nonetheless, the history of disturbance and light penetration of mature plantations
also resulted in a simplified ground-storey, and competition from plantation trees inhibited
recruitment of a richness and composition of plant species resembling that of both secondary
and unlogged forests. Therefore, the E. deglupta plantations may provide connectivity and
habitat resources for a subset of forest species, but they are not capable of supporting the full
complement of old-growth vegetation while still upholding production value. The extent to
which this multi-use plantation landscape supports native forest avifauna and the conservation

management implications therein will be explored in Chapter 6.
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5-5 Chapter summary

The conversion of secondary forest to plantations resulted in the dramatic reduction of all old-
growth structural attributes and the absence of late-successional rainforest plant types in the
early establishment stage (young plantations). However, by as little as 15 years post-planting
(mature plantations) some structural attributes recovered to values found in unlogged forest
(e.g. basal area, vertical foliar diversity) and a greater richness of plant species was present
compared to young plantations. Therefore, the resources available within plantations for forest
biota are largely influenced by plantation age. The composition of late-successional plants
differentiated unlogged forest from modified landscape elements more readily than did
structural attributes, except for the secondary remnant forest element, which was a 385 ha
contiguous remnant protected by conservation reserves. The findings of this chapter further
highlight the capacity of tropical forests to recover from anthropogenic disturbance. However,
this capacity is reduced in more frequently disturbed land-uses and may never be realised in
plantations where production activities involve clearfelling. The importance of a subset of these
habitat properties for the occurrence of forest avifauna will be investigated in the following

chapter (Chapter 6).
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CHAPTER SIX

In the final data chapter of the thesis I investigate the properties of the native plantation
landscape that influence the occurrence patterns of lowland forest birds (objective 3). I use an
information theoretic approach to examine the relative influence of habitat attributes (from
Chapter 5) and spatial context on the richness of (a) forest-using and (b) forest-specialist birds.
Understanding how these habitat and spatial properties influence bird occurrence provides
valuable information on what may be required for effective conservation management of these
species both landscape-wide and at the stand-level. The ecological inferences based on the
findings from this study are discussed and framed in terms of their consequences for
biodiversity conservation within this production landscape. Conservation management

implications are outlined, and are expanded upon in full in the general discussion (Chapter 7).

6-1 Introduction

Production landscapes continue to expand on a global scale and now dominate many tropical
regions (Gardner et al. 2010). This has severe consequences for biodiversity conservation, as
natural habitats are cleared and modified to make way for alternative land-uses (Gardner et al.
2010; Gardner et al. 2009). While conservation reserves play a crucial role, their limited
number and size necessitates additional conservation measures (Gaston et al. 2008). ‘Land-
sharing’ strategies broadly aim to balance biodiversity conservation with production in
landscapes comprised of production land-uses interspersed with remnant habitat (Fischer et al.
2008). Identifying the attributes of production landscapes that influence occurrence of species is
fundamental for the successful development of land-sharing conservation strategies (Perfecto &
Vandermeer 2010). However, such attributes remain poorly understood (Chazdon, Harvey, et

al. 2009a; Paquette & Messier 2010).

Human-affected landscapes present three key threats to local fauna: habitat loss, fragmentation
and modification. Therefore, the capacity of a given production landscape to mitigate the effects
of these threats depends on: (1) the extent to which remnant (old-growth) forest resources and
ecosystem functions can be retained in the matrix (production land-uses); and (2) the coverage
of remnant habitat in the landscape, and its location relative to production land-uses
(Tscharntke et al. 2012). Areas of tropical lowland forest are used for a range of production
purposes including agriculture, timber extraction and tree crops (Gardner et al. 2010;
Ranganathan et al. 2008). Different land-uses create a gradient in disturbance. For example,
more intense land-uses (e.g. cattle pastures, oil palm/rubber crops) incorporate clearfelling and

complete conversion of habitat and result in the simplification of vegetation structure and
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reduction of plant species diversity (Letcher & Chazdon 2009; Zurita & Bellocq 2012; Catterall
et al. 2012). Such land-uses typically experience dramatic losses in faunal biodiversity (e.g.
cattle pastures (Saab & D. Petit 1992), agriculture (L. Petit & D. Petit 2003), and tree crops
(e.g. oil palm, rubber) (Peh et al. 2005; Koh & Wilcove 2008)). By contrast, land-uses which
retain a degree of structural complexity and native vegetation cover (e.g. selectively-logged
forests, agroforests) may support a greater richness of forest fauna (Barlow et al. 2006; Thiollay

1995).

In addition to the disturbance associated with a particular land-use, spatial context is also likely
to be important (Fischer & Lindenmayer 2007). Theory predicts that production areas in close
proximity to remnant forest may support a greater number of species than more isolated areas
(Ewers & Didham 2006), with some studies offering support for this hypothesis (Abrahamczyk
et al. 2008; Ranganathan et al. 2010). An added complexity is the dynamic nature of production
land-covers, whereby provision of resources can change with age (Watson et al. 2014), altering
their biodiversity value over time. This effect may be greatest in production types that
encourage tree growth (e.g. selectively logged forest, timber plantations, agroforests), where
attributes such as tree basal area and canopy cover change through time (Letcher & Chazdon
2009; West et al. 2014). Therefore, to ascertain the processes driving faunal occurrence patterns
within a production landscape, an effective approach would be to quantify the relative
influences of vegetation resource provision and spatial context, and examine how they change
as production land-covers age. Such an understanding is required to weigh the consequences of

land-use management on local fauna.

Native timber plantations may represent a production land-use capable of balancing production
and conservation in tropical forest regions. This is because in addition to the structural
complexity inherent in timber tree growth, they may potentially support native plant and tree
species otherwise restricted to remnant forest (Bremer & Farley 2010), which in-turn would
provide for rainforest-dependent fauna (Brockerhoff et al. 2008). Here I investigated the
capacity of the native timber (E. deglupta) plantation landscape to sustain lowland forest bird
species on New Britain Island, Papua New Guinea. My results from Chapter 4 indicate that the
five main landscape elements are providing differential habitat resources for bird species but

that in general, conservation of forest birds within the production landscape is high.

I used an information theoretic approach to assess the relative influence of structural and
compositional attributes, and the proportion and proximity of remnant forest, on the richness of
forest birds occurring at sites across all elements. I hypothesised that site-level vegetation
structural and compositional properties (tree attributes, ground cover and rainforest life form

cover), and the proportion of surrounding area made up of intact forest, could influence bird
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species richness. I aimed to: (1) determine the relative influence of each factor on the richness
of (a) forest-using and (b) forest-specialist birds across the landscape; (2) establish the

comparative quality of habitat provided to birds by different land-uses and determine how this
may be affected by age or management practices; and (3) provide information on the effective

management of similar production landscapes.

6-2 Method

6-2-1 Study design and data collection

Study area, study design and site selection are outlined in sections 2-1-1 and 2-1-2. Collection
of vegetation and bird data are detailed in sections 2-1-3 (overview), 4-2-1 (birds), and 5-2-1
(vegetation). As mentioned in Chapter 4 (section 4.3), although 58 lowland forest bird species
were identified in this study, the removal of five supra-canopy species (swifts, raptors), six rare
species, and six hard-to-identify species reduced my forest-occurring birds to a total of 41

species for analysis (Table 4.2).

The total number of survey sites used in analyses differed for bird and vegetation data because
of uncontrollable factors (e.g. tree fall events, absence of adult tree cover; for details see Table
2.1). Therefore, for this chapter I only analysed data collected from survey sites that matched
for both datasets. This amounted to a total of 107 sites among landscape elements: young
plantations = 17, mature plantations = 37, secondary riparian = 14, secondary forest =9,

unlogged forest = 30.

6-2-2 Data analysis

6-2-2-1 Variable selection

Two response variables were chosen. The first represented total forest-using bird species
richness, and was comprised of all 41 forest-occurring bird species included in analysis
(Chapter 4). The second was the richness of forest-specialist birds (rather than forest-using): a
subset of seventeen species identified in community assemblage analyses in Chapter 4 (Table
6.1). These birds were considered likely to respond most strongly to disturbance because of

their obligate frugivory and/or their apparent preference for less-disturbed forest.
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Table 6.1 Details of forest-specialist bird species identified from analysis in Chapter 4.
Species Common name Primary Habitat Nest type
Diet Affinity
Aceros plicatus Blythe’s hornbill Frugivore Forest Tree hollow
Chal cophaps stephani Stephan’s ground- Frugivore Secondary Unknown
dove
Ducula rubricera Red-knobbed Frugivore Forest Unknown
imperial pigeon
Ducula finschii Finsch’s imperial Frugivore Forestedge = Unknown
pigeon
Eclectus roratus Eclectus parrot Frugivore Generalist Unknown
Eudynamys scolopacea Common Koel Frugivore Secondary Unknown
Geoffroyus heteroclitus Geoffrey’s hanging-  Frugivore Forest Tree hollow
parrot
Lorius hypoinchrous Eastern black- Frugivore Forestedge  Tree hollow
capped lory
Macropygia amboinensis ~ Brown cuckoo-dove  Frugivore Forest edge Unknown
Mino dumontii/kreffti Yellow-faced/Long-  Frugivore Forest edge  Tree hollow,
tailed myna asplenium
Monarcha verticalis Bismarck pied Insectivore  Forest Tree sapling
monarch
Pachycephala pectoralis ~ Golden whistler Insectivore  Forest Dense foliage of
shrubs/saplings, palms
Ptilinopus insolitus Knob-billed fruit- Frugivore Forest Branches of trees,
dove sub-canopy
Ptilinopus rivoli White-bibbed fruit-  Frugivore Forest Tree branch, fork
dove
Ptilinopus superbus Superb fruit-dove Frugivore Forest edge Tree sapling
Reinwardtoena brownii Pied cuckoo-dove Frugivore Forest Unknown
Todhiramphus chloris Collared kingfisher ~ Insectivore ~ Forest Termite nests, hollows

in ground/riverbanks

As there were numerous potential covariates for use as predictors of bird occurrence (Table 5.1)
I selected predictor variables a priori. Predictors represented my hypothesised drivers of bird
responses: tree attributes, ground cover, rainforest life forms, and spatial context (Table 6.2),
and included variables that were present in most sites but that varied across the landscape in
accordance with land-use context (Chapter 5, Table 5.8). Three variables described tree
attributes: canopy cover, tree species richness (density) and tree size (DBH) diversity. Tree size
diversity was the Shannon-Weiner index of the proportion of trees in each of eight DBH classes
(10-20, 20-30, 30-40, 40-50, 50-60, 60-70, 70-90, 90—150 cm). As such, it represented an
index of the size class distribution of trees, with higher values when trees were more evenly
distributed among more size classes (Kanowski et al. 2010) indicating structural properties of

importance to forest birds (Sekercioglu 2002; Kanowski et al. 2008). Similarly, high canopy
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cover and tree species richness indicate complex old-growth rainforest conditions (Kikkawa

1982; Clough et al. 2009).

Ground cover included two variables: percent cover of shrubs and seedlings (juvenile trees and
lianae), and pioneer (heliophilic) ferns, which reflect a suite of structural and microhabitat
conditions that may affect richness of understorey birds (Stouffer & Stratford 2013). Shrub and
seedling growth is promoted by humid, shaded microclimates and moist soil conditions
commonly found in more intact forest (Kitajima & Kitajima 1996). By contrast, pioneer plants
such as ferns dominate the comparatively open, dry, light-filled understorey of disturbed
habitats, impeding germination of late-successional trees (Guariguata & Ostertag 2001;
Denslow 1996) and potentially obstructing foraging of forest understorey insectivores (Thiollay
1992; Mason 1996). Rainforest life forms also included two variables: abundance (cover) of
palms >2 m and Zingiberaceae (ginger) species. Palms are a feature of least disturbed rainforest
and may more broadly reflect old-growth microclimate conditions (Webb et al. 1976; Chazdon
et al. 1997). They also provide an important food resource for forest frugivores (Peres 1994;
DeWalt et al. 2003; Genini et al. 2009). Conversely, gingers thrive where humidity is high yet
sunlight is not too sparse (Kubitzki 1998) and can dominate disturbed forest sites (Slik & van
Balen 2006). Gingers may also provide food resources for ‘generalist’ nectarivores and

insectivores (Sakai et al. 1999; Garcia-Robledo & Kuprewicz 2009).

A single spatial variable—proportion of surrounding intact rainforest cover—was included to
represent the local landscape context of each site (Wintle, Elith, et al. 2005b). This was the
proportion of contiguous forest within a 2 km buffer of each site with a mean canopy cover of
95% (unlogged and secondary forests, not including riparian buffer zones). I derived this
variable using ArcGIS 10.0 (ESRI 2011), adjusting the total area to include just terrestrial

elements for sites whose 2 km buffer overlapped large water bodies.
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Table 6.2 Model hypotheses and representative variables. See text for details of model hypotheses and relevant literature.

Model hypothesis Variables Abbreviation Model

1. Tree attributes: tree species richness and structural Canopy cover CC Species richness ~ CC + TrR + TrDBH
attributes are associated with the richness of tropical forest

birds through provision of resources.. Tree richness™* TR
Tree size (DBH) diversity (H) TrDBH
2. Ground cover: abundance of shrubs/seedlings and ferns Shrubs/seedlings covert Shr/sdlg Species richness ~ Shr/Sdlg + Fern
reflect a suite of undisturbed and disturbed microclimatic and
resource conditions respectively, which may be important for Fern cover Fern
forest birds (particularly understorey species).
3. Rainforest life forms: palms are associated with old-growth ~ Palm covert Palm Species richness ~ Palmt + Ginger
forest conditions and provide important structural and food
resources for forest birds. Gingers are associated with Ginger cover Ginger
disturbed forest conditions but may provide resources for more
‘generalist’ birds.
4. Spatial context: the amount of intact (preferred) forest Intact rainforest cover IFC2km Species richness ~ IFC2km

surrounding a site can affect bird species richness by providing
source populations of birds and by enhancing landscape
connectivity.

T log-transformed; * logit transformed
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I made scatterplots of predictors against both response variables to determine the nature of their
relationship. Tree species richness, cover of shrubs/seedlings, and palms displayed non-linearity
with both response variables and were log transformed to fulfill model assumptions of linearity.
Canopy cover displayed non-linearity with bird species richness only, and was logit

transformed following Warton (2011).
6-2-2-2 Model development and selection

To analyse the determinants of bird species richness I constructed four candidate models
representing my four competing hypotheses (tree attributes, ground cover, rainforest life form
cover and spatial context). Each model contained all variables associated with the relevant
hypothesis (Table 6.2). I also built models that represented all possible combinations of my
hypotheses (total models for each response variable = 15). I modelled relationships using
generalised linear mixed models (GLMMs), with transect included as a random effect. Bird
richness was modelled as a Poisson distribution. To allow direct comparison of regression
coefficients, I standardised the predictor variables using the R package “arm” (Gelman et al.
2013), following Gelman (2008). I tested global models of each response variable (with all
predictors included) for overdispersion, autocorrelation (using Moran’s | statistic) and for

collinearity between predictors.

I used an information theoretic approach to compare the relative support for each of my
hypotheses (across all combinations of my four models) (Burnham & Anderson 2002). For each
response group, model support was determined by calculating AICc (AIC corrected for small
sample size (Burnham et al. 2011)). Akaike weights (W) were used to rank the 15 models based
on their relative likelihood of being the most parsimonious: a combination of the fit of the data
and number of parameters included (with penalties for increasing complexity) (Burnham &
Anderson 2002). In the absence of a standout model (wi >0.90, Burnham & Anderson 2002), I
calculated model-averaged parameter estimates and standard errors for all predictors to account
for model-selection uncertainty (Burnham & Anderson 2002; Richards et al. 2011). These are
derived by calculating the weighted average of regression coefficients of each predictor over all
subset models, with weights corresponding to the Wi for models that include the predictor of

interest (Burnham & Anderson 2002, pp.150-155).

To test the fit of the ‘best’ model for each response variable, I calculated the coefficient of
determination using a likelihood-ratio test. This is a pseudo-R? statistic and represents the
variance explained by the fixed effects of the models, compared to the null model (Nagelkerke
1991). All statistical analyses were conducted in the R software package (R Core Team 2013).
GLMMs were constructed using the ‘lme4’ package (Bates 2010b). Model selection, model
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averaging and model fit were carried out using the ‘MuMIn’ package (Barton 2013).
Autocorrelation analyses were made using the ‘spdep’ package (Bivand 2014) and
multicollinearity variance inflation factors were assessed in the ‘car’ package (Fox & Weisberg

2013).
6-2-2-3 Analyses of modd variables among landscape el ements

Although analysed separately in Chapters 3-5, here I present collated analyses of the
occurrence of all model response and predictor variables (6-2-2-1) among landscape elements.
These analyses are conducted to provide supporting information to assist the interpretation of
results (and to summarise relevant previous findings for the reader). The model sets detailed in
the previous section (6-2-2-2) analyse relationships across all sites without factoring in land-use
type. However, to consider the implications of these relationships for conservation management
of the production landscape, it is important to have an understanding of how these variables

change among landscape elements.

To that end, I modelled site-level species richness for forest-specialist birds using GLMs with a
Poisson error distribution, in the R ‘stats’ package (R Core Team 2013). The response variable
was the total number of species recorded at each site, and the single categorical predictor was
the landscape element, comprised of five levels (representing each element). Species richness in
elements was considered significantly different where 95% Cls did not overlap zero, with
unlogged forest as reference factor. Autocorrelation analyses were made using the ‘spdep’

package (Bivand 2014), and no autocorrelation was evident in model residuals.

To explore the composition of predictor variables among landscape elements, I used non-metric
multidimensional scaling (nMDS) to produce an ordination plot based on the Euclidean
dissimilarity matrix of standardised predictor values for each site. I subsequently fit vectors of
my predictor variables onto the ordination space to observe the relationship between sites and
the distribution of values of each predictor. Ordination plots and vector fitting were performed

using the ‘metaMDS’ and ‘envfit’ functions in R package ‘vegan’ (Oksanen et al. 2013).

6-3 Results

6-3-1 Model estimation

For forest-occurring bird species richness the most parsimonious model was that which
contained only tree attributes (Wi = 0.44), while for forest-specialist birds the most
parsimonious model contained both tree attributes and rainforest life forms (w; = 0.23,

Appendix Table D.1). This is reflected in the summed Akaike weights for each response group
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(Figure 6.1). Tree attributes was clearly the most influential variable category for both forest
occurring and forest specialist species (Figure 6.1). Rainforest life forms and spatial context
were useful for explaining some variance for forest specialist species. The fit of the most
parsimonious models, indicated by the pseudo-R? statistic, was quite low for both forest
occurring species richness (0.10) and forest specialist birds (0.17). No autocorrelation or
overdispersion was found for either response variable, nor was multicollinearity detected
between model covariates (vif <2.8). As a clear standout model was not identified for either
response group (wi >0.90, Burnham & Anderson 2002), model-averaging was conducted

(Appendix Table D.2).

6-3-2 Tree attributes

Model-averaging indicated that the influence of tree attributes was driven only by tree species
richness and canopy cover, not tree size diversity (Figure 6.2). The relationship between tree
species richness was positive and linear for both response groups (Figure 6.3b,d). A similar
relationship was found between canopy cover and richness of forest-using birds (Figure 6.3a).
For forest specialists, however, species richness was found to increase exponentially with
canopy cover, with a marked increase in richness evident after canopy cover reached ~70%

(Figure 6.3c).
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Figure 6.1 The relative magnitude of importance of candidate models derived from summing Akaike
weights of all model subsets in which the candidate model occurred (3} w;); (a) Species
richness of forest-using birds; (b) Species richness of forest-specialist birds.
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Figure 6.2 Model-averaged parameter coefficients and 95% confidence intervals of predictor
variables for (a) species richness of forest-using birds; and (b) species richness of forest-
specialist birds. Predictors whose confidence intervals do not overlap zero have an
important influence on the response variables. Predictor variable abbreviated labels are
given in Table 6.2.

6-3-3 Ground cover

For both response groups, the cover of both shrubs/seedlings and pioneering ferns had 95%
confidence intervals for model-averaged parameter estimates that overlapped zero (Figure 6.2).
Hence, neither of the ground cover variables considered were found to be an important

influence on either response variable group.

6-3-4 Rainforest life forms

Rainforest life forms were not found to be an important influence on the richness of forest-using
species, with confidence intervals for model-averaged parameter estimates overlapping zero for
both ginger and palms (Figure 6.2a). However, palm cover was found to be an important
positive influence on the richness of forest specialist species (Figure 6.2b). Model predictions
for this relationship are found in Figure 6.3e and indicate that there is some uncertainty

surrounding this relationship, with predicted values having large confidence intervals.
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6-3-5 Spatial context

The proportion of contiguous forest within 2 km of a survey site was not found to be a strong
influence on the richness of either forest occurring or forest specialist species, with model

averaged confidence intervals overlapping zero for both response groups (Figure 6.2).
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Figure 6.3 Relationships between richness of forest-using species and (a) canopy cover, (b) tree
species richness; and between richness of forest-specialist species and (c) canopy cover,
(d) tree species richness and (e) palm cover. Unbroken lines represent the predictions
from model-averaged models and shading depicts the 95% confidence intervals for the
most influential predictors.

6-3-6 Analyses of model variables among landscape elements

Comparisons between species richness among elements for forest-specialist bird species
revealed that richness was highest in the secondary remnant and unlogged forest, and lower in
the secondary riparian element (GLM p <0.01, with unlogged forest as reference), and mature
(p <0.01) and young plantations (p <0.001) (Table 6.3). This differs from values found for
forest-occurring birds (Chapter 4 and reproduced here Table 6.3), where species richness was
higher in the secondary remnant and riparian elements compared to unlogged forest (GLM, p
<0.05), and lower in mature (p <0.05) and young plantations (p <0.001) compared to unlogged

forest.
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Table 6.3 Means (standard errors) of bird species richness among landscape elements. Emboldened
figures represent values whose 95% confidence intervals do not overlap with zero with
unlogged forest as reference group (intercept).

Landscape Element

Unlogged Secondary Secondary Mature Young
Variable forest remnant riparian plantation plantation

Richness forest-using
species*

1506 (0.57)  20.78(126)  1821(0.95) 12.81(0.45) 5.25(0.39)

Richness forest-

specialist spocics 7.22 (0.47) 8.33 (0.96) 486(059  3.28(0.28)  0.21(0.09)

*Results reproduced here from analysis detailed in Chapter 4

The nMDS ordination demonstrated a similarity in the composition of predictor variables for
sites within each landscape element (Figure 6.4). Unlogged and secondary remnant forest sites
were most similar in their compositions and were related to the richness of tree species, canopy
cover, cover of shrubs/seedlings and palms, and proportion of intact forest within a 2 km buffer.
Secondary riparian sites shared a correlation of canopy cover with unlogged and secondary
remnant elements but they were distinguished from these elements by their greater correlation
with ginger and fern cover. Mature plantations were predominantly correlated with the cover of
gingers and ferns. Young plantations were also correlated with fern cover but were mostly
defined by low values for all predictors, as evidenced by their negative values for both nMDS

axes.
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Figure 6.4 nMDS ordination plot of predictor variable composition for each site, stress = 0.13.
Vectors of predictor variables display the correlation with sites (direction), and longer
vectors indicate a stronger correlation. All predictors were significantly correlated with
the ordination (p <0.001). Young plantations — open squares; mature plantations — open
circles; secondary riparian — open inverted triangles; secondary remnant — filled triangles;
unlogged forest — closed circles. Predictor variable abbreviated labels are given in Table
6.2.

6-4 Discussion

In the E. deglupta plantation landscape, richness of both forest-using and forest-specialist bird
species was driven by site-level vegetation attributes (primarily canopy cover and tree species
richness), rather than spatial context. Mature native timber plantations and regenerating logged
forest elements independently supported >90% of forest bird species (Chapter 4), indicating that
suitable levels of canopy cover and tree species richness were retained within the production
matrix. Hence, land-sharing strategies similarly incorporating production land-uses that enable
high canopy cover and tree species richness could be effective for conservation of tropical birds
while producing required yields. However, I found site-level richness of forest-specialist
birds—which were additionally influenced by palm cover—to be lower in plantation and
secondary riparian forests indicating a limit to the extension of these three key resources
beyond unlogged and secondary forest remnants. This reduction in resources was most
pronounced in the young plantations, highlighting the importance of taking the age of land-uses

into account when assessing the conservation potential of a production type.
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6-4-1 Tree attributes

An increase in canopy cover and tree species richness were key requirements for the attraction
of forest bird species to a site, which is unsurprising given their evolution in complex forested
habitats (Mayr & Diamond 2001). The positive linear relationship between bird species richness
and canopy cover reflects a reliance on tree presence, with a greater breadth of bird species
supported by higher cover, indicative of increased tree density. The number of forest-specialist
species present substantially increased above a canopy cover threshold of ~70%. This
corresponds to the lowest cover value recorded in mature plantations (74%), suggesting that
specialist birds prefer continuous canopy cover to the patchy tree cover that characterises young
plantations. Reliance on contiguous canopy may be explained by protection from birds of prey
and dependence on specialist canopy resources (e.g. nest sites (Lambert & Collar 2002; Cruz-

Angon & Greenberg 2005), or foraging habitat (Kennedy et al. 2010)).

I found mature E. deglupta plantations to have a higher mean canopy cover (93%, Chapter 5)
than that found in studies of other mature plantations (Kanowski et al. 2003; Zurita et al. 2006),
which may partly explain why this element supported all but two forest specialists. Canopy
cover in mature plantations was high on average because of the contribution of an even
overstorey of thin-leaved emergent E. deglupta crowns, supplemented by understorey—
midstorey cover of recruited rainforest trees <25 cm DBH (Chapter 3). However, total cover
values mask a depauperate sub-canopy—canopy layer compared to unlogged and secondary
forests (Chapter 5). This may explain why even with high mean canopy cover, both bird groups
were found in lower richness in mature plantations compared to unlogged forest. Simplification
of vertical structure has been similarly implicated in the lowered richness of forest birds in both
crop and timber plantations (Peh et al. 2006; N4jera & Simonetti 2010). Moreover, the
emergent canopy of E. deglupta plantations was comparatively open, making it more exposed
to wind, light and heat than the canopy of unlogged and secondary forests and thus less suitable

for canopy-using birds (Kanowski, Catterall & Wardell-Johnson 2005a).

Bird richness was also influenced by increased tree species richness, which concurs with
findings from other production forestry studies, such as plantations (Farwig et al. 2008),
agroforests (Abrahamczyk et al. 2008) and logged forest (Felton, Wood, et al. 2008b). Like
increased canopy cover, higher tree species richness increases structural complexity because of
the greater range of architectural forms and stem sizes present (Pinotti et al. 2012). A diversity
of tree species also provides a greater variety of food resources for birds. This may be of
particular importance for obligate frugivores (which comprise the majority of forest specialists

in this study) because of the ephemeral nature of fruiting resources and intense feeding
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competition (Diamond & Terborgh 1970; Frith et al. 1976; Beissinger 2000). The importance of
fruit diversity rather than simply fruit abundance may explain why the more disturbed
secondary riparian and mature plantation elements contained a lower richness of forest
specialists compared to unlogged forest even though they supported the highest density of trees
(but not tree species) in fruit (Appendix D.1, Styring et al. 2011). Nonetheless, while these
modified elements did not cater equally well for forest specialists as unlogged forest, their high
number of important fruiting pioneers such as Ficus spp. (Chapter 3) may be extending food
resources in sufficient quantities for the many non-obligate frugivores in this system (Marsden

& Symes 2008; Sam et al. 2014).

Given the relationship between structural complexity and bird species richness, it was
interesting that tree size diversity—a purported measure of horizontal structural
complexity—was not an influential factor. This was probably a result of my choice of diversity
index, which incorporated evenness into the measure, an attribute that was highest in mature
plantations. Old-growth forests are characterised by a reduction in evenness (Condit et al.
1998), leading us to expect a negative correlation between bird richness and tree size diversity
in this landscape. However, because I included young plantations with very low tree size
diversity, this relationship was confounded by simultaneously very high and very low bird
richness for low-medium tree size diversity values. Therefore, structural complexity was better

captured by canopy cover and tree species richness.

6-4-2 Rainforest life forms

For forest-specialist birds the cover of palms was also found to be an important factor. In and of
themselves, palms provide key fruiting resources during times of fruit shortage (Peres 1994;
DeWalt et al. 2003). Additionally, in this landscape the occurrence of palms was found to be
highly correlated with the occurrence of old-growth rainforest life forms: epiphytic ferns,
lianas, hemi-epiphytes and climbing palms (Chapter 5), which have similarly been identified as
important food and nesting resources for forest-dependent birds (Cruz-Angon & Greenberg
2005; Schnitzer & Bongers 2002; Lambert & Collar 2002). High abundance of palms was
strongly associated with unlogged and secondary remnant forests, but abundance was low or
absent within the secondary riparian and plantation elements. The inability of palms to extend
beyond remnant forest has also been observed in matrix habitat in southeast Asia (Waltert et al.
2005) and the Neotropics (Letcher & Chazdon 2009), suggesting a limitation based on time
since disturbance. This idea is supported by a growing number of studies demonstrating that
rainforest structural attributes recover well before plant species composition in disturbed forest

(Guariguata & Ostertag 2001; DeWalt et al. 2003).
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6-4-3 Ground cover

Interestingly, ground covers and the microclimatic conditions they represented, did not
significantly influence the richness of either bird response group. This finding contrasts with
continental and land-bridge studies reporting declines in understorey birds in response to
disturbance-induced habitat changes (Felton, Lindenmayer, et al. 2008a; Thiollay 1997; Peh et
al. 2005). The lack of relationship in this study may result from a combination of factors.
Firstly, New Britain’s lowland understorey birds may have a broader ecological tolerance than
their continental and land-bridge counterparts because of reduced inter-specific competition
(Clegg 2010) in this comparatively species-poor bird community (Lecroy & Peckover 1983;
Steadman 2006). For example, New Britain’s understorey insectivore species are not as
specialised in their diet as Neotropical counterparts (e.g. ant-followers, Thiollay 1997). A
similar ecological tolerance was found in the response of understorey birds to disturbance on
oceanic Sulawesi island compared to those of more species-rich Borneo (a former land-bridge
island, Abrahamczyk et al. 2008). Secondly, fern cover—which can inhibit insectivore foraging
(Sam et al. 2014)—co-occurred in modified elements with gingers, which have been observed
to attract a variety of insects in timber plantations (Styring et al. 2011), potentially providing a

compensatory food resource.

Disturbance-related declines of understorey birds have also been attributed to changes in nest-
site suitability for ground-nesters (Stouffer et al. 2006). At Open Bay, ground-nesting birds
were represented by: (1) the megapode (Megapodius eremita), which nests seasonally in large
colonies at the base of volcanoes (Broome et al. 1984); and (2) kingfishers (Alcedo lepida,
Tanysiptera nigriceps, and Todhiramphus spp.), who burrow nest holes into riverbanks or
arboreal termitaria (Dutson 2012). Arboreal termitaria were found in high density on the boles
of plantation E. deglupta trees (Appendix D.2) and I repeatedly observed their use by forest
kingfishers. A similar observation was made by Bell (1979) in teak plantations on the north of

the island. Therefore, it is unlikely that understorey species were impacted by nest limitation.

6-4-4 Spatial context

The proportion of intact contiguous forest within a 2 km buffer did not influence bird species
richness, indicating that site-level attributes were more important for forest birds. Similar
findings have been made in studies where much of the production landscape and its surrounds
have high tree cover, by way of a low-contrast matrix and a high proportion of regional intact
rainforest cover (Kennedy et al. 2010; Peh et al. 2006; Chazdon, Peres, et al. 2009b). In this
study, all matrix elements (with the exclusion of young plantations) provided continuous tree

cover, which likely facilitated the observed dispersal of all but two forest specialists
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(Reinwar dtoena brownii and Ptilinopus rivoli) from unlogged forest (Tscharntke et al. 2012).
Additionally, all sites occurred within 4 km of contiguous, old-growth primary and secondary
(logged) rainforest covering an area larger than the plantation estate, which was capable of
supporting populations of forest specialists and of supplementing populations of matrix-using
species (Gardner et al. 2010). Thus, the foremost limiting factor for birds in this landscape was
suitable habitat rather than access. This effect may have been enhanced by the capacity of most
forest specialists to move away from less-suitable sites in search of optimal resources. This has
been particularly noted for tropical, medium-large-bodied frugivores (Neuschulz et al. 2012;

Sam et al. 2014), which describes the majority of my lowland specialist birds.

6-4-5 Caveats

Models of both bird groups only explained 10—17% of the variation in species richness among
sites, signifying that there were other factors involved which were not considered. These may
include: (1) structural and environmental variables (Watson et al. 2014; Lira et al. 2012); (2) the
impact of the ‘built’ environment surrounding landscape elements (e.g. roads, Laurance et al.
2009); (3) the relative density of humans (Fischer et al. 2013); (4) species-specific responses to
the predictors assessed (Smyth et al. 2002); and (5) the effects of inter- and intra-specific
competition (Beaudrot et al. 2013; Robertson et al. 2013). Additionally, variation in bird
occurrence may be influenced by regional population patterns external to the studied landscape
(C. Moran & Catterall 2014). Unfortunately, at an isolated location lacking in previous avian
research, I did not have the time or resources to explicitly measure these effects and their
relative contribution(s). However, the purpose of these models was to provide explanatory
rather than predictive information to guide management. As such, they were effective at

identifying the most influential attributes tractable to land-managers.

A key question arising from any study evaluating the conservation potential of production land-
covers is whether fauna are capable of breeding within them, thereby effectively mitigating
effects of habitat loss and fragmentation (Sekercioglu & Loarie 2007). Unfortunately there is
little published information on the nests of many of New Britain’s bird species and it was not
possible to formally survey nests in this study. However, I did observe nests of 15 of my 41
surveyed species. Of these, there was evidence that 12 species were capable of nesting in
secondary and plantation elements, suggesting that populations of these species can be
maintained outside remnant forest (Appendix Table D.3). Moreover, in reading the literature
(Appendix B.3) and through my observations I only found seven species requiring tree
hollows—a limited resource restricted to mature, old trees (Newton 1994)—and four of these

were observed nesting in hollows in secondary remnant and riparian forests.
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6-4-6 Conservation implications

The high continuity of canopy cover and richness of rainforest tree species afforded by the
native timber plantations and secondary forest elements in this landscape were important for the
persistence of forest-occurring birds in the matrix. Therefore, land-sharing strategies that
incorporate production types such as plantations, that can provide structure (i.e. tree cover) and
recruit native plant species, may prove effective for the conservation of tropical birds while also
providing production outcomes. However, stand-level management and choice of plantation
species are likely to significantly affect the provision of these resources in different plantation
contexts. For example, industrial oil palm (Elaeis guineensis) plantations —which are being
promoted as a replacement land-use for these E. deglupta plantations—may be capable of
providing continuity of tree cover, but have proven incapable of recruiting native tree species
because of the intensity of tending they demand and their effect on understorey edaphic and
microclimate conditions (Sheldon et al. 2010; Azhar et al. 2013). Hence, biodiversity outcomes
are more likely in plantations whose focal species can facilitate successional processes of native
plants and which involve minimal tending to produce required yields. My study agrees with an
emerging body of evidence that timber plantations using species native to an area may fulfill
these criteria (Davis et al. 2012; Keenan et al. 1997; Farwig et al. 2009; Lima & Vieira 2013).
Native timber plantations account for <15% of tropical timber plantations globally (Montagnini
2001), and they should be more broadly considered for their potential role in conserving

biodiversity in the expanding global plantation estate.

Nonetheless, while mature E. deglupta plantations demonstrated a high capacity for biodiversity
conservation, they would be limited in terms of supporting large, breeding populations of birds
because of the dominance of E. deglupta trees (precluding greater tree species richness), a lack
of late-successional plant species (plantation age at harvest), and the discontinuity of resources
created by clearfell harvesting and early plantation stages (Wardell-Johnson et al. 2005). To
reduce the impacts of these factors, land-sharing conservation strategies should involve land-
use planning that prioritises spatial and temporal continuity of canopy cover, tree species
richness and old-growth rainforest plant composition throughout the landscape. For plantations,
these attributes were accumulated as they aged therefore, I recommend temporally varying
harvesting cycles to ensure the highest possible cover of mature plantations through time (and
their presence at all times). A vital counterpart is to ensure the restriction of future
developmental encroachment into the unlogged and secondary forest elements, because of their
superior habitat quality to that of plantations, and the consequent role they play as refugia for

source populations of forest biota (especially more vulnerable specialist species).
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Although the proportion of intact rainforest within 2 km did not influence bird species richness
at the site-level, it may have greater influence of species patterns at the regional scale, and
given future development. For example, were there to be extensive human modification of the
currently vast remaining intact forest in this landscape, it is likely that a considerable decline in
the richness of birds using modified elements would follow resulting in a greater influence of
spatial context, as observed in studies of extensively cleared tropical production landscapes (C.
Moran & Catterall 2014; Zurita & Bellocq 2010; Ranganathan et al. 2010). Given the value of
the old, regenerating secondary forests to biodiversity conservation, I recommend that they be
more formally protected (along with unlogged forest) from any future expansion of plantations

to meet increasing timber demands.

6-5 Chapter summary

The richness of both forest-using and forest-specialist birds in this landscape was driven by
habitat attributes (e.g. canopy cover and tree species richness) rather than spatial context (the
proportion of unlogged or high-quality secondary forest within a 2km radius). Habitat attributes
were found to be sufficiently suitable within unlogged forest, secondary forest and mature
plantations to support a number of forest-using species. In addition, I found palms were
additionally influential for the richness of forest-specialist birds. Palm abundance was
associated with unlogged and secondary remnant forest but not secondary riparian or plantation
elements. The outcomes of this chapter indicate that land-sharing strategies incorporating
production types such as native timber plantations that permit high canopy cover and tree
species richness can be effective at balancing yield production with bird conservation.
However, the retention of undisturbed old-growth forest remnants are vital for the conservation
of forest-specialist species and are likely to become more important as landscapes become more

fragmented.
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CHAPTER SEVEN

Given the state of tropical forests today, and the likelihood of continued encroachment into
primary forest frontiers (especially in the lowlands), it is crucial that we understand the role that
multi-use production landscapes play in the persistence or decline of tropical forest species
(Chazdon, Harvey, et al. 2009a; Sutherland et al. 2009; Laurance et al. 2012). From an
ecological perspective, it is important to understand how and why species persist in multi-use
landscapes in order to better predict future species assemblies and the subsequent ramifications
for ecosystem integrity. From a conservation management perspective, understanding the
ability of different land-uses to support biota and the processes which allow persistence of
species in heterogeneous production landscapes is vital to inform effective stand-level
management and spatial planning that can deliver conservation outcomes with negligible impact
on yield (Melo et al. 2013; Chazdon, Harvey, et al. 2009a). Such understanding is hampered by
the complexity of production landscapes, which encompass a variety of land-uses, management
scenarios, spatial composition, and biogeographic contexts. There still remains much research
to be done in these landscapes in order to characterise the influence of contextual factors, and to
consequently produce representative, evidence-based management strategies. Three pressing
research requirements include: (1) studies in poorly-represented tropical regions to incorporate
variation in biogeography and land-use history; (2) evaluation of the impact of a greater variety
of land-uses and different management scenarios on biodiversity; and (3) investigation into the
dynamics of species occurrence throughout whole production landscapes, as opposed to

assessment of land-use types in isolation.

In this thesis I contribute to the body of research on tropical multi-use production landscapes by
addressing some of these knowledge gaps. Specifically, I (1) contribute to the ecological
understanding of the biodiversity conservation capacity of tropical native timber plantation
landscapes; and (2) provide evidence-based management recommendations for biodiversity
conservation for this production landscape and for timber plantation landscapes more generally.
I achieved these aims by studying the impact of a native timber (E. deglupta) plantation
landscape on the occurrence of rainforest vegetation and bird species on New Britain Island,
Papua New Guinea (PNG). To assess the conservation value of the production landscape I
investigated the patterns and processes involved in native rainforest species occurrence among
the landscape’s main component land-uses (landscape elements). This landscape approach is

rarely taken in multi-use production systems but is necessary to understand the influence of
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both the matrix and remnant forest elements on the patterns of species occurrence (Chazdon,

Harvey, et al. 2009a; Gardner et al. 2009).

In Chapters 3 and 4 I investigated the occurrence of forest tree and bird species among
landscape elements and described potential mechanisms for their differential persistence. This
provided important information on the current capacity for biodiversity conservation within this
production landscape, and also highlighted the role of biogeographic processes and historical
land-use in shaping species’ responses to disturbance. To assess the relative habitat quality
available to local biota within landscape elements, I measured the effects of land-use type on
vegetation characteristics in Chapter 5. This adds to the currently sparse literature on the effects
of tropical native plantations on rainforest flora (Stephens & Wagner 2007), and of the
regenerative capacity of selectively-logged forests in PNG. A selection of these habitat
variables were then chosen as predictors of forest bird species richness, along with a spatial
predictor which captured the proportion of old-growth primary and secondary forest cover
occurring in the heterogeneous landscape. In Chapter 6, these predictors were evaluated for
their ability to explain the landscape-wide occurrence patterns of forest birds. This analysis
imparted a better understanding of the influence of habitat resources on bird species persistence,

providing crucial information for conservation managers.

This research has delivered a comprehensive analysis of the drivers of rainforest species
occurrence patterns within a native timber plantation landscape in a rarely studied but
biologically important tropical region. The findings of this research provide valuable evidence
upon which to base conservation management strategies for this system. In this final chapter, I
summarise key findings of the four objectives that underlie the study (Table 7.1). I then provide
a synthesis of these findings and their contribution to our knowledge in this field of study, and
discuss implications for conservation management of this system and its applicability to other
production landscapes. Finally, I identify further areas for research, with a special focus on the

application of conservation management in a tropical production context.
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Table 7.1 Summary of findings of this thesis in relation to key objectives and their implications for conservation and management. Objective 4 is covered in the
final column “Conservation and Management Implications”.

Objectives and Aims

Key Findings

Conservation and Management

Implications

Objective 1a— Identify forest tree speciesthat can and cannot persist in production landscape elements and how occurrence patterns are mediated by the

What is the effect of landscape element on the
richness of tree species?

What is the effect of landscape element on the
composition of tree species?

How do attributes of trees affect their response to
disturbance types?

(a) What is the effect of landscape elements on the
richness and composition of successional
stages?

attributes of species

Tree species richness was highest in unlogged
forest, secondary remnant and secondary riparian
forest, and lower in mature plantations and
young plantations.

Cumulatively, across all sites within the
secondary remnant element >90% of tree species
found in unlogged forest were recorded. This
value was >70% in both the mature plantation
and secondary riparian elements.

Young plantations provided little refuge for
forest tree species.

Tree species composition reflected the gradient
in disturbance. Composition was most similar
between unlogged and secondary remnant forest,
and became less similar as disturbance intensity
increased and time-since-disturbance decreased
(secondary riparian forest— mature plantations—
young plantations).

Late-successional species abundance declines in
the secondary riparian element and plantation
elements compared to unlogged forest. For
plantation sites, late-successional species
richness is also far lower. Limited recruitment of
these species appears most strongly associated
with the age of the element (i.e. time since
disturbance).

Unlogged and secondary forests are important
source pools and refugia for lowland rainforest
trees.

A combination of stand-level management and
biological processes may be interacting to
maintain high recruitment in modified landscape
elements.

Spatial and temporal planning will need to
address the scale of young plantation areas that
exist at any one time.

Unlogged and secondary forests are important
source pools and refugia for populations of
lowland rainforest trees.

Late-successional species should be targeted for
conservation action.

Ensure maintenance of mature landscape
elements spatially and temporally, and reduce
disturbance in riparian buffer elements.
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Objectives and Aims

Key Findings

Conservation and Management

Implications

(b) What is the effect of landscape elements on the

richness and composition of NVD and animal-
dispersed tree species?

Two-thirds of unlogged forest late-successional
species are capable of germinating in the
understorey of mature plantations. The
remainder may or may not be similarly capable.

Young plantations support no late-successional
trees, except occasional remnants.

NVD species are more limited than animal-
dispersed species in their ability to colonise

plantations, possibly because of a lower dispersal

capacity.

Animal-dispersed species are better capable of
colonising modified elements, but they are still
recruited in far lower density in mature
plantations than unlogged forest.

Estimation of biological diversity of plant
species in modified tropical forests requires
measurement of juvenile stages as well as adult
stages.

Increase harvest rotation times where possible
(in terms of production yield trade-offs), retain
late-successional trees during harvest where
viable.

Spatial and temporal planning will need to
address the scale of young plantation areas that
exist at any one time.

Retain late-successional trees during harvest
where viable, instead of clearfell.

Target NVD species for conservation actions,
e.g. incorporate NVD species in enrichment
planting activities.

To ensure this pattern continues in the long-
term, need to maintain populations of dispersers
(e.g. bird and bat populations) by retaining their
key resources in landscape through stand-level
and landscape management (Chapter 6).

Objective 1b — I dentify forest tree species that can and cannot persist in production landscape elements and how occur rence patterns are mediated by species

What is the effect of landscape element on the
richness of forest bird species?

traits

Species richness of forest birds was higher in
secondary remnant and riparian elements
compared to unlogged forest, and lower in
mature and young plantation.

Cumulatively, across all sites within the
modified landscape elements >90% of unlogged
forest bird species were recorded (except in
young plantations).

Unlogged and secondary forests are important
source pools and refugia for lowland rainforest
birds.

Native timber plantation landscape has high
conservation value for forest bird species. Many
of these species demonstrate a capacity for some
tolerance of anthropogenic disturbance and an
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Objectives and Aims

Key Findings

Conservation and Management

Implications

What is the effect of landscape element on the
composition of forest bird species?

How do bird species traits influence their response to
land-use disturbance?

Bird species composition reflected the gradient
in disturbance. Composition was most similar
between unlogged and secondary remnant forest,
and became less similar as disturbance intensity
increased and time-since-disturbance decreased

Young plantations displayed a much lower
richness and abundance of birds compared to all
other elements

Frugivory and forest specialisation were found to
be the traits most associated with vulnerability to
disturbance.

Traits acting at the habitat or landscape-scale
(which involved some level of resource
specialisation) generally conformed to
disturbance response observed in other studies.
Although for many, tolerance of low-level
disturbance of both secondary elements was
generally high (e.g. large body size, canopy and
sub-canopy-using birds).

Endemic and ground-dwelling birds were found
to exploit all mature modified elements equally
or greater than unlogged forest, in contrast to
findings from most continental studies.

ability to exploit resources beyond unlogged
forest remnants.

Unlogged and secondary forests are important
source pools and refugia for lowland rainforest
birds.

Spatial and temporal planning will need to
address the scale of young plantation areas that
exist at any one time.

Target frugivores and forest specialists for
conservation action.

Unlogged and secondary forest reserves will be
of greatest importance for long-term persistence
of these 17 species.

Many of New Britain’s lowland forest bird
species appear capable of tolerating low-
intensity disturbance of secondary forests.

Biogeography and history of disturbance may
affect the differential resilience of oceanic island
species pools compared to continental species
pools.

Traits such as endemism that act beyond the
landscape-scale on islands may not be an
appropriate indicator of disturbance response
that occurs at the landscape or habitat-scale.

Objective 2 —Assess the effect of land-use on habitat properties (vegetation structure and plant speciesrichness and composition)
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Objectives and Aims

Key Findings

Conservation and Management
Implications

Which vegetation attributes most clearly differentiate
unlogged (old-growth) forest from modified
landscape elements?

To what extent are old-growth forest attributes
retained among landscape elements?

Which vegetation attributes are best candidates for
modelling bird species richness?

Young plantations were differentiated from
unlogged forest by their lower values for all
measured attributes.

The gradient in disturbance was more
consistently differentiated by the richness and
composition of plant species than by structural
attributes.

Mature plantations were differentiated from
unlogged forest by their lower values for canopy
cover, shrubs/seedling cover, vertical foliar
richness, tree species richness and late-
successional life form composition. And by their
higher tree size diversity (evenness among DBH
classes).

The secondary riparian element had a reduced
VFD and lower canopy VFR, possibly due to a
paucity of large, old trees (>60 cm DBH), and
demonstrated a decline in late-successional life
forms compared to unlogged forest.

Mature plantations had recovered basal area of
live and dead trees and vertical foliar diversity
equivalent to that of unlogged forest..

Both secondary elements were similar to
unlogged forest for all tree and structural
attributes (except those mentioned above (bold)
for the riparian element).

Canopy cover, tree species richness, tree size
(DBH) diversity, special life form cover (palms
and gingers), and ground cover (shrubs/seedlings
and ferns).

Spatial and temporal planning will need to
address the scale of young plantation areas that
exist at any one time.

The biodiversity conservation value of
secondary riparian element will improve if
ongoing human disturbance can be abated.
Unlogged and secondary forests are important
source pools and refugia for lowland rainforest

plant species and for unique structural resources.

All elements but the young plantations retain
potentially valuable structural resources,

representing a large proportion of the landscape.

Unlogged and secondary forests are important
source pools and refugia for lowland rainforest

plant species and for unique structural resources.

Addressed in Objective 3.

Objective 3 - Investigate therelative influence of site-level habitat attributes and spatial composition of landscape elements on forest bird species occurrence
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Objectives and Aims

Key Findings

Conservation and Management

Implications

What is the relative influence of site-level vegetation
attributes and spatial context on the richness of:

(a) forest-using birds

(b) forest-specialist birds

How are key predictor variables distributed among
landscape elements?

(a) The most influential predictors of forest-
using bird species richness were: canopy cover
and tree species richness.

(b) The most influential predictors of forest-
specialist bird species richness were: canopy
cover, tree species richness, and palm cover.
Habitat attributes were more influential on bird
species richness values at a given site than
spatial context.

Ground cover predictors did not influence the
richness of forest-using or forest-specialist bird
species.

Unlogged forest and secondary remnant forest
elements had the highest values of the 3 key
predictor variables (CC, TrR, Palms) followed
by the secondary riparian forest and mature
plantations.

These 3 predictor variables were either patchily
distributed or completely absent (palms) in
young plantations.

Spatial and temporal continuity of canopy cover,
tree species richness and palm cover are a
priority for the conservation of lowland forest
birds (especially forest-specialists) in this
production landscape.

These attributes are best maintained outside of
active production land-uses: unlogged forest and
secondary forest protected by conservation
reserves.

Spatial context may play a more important role
in future rotations and/or as the broader
landscape becomes more fragmented.
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7-1 Synthesisof key findings

7-1-1 What is the value of this native Eucalyptus deglupta timber plantation

landscape for the conservation of forest vegetation and bird biodiversity?

Native timber plantations may represent a land-use capable of balancing production and
conservation in tropical forests because of their delivery of ecosystem services (e.g. soil
stabilisation, water retention and nutrient turnover) and facilitation of rainforest vegetation
successional processes through provision of site conditions necessary for seed germination
(Carnus, Jactel, et al. 2006a; Keenan et al. 1999; Parrotta et al. 1997). In this thesis I
investigated the biodiversity conservation value of a native E. deglupta plantation landscape on
the oceanic island of New Britain, Papua New Guinea. I found that a very high proportion of
forest-occurring tree (70%) and bird (>90%) species were capable of existing within the matrix
of native timber plantations and forestry-affected secondary landscape elements compared with
those of plantation studies from other regions (Chapters 3 & 4). Species persistence among
these component landscape elements was influenced by a number of factors: the species’ ability
to adapt to novel habitats (which is related to their biological traits, Chapters 3 and 4), the
support provided by human-affected landscape elements (which is dependent on intensity of
disturbance and management, Chapter 5) and the species’ ability to disperse freely throughout
the landscape (a combination of spatial continuity of resources and species’ traits, Chapter 6).
Here, I summarise how these factors influenced persistence of species across the landscape, and

how this relates to current ecological literature.

The landscape elements represented land-uses of different timing and degree of modification
(from most to least modified at the time of the study): unlogged forest — secondary remnant —
secondary riparian — mature plantation — young plantation (Chapter 2). For the most part,
occupancy of both tree and bird species among these elements reflected this disturbance
gradient as expected, with species richness higher at sites in the least modified unlogged and
secondary forest elements compared to the plantations. Species compositions were also found to
be most similar between unlogged forest and secondary forest elements, and least similar
between unlogged forest and plantation elements. For all measures, young plantations
resembled unlogged forest the least. However, there were some unexpected findings, such as
the higher richness of forest birds in secondary forest elements compared to those in unlogged
forest (Chapter 4). Additionally, there was no significant difference between the composition of
tree species in secondary remnant forest compared to that of unlogged forest, for which I can
find no equivalent in the literature (although, high levels of species conservation in fallow,

selectively-logged forest have been well documented (Gibson et al. 2012)). This suggests that
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New Britain’s selectively-logged lowland secondary forests have a high capacity for
regeneration rendering them of great value to biodiversity conservation. This finding, in concert
with the elevated levels of both forest tree and bird species in mature plantations compared to
other native timber plantation studies (Chapter 3 and 4) indicates that some of this capacity may
lie in the tolerance of New Britain’s forest species to human modification. Understanding the
relationship between species traits and the impact of human modification on the landscape can
go some way towards clarifying the limits of this tolerance and the relative influence of

management.
7-1-1-1 How and why tree species types persisted in modified habitats

The ability of species to colonise and exploit novel land-use types and to tolerate changing
spatial availability of resources is thought to be mediated by their physiological and behavioural
traits (Ewers & Didham 2006). The environmental filter imposed by production landscape
elements may also determine which species can persist outside old-growth remnants (Mayfield
et al. 2010; Tscharntke et al. 2012). For the lowland trees of New Britain Island, late-
successional and non-vertebrate-dispersed species were the most vulnerable to the disturbance
present in modified elements (Chapter 3). For the majority of late-successional trees, the more
influential factor limiting their occurrence in modified elements was time since disturbance (i.e.
growing time, Chapter 3), although germination conditions may have been a factor for some
species (e.g. site specialists, M. S. Ashton 2011). The successful recruitment of many forest
species in the plantation understorey was likely to have been facilitated by the conditions
provided over time by the E. deglupta overstorey—a native successional catalyst—combined
with the low intensity of stand-level management three years after planting (Keenan et al. 1997;

Wardell-Johnson et al. 2005). The relative influence of both factors warrants further research.

However, it is difficult to gauge the full potential of these plantations to support a diversity of
late-successional trees, and to identify potential site specialists. First, because of the occupation
of sites by E. deglupta, determining true declines in the abundance of tree species because of
unsuitable growing conditions per se is impossible. Second, because we only surveyed trees
>10 cm DBH and late-successional species tend to grow slowly (Laurans et al. 2012),
uncounted individuals (<10 cm DBH) possibly occurred as difficult to detect saplings and
seedlings (Farwig et al. 2009; Keenan et al. 1997). Third, some unrecorded species may simply
not have dispersed to modified sites. Even so, indications from secondary forest elements
suggest that given time to grow in the absence of disturbance, a good majority of late-
successional species can persist in similar composition after relatively short fallow periods
(Chapter 3), which bodes well for the conservation of indigenous trees particularly in older,

modified habitats.
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By contrast, disturbance intensity played a more prominent role in limiting the occurrence of
non-vertebrate-dispersed species across the plantation landscape. The removal of propagules
from the plantation areas during establishment activities (e.g. clearfelling and burning), not only
reduced their abundance in the landscape, but may also have acted as a barrier to dispersal
(Willson & Crome 1989). This may have been further exacerbated by their historical removal
from secondary elements because of the generally higher commercial timber value of non-
vertebrate-dispersed tree species compared to animal-dispersed trees in these forests (Paijmans
1976). That animal-dispersed trees were not as affected by these processes was likely because
their primary dispersers (birds and bats, Mayr & Diamond 2001) were capable of traversing and
exploiting resources in most modified elements. I did not survey bats but I did find only two
forest bird species restricted to unlogged forest and over 90% of birds occurring in unlogged

forest also occurring among modified elements, except in young plantations (Chapter 4).

However, frugivore prevalence declined outside of unlogged and secondary remnant forest
(Chapter 4), suggesting a potential limit to the breadth of animal-dispersed trees capable of
occurring in more modified habitats (C. Moran et al. 2009). This limit was difficult to quantify
for mature modified elements as almost all absent animal-dispersed trees were late-successional
and some may not have been true absences (they may have occurred as juveniles). Moreover,
omnivorous (and occasionally carnivorous) birds are known to be effective transporters of
animal-dispersed tree seeds in tropical forests, potentially compensating for reduced frugivore
visits (Marsden & Symes 2008; Bell 1984; Diamond & Terborgh 1970). Still, the depauperate
bird assemblage observed in young plantations demonstrated a clear limit to dispersal of tree
seeds in this element (Chapter 4). Thus, in early plantation stages, deposition of seeds from
birds traversing young plantations to reach neighbouring elements and edge habitats may be of
greater importance (Parrotta 1995). As such, the structural complexity and composition of
neighbouring elements, and the spatial continuity of resources may greatly influence species

reassembly after clearing (Wunderle 1997).

7-1-1-2 How and why bird species persisted in modified elements: the interaction between
bird species traits and site-level habitat attributes

In general, the environmental filter imposed on forest birds in human-affected landscape
elements is less inhibiting where structural complexity is higher (N4jera & Simonetti 2010;
Zurita & Bellocq 2012) and richness of rainforest plant species is greater (Cruz-Angon &
Greenberg 2005; Farwig et al. 2008; DeClerck et al. 2010). My findings, that identified canopy
cover (structural variable) and tree species richness as the most influential site-level drivers of
the richness of forest-using bird species (Chapter 6) are consistent with this axiom. On average,

these attributes were highest in unlogged forest and the secondary remnant and riparian
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elements (Chapter 5), making those landscape elements important refugia for forest-using birds.
For the more vulnerable forest-specialist birds (frugivores and forest-dependent birds, Table
6.1) a third attribute—palm cover—positively influenced their probability of occurrence
(Chapter 6), most likely because palms are an important fruiting resource (DeWalt et al. 2003)
and because they tend to grow slowly, and thus may more broadly reflect microclimate

conditions of old-growth forest (Webb et al. 1976; Letcher & Chazdon 2012).

In contrast to unlogged and secondary remnant forest elements (hereafter referred to as intact
forest), the secondary riparian element demonstrated a reduced capacity to support these forest-
specialists (Chapter 6). This element experienced ongoing human disturbance and may have
experienced added exposure to wind and heat disturbance as a result of their high edge-to-
interior ratios, a finding common in narrow remnant patches more generally (Ries et al. 2004).
Consequently, the riparian element had a reduced richness of old-growth forest life forms
(including palms, Chapter 5) and a lower proportion of late-successional individuals compared
to intact forest elements (Chapter 3). Thus, secondary riparian sites did not provide the diversity
of old-growth resources available in intact forests, which is likely to have contributed to their
reduced occupancy of forest-specialists (e.g. frugivores, Sam et al. 2014). Frugivore species
occurrence patterns across the landscape suggest that declines in more disturbed elements may
be caused by their emigration to preferred habitat (i.e. where tree and plant species richness is
highest, Chapter 5), highlighting the importance of protecting primary and fallow secondary
forest refugia from disturbance. Additionally, forest-specialists (especially large-bodied
frugivores) may have declined in riparian sites because of increased hunting pressure from
humans and raptors alike, resulting from their higher visibility along roadsides. Eight of the 17
specialist bird species were either observed to have been preyed upon this way during the study
(personal observation), or have been recorded as prey in studies on the PNG mainland (e.g.
Ducula and Ptilinopus spp., Sam et al. 2014). Formalised hunting studies would further clarify

the threat of hunting to forest birds in this landscape.

The conversion of complex secondary forest to monoculture plantations caused significant
changes in vegetation structural and compositional attributes. In the establishment phase (young
plantations), structure was dramatically simplified and species composition was dominated by
early-successional pioneers (Chapters 3 and 5). On average, the habitat support offered to birds
by young plantations was very limited, and the few that were best at exploiting habitat features
were a homogeneous group of small, carnivores/omnivores (including nectarivores), who
foraged on or near the ground in forest habitats (Figure 4.2, Table 4.S.x). Young plantation sites
were patchy in their successful growth of E. deglupta, and large, remnant Octomeles sumatrana

had been retained haphazardly at sites (Chapter 3 and 5). At sites with higher tree species

133



Chapter 7 — General Discussion

richness (i.e. where remnant trees persisted) and/or those with more consistent E. deglupta
canopy cover, more forest birds were recorded, suggesting that retention of remnant trees

during harvest could provide a valuable connecting resource for forest birds.

As plantation forests matured, there was recovery of some pre-conversion structural complexity
and plant species composition. At harvest age (between 13—15 years) average canopy cover was
high (93%) and tree species richness was five times that of young plantations (Chapter 5).
Forest-using bird richness increased accordingly, with a high richness of forest species
compared to other tropical plantation studies (Chapter 4). However, mature plantation
assemblages comprised fewer forest specialists, fewer larger-bodied birds, and fewer canopy
and sub-canopy-using birds than evident in more intact forest elements (Chapter 4). Like the
secondary riparian element, the decline in frugivore occupancy in mature plantations was likely
to have been influenced by a reduced diversity of fruiting resources (including palms).
However, the plantations had a much lower diversity of fruiting plants than the riparian element
(Chapter 3 and 5), which would lead to the expectation of a greater difference in frugivore
occurrence between plantations and riparian forest than was observed (Chapter 4). The lack of
fruiting-tree diversity in plantations may have been compensated for by their elevated
abundance of important early-successional fruiting plants capable of providing a more constant
supply of resources (e.g. Ficus, Macaranga and Zingiberaceae spp.) an observation found in
other tropical production landscapes (Marsden & Pilgrim 2003a). Thus, the plantations can play

an important role in extending key resources beyond forest remnants.

While factors contributing to vertical structural complexity (e.g. ground cover-to-canopy foliar
richness, diversity and composition, Chapter 5) were not found to influence site-level richness
of forest-using or forest-specialist birds (Chapter 6), they contributed to variables that did (i.e.
tree species richness and canopy cover (Chapter 5)). The simplified vertical cover of mature
plantations compared to intact forest (especially of the sub-canopy, Chapter 5) is likely
associated with their lower incidence of canopy and sub-canopy birds. Simplification of vertical
structure has been similarly implicated in the lowered richness of forest birds in both crop and
timber plantations (N4jera & Simonetti 2010; Peh et al. 2006). Moreover, the thin-leaved,
emergent canopy of Eucalyptus plantations compared to the complex, broad-leaved canopies of
rainforests provides limited protection for larger-bodied canopy and sub-canopy species from
wind, light and heat (Kanowski, Catterall & Wardell-Johnson 2005a) and predation (Sam et al.
2014).
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7-1-1-3 Theinfluence of spatial landscape effects on bird species occurrence

The composition of landscape elements and their proportional coverage in a production
landscape can affect the dispersal of birds and hence their occurrence patterns among elements.
In particular, the proportion and location of preferred (remnant) habitat in a production
landscape can influence the richness of species in human-affected landscape elements (Koh
2008; Ranganathan et al. 2010; Styring et al. 2011; Andren 1994; Kanowski, Catterall, Proctor,
et al. 2005b; Clough et al. 2009). In the native E. deglupta plantation landscape, the proportion
of intact contiguous forest within 2 km radius did not significantly influence richness of forest-
using or forest-specialist birds at survey sites (Chapter 6). Instead, habitat attributes were found
to be driving the patterns of forest species occurrence across the landscape. Similar findings
have been made in landscapes where continuity of tree cover is high because of the dispersal
facilitation provided by a low-contrast production matrix and a high proportion of regional
intact rainforest cover (Farwig et al. 2008; Kennedy et al. 2010; Peh et al. 2006; Reitsma et al.
2001). All matrix elements (with the exception of young plantations) provided continuous tree
cover, which likely facilitated the observed dispersal of all but two forest specialists from
unlogged forest (Tscharntke et al. 2012). In addition, all sites were located within 4 km of
contiguous, intact forest that covered an area larger than the plantation estate. This expanse of
high-quality forest would likely be capable of supporting source populations of forest-
specialists and of supplementing populations of matrix-using species (Gardner et al. 2010).
Thus, the main limiting factor for most forest birds in this landscape was suitable habitat at a
site rather than access to it. However, were the scale of anthropogenic disturbance to increase in
this landscape, it is probable that spatial context would become increasingly influential on the

assemblage of matrix-using birds (C. Moran & Catterall 2014).
7-1-1-4 Therole of land-use history and biogeography in shaping the species pool

This study did not set out to determine the contribution of the history of disturbance and
biogeography on shaping the local species pool, nor the consequences this contribution may
have for the resilience of forest biota to modern anthropogenic activities. However, the high
levels of forest-species richness in modified elements and compositional similarity to old-
growth forest compares most favorably with the broader literature, suggesting a possible
influence of these factors on New Britain’s lowland forest biota. The lowland forests of New
Britain Island have experienced both frequent volcanic disturbances and one of the longest
histories of exposure to human modification in the world (Lentfer et al. 2010). Theoretically
this exposure over such a long time period may have resulted in modern floral and faunal
communities with high resilience to disturbance via: (1) the loss of more vulnerable species to

extinction/extirpation (Lentfer et al. 2010; Steadman et al. 1999); and (2) the persistence of
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remaining species because of their generalist traits, or by adaptation to disturbance through trait
plasticity (Balmford 1996; T. E. Martin & G. A. Blackburn 2013; Gardner et al. 2009). Trait
plasticity in response to disturbance has been recorded for modern tropical birds, for example
through: diet modification (Edwards, Woodcock, et al. 2013b); shifts in foraging stratum (Bell
1982); and behavioural changes (Sol et al. 2002; Mayr & Diamond 2001). Modern plant
plasticity may involve physiological adaptability to changing light levels, for example:
photosynthetic response variation (Chazdon et al. 1996); and variation in leaf area, architectural
form and seedling and adult growth (Tadele & Fetene 2013; Laurans et al. 2012). It is possible
that these types of responses to disturbance may have been conserved over time, leading to a
capacity of New Britain’s lowland forest trees and birds to colonise and exploit a range of

modified habitats.

In the same way, the biotic species pool of a given region may respond differently to
disturbance depending on the biogeographic processes which have shaped it. For example, in a
review of the Pan-tropical responses of bird feeding-guilds to anthropogenic disturbance, Gray
(2007) found that carnivores and nectarivores responded in an opposing fashion in Asia
compared to those in the Neotropics, possibly because of their differential exposure to regional
evolutionary processes. Similarly, for more isolated land-masses such as oceanic islands, biotic
communities have commonly arisen from repeated colonisation events and subsequent
speciation through isolation (Keppel et al. 2009). Consequently, island species—at least
historically—have generally possessed superior colonising traits such as high vagility and niche

breadth (ecological tolerance) (Mayr & Diamond 2001; T. E. Martin & G. A. Blackburn 2013).

Moreover, islands such as New Britain which contain species-poor communities compared to
source pools (Mueller-Dombois & Fosberg 1998; Steadman 2006) are thought to experience
less niche partitioning of resources because of reduced competition, leading to reduced
specialisation relative to mainland populations (Clegg 2010; Diamond 1970). For example, on
islands east of Wallace’s Line, lower avifaunal richness and a broader realised niche are
accredited for the increased resilience observed in traditionally vulnerable trait classes such as
understorey insectivores and restricted range species (T. E. Martin & G. A. Blackburn 2013;
Abrahamczyk et al. 2008). Likewise, in this investigation I found no relationship between
ground-dwelling or endemic forest birds and disturbance susceptibility, and a greater tolerance
of habitat modification for traditionally vulnerable larger-bodied birds, and canopy-dwelling
birds (Chapter 4). Therefore, the historical and biogeographic context of ecosystems may also
influence the response of lowland biota to disturbance events. However, resilience is likely to
be limited in the face of more intense, broadscale modern anthropogenic disturbance. For

example, in the nearby Solomon Islands, Katovai and colleagues (2012) found that forests were
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resilient to disturbances accompanying conversion to secondary forest and fallow tree

plantations but not coconut plantations nor grazed pastures.

7-1-2 Conservation Implications and Recommendations for Management

The findings from this study indicate that the combination of native timber plantations set
among older secondary forest elements can support high levels of forest tree and bird species
biodiversity. For forest-using birds, the high continuity of canopy cover and richness of
rainforest tree species afforded by the secondary forest elements and to a lesser extent the native
timber plantations, were important for their persistence across the landscape. In turn, the high
dispersal of bird populations among most landscape elements enhanced the dispersal ability of
many forest tree species. Therefore, land-sharing strategies similarly incorporating production
land-uses that enable high canopy cover and tree species richness could be effective for
conservation of tropical birds and plants while producing required yields. However, a number
of factors were also identified in this study that acted to inhibit the persistence of viable
populations of forest species among landscape elements. Judicious management of matrix
elements at the stand-level along with careful land-use planning are, therefore, essential to

ensure effective, long-term conservation outcomes in this production landscape.

Below are recommendations for conservation management of the E. deglupta plantation
landscape at Open Bay based on evidence gained in this study. The recommendations cover
both stand-level and landscape-wide management. Protocols for sustainable management of
production landscapes will be more readily enacted when they impact marginally on yield
(Evans 2009). It is in the best interests of conservation managers and policy-makers to attempt
to work within these bounds because if sustainable management renders a production type
unprofitable, the likelihood of either management guidelines being ignored, or the production
type replaced by a more financially stable option (e.g. cash-crops such as Oil Palm) increases,
with a subsequent loss in biodiversity. The operation at Open Bay has achieved certification
status (Forestry Stewardship Council certificate, FSC-FM/CoC) and as such is bound to meet
certain Forestry Stewardship Council (FSC) criteria. Hence, many of the following
recommendations have been proposed within the framework of these criteria to improve their
chances of adoption. Where appropriate, the applicability of recommendations for plantations in

other contexts is also discussed.

7-1-2-1 Sand-level management

This study builds on growing evidence that native tree species plantations confer recruitment of

a high richness of forest vegetation in their understorey (Dogra et al. 2009; Keenan et al. 1997;
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Lima & Vieira 2013; Farwig et al. 2009; Haggar et al. 1997). The high levels of native plant
species richness and canopy cover provided by mature E. deglupta plantations were found to be
key drivers of forest bird species richness, and are likely to provide valuable habitat and/or
connectivity for other native fauna (Davis et al. 2012). Therefore, the use of native tree species
should be encouraged in tropical plantations, particularly where land-sharing strategies are
considered for conservation management. There is much support in the conservation literature
for the incorporation of native trees in tropical plantations to improve biodiversity outcomes
and reduce the risk of exotic species invading natural forests (Erskine et al. 2006; Brockerhoff
et al. 2008; Hartley 2002; Osunkoya et al. 2005; Richardson et al. 2004). Similarly, the FSC
strongly advocates the use of native timber species in plantations where they can be proven to
provide equal yields to exotic options (Forest Stewardship Council 2010). However, the
overwhelming majority (~85%) of timber plantations in the tropics are comprised of exotic
species (Montagnini 2001) and changing this paradigm requires investment in research and
development. Research should be targeted at identifying native species which can facilitate
successional processes and compete with exotics in terms of growth rates, yields and easily-

implemented management protocols (Davis et al. 2012 and see section 7-1-3).

The high levels of tree species recruitment observed in the understorey of the mature E.
deglupta plantations may also be attributable to the relatively low-intensity, short-term tending
employed at Open Bay (Chapter 2), as well as an absence of silvicultural thinning (because of
expense). These practices should be maintained. Intensive (mechanical) and prolonged weed-
tending, and the canopy-opening activities of thinning, have both been identified as limiting
processes in the recruitment of mid and late-successional trees in plantations (Kanowski,
Catterall, Proctor, et al. 2005b). Intensive tending may be required in systems where the
plantation canopy takes longer to provide adequate shade cover and can be reduced through
closer spacing (Tucker et al. 2004). However, tree spacing will depend on the type of timber
product being raised (e.g. pulpwood versus saw logs) and species used (Tucker et al. 2004;
Haggar et al. 1998). In circumstances where management is necessarily intense and lengthy,
trade-offs such as reserving larger areas for biodiversity conservation within the production

landscape are recommended (Lindenmayer 2002; Hartley 2002).

Growth of native flora in the plantation understorey may also have been facilitated by the
intercropping of traditional food crops alongside the Eucalyptus seedlings from 0-3 years,
which likely enhanced soil conditioning (The Review Team 2005). Allowing free access to land
and food for local inhabitants in this manner also reduces encroachment of slash-and-burn
agriculture into neighbouring primary and secondary forests, which remains a central driver of

deforestation in PNG (Shearman et al. 2010). However, this intercropping has involved
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traditional burning of plantations prior to planting, which has the potential to damage the soil
seed bank (Uhl et al. 1981; Mamede & de Araujo 2008), increase the incidence of grass
invasion, reduce soil fertility, and remove both remnant trees and potential seed vectors from
the area (Bowman et al. 1990; Lindenmayer et al. 2000). Therefore, I recommend that fire use
be minimised or removed altogether during plantation establishment, and that research

investigating the effects of intercropping on soil conditioning be undertaken.

Traditional conservation practices, such as the retention of ethno-botanically valuable trees in
disturbed areas (e.g. roadsides), occurs at Open Bay as in other tropical countries, and may be
diversified and formalised with little impact on yield (Carnevale & Montagnini 2002).
Examples here could include post-harvest retention of tree species recruited in the plantation
understorey (especially of the more vulnerable late-successional and non-vertebrate-dispersed
species), and along compartment boundaries, where they can enhance seed dispersal in
plantations and provide habitat for fauna (Lindenmayer, Laurance, et al. 2012b; Hartley 2002).
Such tree retention can also be beneficial for plantation yields through weed and grass
suppression post-clearfell (Uhl et al. 1988) and through the creation of wind and fire breaks
(Saulei & Swaine 1988; Bayliss-Smith et al. 2003). This may be of considerable importance in
future rotations as weed invasiveness and drying conditions often increase through subsequent
rounds of clearfell and burning (Parrotta et al. 1997). This form of management is analogous to
retention forestry, which has proven globally effective for the combined benefits of biodiversity
conservation and yield production by providing spatial and temporal continuity of pre-harvest

elements across the landscape (Gustafsson et al. 2012).
7-1-2-2 Land use planning

Conservation management of the E. deglupta plantation landscape should, wherever possible,
aim to maximise the spatial and temporal continuity of canopy cover, tree species richness and
late-successional rainforest plant composition. This can be accomplished among all landscape
elements. For plantation elements, highest canopy cover and plant species richness occurs in the
oldest stands, thus temporally varying harvesting cycles to ensure the highest possible cover of
mature plantations through time (and their presence at all times) would increase the
conservation value of the landscape. This could be achieved through increasing rotation times
of some plantation blocks, although this may mean harvesting at a sub-optimal stage
economically (but see, Hartley 2002). Similarly, the negative effects on biodiversity of early
plantation stages can be minimised through spatially varying harvesting activities in adjacent
blocks (i.e. ensuring that cover of young plantations is dispersed throughout the plantation
estate). This type of mosaic harvesting already occurs to a small extent at Open Bay but on a

larger scale it may potentially lead to loss of revenue (Boston & Sessions 2006). In such a
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trade-off situation, cost-benefit analyses of competing spatial harvesting designs can be
beneficial for harvest planning (Boston & Sessions 2006). These types of analyses utilise
optimisation models to determine the potential economic and biodiversity trade-offs for
variations of landscape management plans (i.e. extent and spatial array of plantations of
different ages) and can assist managers with decision-making. However, this approach can be
more difficult to implement in developing countries because of a lack of information and access

to necessary resources (Rands et al. 2010; but see, Game et al. 2010).

The capacity of timber plantations to contribute to biodiversity in terms of population sizes and
reproductive success will be modest compared to that of primary and secondary forest elements
because of competition by the plantation species, and because of the discontinuity of resources
created by clearfell harvesting (Catterall et al. 2005). Thus, spatial planning and management of
the non-plantation elements comprising the managed landscape are of great importance to the
maintenance of species populations (Hartley 2002). For example, secondary riparian buffers
provide essential connectivity and habitat refugia within production areas (Paquette & Messier
2010). At Open Bay, the secondary riparian element was degraded (in terms of plant species
composition), particularly in sites where strips had been narrowed by poor initial planning
and/or poor policing of local residents harvesting timber and cutting paths to access a valuable
water resource. Riparian habitats harbour a specialised flora and fauna (e.g. water-dispersed
trees, kingfishers), which depend on their structural and abiotic integrity (Lamb et al. 1997).
The increased protection and restoration of riparian habitats would provide for these species and
expand their range and colonising potential throughout the landscape (Griscom et al. 2009) with
no impact on plantation yield. Furthermore, riparian buffers >50 m wide on both river-banks are
a requirement of both the FSC certification criteria and national logging laws in Papua New
Guinea (Barnett 2010; Forest Stewardship Council 2010). One method of increasing the width
of the more degraded strips at Open Bay could be through enrichment planting. Improved
access to water throughout the village areas and permanent access routes to rivers would also
discourage disturbance of riparian areas with no impact on yield. Finally, designating easily
accessible areas as timber woodlots for building materials and fuel would reduce the need to

harvest riparian understorey trees.

In-keeping with studies of regenerating selectively-logged forests throughout the tropics (Berry
et al. 2010; Edwards et al. 2011), the secondary forests at Open Bay provided refuge for the
majority of forest tree and bird species, as well as the more vulnerable forest-restricted species.
Therefore, I recommend that old, regenerating secondary forests be recognised for their high
conservation value, and that substantial areas remain protected (along with unlogged forest)

from any future expansion of plantations to meet increasing timber demands. Currently, Open
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Bay Timber formally protects ~ 2705 ha consisting of mangrove swamp, peat-land forest and a
large lake, because of their recognition as High Conservation Value areas (HCVs) by the FSC.
Informally, the company protects just 382 ha of selectively-logged secondary forest from
development because of its importance as a catchment area. This leaves a large expanse of
biodiverse primary and secondary lowland-hill forest open to future development. Secondary
forest is more likely to be exploited than primary forest because of its accessibility by old
logging roads and its perception as degraded forest (Laurance & Balmford 2013; Edwards,
Larsen, et al. 2010b). For example, in southeast Asia, lack of protection has seen the rapid
disappearance of secondary forests through conversion to agricultural and tree crops (Sodhi,
Brook, et al. 2009a; Ansell et al. 2011). The FSC encourages protection of unlogged (‘natural’)
forests in production landscapes by not granting certification status to any plantation enterprise
converting natural forest to plantations after November 1994 (Forest Stewardship Council
2010). Were ‘natural’ forest to formally include old-growth secondary forests with high
conservation value, such as those present in the Open Bay landscape, substantial expansion of
the landscape area providing refuge for lowland forest biota would ensue, with great benefit for

the long-term persistence of forest species.

7-2 Future Research

The findings from this study corroborated a commonly-held belief that native timber plantations
can support a high level of plant and faunal species and therefore may represent an ideal
production type for land-sharing conservation strategies in tropical forest regions. However, the
extent to which contextual factors influence the ability of this study’s E. deglupta plantation
landscape to foster native biodiversity while achieving required yields remains uncertain; thus
extrapolation of these findings to other regions where E. deglupta is native requires further
research. In terms of conservation outcomes, the effects of contextual influences (e.g. species
pool, landscape composition, management intensity and plantation scale) may be assessed by
comparing biodiversity studies of native timber plantation landscapes throughout the tropics
(e.g. E. Nichols et al. 2007). However, this will initially require more conservation research to

be prioritised within native plantations (Stephens & Wagner 2007).

In terms of acceptance of native tree species by land managers as viable replacements of exotic
species in plantations, further research is required to demonstrate how well native trees can
compete with exotics in terms of growth and survival rates, establishment under competition,
performance across a range of sites and comparative reliance on chemical inputs (Davis et al.
2012). Similarly, investment would need to be made to deliver commercial-grade stocks of

seeds/seedlings and propagation protocols for ‘new’ species (Davis et al. 2012). In Melanesia
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and other parts of the tropics, much traditional knowledge of plant propagation techniques
remains intact, and incorporation of local practices should be adopted to speed these processes

(Trosper 2011; Chazdon, Harvey, et al. 2009a).

There is still much to be learned about the evolutionary processes that influence species
resilience to disturbance. In this study, a large proportion of forest tree and bird species were
capable of exploiting forestry-affected landscape elements, which may have been partly
attributable to their long history of exposure to human modification of lowland rainforests
(Sodhi, Lee, et al. 2009b; Balmford 1996). Further research is required to understand to what
extent historical disturbance effects confer resilience in modern communities. However, it will
be difficult to identify the evolution of traits in response to these influences without access to a
more complete fossil record (Gardner et al. 2009). In the same way, the species pool of a given
location may be more or less vulnerable to disturbance depending on biogeographic processes
which have shaped it. Endemic species, by definition, represent a subset of the species pool
most directly shaped by local biogeographic and historical processes. Therefore, comparing the
fate of endemic species across a broad biogeographic range may assist in our understanding of
the ‘background’ resilience of a given region. For example, it is hypothesised that island
endemics, having historically required colonising and adaptive traits, may be capable of better
adapting to modern disturbance than continental endemics can (T. E. Martin & G. A. Blackburn
2013), and was a pattern also found for birds in this study. Research comparing the disturbance
response of endemics of closed (island) and open (continental) communities may improve our

understanding of the influence of biogeographic and historical processes on modern biota.

Examining the effect of disturbance on the occurrence patterns of broadly-classified species
traits and functional groups in this study allowed me to identify underlying ecological processes
governing community assemblages of birds and trees in modified landscape elements.
However, much variation in species occurrence patterns remained unexplained, partly because 1
studied traits and functional groups roughly related to composites of physiological traits
(Swenson 2013; Burley et al. 2011). Ideally, traits important for dispersal, survival and
fecundity should be measured directly to quantify the role of deterministic processes in shaping
assemblages capable of colonising novel habitats now and into the future (Swenson 2013; e.g.,
Lasky et al. 2014). But this can be enormously time-consuming and costly in species-rich
communities (Baraloto et al. 2010), while rainforest deforestation and degradation continue
apace. This is particularly problematic in less developed tropical countries where research

investment is minimal and large areas lack even baseline data, as was the case in this study.

While detailed physiological trait research is still important, it may be more effective for

conservation outcomes in data-poor regions to determine direct relationships between
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composite traits and disturbance effects through experimental research and predictive trait-
disturbance models (Shanahan & Possingham 2009). For example, following on from this
study, quantifying the importance of fruiting species diversity for frugivores could be achieved
through non-fatal examinations of stomach contents (Sam et al. 2014). Similarly, predictive
trait-disturbance models could reveal possible interactions between traits and between
disturbance effects influencing frugivore occurrence (Ewers & Didham 2006). For example, all
frugivores in the study were also medium-large in size and larger birds are theoretically more
exposed to hunting pressure (Owens & Bennett 2000). Therefore, modelling the effects and
interaction of both hunting pressure and fruiting diversity may highlight the greater risk for
these species in this context, and better inform management (e.g. the need for hunting
moratoriums). Equally, incorporating phylogenetic information of communities into predictive
models may account for correlations of unmeasured species traits leading to a clearer

identification of the role of individual traits in disturbance response (Ewers & Didham 2006).

Above all, in terms of conservation management, the best data to inform mechanisms of
declines and future persistence of species among production landscapes is demographic data.
Demographic data can only be obtained through long-term population monitoring, which is
sorely lacking in tropical multi-use production landscapes (Chazdon, Harvey, et al. 2009a;
Gardner et al. 2009). Such data, if collected across all landscape elements, can inform important
ecological questions such as: the viability of populations through space and time (e.g. the
effects of time lags (Brooks et al. 1997) and soil degradation of future rotations (Lugo 1988) );
population recovery (fecundity); breeding requirements; and long-term capacity to adapt to
dynamic resource availability (Gardner et al. 2009; Tscharntke et al. 2012). This data can also
feed into conservation planning tools (Wilson et al. 2010). For example, understanding the
population viability status of species to a variety of land-uses can assist with regional land-use
planning by way of identifying biodiversity costs of converting one land-use to another (Wilson
et al. 2010). Within landscapes, population data can be incorporated within an adaptive
management framework to assist with planning and assessment of management actions (Wintle,
Bekessy, et al. 2005a). For example, this data can be used to test the effectiveness of buffer
zones and their management, or the impact of restoration plantings and remnant tree retention
on the demographics of target species. Such data can be invaluable for conservation decision-

making but is deficient in tropical human-affected landscapes (Chazdon, Harvey, et al. 2009a).

Unfortunately, long-term studies in tropical production landscapes are rare because of the
logistical and financial requirements involved (Gardner et al. 2009). However, theoretically this
data is being collected in sustainably managed forests where implementation of annual

monitoring and adaptive management strategies are mandated. For example, in the case of the
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FSC draft guidelines for PNG, Section 8.2.2 directs “Forest dynamics are [to be] studied in
harvested and unharvested forest to monitor changes in plant and animal species composition”
and that “[8.4] the results of monitoring shall be incorporated into the implementation and
revision of the management plan” (Forest Stewardship Council 2010). While these directives
are to be applauded, very little of this data appears to be used to further ecological
understanding of these systems, and the design of monitoring protocols and adaptive
management thresholds is left in the hands of the resource company rather than via scientific
implementation (Wintle & Lindenmayer 2008). Collaborative partnerships between research
institutions and sustainable-management organisations could benefit all parties, whereby
research institutions assist with threshold setting, monitoring design and data interpretation in
collaboration with bodies such as the FSC, while gaining access to remote and/or inaccessible
landscapes and valuable long-term ecological data. Lack of funding is a primary limitation to
conducting the extensive monitoring required for adaptive management research (Walshe et al.
2007). The stability that collaborative partnerships would entail may assist with attraction of
donor funding (Ahrends et al. 2011), as well as government and industry grants. Furthermore,
the production of tangible results from monitoring by way of annual reporting from research
institutions and sustainable-management organisations alike, could assist with the motivation of

land managers to invest labour and funding for future rounds of monitoring.

Ultimately, the success of achieving dual outcomes of biodiversity conservation and production
yield in tropical multi-use landscapes depends on the value of both goals to land managers and
land owners. At Open Bay, a fundamental reason that the vast expanses of intact forest and
native timber plantations still exist is because of local opposition to their replacement by oil
palm. This type of opposition carries much weight in PNG where 85-97% of the land is owned
by indigenous people (Filer 2011). The choice of local communities to support the continuing
of this land-use over a more intensive and potentially financially-rewarding option is complex
but certainly is largely influenced by the involvement of local communities in the functioning
of the plantations, and the co-existence of traditional livelihood activities within production
areas. Understanding the importance of considering the interests and well-being of local
communities and their inclusion in land-management decisions for the success of conservation
outcomes should be a key area of future tropical research (Ancrenaz et al. 2007). Science can
play a role in informing management decisions but ultimately land-use planning and future

conservation will be driven by societal values.

144



References

Abrahamczyk, S, T Tscharntke, Matthias Waltert, Michael Kessler, and Dadang Dwi Putra.
2008. “The Value of Differently Managed Cacao Plantations for Forest Bird Conservation
in Sulawesi, Indonesia.” Bird Conservation International 18 (4): 349-62.

Ahrends, A, N D Burgess, R E Gereau, S Marchant, M T Bulling, Jon C Lovett, P J Platts, et al.
2011. “Funding Begets Biodiversity.” Diversity and Distributions 17: 191-200.

Aide, T M, Matthew L Clark, H Ricardo Grau, David Lépez-Carr, Marc A Levy, Daniel Redo,
Martha Bonilla-Moheno, George Riner, Maria J] Andrade-Nuiiez, and Maria Muiiiz. 2012.
“Deforestation and Reforestation of Latin America and the Caribbean (2001-2010).”
Biotropica 45 (2): 262-71.

Allen, B J, Bourke R M, and Hide, R L. 2005. "The Sustainability of Papua New Guinea
Agricultural Systems: The Conceptual Background." Global Environmental Change 5 (4):
297-312.

Amano, T, and W J Sutherland. 2013. “Four Barriers to the Global Understanding of
Biodiversity Conservation: Wealth, Language, Geographical Location and Security.”
Proceedings of the Royal Society B: Biological Sciences 280 (1756): 20122649.

Ancrenaz, Marc, Lisa Dabek, and Susan O'Neil. 2007. “The Costs of Exclusion: Recognizing a
Role for Local Communities in Biodiversity Conservation.” PLOSBiology 5 (11): €289.

Anderson, and M J. 2001. “Permutation Tests for Univariate or Multivariate Analysis of
Variance and Regression” 58 (3): 626-39.

Andren, H. 1994. “Effects of Habitat Fragmentation on Birds and Mammals in Landscapes with
Different Proportions of Suitable Habitat: a Review.” Oikos 71 (3): 355-66.

Ansell, F A, David Edwards, and Keith C Hamer. 2011. “Rehabilitation of Logged Rain
Forests: Avifaunal Composition, Habitat Structure, and Implications for Biodiversity-
Friendly REDD+.” Biotropica 43 (4): 504-11.

Ashton, Mark S. 2011. “The Ecology, Silviculture, and Use of Tropical Wet Forests with
Special Emphasis on Timber Rich Types.” In Slviculturein the Tropics, edited by Sven
Giinter, Michael Weber, Bernd Stimm, and Reinhard Mosandl, 8:145-92. Berlin,
Heidelberg: Springer.

Ashton, Mark S, CVS Gunatilleke, B M P Singhakumara, and I A U N Gunatilleke. 2001.
“Restoration Pathways for Rain Forest in Southwest Sri Lanka: a Review of Concepts and
Models.” Forest Ecology and Management 154: 409-30.

Ashton, P MS, SJ Samarasinghe, I. Gunatilleke, and CVS Gunatilleke. 1997. “Role of Legumes
in Release of Successionally Arrested Grasslands in the Central Hills of Sri Lanka” 5 (1):
36-43.

Azhar, B, D B Lindenmayer, J] Wood, J Fischer, Adrian Manning, C McElhinny, and Mohamed
Zakaria. 2013. “The Influence of Agricultural System, Stand Structural Complexity and
Landscape Context on Foraging Birds in Oil Palm Landscapes.” 1bis 155: 297-312.

Balmford, A. 1996. “Extinction Filters and Current Resilience: the Significance of Past
Selection Pressures for Conservation Biology.” Trendsin Ecology and Evolution 11 (5):
193-96.

Baraloto, C, Bruno Hérault, C E Timothy Paine, Hélene Massot, Lilian Blanc, Damien Bonal,
Jean-Francois Molino, Eric A Nicolini, and Daniel Sabatier. 2012. “Contrasting
Taxonomic and Functional Responses of a Tropical Tree Community to Selective
Logging.” Journal of Applied Ecology 49 (4): 861-70.

Baraloto, Christopher, C E Timothy Paine, Sandra Patino, Damien Bonal, Bruno Herault, and
Jérome Chave. 2010. “Functional Trait Variation and Sampling Strategies in Species-Rich
Plant Communities.” Functional Ecology 24 (1): 208-16.

Barlow, J, L A M Mestre, T A Gardner, and C A Peres. 2007. “The Value of Primary,
Secondary and Plantation Forests for Amazonian Birds.” Biological Conservation 136 (2):
212-31.

Barlow, J, Stouffer, P C, C A Peres, LMP Henriques, and J M Wunderle. 2006. “The Responses
of Understorey Birds to Forest Fragmentation, Logging and Wildfires: an Amazonian

145



Synthesis.” Biological Conservation 128: 182-92.

Barlow, J, T A Gardner, I S Araujo, T C Avila—Pires, A B Bonaldo, J E Costa, M C Esposito, et
al. 2007. “Quantifying the Biodiversity Value of Tropical Primary, Secondary, and
Plantation Forests.” PNAS 104 (47): 18555-60.

Barnagaud, Jean Yves, Vincent Devictor, Frédéric Jiguet, and Frédéric Archaux. 2011. “When
Species Become Generalists: On-Going Large-Scale Changes in Bird Habitat
Specialization.” Global Ecology and Biogeography 20 (4): 630-40.

Barnett, Thomas E. 2010. The Barnett Report: a Summary of the Report of the Commission of
Inquiry Into Aspects of the Timber Industry in Papua New Guinea. Asia Pacific Action
Group.

Barrett, Christopher B, Alexander J Travis, and Partha Dasgupta. 2011. “On Biodiversity
Conservation and Poverty Traps.” PNAS 108 (34): 13907-12.

Barton, Kamil. 2013. “MuMIn: Multi-Model Inference." R Package Version 1.9.13.
http://CRAN.R-project.org/package=MuMIn.

Bates, Douglas, Martin Maechler, Ben Bolker, and Steven Walker. 2013. “Lme4: Linear
Mixed-Effects Models Using Eigen and S4.” R package version 1.1-6. http://CRAN.R-
project.org/package=Ime4.

Bayliss-Smith, Tim, Edvard Hviding, and T C Whitmore. 2003. “Rainforest Composition and
Histories of Human Disturbance in Solomon Islands.” AMBIO: a Journal of the Human
Environment 32 (5): 346-52.

Bazzaz, F A, and STA Pickett. 1980. “Physiological Ecology of Tropical Succession: a
Comparative Review.” Annual Review of Ecology and Systematics 11: 287-310.

Beaudrot, Lydia, Matthew J Struebig, Erik Meijaard, S van Balen, Simon Husson, and Andrew
J Marshall. 2013. “Co-Occurrence Patterns of Bornean Vertebrates Suggest Competitive
Exclusion Is Strongest Among Distantly Related Species.” Oecologia 173 (3): 1053-62.

Beissinger, Steven R. 2000. “Ecological Mechanisms of Extinction.” PNAS97 (22): 11688-89.

Bell, H L. 1979. “Effects on Rain-Forest Birds of Plantings of Teak, Tectona Grandis, In Papua
New Guinea.” Australian Wildlife Research 6 (3): 305-18.

Bell, H L. 1982. “A Bird Community of New Guinean Lowland Rainforest. 3. Vertical
Distribution of the Avifauna.” Emu 82: 143-162.

Bell, H L. 1984. “A Bird Community of Lowland Rainforest in New Guinea. 6. Foraging
Ecology and Community Structure of the Avifauna.” Emu 84: 142-58.

Benavides, Ana Maria, Jan H D Wolf, and Joost F Duivenvoorden. 2013. “Colonization of
Forest Clearings and Tree-Fall Gaps in Lowland Rain Forests of Colombia by
Hemiepiphytic Aroids: Experimental and Transect Studies.” Journal of Tropical Ecology
29 (02): 123-30.

Berry, Nicholas J, Oliver L Phillips, Simon L Lewis, J K Hill, David Edwards, Noel B Tawatao,
Norhayati Ahmad, et al. 2010. “The High Value of Logged Tropical Forests: Lessons From
Northern Borneo.” Biodiversity and Conservation 19 (4): 985-97.

Bivand, R. 2014. “Spdep: Spatial Dependence: Weighting Schemes, Statistics and Models.” R
package version 0.5-74. http://CRAN.R-project.org/package=spdep.

Blackburn, Tim M, P Cassey, and J L Lockwood. 2009. “The Role of Species Traits in the
Establishment Success of Exotic Birds.” Global Change Biology 15 (12): 2852-60.

Blaser, J, A Sarre, D Poore, and S Johnson. 2011. Status of Tropical Forest Management 2011.
ITTO Technical Series No 38. 38 ed. Yokohama, Japan: International Tropical Timber
Organization.

Bonnell, Tyler R, Chapman, C A, and Rafael Reyna-Hurtado. 2011. “Post-Logging Recovery
Time Is Longer Than Expected in an East African Tropical Forest.” Forest Ecology and
Management 261 (4): 855-64.

Boston, K, and J Sessions. 2006. “Development of a Spatial Harvest Scheduling System to
Promote the Conservation Between Indigenous and Exotic Forests.” International Forestry
Review 8 (3): 297-306.

Bowman, David M J S, Woinarski, J C Z, DPA Sands, A Wells, and V J McShane. 1990.
“Slash-and-Burn Agriculture in the Wet Coastal Lowlands of Papua New Guinea:
Response of Birds, Butterflies and Reptiles.” Journal of Biogeography 17 (3): 227-39.

146



Boyd, W E, Lentfer, C J, and J Parr. 2005. "Interactions Between Human Activity, Volcanic
Eruptions and Vegetation During the Holocene at Garua and Numundo, West New Britain,
PNG." Quaternary Research 64 (3): 384-398.

Boyer, A G. 2010. “Consistent Ecological Selectivity Through Time in Pacific Island Avian
Extinctions.” Conservation Biology 24 (2): 511-19.

Bradshaw, CJ A, N S Sodhi, K S-H Peh, and Barry W Brook. 2007. “Global Evidence That
Deforestation Amplifies Flood Risk and Severity in the Developing World.” Global
Change Biology 13 (11): 2379-95.

Bradshaw, CJ A, Sodhi, N S, and Barry W Brook. 2009. “Tropical Turmoil: a Biodiversity
Tragedy in Progress.” Frontiersin Ecology and the Environment 7 (2): 79-87.

Braun-Blanquet, J. 1932. Plant Sociology: the Sudy of Plant Communities. New York:
McGraw-Hill.

Bremer, Leah L, and Kathleen A Farley. 2010. “Does Plantation Forestry Restore Biodiversity
or Create Green Deserts? A Synthesis of the Effects of Land-Use Transitions on Plant
Species Richness.” Biodiversity and Conservation 19 (14): 3893-3915.

Brockerhoff, E G, Herve Jactel, Christopher P Quine, and Jeffrey Sayer. 2008. “Plantation
Forests and Biodiversity: Oxymoron or Opportunity?” Biodiversity and Conservation 17
(5): 925-51.

Brockerhoff, E G, Herve Jactel, J A Parrotta, and Silvio F B Ferraz. 2013. “Role of Eucalypt
and Other Planted Forests in Biodiversity Conservation and the Provision of Biodiversity-
Related Ecosystem Services.” Forest Ecology and Management 301: 43-50.

Brooks, TM, S L Pimm, and NJ Collar. 1997. “Deforestation Predicts the Number of
Threatened Birds in Insular Southeast Asia.” Conservation Biology 11 (2): 382-94.

Broome, L S, K D Bishop, and D R Anderson. 1984. “Population Density and Habitat Use by
Megapodius Freycinet Eremita in West New Britain.” Australian Wildlife Research 11:
161-71.

Buchanan, G, S Butchart, G Dutson, J Pilgrim, M Steininger, K Bishop, and P Mayaux. 2008.
“Using Remote Sensing to Inform Conservation Status Assessment: Estimates of Recent
Deforestation Rates on New Britain and the Impacts Upon Endemic Birds.” Biological
Conservation 141 (1): 56-66.

Buckland ST, D R Anderson, K P Burnham, J L Laake, DL Borchers, and L Thomas. 2004.
Advanced Distance Sampling. Further Topicsin Distance Sampling. New York.

Buckland ST. 2006. “Point transect surveys for songbirds: robust methodologies.” The Auk 123
(2): 345-357.

Burley, A L, N J Enright, and M M Mayfield. 2011. “Demographic Response and Life History
of Traditional Forest Resource Tree Species in a Tropical Mosaic Landscape in Papua New
Guinea.” Forest Ecology and Management 262 (5): 750-58.

Burnham, K P, and David R Anderson. 2002. Model Selection and Multi-Model Inference: a
Practical Information-Theoretic Approach. Springer.

Burnham, K P, D R Anderson, and K P Huyvaert. 2011. “AIC Model Selection and Multimodel
Inference in Behavioral Ecology: Some Background, Observations, and Comparisons.”
Behavioral Ecology and Sociobiology 65: 23-35.

Butchart, Stuart H M, and Jeremy P Bird. 2010. “Biological Conservation.” Biological
Conservation 143 (1): 239-47.

Canaday, C. 1997. “Loss of Insectivorous Birds Along a Gradient of Human Impact in
Amazonia.” Biological Conservation 77: 63-77.

Cannon, C H, D R Peart, and M Leighton. 1998. “Tree Species Diversity in Commercially
Logged Bornean Rainforest.” Science 281 (5381): 1366-68.

Carnevale, N J, and F Montagnini. 2002. “Facilitating Regeneration of Secondary Forests with
the Use of Mixed and Pure Plantations of Indigenous Tree Species.” Forest Ecology and
Management 163 (1): 217-27.

Carnus, Jean-Michel, J A Parrotta, E G Brockerhoff, Michel Arbez, Herve Jactel, Antoine
Kremer, D Lamb, Kevin O’Hara, and Bradley Walters. 2006. “Planted Forests and
Biodiversity.” Journal of Forestry 104 (2): 65-77.

Carstensen, Daniel W, Jean-Philippe Lessard, Ben G Holt, Michael Krabbe Borregaard, and

147



Carsten Rahbek. 2013. “Introducing the Biogeographic Species Pool.” Ecography 36: 1-9.

Catterall, C P, John Kanowski, D Lamb, D Killin, Peter D Erskine, and G W Wardell-Johnson.
2005. “Trade-Offs Between Timber Production and Biodiversity in Rainforest Plantations:
Emerging Issues and an Ecological Perspective.” In Reforestation in the Tropics and
Subtropics of Australia Using Rainforest Tree Species, edited by Peter D Erskine and M
Bristow, 162—-82. Rural Industries Research and Development Corporation.

Catterall, C P, Kanowski, John, Amanda N D Freeman, and Kylie Freebody. 2012. “Can Active
Restoration of Tropical Rainforest Rescue Biodiversity? a Case with Bird Community
Indicators.” Biological Conservation 146 (1): 53-61.

Chapman, C A, L J Chapman, A L Jacob, Jessica M Rothman, P A Omeja, R Ryena-Hurtado,
Joel Hartter, and M.J. Lawes. 2010. “Tropical Tree Community Shifts: Implications for
Wildlife Conservation.” Biological Conservation 143: 366-74.

Chapman, L J, and Chapman, C A. 1996. “Exotic Tree Plantations and the Regeneration of
Natural Forests in Kibale National Park, Uganda.” Biological Conservation 76 (3): 253-57.

Chazdon, R L. 2003. “Tropical Forest Recovery: Legacies of Human Impact and Natural
Disturbances.” Perspectivesin Plant Ecology, Evolution and Systematics 6 (1,2): 51-71.

Chazdon, R L, C A Peres, Daisy Dent, Douglas Sheil, A E Lugo, D Lamb, Nigel E Stork, and
Scott E Miller. 2009. “The Potential for Species Conservation in Tropical Secondary
Forests.” Conservation Biology 23 (6): 1406-17.

Chazdon, R L, Celia A Harvey, Oliver Komar, Daniel M Griffith, Bruce G Ferguson, Miguel
Martinez-Ramos, Helda Morales, et al. 2009. “Beyond Reserves: a Research Agenda for
Conserving Biodiversity in Human-Modified Tropical Landscapes.” Biotropica 41 (2):
142-53.

Chazdon, R L, Denslow, J S, Guariguata, Manuel R, Juan M Dupuy, and Laura Anderson.
1997. “Structure and Floristics of Secondary and Old-Growth Forest Stands in Lowland
Costa Rica.” Vegetatio 132 (1): 107-20.

Chazdon, R L, R W Pearcy, Robert W Pearcy, David W Lee, and Ned Fetcher. 1996.
“Photosynthetic Responses of Tropical Forest Plants to Contrasting Light Environments.”
In Tropical Forest Plant Ecophysiology, edited by S S Mulkey, R L Chazdon, and A.P.
Smith, 5-55. New York: Chapman and Hall.

Chazdon, R L, Susan G Letcher, M van Breugel, Miguel Martinez-Ramos, Frans Bongers, and
B Finegan. 2007. “Rates of Change in Tree Communities of Secondary Neotropical Forests
Following Major Disturbances.” Philosophical Transactions of the Royal Society of
London. Series B, Biological Sciences 362 (1478): 273-89.

Chey, V K, J D Holloway, C Hambler, and M R Speight. 1998. “Canopy Knockdown of
Arthropods in Exotic Plantations and Natural Forest in Sabah, North-East Borneo, Using
Insecticidal Mist-Blowing.” Bulletin of Entomological Research 88 (1): 15-24.

Clark, Deborah A, and David B Clark. 1992. “Life History Diversity of Canopy and Emergent
Trees in a Neotropical Rain Forest.” Ecological Monographs 62 (3): 315-44.

Clark, David B. 1996. "Abolishing Virginity." Journal of Tropical Ecology 12 (5): 735-739.

Clarke, K R. 1993. “Non-Parametric Multivariate Analyses of Changes in Community
Structure.” Australian Journal of Ecology 18: 117-43.

Clarke, K R, and R M Warwick. 1994. Change in Marine Communities: an Approach to
Satistcial Analysis and Interpretation. Edited by K R Clarke and R M Warwick.
Plymouth, UK: Plymouth Marine Lab.

Cleary, Daniel F R, Timothy J B Boyle, Titiek Setyawati, Celina D Anggraeni, E Emiel Van
Loon, and Steph B J Menken. 2007. “Bird Species and Traits Associated with Logged and
Unlogged Forest in Borneo.” Ecological Applications 17 (4): 1184-97.

Clegg, Sonya M. 2010. “Evolutionary Changes Following Island Colonization in Birds:
Empirical Insights Into the Roles of Microevolutionary Processes .” In The Theory of
Island Biogeography Revisited, edited by Johnathan B Losos and Robert E Ricklefs, 293—
325. Princeton Univesrity Press.

Clough, Y, D Dwi Putra, R Pitopang, and T Tscharntke. 2009. “Local and Landscape Factors
Determine Functional Bird Diversity in Indonesian Cacao Agroforestry.” Biological
Conservation 142 (5): 1032-41.

148



Clough, Y, Tscharntke, T, Jan Barkmann, Jana Juhrbandt, Michael Kessler, Thomas Cherico
Wanger, Alam Anshary, et al. 2011. “Combining High Biodiversity with High Yields in
Tropical Agroforests.” PNAS 108 (20): 8311-16.

Coad, Lauren, Neil D Burgess, Bastian Bomhard, and Charles Besancon. 2009. Progress on the
Convention on Biological Diversity's 2010 and 2012 Targets for Protected Area Coverage.
a Technical Report for the I[UCN International Workshop “ Looking to the Future of the
CBD Programme of Work on Protected Areas,” Jeju Iland, Republic of Korea, 14-17
September 2009. Cambridge, UK: UNEP-WCMC.

Coates, B J, and W S Peckover. 2001. Birds of New Guinea and the Bismarck Archipelago: a
Photographic Guide. Dove Publications.

Condit, R S, R Sukumar, Stephen P Hubbell, and Robin B Foster. 1998. “Predicting Population
Trends From Size Distributions: a Direct Test in a Tropical Tree Community.” The
American Naturalist 152 (4): 495-509.

Cruz-Angon, A, and R Greenberg. 2005. “Are Epiphytes Important for Birds in Coffee
Plantations? An Experimental Assessment.” Journal of Applied Ecology 42 (1): 150-59.

Cuevas, Elvira, and A E Lugo. 1998. “Dynamics of Organic Matter and Nutrient Return From
Litterfall in Stands of Ten Tropical Tree Plantation Species.” Forest Ecology and
Management 112 (3): 263-79.

Danielsen, F, H Beukema, Neil D Burgess, F Parish, C A Bruhl, Paul F Donald, D Murdiyarso,
et al. 2009. “Biofuel Plantations on Forested Lands: Double Jeopardy for Biodiversity and
Climate.” Conservation Biology 23 (2): 348-58.

Davis, A S, D F Jacobs, and R K Dumroese. 2012. “Challenging a Paradigm: Toward
Integrating Indigenous Species Into Tropical Plantation Forestry.” In Forest Landscape
Restoration: Integrating Natural and Social Sciences, edited by John Stanturf and Palle
Madsen, 293-308. Dordrecht: Springer Netherlands.

Day, Michael, C Baldauf, Ervan Rutishauser, and T C H Sunderland. 2014. “Relationships
Between Tree Species Diversity and Above-Ground Biomass in Central African
Rainforests: Implications for REDD.” Environmental Conservation 41 (1): 64-72.

DeClerck, F A J, R L Chazdon, K D Holl, J C Milder, B Finegan, Alejandra Martinez-Salinas,
Pablo Imbach, Lindsay Canet, and Zayra Ramos. 2010. “Biodiversity Conservation in
Human-Modified Landscapes of Mesoamerica: Past, Present and Future.” Biological
Conservation 143 (10): 2301-13.

DeFries, R, T Rudel, M Uriarte, and M Hansen. 2010. “Deforestation Driven by Urban
Population Growth and Agricultural Trade in the Twenty-First Century.” Nature
Geoscience 3: 178-81.

Denham, T P. 2003. “Origins of Agriculture at Kuk Swamp in the Highlands of New Guinea.”
Science 301 (5630): 189-93.

Dennis, R A, E Meijaard, R Nasi, and L Gustafsson. 2008. “Biodiversity Conservation in
Southeast Asian Timber Concessions: a Critical Evaluation of Policy Mechanisms and
Guidelines.” Ecology and Society 13 (1): 25.

Denslow, J S. 1996. “Functional Group Diversity and Responses to Disturbance.” In
Biodiversity and Ecosystem Processesin Tropical Forests, edited by G H Orians, Rodolfo
Dirzo, and J H Cushman, 127-51. Springer, Berlin.

Dent, Daisy, Saara J] DeWalt, and J S Denslow. 2012. “Secondary Forests of Central Panama
Increase in Similarity to Old-Growth Forest Over Time in Shade Tolerance but Not Species
Composition.” Journal of Vegetation Science 24 (3): 530-42.

Devictor, Vincent, Romain Julliard, and Frédéric Jiguet. 2008. “Distribution of Specialist and
Generalist Species Along Spatial Gradients of Habitat Disturbance and Fragmentation.”
Oikos 117 (4): 507-14.

DeWalt, S J, S K Maliakal, and J S Denslow. 2003. “Changes in Vegetation Structure and
Composition Along a Tropical Forest Chronosequence: Implications for Wildlife.” Forest
Ecology and Management 182: 139-51.

Diamond, J M. 1970. “Ecological Consequences of Island Colonization by Southwest Pacific
Birds, I. Types of Niche Shifts.” Proceedings of the National Academy of Sciences of the
United Sates of America 67 (2): 529-36.

149



Diamond, J M, and Terborgh, John. 1970. “Niche Overlap in Feeding Assemblages of New
Guinea Birds.” The Wilson Bulletin 82 (1): 29-52.

Didham, Raphael K, Valerie Kapos, and R M Ewers. 2012. “Rethinking the Conceptual
Foundations of Habitat Fragmentation Research.” Oikos 121 (2): 161-70.

Dirzo, Rodolfo, and Peter H Raven. 2003. “Global State of Biodiversity and Loss.” Annual
Review of Environment and Resources 28 (1): 137-67.

Dogra, Kuldip S, Sarvesh K Sood, Parveen K Dobhal, and Suresh Kumar. 2009. “Comparison
of Understorey Vegetation in Exotic and Indigenous Tree Plantations in Shivalik Hills of
NW Indian Himalayas (Himachal Pradesh).” Journal of Ecology and the Natural
Environment 1 (5): 130-36.

Dunn, Peter K. 2012. “tweedie: Tweedie Exponential Family Models.” R package version 2.2.1.
http://www.r-project.org/package=tweedie.

Dutson, Guy. 2012. Birds of Melanesia: Bismarcks, Solomons, Vanuatu, and New Caledonia. A
& C Black.

Edwards, David, J A Hodgson, and K C Hamer. 2010. “Wildlife-Friendly Oil Palm Plantations
Fail to Protect Biodiversity Effectively.” Conservation Letters 3: 236—42.

Edwards, David, James J Gilroy, Paul Woodcock, Felicity Edwards, Trond H Larsen, David J R
Andrews, Mia A Derhé, et al. 2013. “Land-Sharing Versus Land-Sparing Logging:
Reconciling Timber Extraction with Biodiversity Conservation.” Global Change Biology
20 (1): 183-91.

Edwards, David, Paul Woodcock, Rob J Newton, Felicity Edwards, David J R Andrews,
Teegan D S Docherty, Simon L Mitchell, et al. 2013. “Trophic Flexibility and the
Persistence of Understory Birds in Intensively Logged Rainforest.” Conservation Biology
27 (5): 1079-86.

Edwards, David, T H Larsen, T D S Docherty, F A Ansell, W W Hsu, M A Derhe, K C Hamer,
and D S Wilcove. 2010. “Degraded Lands Worth Protecting: the Biological Importance of
Southeast Asia's Repeatedly Logged Forests.” Proceedings of the Royal Society B:
Biological Sciences278 (1702): 82-90.

Ellwood, M DF, D T Jones, and W A Foster. 2002. “Canopy Ferns in Lowland Dipterocarp
Forest Support a Prolific Abundance of Ants, Termites, and Other Invertebrates.”
Biotropica 34 (4): 575-83.

Erskine, Peter D, D Lamb, and Mila Bristow. 2006. “Tree Species Diversity and Ecosystem
Function: Can Tropical Multi-Species Plantations Generate Greater Productivity?” Forest
Ecology and Management 233 (2-3): 205-10.

ESRI. 2011. ArcGIS Desktop: Release 10. Redlands, CA: Environmental Systems Research
Institute.

Evans, J. 2009. “The Multiple Roles of Planted Forests.” In Planted Forests: Uses, Impacts and
Sustainability, edited by J Evans, 61-90. CAB International.

Ewel, J J, and Seth W Bigelow. 1996. “Plant Life-Forms and Tropical Ecosystem Functioning.”
In Biodiversity and Ecosystem Processes in Tropical Forests, edited by G H Orians,
Rodolfo Dirzo, and J] H Cushman, 101-26. Berlin: Springer-Verlag.

Ewers, R M, and Raphael K Didham. 2006. “Confounding Factors in the Detection of Species
Responses to Habitat Fragmentation.” Biological Reviews 81 (1): 117-42.

Ewers, R M, Raphael K Didham, William D Pearse, Véronique Lefebvre, Isabel M D Rosa,
Joao M B Carreiras, Richard M Lucas, and Daniel C Reuman. 2013. “Using Landscape
History to Predict Biodiversity Patterns in Fragmented Landscapes.” Ecology Letters 16
(10): 1221-33.

Farwig, Nina, N Sajita, and K Bohning-Gaese. 2008. “Conservation Value of Forest Plantations
for Bird Communities in Western Kenya.” Forest Ecology and Management 255: 3885-92.

Farwig, Nina, Nixon Sajita, and Katrin Bohning-Gaese. 2009. “High Seedling Recruitment of
Indigenous Tree Species in Forest Plantations in Kakamega Forest, Western Kenya.”
Forest Ecology and Management 257 (1): 143-50.

Fayle, T M, Arthur Y C Chung, Alex J Dumbrell, Paul Eggleton, and William A Foster. 2009.
“The Effect of Rain Forest Canopy Architecture on the Distribution of Epiphytic Ferns
(Asplenium Spp.) in Sabah, Malaysia.” Biotropica 41 (6): 676-81.

150



Felton, A, J Wood, Felton AM, B. Hennessey, and D B Lindenmayer. 2008. “Bird Community
Responses to Reduced-Impact Logging in a Certified Forestry Concession in Lowland
Bolivia.” Biological Conservation 141: 545-55.

Felton, A, Lindenmayer, D B, J.T. Wood, and B.A. Hennessey. 2008. “A Comparison of Bird
Communities in the Anthropogenic and Natural-Tree Fall Gaps of a Reduced-Impact
Logged Subtropical Forest in Bolivia.” Bird Conservation International 18 (2): 129-43.

Filer, C. 2011. “New Land Grab in Papua New Guinea.” Pacific Sudies 34 (2/3): 269-94.

Fischer, J, and Lindenmayer, D B. 2007. “Landscape Modification and Habitat Fragmentation:
a Synthesis.” Global Ecology and Biogeography 16: 265-80.

Fischer, J, Lindenmayer, D B, Azhar, B, Jeff Wood, Adrian Manning, C McElhinny, and
Mohamed Zakaria. 2013. “Contribution of Illegal Hunting, Culling of Pest Species, Road
Accidents and Feral Dogs to Biodiversity Loss in Established Oil-Palm Landscapes.”
Wildlife Research 40 (1): 1-9.

Fischer, J, Lindenmayer, D B, Berry Brosi, G C Daily, Paul R Ehrlich, Rebecca Goldman,
Joshua Goldstein, et al. 2008. “Should Agricultural Policies Encourage Land Sparing or
Wildlife-Friendly Farming?” Frontiersin Ecology and the Environment 6 (7): 380-85.

Fitzherbert, Emily B, M Struebig, A Morel, F Danielsen, C Bruhl, P Donald, and B Phalan.
2008. “How Will Oil Palm Expansion Affect Biodiversity?” Trendsin Ecology &
Evolution 23 (10): 538-45.

Forest Stewardship Council. 2010. National Forest Management Standards for Papua New
Guinea. 1st ed. Forest Stewardship Council.

Fox, J, and S Weisberg. 2013. “An {R} Companion to Applied Regression, Second Edition.”
Package version 2.0-19: Thousand Oaks CA: Sage.
http://socserv.socsci.mcmaster.ca/jfox/Books/Companion.

Francis, J K. 1988. Kamarere. New Orleans: Department of Agriculture, Forest Service,
Southern Forest Experiment Station.

Frith, HJ, FHJ Crome, and T O Wolfe. 1976. “Food of Fruit-Pigeons in New Guinea.” Emu 76
(2): 49-58.

Gage, G S, M de L Brooke, M R E Symonds, and D Wege. 2004. “Ecological Correlates of the
Threat of Extinction in Neotropical Bird Species.” Animal Conservation 7 (2): 161-68.
Game, Edward T, Geoffrey Lipsett-Moore, Richard Hamilton, Nate Peterson, Jimmy Kereseka,
William Atu, Matthew Watts, and Hugh Possingham. 2010. “Informed Opportunism for

Conservation Planning in the Solomon Islands.” Conservation Letters4 (1): 38-46.

Garcia-Robledo, Carlos, and Erin K Kuprewicz. 2009. “Vertebrate Fruit Removal and Ant Seed
Dispersal in the Neotropical Ginger Renealmia Alpinia (Zingiberaceae).” Biotropica 41
(2): 209-14.

Gardner, T A, Barlow, J, and LV Ferreira. 2007. “Litter Fall and Decomposition in Primary,
Secondary and Plantation Forests in the Brazilian Amazon.” Forest Ecology and
Management 247: 91-97.

Gardner, T A, Chazdon, R L, J Barlow, and R M Ewers. 2009. “Prospects for Tropical Forest
Biodiversity in a Human-Modified World.” Ecology Letters 12: 561-82.

Gardner, T A, J Barlow, N S Sodhi, and C A Peres. 2010. “A Multi-Region Assessment of
Tropical Forest Biodiversity in a Human-Modified World.” Biological Conservation 143
(10): 2293-2300.

Gaston, Kevin J, Sarah F Jackson, Lisette Canti-Salazar, and Gabriela Cruz-Pifidon. 2008. “The
Ecological Performance of Protected Areas.” Annual Review of Ecology, Evolution, and
Systematics 39: 93—113.

Gelman, Andrew. 2008. “Scaling Regression Inputs by Dividing by Two Standard Deviations.”
Satisticsin Medicine 27 (15): 2865-73.

Gelman, Andrew, Yu-Sung Su, Masanao Yajima, Jennifer Hill, Maria Grazia Pittau, Jouni
Kerman, Tian Zheng, and Vicent Dorie. 2013. "arm: Data Analysis Using Regression and
Multilevel/Hierarchical Models." R package version 1.7-03. http://CRAN.R-
project.org/package=arm.

Genini, Julieta, Mauro Galetti, and L Patricia C Morellato. 2009. “Fruiting Phenology of Palms
and Trees in an Atlantic Rainforest Land-Bridge Island.” Flora - Morphology,

151



Distribution, Functional Ecology of Plants 204 (2): 131-45.

Gibson, Luke, T M Lee, Lian P Koh, Barry W Brook, T A Gardner, J Barlow, C A Peres, et al.
2012. “Primary Forests Are Irreplaceable for Sustaining Tropical Biodiversity.” Nature
478 (7369): 378-81.

Gotelli, N.J., Colwell, R.K., 2001. "Quantifying biodiversity: procedures and pitfalls in the
measurement and comparison of species richness." Ecology Letters 4: 379-391.

Gray, M A, S L Baldauf, P J Mayhew, and J K Hill. 2007. “The Response of Avian Feeding
Guilds to Tropical Forest Disturbance.” Conservation Biology 21 (1): 133-41.

Griscom, H P, B W Griscom, and Mark S Ashton. 2009. “Forest Regeneration From Pasture in
the Dry Tropics of Panama: Effects of Cattle, Exotic Grass, and Forested Riparia.”
Restoration Ecology 17 (1): 117-26.

Guariguata, Manuel R, and Rebecca Ostertag. 2001a. “Neotropical Secondary Forest
Succession: Changes in Structural and Functional Characteristics.” Forest Ecology and
Management 148 (1): 185-206.

Gustafsson, L, S C Baker, J Bauhus, W J Beese, and A Brodie. 2012. “Retention Forestry to
Maintain Multifunctional Forests: a World Perspective.” BioScience 62: 633-45.

Giinter, Sven, Michael Weber, Bernd Stimm, and Reinhard Mosandl. 2011. “Five
Recommendations to Improve Tropical Silviculture.” In Slviculture in the Tropics, edited
by Sven Giinter, Michael Weber, Bernd Stimm, and Reinhard Mosandl, 8:527-46. Berlin,
Heidelberg: Springer.

Haggar, J P, C B Briscoe, and R P Butterfield. 1998. “Native Species: a Resource for the
Diversification of Forestry Production in the Lowland Humid Tropics.” Forest Ecology
and Management 106 (2): 195-203.

Haggar, J P, K Wightman, and R Fisher. 1997. “The Potential of Plantations to Foster Woody
Regeneration Within a Deforested Landscape in Lowland Costa Rica.” Forest Ecology and
Management 99 (1-2): 55-64.

Hall, J S, David J Harris, Vincent Medjibe, and P MS Ashton. 2003. “The Effects of Selective
Logging on Forest Structure and Tree Species Composition in a Central African Forest:
Implications for Management of Conservation Areas.” Forest Ecology and Management
183 (1-3): 249-64.

Hartley, MJ. 2002. “Rationale and Methods for Conserving Biodiversity in Plantation Forests.”
Forest Ecology and Management 155 (1): 81-95.

Harvey, Celia A, Barney Dickson, and Cyril Kormos. 2010. “Opportunities for Achieving
Biodiversity Conservation Through REDD.” Conservation Letters 3 (1): 53-61.

Henty, E E. 1982. Weeds of New Guinea and Their Control. Edited by E E Henty. 3rd ed. Lae:
Botany Bulletin 7, Division of Botany.

Holbech, L H. 2009. “The Conservation Importance of Luxuriant Tree Plantations for Lower
Storey Forest Birds in South-West Ghana.” Bird Conservation International 19 (03): 287.

Holbrook, K M, Thomas B Smith, and Britta D Hardesty. 2002. “Implications of Long
Distance Movements of Frugivorous Rain Forest Hornbills.” Ecography 25 (6): 745-49.

Holbrook, N Michele, and Francis Edward Putz. 1996. “Physiology of Tropical Vines and
Hemiepiphytes: Plants That Climb Up and Plants That Climb Down.” In Tropical Forest
Plant Ecophysiology, edited by S S Mulkey, R L. Chazdon, and A.P. Smith, 363-94. New
York: Chapman and Hall.

Holl, K D. 1999. “Factors Limiting Tropical Rain Forest Regeneration in Abandoned Pasture:
Seed Rain, Seed Germination, Microclimate, and Soil.” Biotropica 31 (2): 229-42.

Holl, K D, Celentano, Danielle, Rakan A Zahawi, B Finegan, Rebecca Ostertag, and Rebecca J
Cole. 2010. “Litterfall Dynamics Under Different Tropical Forest Restoration Strategies in
Costa Rica.” Biotropica 43 (3): 279-87.

Hope, G S, Golson, J, and J Allen. 1983. "Palaeoecology and Prehistory in New Guinea."
Journal of Human Evolution 12 (1): 37-60.

Houghton, R A. 2012. “Historic Changes in Terrestrial Carbon Storage.” In Recarbonization of
the Biosphere - Ecosystems and the Global Carbon Cycle, edited by Rattan Lal, Klaus
Lorenz, Reinhard F Hiittl, Bernd Uwe Schneider, and Joachim von Braun, 59-82.
Dordrecht: Springer Netherlands.

152



TUCN. 2014. The IUCN Red List of Threatened Species. Version 2014.1. www.iucnredlist.org.

Jankowski, J E, and K N Rabenold. 2007. “Endemism and Local Rarity in Birds of Neotropical
Montane Rainforest.” Biological Conservation 138: 453-463.

Jansen, Patrick A, and P A Zuidema. 2001. “Logging, Seed Dispersal by Vertebrates, and
Natural Regeneration of Tropical Timber Trees.” In The Cutting Edge: Conserving Wildlife
in Logged Tropical Forests, edited by R A Fimbel, A Grajal, and G Robinson, 35-59.
Columbia University Press.

Johns, A D. 1992. “The Influence of Deforestation and Selective Logging Operations on Plant
Diversity in Papua New Guinea.” In Tropical Deforestation and Species Extinction, edited
by T C Whitmore and J A Sayer, 143-47. London: Chapman and Hall.

Johns, Andrew. 1996. “Bird Population Persistence in Sabahan Logging Concessions.”
Biological Conservation 75 (1): 3-10.

Kabakoff, R P, and R L Chazdon. 1996. “Effects of Canopy Species Dominance on
Understorey Light Availability in Low-Elevation Secondary Forest Stands in Costa Rica.”
Journal of Tropical Ecology 12 (6): 779-88.

Kanowski, John, and C P Catterall. 2007. Monitoring Revegetation Projects for Biodiversity in
Rainforest Landscapes, Toolkit Version 1. Cairns: Reef and Rainforest Research Centre
Limited.

Kanowski, John, C P Catterall, and D A Harrison. 2008. “Monitoring the Outcomes of
Reforestation for Biodiversity Conservation.” In Living in a Dynamic Tropical Landscape,
edited by Nigel E Stork and S M Turton, 526-36.

Kanowski, John, C P Catterall, and G W Wardell-Johnson. 2005. “Consequences of Broadscale
Timber Plantations for Biodiversity in Cleared Rainforest Landscapes of Tropical and
Subtropical Australia.” Forest Ecology and Management 208 (1-3): 359-72.

Kanowski, John, C P Catterall, G W Wardell-Johnson, H Proctor, and Terry M Reis. 2003.
“Development of Forest Structure on Cleared Rainforest Land in Eastern Australia Under
Different Styles of Reforestation.” Forest Ecology and Management 183 (1-3): 265-80.

Kanowski, John, C P Catterall, H Proctor, Terry M Reis, Nigel I J Tucker, and G W Wardell-
Johnson. 2005. “Biodiversity Values of Timber Plantations and Restoration Plantings for
Rainforest Fauna in Tropical and Subtropical Australia.” In Reforestation in the Tropics
and Subtropics of Australia Using Rainforest Tree Species, edited by Peter D Erskine and
M Bristow, 194-216. Canberra, Australia: Rural Industries Research and Development
Corporation.

Kanowski, John, C P Catterall, K Freebody, A ND Freeman, and D A Harrison. 2010.
Monitoring Revegetation Projects for Biodiversity in Rainforest Landscapes. Toolkit
Version 3. Cairns: Reef and Rainforest Research Centre Limited.

Karp, D S, G Ziv, J Zook, and P R Ehrlich. 2011. “Resilience and Stability in Bird Guilds
Across Tropical Countryside.” PNAS 108 (52): 21134-39.

Katovai, E, A L Burley, and M M Mayfield. 2012. “Understory Plant Species and Functional
Diversity in the Degraded Wet Tropical Forests of Kolombangara Island, Solomon
Islands.” Biological Conservation 145 (1): 214-24.

Kaufmann, Eva, and Ulrich Maschwitz. 2006. “Ant-Gardens of Tropical Asian Rainforests.”
Naturwissenschaften 93 (5): 216-27.

Keenan, R, D Lamb, J A Parrotta, and J Kikkawa. 1999. “Ecosystem Management in Tropical
Timber Plantations: Satisfying Economic, Conservation, and Social Objectives.” Journal of
Sustainable Forestry 9 (1-2): 117-34.

Keenan, R, D Lamb, O Woldring, and T Irvine. 1997. “Restoration of Plant Biodiversity
Beneath Tropical Tree Plantations in Northern Australia.” Forest Ecology and
Management 99 (1-2): 117-31.

Kennedy, Christina M, Peter P Marra, William F Fagan, and Maile C Neel. 2010. “Landscape
Matrix and Species Traits Mediate Responses of Neotropical Resident Birds to Forest
Fragmentation in Jamaica.” Ecological Monographs 80 (4): 651-69.

Keppel, Gunnar, Andrew J Lowe, and Hugh P Possingham. 2009. “Changing Perspectives on
the Biogeography of the Tropical South Pacific: Influences of Dispersal, Vicariance and
Extinction.” Journal of Biogeography 36 (6): 1035-54.

153



Kikkawa, Jiro. 1982. “Ecological Association of Birds and Vegetation Structure in Wet
Tropical Forests of Australia.” Australian Journal of Ecology 7 (4): 325-45.

Kingsford, R T, J E M Watson, C J Lundquist, Oscar Venter, L. Hughes, E L Johnston, J
Atherton, et al. 2009. “Major Conservation Policy Issues for Biodiversity in Oceania.”
Conservation Biology 23 (4): 834-40.

Kitajima, Kaoru, and Kitajima, K. 1996. “Ecophysiology of Tropical Tree Seedlings.” In
Tropical Forest Plant Ecophysiology, 559-96. Boston, MA: Springer US.

Koh, Lian P. 2008. “Can Oil Palm Plantations Be Made More Hospitable for Forest Butterflies
and Birds?” Journal of Applied Ecology 45 (4): 1002-9.

Koh, Lian P, and D S Wilcove. 2008. “Is Oil Palm Agriculture Really Destroying Tropical
Biodiversity?.” Conservation Letters 1 (2): 60-64.

Koh, Lian P, Sodhi, N S, D M Prawiradilaga, Darjono, Idris Tinulele, Dadang Dwi Putra, and
Tommy Han Tong Tan. 2005. “Land Use and Conservation Value for Forest Birds in
Central Sulawesi (Indonesia).” Biological Conservation 122 (4): 547-58.

Kubitzki, K. 1998. The Families and Genera of Vascular Plants. Edited by K Kubitzki. Vol. 4.
Berlin: Springer-Verlag.

Ladiges, P Y, Frank Udovicic, and Gareth Nelson. 2003. “Australian Biogeographical
Connections and the Phylogeny of Large Genera in the Plant Family Myrtaceae.” Journal
of Biogeography 30 (7): 989-98.

Lamb, D. 1994. “Reforestation of Degraded Tropical Forest Lands in the Asia-Pacific Region.”
Journal of Tropical Forest Science 7 (1): 1-7.

Lamb, D. 2010. “Forest and Land Degradation in the Asia-Pacific Region.” In Regreening the
Bare Hills: Tropical Forest Restoration in the Asia-Pacific Region, World Forests, 8:41—
91. Dordrecht: Springer.

Lamb, D, J A Parrotta, R Keenan, and Nigel I J Tucker. 1997. “Rejoining Habitat Remnants:
Restoring Degraded Rainforest Lands.” In Tropical Forest Remnants: Ecology,
Management, and Conservation of Fragmented Communities. Chicago & London: The
University of Chicago Press.

Lambert, F R, and N J Collar. 2002. “The Future for Sundaic Lowland Forest Birds: Long-Term
Effects of Commercial Logging and Fragmentation.” Forktail, 18: 127—46.

Lasky, J R, M Uriarte, V K Boukili, and R L Chazdon. 2014. “Trait-Mediated Assembly
Processes Predict Successional Changes in Community Diversity of Tropical Forests.”
PNAS111 (15): 5616-21.

Laurance, W F. 1997. “Hyper-Disturbed Parks: Edge Effects and the Ecology of Isolated
Rainforest Reserves in Tropical Australia.” In Tropical Forest Remnants: Ecology,
Management, and Conservation of Fragmented Communities, edited by W F Laurance,
71-84. Chicago & London: The University of Chicago Press.

Laurance, W F, and Andrew Balmford. 2013. “Land Use: a Global Map for Road Building.”
Nature 495 (7441): 308-9.

Laurance, W F, D Carolina Useche, Julio Rendeiro, Margareta Kalka, C J A Bradshaw, Sean P
Sloan, Susan G Laurance, et al. 2012. “Averting Biodiversity Collapse in Tropical Forest
Protected Areas.” Nature 489 (7415): 290-94.

Laurance, W F, Miriam Goosem, and Susan G W Laurance. 2009. “Impacts of Roads and
Linear Clearings on Tropical Forests.” Trends in Ecology and Evolution 24 (12): 659-69.

Laurance, W F, Thomas E Lovejoy, Heraldo L Vasconcelos, Emilio M Bruna, Raphael K
Didham, Philip C Stouffer, Claude Gascon, Richard O Bierregaard, Susan G Laurance, and
Erica Sampaio. 2002. “Ecosystem Decay of Amazonian Forest Fragments: a 22 Year
Investigation.” Conservation Biology 16 (3): 605-18.

Laurans, Marilyne, Olivier Martin, Eric Nicolini, and Grégoire Vincent. 2012. “Functional
Traits and Their Plasticity Predict Tropical Trees Regeneration Niche Even Among Species
with Intermediate Light Requirements.” Journal of Ecology 100 (6): 1440-52.

Lavergne, S, M EK Evans, [ J Burfield, F Jiguet, and W. Thuiller. 2012. “Are Species'
Responses to Global Change Predicted by Past Niche Evolution?” Philosophical
Transactions of the Royal Society B: Biological Sciences 368 (1610): 20120091-91.

Lawton, JH, DE Bignell, and B Bolton. 1998. “Biodiversity Inventories, Indicator Taxa and

154



Effects of Habitat Modification in Tropical Forest.” Nature 391: 72-76.

Lebrija-Trejos, Edwin, Eduardo A Pérez-Garcia, Jorge A Meave, Frans Bongers, and Lourens
Poorter. 2010. “Functional Traits and Environmental Filtering Drive Community Assembly
in a Species-Rich Tropical System.” Ecology 91 (2): 386-98.

Lecroy, Mary, and W S Peckover. 1983. “Birds of the Kimbe Bay Area, West New Britain,
Papua New Guinea.” Condor 85: 297-304.

Lentfer, C J, Christina Pavlides, and Jim Specht. 2010. “Natural and Human Impacts in a 35
000-Year Vegetation History in Central New Britain, Papua New Guinea.” Quaternary
Science Reviews 29 (27-28): 3750-67.

Letcher, Susan G, and Chazdon, R L. 2009. “Rapid Recovery of Biomass, Species Richness,
and Species Composition in a Forest Chronosequence in Northeastern Costa Rica.”
Biotropica 41 (5): 608-17.

Letcher, Susan G, and R L Chazdon. 2012. “Life History Traits of Lianas During Tropical
Forest Succession.” Biotropica 44 (6): 720-27.

Lima, Thais A, and Gil Vieira. 2013. “High Plant Species Richness in Monospecific Tree
Plantations in the Central Amazon.” Forest Ecology and Management 295: 77-86.

Lindenmayer, D B. 2002. Plantation Design and Biodiversity Conservation. RIRDC
Publication No 02/019; RIRDC Project No ANU-33A. Rural Industries Research and
Development Corporation.

Lindenmayer, D B. 2010. “Landscape Change and the Science of Biodiversity Conservation in
Tropical Forests: a View From the Temperate World.” Biological Conservation 143 (10):
2405-11.

Lindenmayer, D B, Gibbons, P, SC Barry, and M T Tanton. 2000. “The Effects of Slash
Burning on the Mortality and Collapse of Trees Retained on Logged Sites in South-Eastern
Australia.” Forest Ecology and Management 139: 51-61.

Lindenmayer, D B, J F Franklin, A Lohmus, S C Baker, J Bauhus, W Beese, A Brodie, et al.
2012. “A Major Shift to the Retention Approach for Forestry Can Help Resolve Some
Global Forest Sustainability Issues.” Conservation Letters 5 (6): 421-31.

Lindenmayer, D B, W F Laurance, and Jerry F Franklin. 2012. “Global Decline in Large Old
Trees.” Science 338 (6112): 1305-6.

Lindley, David. 1988. “Early Cainozoic Stratigraphy and Structure of the Gazelle Peninsula,
East New Britain: an Example of Extensional Tectonics in the New Britain Arc-Trench
Complex.” Australian Journal of Earth Sciences 35 (2): 231-44.

Lira, Paula K, R M Ewers, Cristina Banks-Leite, Renata Pardini, and Jean Paul Metzger. 2012.
“Evaluating the Legacy of Landscape History: Extinction Debt and Species Credit in Bird
and Small Mammal Assemblages in the Brazilian Atlantic Forest.” Journal of Applied
Ecology 49 (6): 1325-33.

Lugo, A E. 1988. “The Future of the Forest: Ecosystem Rehabilitation in the Tropics.”
Environment: Science and Policy for Sustainable Development 30 (7): 16-45.

Lugo, A E. 1992a. “Tree Plantations for Rehabilitating Damaged Forest Lands in the Tropics.”
In Ecosystem Rehabilitation Ecosystem Analysis and Synthesis, edited by M K Wali,
2:247-55. The Hague: Academic Publishing.

Lugo, A E. 1992b. “Comparison of Tropical Tree Plantations with Secondary Forests of Similar
Age.” Ecological Monographs 62 (1): 1-41.

Lugo, A E. 2009. “The Emerging Era of Novel Tropical Forests.” Biotropica41 (5): 589-91.

Lugo, A E, and Brown, S. 1990. “Tropical Secondary Forests.” Journal of Tropical Ecology 6
(1): 1-32.

Lugo, A E, S Brown, and J Chapman. 1988. “An Analytical Review of Production Rates and
Stemwood Biomass of Tropical Forest Plantations.” Forest Ecology and Management 23
(2): 179-200.

MacArthur, RH, and JW MacArthur. 1961. “On Bird Species Diversity.” Ecology 42 (3): 594—
98.

MacArthur, Robert H. 1964. “Environmental Factors Affecting Bird Species Diversity.”
American Naturalist 98 (903): 387-97.

Madsen, J A, and I D Lindley. 1994. “Large Scale Structures on Gazelle Peninsula, New

155



Britain: Implications for the Evolution of the New Britain Arc.” Australian Journal of
Earth Sciences 41 (6): 561-69.

Mamede, M A, and F S de Araujo. 2008. “Effects of Slash and Burn Practices on a Soil Seed
Bank of Caatinga Vegetation in Northeastern Brazil.” Journal of Arid Environments 72 (4):
458-70.

Mandle, Lisa, and Tamara Ticktin. 2013. “Moderate Land Use Shifts Plant Diversity From
Overstory to Understory and Contributes to Biotic Homogenization in a Seasonally Dry
Tropical Ecosystem.” Biological Conservation 158: 326-33.

Marsden, S J, and C T Symes. 2008. “Bird Richness and Composition Along an Agricultural
Gradient in New Guinea: the Influence of Land Use, Habitat Heterogeneity and Proximity
to Intact Forest.” Austral Ecology 33 (6): 784-93.

Marsden, S J, and John D Pilgrim. 2003a. “Diversity and Abundance of Fruiting Trees in
Primary Forest, Selectively Logged Forest, and Gardens on New Britain, Papua New
Guinea.” Tropical Biodiversity 8 (1): 15-29.

Marsden, S J, and John D Pilgrim. 2003b. “Factors Influencing the Abundance of Parrots and
Hornbills in Pristine and Disturbed Forests on New Britain, PNG.” Ibis 145 (1): 45-53.

Marsden, S J, M Whiffin, and M Galetti. 2001. “Bird Diversity and Abundance in Forest
Fragments and Eucalyptus Plantations Around an Atlantic Forest Reserve, Brazil.”
Biodiversity and Conservation 10 (5): 737-51.

Martin, Laura J, Bernd Blossey, and Erle Ellis. 2012. “Mapping Where Ecologists Work:
Biases in the Global Distribution of Terrestrial Ecological Observations.” Frontiersin
Ecology and the Environment 10 (4): 195-201.

Martin, P H, Ruth E Sherman, and Timothy J Fahey. 2004. “Forty Years of Tropical Forest
Recovery From Agriculture: Structure and Floristics of Secondary and Old Growth
Riparian Forests in the Dominican Republic.” Biotropica 36 (3): 297-317.

Martin, Philip A, A.C. Newton, and J M Bullock. 2013. “Carbon Pools Recover More Quickly
Than Plant Biodiversity in Tropical Secondary Forests.” Proceedings of the Royal Society
B: Biological Sciences280 (1773): 20132236.

Martin, T E, and G A Blackburn. 2013. “Conservation Value of Secondary Forest Habitats for
Endemic Birds, a Perspective From Two Widely Separated Tropical Ecosystems.”
Ecography 37 (3): 250-60.

Mason, D. 1996. “Responses of Venezuelan Understory Birds to Selective Logging,
Enrichment Strips, and Vine Cutting.” Biotropica 28 (3): 296-309.

Mayfield, M M, Vesk, P A, McNamara, S, S P Bonser, ] W Morgan, and Isabelle Aubin. 2010.
“What Does Species Richness Tell Us About Functional Trait Diversity? Predictions and
Evidence for Responses of Species and Functional Trait Diversity to Land Use Change.”
Global Ecology and Biogeography 19 (4): 423-31.

Mayr, E, and J M Diamond. 2001. The Birds of Northern Melanesia. Oxford: Oxford
University Press.

McAlpine, JR, G Keig, and R Falls. 1983. Climate of Papua New Guinea. CSIRO.

McClanahan, T R, and R W Wolfe. 1993. “Accelerating Forest Succession in a Fragmented
Landscape: the Role of Birds and Perches.” Conservation Biology 7 (2): 279-88.

McElhinny, C. 2005. “Quantifying Stand Structural Complexity in Woodland and Dry
Sclerophyll Forest, South-Eastern Australia.” PhD Thesis, Australian National University,
Canberra.

Melo, Felipe PL, Victor Arroyo-Rodriguez, Lenore Fahrig, Miguel Martinez-Ramos, and
Marcelo Tabarelli. 2013. “On the Hope for Biodiversity-Friendly Tropical Landscapes..”
Trendsin Ecology and Evolution 28 (8): 462-68.

Miettinen, J, Aljosja Hooijer, C Shi, Daniel Tollenaar, Ronald Vernimmen, S C Liew, Chris
Malins, and Susan E Page. 2012. “Extent of Industrial Plantations on Southeast Asian
Peatlands in 2010 with Analysis of Historical Expansion and Future Projections.” GCB
Bioenergy 4 (6): 908-18.

Miettinen, J, C Shi, and S C Liew. 2011. “Deforestation Rates in Insular Southeast Asia
Between 2000 and 2010.” Global Change Biology 17 (7): 2261-70.

Montagnini, F. 2001. “Strategies for the Recovery of Degraded Ecosystems: Experiences From

156



Latin America.” Interciencia 26: 498-503.

Montagnini, F, and Daniel Piotto. 2011. “Mixed Plantations of Native Trees on Abandoned
Pastures: Restoring Productivity, Ecosystem Properties, and Services on a Humid Tropical
Site.” In Slviculturein the Tropics, edited by Sven Giinter, Michael Weber, Bernd Stimm,
and Reinhard Mosandl, 8:501-11. Berlin, Heidelberg: Springer.

Moran, C, and C P Catterall. 2014. “Responses of Seed-Dispersing Birds to Amount of
Rainforest in the Landscape Around Fragments..” Conservation Biology 28 (2): 551-60.

Moran, C, C P Catterall, and John Kanowski. 2009. “Reduced Dispersal of Native Plant Species
as a Consequence of the Reduced Abundance of Frugivore Species in Fragmented
Rainforest.” Biological Conservation 142 (3): 541-52.

Moran, P A P. 1950. “A Test for the Serial Independence of Residuals..” Biometrika 37 (1-2):
178-81.

Mueller-Dombois, Dieter, and F Raymond Fosberg. 1998. Vegetation of the Tropical Pacific
Islands. Springer.

Mpyers, N, R A Mittermeier, C G Mittermeier, G A da Fonseca, and J Kent. 2000. “Biodiversity
Hotspots for Conservation Priorities.” Nature 403 (6772): 853-58.

Nagelkerke, N J D. 1991. “A Note on a General Definition of the Coefficient of
Determination.” Biometrika 78 (3): 691-92.

Nathan, R, and H C Muller-Landau. 2000. “Spatial Patterns of Seed Dispersal, Their
Determinants and Consequences for Recruitment.” Trends in Ecology & Evolution 15 (7):
278-85.

Néjera, Andrea, and Javier A Simonetti. 2010. “Enhancing Avifauna in Commercial
Plantations..” Conservation Biology 24 (1): 319-24.

Neilan, W, C P Catterall, John Kanowski, and S McKenna. 2006. “Do Frugivorous Birds Assist
Rainforest Succession in Weed Dominated Oldfield Regrowth of Subtropical Australia?.”
Biological Conservation 129: 393-407.

Nelson, PN, M J Webb, I Orrell, H van Rees, M Banabas, S Berthelsen, M Sheaves, et al.
2010. Environmental Sustainability of Oil Palm Cultivation in Papua New Guinea.
Canberra: Australian Centre for International Agricultural Research.

Neuschulz, E L, Farwig, Nina, and M Brown. 2012. “Frequent Bird Movements Across a
Highly Fragmented Landscape: the Role of Species Traits and Forest Matrix.” Animal
Conservation 16 (2): 170-79.

Newbold, Tim, J P W Scharlemann, Stuart H M Butchart, C H Sekercioglu, Rob Alkemade,
Hollie Booth, and Drew W Purves. 2013. “Ecological Traits Affect the Response of
Tropical Forest Bird Species to Land-Use Intensity.” Proceedings of the Royal Society B:
Biological Sciences 280 (1750): 20122131.

Newton, I. 1994. “The Role of Nest Sites in Limiting the Numbers of Hole-Nesting Birds: a
Review.” Biological Conservation 70: 265-76.

Nichols, E, T Larsen, S Spector, A L Davis, F Escobar, M Favila, and K Vulinec. 2007. “Global
Dung Beetle Response to Tropical Forest Modification and Fragmentation: a Quantitative
Literature Review and Meta-Analysis.” Biological Conservation 137 (1): 1-19.

Nichols, J D, and Jerome K Vanclay. 2012. “Domestication of Native Tree Species for Timber
Plantations: Key Insights for Tropical Island Nations.” International Forestry Review 14
(4): 402-13.

Oksanen, Jari, F Guillaume Blanchet, R Kindt, Pierre Legendre, Peter R Minchin, R B O'Hara,
Gavin L Simpson, Péter S6lymos, M Henry H Stevens, and Helene Wagner. 2013. “vegan:
Community Ecology Package.” R package version 2.0-10. http://CRAN.R-
project.org/package=vegan.

Orians, G H, Rodolfo Dirzo, and J Hall Cushman, eds. 1996. Biodiversity and Ecosystem
Processesin Tropical Forests. Springer, Berlin.

Osunkoya, O O, Farah E Othman, and Rafhiah S Kahar. 2005. “Growth and Competition
Between Seedlings of an Invasive Plantation Tree, Acacia Mangium, And Those of a
Native Borneo Heath-Forest Species, Melastoma Beccarianum.” Ecological Research 20
(2): 205-14.

Owens, I P, and P M Bennett. 2000. “Ecological Basis of Extinction Risk in Birds: Habitat Loss

157



Versus Human Persecution and Introduced Predators.” PNAS97 (22): 12144-48.

Paijmans, K. 1973. “Plant Succession on Pago and Witori Volcanoes, New Britain.” Pacific
Science 27 (3): 260-68.

Paijmans, K. 1976. New Guinea Vegetation. Canberra: Australian National University Press.

Paquette, Alain, and Christian Messier. 2010. “The Role of Plantations in Managing the
World's Forests in the Anthropocene.” Frontiersin Ecology and the Environment 8 (1):
27-34.

Parrotta, J A. 1995. “Influence of Overstory Composition on Understory Colonization by
Native Species in Plantations on a Degraded Tropical Site.” Journal of Vegetation Science
6 (5): 627-36.

Parrotta, J A. 1999. “Productivity, Nutrient Cycling, and Succession in Single-and Mixed-
Species Plantations of Casuarina Equisetifolia, Eucalyptus Robusta, And Leucaena
Leucocephala In Puerto Rico.” Forest Ecology and Management 124 (1): 45-77.

Parrotta, J A, JW Turnbull, and N Jones. 1997. “Catalyzing Native Forest Regeneration on
Degraded Tropical Lands.” Forest Ecology and Management 99: 1-7.

Pawson, S M, A Brin, E G Brockerhoff, D Lamb, T W Payn, A Paquette, and J A Parrotta.
2013. “Plantation Forests, Climate Change and Biodiversity.” Biodiversity and
Conservation 22 (5): 1203-27.

Peh, K S-H, Johnny de Jong, N S Sodhi, Susan L H Lim, and Charlotte A M Yap. 2005.
“Lowland Rainforest Avifauna and Human Disturbance: Persistence of Primary Forest
Birds in Selectively Logged Forests and Mixed-Rural Habitats of Southern Peninsular
Malaysia.” Biological Conservation 123 (4): 489-505.

Peh, K S-H, Sodhi, N S, J. De Jong, C H Sekercioglu, C.A.M. Yap, and S.L.H. Lim. 2006.
“Conservation Value of Degraded Habitats for Forest Birds in Southern Peninsular
Malaysia.” Diversity and Distributions 12 (5): 572-81.

Peres, C A. 1994. “Composition, Density, and Fruiting Phenology of Arborescent Palms in an
Amazonian Terra Firme Forest.” Biotropica 26 (3): 285-94.

Peres, C A, Gardner, T A, J Barlow, Jansen Zuanon, Fernanda Michalski, Alexander C Lees,
Ima C G Vieira, Fatima M S Moreira, and Kenneth J Feeley. 2010. “Biological
Conservation.” Biological Conservation 143 (10): 2314-27.

Perfecto, Ivette, and J Vandermeer. 2010. “The Agroecological Matrix as Alternative to the
Land-Sparing/Agriculture Intensification Model.” PNAS 107 (13): 5786-91.

Petit, L], and DR Petit. 2003. “Evaluating the Importance of Human-Modified Lands for
Neotropical Bird Conservation.” Conservation Biology 17 (3): 687-94.

Pinotti, B T, C P Pagotto, and R Pardini. 2012. “Habitat Structure and Food Resources for
Wildlife Across Successional Stages in a Tropical Forest.” Forest Ecology and
Management 283: 119-27.

Podani, Janos. 2006. “Braun-Blanquet's Legacy and Data Analysis in Vegetation Science.”
Journal of Vegetation Science 17 (1): 113-17.

Purvis, A, J L Gittleman, G Cowlishaw, and G M Mace. 2000. “Predicting Extinction Risk in
Declining Species.” Proceedings of the Royal Society B: Biological Sciences 267 (1456):
1947-52.

Putz, Francis Edward. 1984. “The Natural History of Lianas on Barro Colorado Island,
Panama.” Ecology 65 (6): 1713-24.

Putz, Francis Edward. 2011. “Biodiversity Conservation in Tropical Forests Managed for
Timber.” In Introduction to Slviculture in the Tropics, edited by Sven Giinter, Michael
Weber, Bernd Stimm, and Reinhard Mosandl, 8:91-101. Berlin, Heidelberg: Springer.

Putz, Francis Edward, and Kent H Redford. 2009. “The Importance of Defining ‘Forest’:
Tropical Forest Degradation, Deforestation, Long-Term Phase Shifts, and Further
Transitions.” Biotropica 42 (1): 10-20.

Putz, Francis Edward, P A Zuidema, Timothy Synnott, Marielos Pefia-Claros, M A Pinard,
Douglas Sheil, Jerome K Vanclay, et al. 2012. “Sustaining Conservation Values in
Selectively Logged Tropical Forests: the Attained and the Attainable.” Conservation
LettersS (4): 296-303.

Quinn, G P, and M J Keough. 2002. Experimental Design and Data Analysis for Biologists.

158



Cambridge University Press.

R Core Team. 2013. “R: a Language and Environment for Statistical Computing.” Vienna,
Austria: R Foundation for Statistical Computing. http://www.R-project.org/.

Ramage, Benjamin S, Douglas Sheil, HMW Salim, C Fletcher, NA Mustafa, JC Luruthusamay,
, Rhett D Harrison, et al. 2013. “Pseudoreplication in Tropical Forests and the Resulting
Effects on Biodiversity Conservation.” Conservation Biology 27 (2): 364-72.

Rands, M R W, W M Adams, L Bennun, S H M Butchart, A Clements, D Coomes, A Entwistle,
et al. 2010. “Biodiversity Conservation: Challenges Beyond 2010.” Science 329 (5997):
1298-1303.

Ranganathan, J, J Krishnaswamy, and M O Anand. 2010. “Landscape-Level Effects on
Avifauna Within Tropical Agriculture in the Western Ghats: Insights for Management and
Conservation.” Biological Conservation 143 (12): 2909-17.

Ranganathan, J, R J Ranjit Daniels, M D Subash Chandran, Paul R Ehrlich, and G C Daily.
2008. “Sustaining Biodiversity in Ancient Tropical Countryside..” PNAS105 (46): 17852—
54.

Reitsma, R, JD Parrish, and W McLarney. 2001. “The Role of Cacao Plantations in Maintaining
Forest Avian Diversity in Southeastern Costa Rica.” Agroforestry Systems 53 (2): 185-93.

Renjifo, LM. 2001. “Effect of Natural and Anthropogenic Landscape Matrices on the
Abundance of Subandean Bird Species.” Ecological Applications 11 (1): 14-31.

Richards, Shane A, Stephens, P A, and Mark J Whittingham. 2011. “Model Selection and
Model Averaging in Behavioural Ecology: the Utility of the IT-AIC Framework.”
Behavioral Ecology and Sociobiology 65 (1): 77-89.

Richardson, D M, P Binggeli, and G Schroth. 2004. “Invasive Agroforestry Trees: Problems
and Solutions.” In Agroforestry and Biodiversity Conservation in Tropical Landscapes,
edited by G Schroth, GAB da Fonesca, Celia A Harvey, H L Vasconcelos, A N Izac, and C
Gascon, 371-96. Washington, DC: Island Press.

Ries, Leslie, Robert J Fletcher Jr., James Battin, and Thomas D Sisk. 2004. “Ecological
Responses to Habitat Edges: Mechanisms, Models, and Variability Explained.” Annual
Review of Ecology, Evolution, and Systematics 35 (1): 491-522.

Robertson, Oliver J, Clive McAlpine, Alan House, and Martine Maron. 2013. “Influence of
Interspecific Competition and Landscape Structure on Spatial Homogenization of Avian
Assemblages.” PloSOne 8 (5): €65299.

Ronald L Trosper, ed. 2011. Traditional Forest-Related Knowledge. Vol. 12. Dordrecht:
Springer.

Ruiz-Gutiérrez, V, Elise F Zipkin, and André A Dhondt. 2010. “Occupancy Dynamics in a
Tropical Bird Community: Unexpectedly High Forest Use by Birds Classified as Non-
Forest Species.” Journal of Applied Ecology 47 (3): 621-30.

Rundel, P W, M R Sharifi, A C Gibson, and K J Esler. 1998. “Structural and Physiological
Adaptation to Light Environments in Neotropical Heliconia (Heliconiaceae).” Journal of
Tropical Ecology 14 (6): 789-801.

Saab, VA, and DR Petit. 1992. “Impact of Pasture Development on Winter Bird Communities
in Belize, Central America.” The Condor 94 (1): 66-71.

Sakai, S, M Kato, and Tamiji Inoue. 1999. “Three Pollination Guilds and Variation in Floral
Characteristics of Bornean Gingers (Zingiberaceae and Costaceae).” American Journal of
Botany 86 (5): 646-58.

Sam, K, Bonny Koane, Samuel Jeppy, and Vojtech Novotny. 2014. “Effect of Forest
Fragmentation on Bird Species Richness in Papua New Guinea.” Journal of Field
Ornithology 85 (2): 152-67.

Saulei, SM, and MD Swaine. 1988. “Rain Forest Seed Dynamics During Succession at Gogol,
Papua New Guinea.” The Journal of Ecology 76 (4): 1133-52.

Schlawin, Justin R, and R A Zahawi. 2009. “'Nucleating’ Succession in Recovering Neotropical
Wet Forests: the Legacy of Remnant Trees.” Journal of Vegetation Science 19 (4): 485-92.

Schnitzer, S A, and F Bongers. 2002. “The Ecology of Lianas and Their Role in Forests.”
Trendsin Ecology and Evolution 17 (5): 223-30.

Sekercioglu, C H. 2002. “Effects of Forestry Practices on Vegetation Structure and Bird

159



Community of Kibale National Park, Uganda.” Biolgical Conservation 107: 229-40.

Sekercioglu, C H, and N S Sodhi. 2007. “Conservation Biology: Predicting Birds' Responses to
Forest Fragmentation..” Current Biology 17 (19): R838—40.

Sekercioglu, C H, and SR Loarie. 2007. “Persistence of Forest Birds in the Costa Rican
Agricultural Countryside.” Conservation Biology 21 (2): 482-94.

Shanahan, DF, and Hugh P Possingham. 2009. “Predicting Avian Patch Occupancy in a
Fragmented Landscape: Do We Know More Than We Think?”” Journal of Applied Ecology
46: 1026-35.

Shearman, P L, Jane Bryan, Julian Ash, Brendan Mackey, and Barbara Lokes. 2010.
“Deforestation and Degradation in Papua New Guinea: a Response to Filer and Colleagues,
2009.” Annals of Forest Science 67 (3): 300-300.

Shearman, P, and Jane Bryan. 2011. “A Bioregional Analysis of the Distribution of Rainforest
Cover, Deforestation and Degradation in Papua New Guinea.” Austral Ecology 36 (1): 9—
24.

Shearman, P, Jane E Bryan, Julian Ash, P Hunnam, Brendan Mackey, and Barbara Lokes.
2008. The Sate of the Forests of Papua New Guinea: Mapping the Extent and Condition of
Forest Cover and Measuring the Drivers of Forest Change in the Period 1972-2002.
University of Papua New Guinea.

Shearman, P, Julian Ash, Brendan Mackey, Jane Bryan, and Barbara Lokes. 2009. “Forest
Conversion and Degradation in Papua New Guinea 1972-2002.” Biotropica 41 (3): 379-
90.

Shearman, P, Laurance, W F, and Jane Bryan. 2012. “Are We Approaching ‘Peak Timber’ in
the Tropics?” Biological Conservation 151 (1): 17-21.

Sheil, Douglas, and D FRP Burslem. 2003. “Disturbing Hypotheses in Tropical Forests.”
Trendsin Ecology and Evolution 18 (1): 18-26.

Sheldon, F H, A Styring, and P A Hosner. 2010. “Bird Species Richness in a Bornean Exotic
Tree Plantation: a Long-Term Perspective.” Biological Conservation 143 (2): 399-407.

Slik, J W F, and S van Balen. 2006. “Bird Community Changes in Response to Single and
Repeated Fires in a Lowland Tropical Rainforest of Eastern Borneo.” Biodiversity and
Conservation 15 (14): 4425-51.

Smyth, Anita, Ralph Mac Nally, and D Lamb. 2002. “Comparative Influence of Forest
Management and Habitat Structural Factors on the Abundances of Hollow-Nesting Bird
Species in Subtropical Australian Eucalypt Forest.” Environmental Management 30 (4):
547-59.

Sodhi, N' S, B W Brook, and C J A Bradshaw. 2009. Tropical Conservation Biology. John
Wiley & Sons.

Sodhi, N S, C H Sekercioglu, J Barlow, and S K Robinson. 2011a. “The State of Tropical Bird
Biodiversity.” In Conservation of Tropical Birds, edited by N S Sodhi, C H Sekercioglu, J
Barlow, and S K Robinson, 1-24. John Wiley & Sons.

Sodhi, N S, C H Sekercioglu, J Barlow, and Scott K Robinson. 201 1b. Conservation of
Tropical Birds. John Wiley & Sons.

Sodhi, N S, L H Liow, and F A Bazzaz. 2004. “Avian Exticntions From Tropical and
Subtropical Forests.” Annual Review of Ecology, Evolution, and Systematics 35 (1): 323—
45.

Sodhi, N S, Lee, T M, Lian P Koh, and Barry W Brook. 2009. “A Meta-Analysis of the Impact
of Anthropogenic Forest Disturbance on Southeast Asia's Biotas.” Biotropica41 (1): 103—
9.

Sodhi, N S, Lian P Koh, Reuben Clements, Thomas C Wanger, J K Hill, Keith C Hamer, Y
Clough, T Tscharntke, M R C Posa, and T M Lee. 2010. “Conserving Southeast Asian
Forest Biodiversity in Human-Modified Landscapes.” Biological Conservation 143 (10):
2375-84.

Sol, Daniel, Sarah Timmermans, and Louis Lefebvre. 2002. “Behavioural Flexibility and
Invasion Success in Birds.” Animal Behaviour 63 (3): 495-502.

Srivastava, P B L. 1993. “Eucalypts in Papua New Guinea.” In Reports Submitted to the
Regional Expert Consultation on Eucalyptus - Volume |1, FAO Regional Office for Asia

160



and the Pacific (RAP), Bangkok, Thailand.

Stattersfield, A J, M J Crosby, A J Long, and D C Wege. 2005. Endemic Bird Areas of the
World: Prioritiesfor Biodiversity Conservation. BirdLife International.

Steadman, D W. 2006. Extinction and Biogeography of Tropical Pacific Birds. Chicago: The
University of Chicago Press.

Steadman, D W, J P White, and Jim Allen. 1999. “Prehistoric Birds From New Ireland, Papua
New Guinea: Extinctions on a Large Melanesian Island.” PNAS96:2563-68.

Stephens, S S, and Michael R Wagner. 2007. “Forest Plantations and Biodiversity: a Fresh
Perspective.” Journal of Forestry 105 (6): 307-13.

Stouffer, P C, and Stratford, Jeffrey A. 2013. “Microhabitat Associations of Terrestrial
Insectivorous Birds in Amazonian Rainforest and Second-Growth Forests.” Journal of
Field Ornithology 84 (1): 1-12.

Stouffer, P C, Kristina L Cockle, Alexandre Aleixo, Juan I Areta, Juan Mazar Barnett,
Alejandro Bodrati, Carlos Daniel Cadena, et al. 2011. “No Evidence for Widespread Bird
Declines in Protected South American Forests.” Climatic Change 108 (1-2): 383-86.

Stouffer, Philip C, Richard O Bierregaard, C Strong, and Thomas E Lovejoy. 2006. “Long-
Term Landscape Change and Bird Abundance in Amazonian Rainforest Fragments.”
Conservation Biology 20 (4): 1212-23.

Strauss-Debenedetti, Silvia, and Fakhri A Bazzaz. 1996. “Photosynthetic Characteristics of
Tropical Trees Along Successional Gradients.” In Tropical Forest Plant Ecophysiology,
edited by S S Mulkey, R L. Chazdon, and A.P. Smith, 162-86. New York: Chapman and
Hall.

Styring, A, R Ragai, J Unggang, R Stuebing, P A Hosner, and F H Sheldon. 2011. “Bird
Community Assembly in Bornean Industrial Tree Plantations: Effects of Forest Age and
Structure.” Forest Ecology and Management 261 (3): 531-44.

Sutherland, W J, W M Adams, and R B Aronson. 2009. “One Hundred Questions of
Importance to the Conservation of Global Biological Diversity.” Conservation Biology 23
(3): 557-67.

Swenson, N G. 2013. “The Assembly of Tropical Tree Communities - the Advances and
Shortcomings of Phylogenetic and Functional Trait Analyses.” Ecography 36 (3): 264-76.

Tacconi, Luca, Sango Mahanty, and Helen Suich, eds. 2011. Payments for Environmental
Services, Forest Conservation and Climate Change. Edward Elgar Publishing.

Tadele, Desalegn, and Masresha Fetene. 2013. “Growth and Ecophysiology of Seedlings of
Podocarpus Falcatus in Plantations of Exotic Species and in a Natural Montane Forest in
Ethiopia.” Journal of Forestry Research 24 (1): 29-35.

Taylor, R S, Simon J Watson, D G Nimmo, L. T Kelly, A F Bennett, and M F Clarke. 2012.
“Landscape Scale Effects of Fire on Bird Assemblages: Does Pyrodiversity Beget
Biodiversity?” Diversity and Distributions 18: 519-29.

Tchouto, GPM, W F De Boer, J J F E De Wilde, and L J G Van Der Maesen. 2006. “Diversity
Patterns in the Flora of the Campo-Ma’an Rain Forest, Cameroon: Do Tree Species Tell It
All?” Biodiversity and Conservation 15: 1353-74.

The Review Team. 2005. Review of Current Logging Projects 2004: Individual Project Review
Report No. 12 - TP 15-53 Open Bay. Port Moresby, Papua New Guinea: World Bank.

Thiollay, J M. 1992. “Influence of Selective Logging on Bird Species-Diversity in a Guianan
Rain-Forest.” Conservation Biology 6 (1): 47-63.

Thiollay, J M. 1995. “The Role of Traditional Agroforests in the Conservation of Rain Forest
Bird Diversity in Sumatra.” Conservation Biology 9 (2): 335-53.

Thiollay, J] M. 1997. “Disturbance, Selective Logging and Bird Diversity: a Neotropical Forest
Study.” Biodiversity and Conservation 6 (8): 1155-73.

Tscharntke, T, J M Tylianakis, T A Rand, R K Didham, L. Fahrig, P Batary, Jan Bengtsson, et
al. 2012. “Landscape Moderation of Biodiversity Patterns and Processes Eight
Hypotheses.” Biological Conservation 87 (3): 661-85.

Tucker, Nigel IJ, G W Wardell-Johnson, C P Catterall, John Kanowski, and G6tz Schroth.
2004. “Agroforestry and Biodiversity: Improving Conservation Outcomes in Tropical
Northeastern Australia.” In Agroforestery and Biodiversity Conservation in Tropical

161



Landscapes, edited by G Scroth, GAB da Fonesca, Celia A Harvey, C Gascon, H L
Vasconcelos, and A-MN Izac, 431-52. Washington DC: Island Press.

Tweedie, M CK. 1957. “Statistical Properties of Inverse Gaussian Distributions. II..” The
Annals of Mathematical Satistics 28 (3): 696-705.

Uhl, Christopher, Carl Jordan, Kathleen Clark, Howard Clark, and Rafael Herrera. 1982.
“Ecosystem Recovery in Amazon Caatinga Forest After Cutting, Cutting and Burning, and
Bulldozer Clearing Treatments.” Oikos 38 (3): 313-20.

Uhl, Christopher, Kathleen Clark, Howard Clark, and Peter Murphy. 1981. “Early Plant
Succession After Cutting and Burning in the Upper Rio Negro Region of the Amazon
Basin.” The Journal of Ecology 69 (2): 631-649.

Uhl, Christopher, Robert Buschbacher, and EAS Serrao. 1988. “Abandoned Pastures in Eastern
Amazonia. I. Patterns of Plant Succession.” The Journal of Ecology 76 (3): 663-81.

Van Allen, Benjamin G, Amy E Dunham, Christopher M Asquith, and Volker H W Rudolf.
2012. “Life History Predicts Risk of Species Decline in a Stochastic World.” Proceedings
of the Royal Society B: Biological Sciences279 (1738): 2691-97.

van der Maarel, E. 2007. “Transformation of Cover-Abundance Values for Appropriate
Numerical Treatment — Alternatives to the Proposals by Podani.” Journal of Vegetation
Science 18 (5): 767.

van Valkenburg, J L C H, and P Ketner. 1994. “Vegetation Changes Following Human
Disturbance of Mid-Montane Forest in the Wau Area, Papua New Guinea.” Journal of
Tropical Ecology 10 (1): 41-54.

Vasconcelos, Heraldo L, and Laurance, W F. 2005. “Influence of Habitat, Litter Type, and Soil
Invertebrates on Leaf-Litter Decomposition in a Fragmented Amazonian Landscape.”
Oecologia 144 (3): 456-62.

Volpato, G H, V M Prado, and L dos Anjos. 2010. “What Can Tree Plantations Do for Forest
Birds in Fragmented Forest Landscapes? A Case Study in Southern Brazil.” Forest
Ecology and Management 260 (7): 1156-63.

Wairiu, Morgan. 2004. “Forest Certification in Solomon Islands.” In Symposium of Forest
Certification in Developing and Transitioning Societies Social, Economic, and Ecological
Effects., 137-61. New York, USA: Yale School of Forestry & Environmental Studies.

Walshe, T., B A Wintle, F. Fidler, and M. Burgman. 2007. “Use of Confidence Intervals to
Demonstrate Performance Against Forest Management Standards.” Forest Ecology and
Management 247 (1-3): 237-45.

Waltert, Matthias, A Mardiastuti, and Michael Miihlenberg. 2005. “Effects of Deforestation and
Forest Modification on Understorey Birds in Central Sulawesi, Indonesia.” Bird
Conservation International 15 (3): 257-73.

Wang, Y, U Naumann, and Stephen T Wright. 2012. “Mvabund—an R Package for Model
Based Analysis of Multivariate Abundance Data.” Methods in Ecology and Evolution 3 (3):
471-74.

Wang, Y, Ulrike Naumann, Stephen T Wright, and D I Warton. 2013. “mvabund: Statistical
Methods for Analysing Multivariate Abundance Data.” R package version 3.8.4.
http://CRAN.R-project.org/package=mvabund.

Wardell-Johnson, G W, John Kanowski, C P Catterall, S McKenna, Scott Piper, and D Lamb.
2005. “Rainforest Timber Plantations and the Restoration of Plant Biodiversity in Tropical
and Subtropical Australia.” In Reforestation in the Tropics and Subtropics of Australia
Using Rainforest Tree Species, 162—-82. Rural Industries Research and Development
Corporation.

Warton, D 1. 2008. “Raw Data Graphing: an Informative but Under Utilized Tool for the
Analysis of Multivariate Abundances.” Australian Journal of Ecology 33 (3): 290-300.

Warton, D I, and Francis K C Hui. 2011. “The Arcsine Is Asinine: the Analysis of Proportions
in Ecology.” Ecology 92 (1): 3-10.

Warton, D I, and HM Hudson. 2004. “A Manova Statistic Is Just as Powerful as Distance-Based
Statistics, for Multivariate Abundances.” Ecology 85 (3): 858-74.

Warton, D I, Stephen T Wright, and Y Wang. 2012. “Distance Based Multivariate Analyses
Confound Location and Dispersion Effects.” Methods in Ecology and Evolution 3 (1): 89—

162



101.

Watson, Simon J, G W Luck, Peter G Spooner, and David M Watson. 2014. “Land-Use
Change: Incorporating the Frequency, Sequence, Time Span, and Magnitude of Changes
Into Ecological Research.” Frontiersin Ecology and the Environment 12 (4): 241-49.

Webb, L J, J G Tracey, and W T Williams. 1976. “The Value of Structural Features in Tropical
Forest Typology.” Australian Journal of Ecology 1: 3-28.

Webb, L J, JG Tracey, and RH Groves. 1981. “The Rainforests of Northern Australia.” In
Australian Vegetation, edited by RH Groves, 87—129. Cambridge University Press.

West, Thales A P, Edson Vidal, and Francis Edward Putz. 2014. “Forest Biomass Recovery
After Conventional and Reduced-Impact Logging in Amazonian Brazil.” Forest Ecology
and Management 314: 59-63.

Whitmore, T C. 1989. “Canopy Gaps and the Two Major Groups of Forest Trees.” Ecology 70
(3): 536-38.

Wilcove, D S, Edwards, David, and Brendan Fisher. 2012. “High Conservation Value or High
Confusion Value? Sustainable Agriculture and Biodiversity Conservation in the Tropics.”
Conservation Letters 5 (1): 20-27.

Willson, M F, and F HJ Crome. 1989. “Patterns of Seed Rain at the Edge of a Tropical
Queensland Rain Forest.” Journal of Tropical Ecology 5 (3): 301-8.

Wilson, K A, E Meijaard, S Drummond, H S Grantham, L Boitani, G Catullo, L Christie, et al.
2010. “Conserving Biodiversity in Production Landscapes.” Ecological Applications 20
(6): 1721-32.

Wintle, B A, and D B Lindenmayer. 2008. “Adaptive Risk Management for Certifiably
Sustainable Forestry.” Forest Ecology and Management 256 (6): 1311-19.

Wintle, B A, J. Elith, and J.M. Potts. 2005. “Fauna Habitat Modelling and Mapping: a Review
and Case Study in the Lower Hunter Central Coast Region of NSW.” Austral Ecology 30
(7): 719-38.

Wintle, B A, S.A. Bekessy, L.A. Venier, J.L. Pearce, and R.A. Chisholm. 2005. “Utility of
Dynamic Landscape Metapopulation Models for Sustainable Forest Management.”
Conservation Biology 19 (6): 1930-43.

Wittermyer, G, P Elsen, William T Bean, A Coleman, O Burton, and Justin S Brashares. 2008.
“Accelerated Human Population Growth at Protected Areas Edges.” Science 321 (5885):
123-26.

Woinarski, J C Z. 2010. “Biodiversity Conservation in Tropical Forest Landscapes of Oceania.”
Biological Conservation 143 (10): 2385-94.

Woods, Carrie L, and Saara J DeWalt. 2012. “The Conservation Value of Secondary Forests for
Vascular Epiphytes in Central Panama.” Biotropica 45 (1): 119-27.

Wright, S J. 2010. “The Future of Tropical Forests.” Annals of the New York Academy of
Sciences 1195 (1): 1-27.

Wright, S J, G Arturo Sanchez-Azofeifa, Carlos Portillo-Quintero, and Diane Davies. 2007.
“Poverty and Corruption Compromise Tropical Forest Reserves.” Ecological Applications
17 (5): 1259-66.

Wunderle, J M, Jr. 1997. “The Role of Animal Seed Dispersal in Accelerating Native Forest
Regeneration on Degraded Tropical Lands.” Forest Ecology and Management 99 (1-2):
223-35.

Zotz, G. 2013. ““Hemiepiphyte’: a Confusing Term and Its History.” Annals of Botany 111 (6):
1015-20.

Zurita, G A, and M Isabel Bellocq. 2010. “Spatial Patterns of Bird Community Similarity: Bird
Responses to Landscape Composition and Configuration in the Atlantic Forest.”
Landscape Ecology 25 (1): 147-58.

Zurita, G A, and Maria I Bellocq. 2012. “Bird Assemblages in Anthropogenic Habitats:
Identifying a Suitability Gradient for Native Species in the Atlantic Forest.” Biotropica 44
(3): 412-19.

Zurita, G A, N Rey, D M Varela, M Villagra, and M I Bellocq. 2006. “Conversion of the
Atlantic Forest Into Native and Exotic Tree Plantations: Effects on Bird Communities
From the Local and Regional Perspectives.” Forest Ecology and Management 235: 164—

163



73.

Zuur, Alain, Elena N Ieno, Neil Walker, Anatoly A Saveliev, and Graham M Smith. 2011.
Mixed Effects Models and Extensions in Ecology with R. Springer.

Zuur, Alain, Joseph M Hilbe, and Elena N Ieno. 2013. A Beginner's Guide to GLM and GLMM
with R: A Frequentist and Bayesian Perspective for Ecologists. Highland Statistics.

164



APPENDICES

Appendix A

Appendix TableA.1

Chapter 3 supporting data

Tree species occurring at Open Bay across all landscape elements. Trait classification and literature used for categorisations are
specified for each species. NVD: non-vertebrate dispersed.

Successional Dispersal
Family Species Stage Mode References
Myrtaceae Acmena spp. Mid-succession Animal (Conn & Damas 2006)
Meliaceae Aglaia spp. Late-succession Animal (Conn & Damas 2006; Wright 2005; Womersley 1995; van
Steenis, Rijksherbarium Netherlands, Lembaga Biologi Nasional
Indonesia, Keban Rava Indonesia. et al. 2012: Muellner. Pannell.
Simaroubaceae Ailanthus Late-succession NVD (Conn & Damas 2006; Paijmans 1976)
integrifolia
Fabaceae Albizia falcataria Early-succession ~ NVD (Paijmans 1976; van Steenis et al. 2012; Paijmans 1973)
Euphorbiaceae Aleuritesmoluccana  Early-succession  Animal (Manner 2006; Conn & Damas 2006; Paijmans 1976)
Apocynaceae Alstonia spp. Early-succession ~ NVD (Conn & Damas 2006; Paijmans 1976)
Apocynaceae Alstonia scholaris Mid-succession NVD (Paijmans 1976; Datta & Rawat 2008)
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Successional Dispersal
Family Species Stage Mode References
Moraceae Antiaristoxicaria Early-succession ~ Animal (Paijmans 1976; Conn & Damas 2006)
Moraceae Artrocarpusindicus  Mid-succession Animal (Ragone 2006; Burley, Enright & Mayfield 2011)
(heliophilic)
Phyllanthaceae Bischofiajavanica  Early-succession ~ Animal (Conn & Damas 2006; Paijmans 1976; Datta & Rawat 2008)
Sapotaceae Burckella obovata Early-succession ~ Animal (Wright 2005; van Steenis et al. 2012)
Clusiaceae/ Calophyllum Late-succession Animal (Friday & Okano 2006; Paijmans 1976; Mueller-Dombois &
Guttiferae inophyllum Fosberg 1998; Conn 1995)
Anacardiaceae Campnosperma Mid-succession Animal (Burslem & Whitmore 1999; Paijmans 1973)
brevipetiolata (heliophilic)
Annonaceae Canaga odorata Mid-succession Animal (Manner & Elevitch 2006; Conn & Damas 2006; van Steenis et
(heliophilic) al. 2012)
Burseraceae Canarium oleosum Mid-succession Animal (Paijmans 1976; Conn & Damas 2006)
(heliophilic)
Burseraceae Canariumindicum Late-succession Animal (Evans 2006a; Lentfer, Pavlides & Specht 2010; Burley, Enright

& Mayfield 2011; Paijmans 1976)
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Successional Dispersal
Family Species Stage Mode References
Rhizophoraceae Caralliabrachiata ~ Mid-succession Animal (Paijmans 1976; Siebert 2002)
(heliophilic)
Cannabaceae Celtisrigescens Late-succession Animal (Lentfer, Pavlides & Specht 2010; Paijmans 1976; 1973)
(Ulmaceae)
Apocynaceae Cerberafloribunda  Mid-succession Animal (Wright 2005; Paijmans 1973)
Meliaceae Chisocheton Late-succession Animal (Paijmans 1976; van Steenis et al. 2012; Conn & Damas 2006;
ceramicus Womersley 1995)
Sapotaceae Chrysophyllum Late-succession Animal (Conn & Damas 2006; van Steenis et al. 2012)
roxburghii
Lauraceae Cinnamomum Late-succession Animal (Conn & Damas 2006; van Steenis et al. 2012)
mer cadoi
Lauraceae Cryptocarya Late-succession Animal (Wright 2005; Paijmans 1976; Mueller-Dombois & Fosberg
spp.(murrayi) 1998)
Urticaceae Dendrocnide peltata  Mid-succession Animal (Paijmans 1976; 1973)
(heliophilic)
Dilleniaceae Dillenia papuana Mid-succession Animal (Burslem & Whitmore 1999; Paijmans 1976; van Steenis et al.

2012)
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Successional Dispersal
Family Species Stage Mode References
Ebenaceae Diospyros ferrea Late-succession Animal (Swaine & Whitmore 1988)
Anacardiaceae Dracontomelondao  Mid-succession Animal (Paijmans 1976; Conn & Damas 2006; van Steenis et al. 2012)
Putranjivaceae Drypetes spp. Late-succession Animal (Swaine & Whitmore 1988)
Meliaceae Dysoxylum Late-succession Animal (Paijmans 1976; Conn & Damas 2006)
parasiticum
Elaeocapraceae Elaeocarpus Late-succession Animal (Burslem & Whitmore 1999)
sphaericus
Magnoliaceae Elmerrillia Late-succession Animal (Wright 2005; Womersley 1995; Mack & Wright 1996)
papuensis (or
tsiampaca)
Euphorbiaceae Endospermum Early succession Animal (Thomson 2006a; Burslem & Whitmore 1999; Paijmans 1976;
medullosum 1973)
Myrtaceae Eucalyptusdeglupta Mid-succession NVD (World Agroforestry Centre 2013; Swaine & Whitmore 1988;
(heliophilic) Paijmans 1976; 1973)
Moraceae Ficus spp. Mid-succession Animal (LepS & Novotny 2001; Paijmans 1976)

(heliophilic)
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Successional Dispersal
Family Species Stage Mode References
Saliaceae Flacourtia zippelii Late-succession Animal (Conn & Damas 2006)
Himantandraceae Galbulimima Late-succession Animal (Thane 1983; Conn & Damas 2006)
belgraveana
Clusiaceae (prev. Garcinia latissma Late-succession Animal (Wright 2005; Paijmans 1976)
Guttiferae)
Burseraceae Garuga floribunda Late-succession Animal (Franklin, Drake, Bolick, Smith, et al. 1999; Paijmans 1976)
Phyllanthaceae Glochidion spp. Mid-succession Animal (Conn & Damas 2006; van Steenis et al. 2012)
(heliophilic)
Lamiaceae Gmelinamoluccana  Mid-succession Animal (Burslem & Whitmore 1999; Conn & Damas 2006)
(heliophilic)
Malvaceae (prev. Heretiera littoralis Mid-succession NVD (Paijmans 1976)
Sterculiaceae)
Saliaceae Homalium foetidum  Mid-succession NVD (Paijmans 1976; Bell 1982)
(heliophilic)
Myristicaceae Horsfieldia helwigii  Late-succession Animal (Paijmans 1976; Conn & Damas 2006)
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Successional Dispersal
Family Species Stage Mode References
Fabaceae Inocar pus fagifer Late-succession NVD (Pauku 2006; Conn & Damas 2006)
Fabaceae Instia bijuga Late-succession NVD (Thaman, Thomson, DeMeo, Areki, et al. 2006; Conn & Damas
2006)
Leeaceae Leea tertramera Early- succession ~ Animal (Paijmans 1976; van Steenis et al. 2012)
Lauraceae Litsea spp. Mid-succession Animal (Priatna, Kartawinata & Abdulhadi 2006; Paijmans 1976)
(heliophilic)
Celastraceae Lophopetalum Late succession NVD (Paijmans 1976; Mueller-Dombois & Fosberg 1998)
torricellense
Euphorbiaceae Macaranga spp. Early-succession Animal (Swaine & Whitmore 1988; Priatna, Kartawinata & Abdulhadi
2006) (Leps & Novotny 2001; Paijmans 1973)
Anacardiaceae Magnifera minor Mid-succession Animal (Paijmans 1976; Conn & Damas 2006)
Fabaceae Maniltoa schefferi Late-succession NVD (Paijmans 1976; van Steenis et al. 2012)
Chrysobalanaceae Maranthes Late-succession Animal (Burslem & Whitmore 1999; Paijmans 1976)
corymbosa
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Successional Dispersal
Family Species Stage Mode References
Rutaceae Melicope elleryana  Mid-succession Animal (Paijmans 1976; Harbaugh, Wagner, Allan & Zimmer 2009;
(heliophilic) Conn & Damas 2006)
Muntingiaceae Muntingia calabura  Early succession ~ Animal Introduced species
Myristicaceae Myristica spp. Late-succession Animal (Paijmans 1976; Womersley 1995)
Rubiaceae Nauclea orientalis Early- succession ~ Animal (Paijmans 1976; Conn & Damas 2006)
Rubiaceae Neonauclea Early- succession ~ Animal (van Steenis et al. 2012; Conn & Damas 2006; Paijmans 1976)
purpurea
Rubiaceae Neonauclea spp. Early- succession ~ Animal (van Steenis et al. 2012; Conn & Damas 2006; Paijmans 1976)
(not purpurea)
Tetramelaceae Octomeles Mid-succession NVD (Paijmans 1976; 1973)
sumatrana (heliophilic)
Euphorbiaceae Omalanthus Early- succession ~ Animal (Leps & Novotny 2001)
Sapotaceae Palaquium Mid-succession Animal (Paijmans 1976; Conn & Damas 2006)

warburgianum
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Successional Dispersal
Family Species Stage Mode References
Pandanus Pandanus Early- succession ~ Animal (Thomson, Englberger, Guarino, Thaman, et al. 2006; Paijmans
1973; 1976)
Saliaceae Pangium edule Late succession Animal (Lentfer, Pavlides & Specht 2010; Paijmans 1976; Conn &
Damas 2006)
Moraceae Paratocarpus Early- succession ~ Animal (Conn & Damas 2006; Paijmans 1976)
venenosus
Euphorbiaceae Pimelodendron Mid-succession Animal (Lep$ & Novotny 2001; Paijmans 1976; Conn & Damas 2006;
amboinicum Paijmans 1973)
Sapotaceae Planchonella Late succession Animal (van Steenis et al. 2012)
chartaceae
Sapindaceae Pometia pinnata Mid-succession Animal (Thomson & Thaman 2006; Burslem & Whitmore 1999; Burley,
(heliophilic) Enright & Mayfield 2011)
Burseraceae Protium Late succession Animal (Paijmans 1976; van Steenis et al. 2012)
macgregorii
Rosaceae Prunus gazelle- Late succession Animal (Wright 2005)
peninsulae
Fabaceae Pterocarpusindicus  Early-succession ~ NVD (Thomson 2006b; Burley, Enright & Mayfield 2011; Paijmans

1976)

172



Successional Dispersal
Family Species Stage Mode References
Malvaceae (prev. Pterocymbium Mid-succession NVD (Paijmans 1976; 1973)
Sterculiaceae) beccarii (heliophilic)
Anacardiaceae Semecarpus Late succession Animal (van Steenis et al. 2012)
forstenii
Elaeocapraceae Soanea sogerensis Late succession Animal (Swaine & Whitmore 1988; Paijmans 1976; Conn & Damas
2006)
Bigoniaceae Spathodea Mid-succession NVD (Paijmans 1976)
campanulata (heliophilic)
Anacardiaceae Spondias cytherea Mid-succession Animal (Conn & Damas 2006; van Steenis et al. 2012)
(dulcis) (heliophilic)
Malvaceae (prev. Serculia Early-succession ~ NVD (Conn & Damas 2006; Paijmans 1976)
Sterculiaceae) schumanniana
Myrtaceae Syzygium effusum Late-succession Animal (Paijmans 1976; Conn & Damas 2006)
Myrtaceae Syzygium spp. Late-succession Animal (van Steenis et al. 2012; Paijmans 1976)
Combretaceae Terminalia Mid-succession Animal (Evans 2006b; Swaine & Whitmore 1988; Conn & Damas 2006)
complanata (heliophilic)
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Successional Dispersal
Family Species Stage Mode References
Combretaceae Terminalia brassii Early-succession NVD (Swaine & Whitmore 1988; Conn & Damas 2006; Paijmans
1976)
Meliaceae Toonaciliata Late-succession NVD (van Steenis et al. 2012; Womersley 1995)
Ulmaceae Trema orientalis Early-succession ~ Animal (Swaine & Whitmore 1988; Paijmans 1976)
Saliaceae (prev. Trichadenia Late-succession Animal (van Steenis et al. 2012; Conn & Damas 2006)
Flacourtiaceae) philippinensis
Sapindaceae Tristiropsis Late-succession Animal (Mueller-Dombois & Fosberg 1998; Bell 1982)
subangula
Lamiaceae Vitex cofassus Early-succession Animal (Burley, Enright & Mayfield 2011)
(Verbenaceae)
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Appendix Table A.2 Tree species occurring in significantly different abundance among

landscape elements (multivariate GLM Pag < 0.05). NVD: non-
vertebrate dispersed.

Species Successional Stage Dispersal Mode
Aglaia spp. Late-succession Animal
Calophylluminophyllum Late-succession Animal
Cdltisrigescens Late-succession Animal
Chisocheton ceramicus Late-succession Animal
Cryptocarya spp.(murrayi) Late-succession Animal
Elaeocarpus sphaericus Late-succession Animal
Elmerrillia papuensis (tsiampaca) Late-succession Animal
Flacourtia zippelii Late-succession Animal
Galbulimima belgraveana Late-succession Animal
Garcinia latissma Late-succession Animal
Horsfieldia helwigii Late-succession Animal
Lophopetalumtorricellense Late succession NVD
Maranthes corymbosa Late-succession Animal
Myristica spp. Late-succession Animal
Pangium edule Late succession Animal
Protium macgregorii Late succession Animal
Semecarpus forstenii Late succession Animal
Syzygium effusum Late-succession Animal
Antiaristoxicaria Early-succession Animal
Macaranga spp. Early-succession Animal
Endospermum medullosum Early succession Animal
Leea tertramera Early- succession Animal
Melicope elleryana Mid-succession (heliophilic) Animal
Nauclea orientalis Early- succession Animal
Serculia schumanniana Early-succession NVD
Alstonia scholaris Mid-succession NVD
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Cerbera floribunda
Dracontomelon dao
Eucalyptus deglupta
Ficus spp.

Litsea spp.

Magnifera minor
Octomeles sumatrana
Palaquium warburgianum
Pimel odendron amboinicum
Pometia pinnata

Pter ocymbium beccarii

Soondias cytherea (dulcis)

Mid-succession
Mid-succession
Mid-succession (heliophilic)
Mid-succession (heliophilic)
Mid-succession (heliophilic)
Mid-succession
Mid-succession (heliophilic)
Mid-succession
Mid-succession
Mid-succession (heliophilic)
Mid-succession (heliophilic)

Mid-succession (heliophilic)

Animal

Animal

NVD

Animal

Animal

Animal

NVD

Animal

Animal

Animal

NVD

Animal
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Appendix B

Appendix TableB.1

Chapter 4 supporting data

Trait categorisations of all analysed bird species

Species Primary Diet Body Size Foraging Habitat Breadth Species/allospecies Subspecies
Stratum Range Range
Aceros plicatus Frugivore Large Canopy Forest Melanesia Bismarcks
Alcedo lepida Carnivore Small Ground Secondary Closed Melanesia New Britain
Endemic
Myzomela cineracea Carnivore Small All Generalist New Britain & Bismarcks Bismarcks
endemics
Aplonis metallica Omnivore Medium Canopy Secondary Open Asia-Pacific Melanesia
Aviceda subcristata Omnivore Large Canopy Generalist Asia-Pacific Bismarcks
Centropus violaceous Omnivore Large Sub Canopy Secondary Closed New Britain & Bismarcks Bismarcks
endemics
Cacatua opthalmica Omnivore Large Canopy Generalist New Britain & Bismarcks New Britain
endemics Endemic
Cacomantis variolosus Carnivore Small Canopy Generalist Asia-Pacific Bismarcks
Centropus alteralbus Omnivore Large Midstorey Secondary Open New Britain & Bismarcks Bismarcks
endemics
Chalcophaps stephani Frugivore Medium Ground Secondary Open Melanesia Melanesia
Coracina papuensis Carnivore Medium Sub Canopy Secondary Closed Asia-Pacific Bismarcks
Coracina tenuirostris Carnivore Medium Sub Canopy Secondary Closed Asia-Pacific New Britain
Endemic
Corvusorru Omnivore Large Ground Generalist Asia-Pacific Bismarcks
Ducula rubricera Frugivore Large Canopy Forest Northern Melnesia Bismarcks
Dicaeum eximum Omnivore Small Canopy Generalist New Britain & Bismarcks New Britain
endemics Endemic
Dicrurus bracteatus Carnivore Medium Sub Canopy Secondary Closed Asia-Pacific New Britain
Endemic
Ducula finshii Frugivore Large Sub Canopy Forest/Edge New Britain & Bismarcks Bismarcks
endemics
Ducula subflavescens Frugivore Large Canopy Generalist Asia-Pacific Bismarcks
Eclectusroratus Frugivore Large Canopy Generalist Asia-Pacific Bismarcks
Eudynamys scol opacea Frugivore Medium Canopy Secondary Open Asia-Pacific Bismarcks
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Species Primary Diet Body Size Foraging Habitat Breadth Species/allospecies Subspecies
Stratum Range Range
Geoffroyus heteroclitus Frugivore Medium Canopy Forest Northern Melnesia Melanesia
Lalage leucomela Carnivore Small Sub Canopy Secondary Closed Asia-Pacific New Britain
Endemic
Lorius hypoinchrous Frugivore Medium Canopy Forest/Edge Northern Melnesia Melanesia
Macropygia amboinensis Frugivore Medium Midstorey Forest/Edge Melanesia New Britain
Endemic
Megapodius eremita Omnivore Large Ground Secondary Closed Northern Melnesia Melanesia
Mino dumontii Frugivore Medium Sub Canopy Generalist Melanesia Melanesia
Monarcha verticalis Carnivore Small Sub Canopy Forest New Britain & Bismarcks Bismarcks
endemics
Myiagra alecto Carnivore Small Ground Generalist Asia-Pacific Melanesia
Nectarinia aspasia Carnivore Small Canopy Generalist Asia-Pacific Bismarcks
Pachycephala pectoralis Carnivore Small Canopy Forest Asia-Pacific Bismarcks
Philemon cockerelli Omnivore Medium Sub Canopy Generalist New Britain & Bismarcks New Britain
endemics Endemic
Pitta erythrogaster Carnivore Medium Ground Secondary Closed Asia-Pacific New Britain
Endemic
Ptilinopusinsolitus Frugivore Medium Canopy Secondary Closed New Britain & Bismarcks Bismarcks
endemics
Ptilinopus rivoli Frugivore Medium Midstorey Forest Melanesia Bismarcks
Ptilinopus superbus Frugivore Medium Sub Canopy Forest/Edge Asia-Pacific Melanesia
Reinwardtoena browni Frugivore Large Midstorey Forest New Britain & Bismarcks Bismarcks
endemics
Rhipidura rufiventris Carnivore Small Midstorey Secondary Closed Asia-Pacific New Britain
Endemic
Tanysiptera nigriceps Carnivore Medium Ground Secondary Closed New Britain & Bismarcks New Britain
endemics Endemic
Todiramphus chloris Carnivore Medium Sub Canopy Secondary Open Asia-Pacific New Britain
Endemic
Todiramphus albonotatus Carnivore Small Midstorey Secondary Open New Britain & Bismarcks New Britain
endemics Endemic
Trichoglossus haematodus Omnivore Medium Sub Canopy Generalist Asia-Pacific Melanesia
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Appendix B.2 Species trait categorisation method

Diet was defined as the dominant food source consumed by a species (frugivore, carnivore (insectivore and/or vertevore), and omnivore). To organise species
into body size classes, we performed a correlation analysis between the body mass (g) and body length (cm) data gathered from the literature, (7= 0.92). We
categorised species’ habitat breadth according to their relative forest specialization, from purely forest occurring species to forest species capable of exploiting
a range of disturbed habitats as established in field guides and the literature. The breadth of vertical stratum layers used by species was based on the literature

and field observations during the study.

Species were categorised into a geographic range class which grouped those of similar location and extent of global breeding area. Location classes were
defined according to species’ geographic distributions as recorded in Mayr (2001) and Dutson (2012). Global breeding area was calculated using online
databases of island and continental land areas (km?) (Dahl, 1991; Lepage, 2013). We ran ANOV As of (i) species and (ii) subspecies levels specifying
breeding area (km?) as the response, and location class as categorical predictor. Location classes which were not significantly different in breeding area were
grouped together in a geographic range class (Table 1). We included 2 taxonomic levels in order to account for both historic (species) and current (subspecies)
potential to disperse and colonise novel environments — particularly over water. At the subspecies level, this information is more recent and may more

accurately represent dispersal limitations with respect to localized habitat modification (Moore, W. D. Robinson, Lovette & T. R. Robinson 2008).
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Appendix Table B.4

Bird trait type analyses of deviance showing differences in probability
of occurrence of each trait class among landscape elements. Traits are
organized from most specialized class to least specialized class (first

column). Habitats are of increasing disturbance from left to right

(header row). Bold font indicates elements whose 95% confidence

interval does not overlap with zero, with unlogged forest as the
reference category.

Trait & Reference Secondary Secondary Mature Young
Forest Remnant Riparian Plantations Plantations
Mean +s.e. Mean =+s.e. Mean +s.e. Mean +*s.e. Mean =s.e.

Diet

Frugivores? 0.72 0.395 0022 0424 0041 0263 0029 0188 0.015 0.013 0.006

CarnivoresT 0.53 0.359 0021 0540 0.040 0517 0.033 0424 0.025 0216 0.021

Omnivores 041 0269 0025 0489 0053 0521 0.042 0.261 0.021 0138 0.022

Species/Allospecies Range

NB Endemic &

Bismarcks 045 0.378 0025 0500 0.048 0435 0.038 0.333 0.021 0115 0.019

Nth Melanesia®  0.51 0.484 0.044 0.667 0.079 0536 0.066 0331 0.036 0021 0.015

Melanesia 0.50 0.354 0035 0611 0066 0393 0.053 0213 0.026 0049 0.018

Asia/Pacific 042 0231 0018 0.321 0.037 0313 0029 0.218 0.015 0.076 0.013

Subspecies Range

New Britain

Endemic 0.52 0349 0024 0556 0.048 0566 0.038 0469 0.022 0153 0.021

Bismarcks? 0.65 0.311 0019 0404 0038 0282 0028 0165 0.013 0.039 0.009

Melanesia 044 0.328 0.034 0519 0068 0429 0054 0236 0.026 0028 0.014

Stratum Layer

Canopy 0.61 0409 0022 0533 0033 0395 0043 0288 0.018 0125 0.017

Sub Canopy 0.55 0.382 0024 0462 0036 0385 0.046 0268 0.019 0071 0.014

Midstorey 0.27 0274 0033 0333 0.049 0.273 0.064 0.271 0.027 0.063 0.020

Ground 045 0234 0027 0542 0045 0643 0059 0363 0.026 0.229 0.030

Body Size

Large (>35cm) 058 030 0023 044 0048 036 0037 016 0.015 0035 0.011

Medium?

(20-35 cm) 0.59 0.343 0019 0392 0.037 0387 0030 0253 0.015 0061 0.011

Small (<20cm)  0.41 0414 0.025 0676 0.045 0548 0.038 0512 0.022 0306 0.027

Habitat Breadth (liter ature-based)

Forest 0.69 0438 0033 0556 0.063 0204 0.041 0150 0.021 0.006 0.006

Forest/Edge 0.53 0444 0039 0489 0075 0171 0.045 0181 0.026 0.000 0.000

Secondary

Closed 0.58 0.361 0024 0616 0046 0565 0.037 0406 0.020 0.087 0.025

Secondary Open  0.24 0.143 0.026 0254 0.049 0449 0.040 0.216 0.023 0.143 0.017

All (generalist) 030 0.370 0.027 0453 0.055 0506 0.023 0376 0.024 0250 0.023

a Best model fit (highest % deviance explained) for the trait type

T Vertivores and insectivores

187



Appendix C Chapter 5 supporting data

Appendix Figure C.1
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Diagrams of some life forms measured (taken from Webb et al.
1976).
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Appendix D

Appendix TableD.1

Chapter 6 supporting data

Model-selection results for bird species richness of forest-using and forest-specialist birds. Included are log-likelihood values
(log(L)), degrees of freedom (K), AIC. values, AIC. differences (delta), and Akaike weights (W)).

Group Model K log(L) AlCc delta W,

Species richness forest-using birds CC + TrR + Tr(DBH) 5 272277  555.147 0.000 0.439
CC + TiR + Te(DBH) + IFC2km 6 -272.244  557.329 2.182 0.147
CC + TiR + Tr(DBH) + Palm + Ginger 7 -271.176  557.484 2.337 0.136
CC + TrR + Tr(DBH) + Fern + Shr/sdlg 7 -271.333  557.796 2.649 0.117
CC + TrR + Tr(DBH) + Palm + Ginger + IFC2km 8 -271.138  559.746 4.599 0.044
CC + TrR + Tr(DBH) + Fern + Shr/sdlg + IFC2km 8 -271.216  559.901 4.754 0.041
CC + TrR + Tr(DBH) + Fern + Shr/sdlg + Palm + Ginger 9 -270.420  560.695 5.547 0.027
CC + TrR + Tr(DBH) + Fern + Shr/sdlg + Palm + Ginger + IFC2km 10 -270.317  562.926 7.779 0.009
IFC2km 3 -278.551  563.336 8.189 0.007
Fern + Shr/sdlg 4 -277.724  563.840 8.693 0.006
Palm + Ginger 4 -278420 565.231 10.084 0.003
Fern + Shr/sdlg + IFC2km 5 -277.640 565.874 10.727 0.002
Palm + Ginger + IFC2km 5 -278.357  567.309 12.162 0.001
Fern + Shr/sdlg + Palm + Ginger 6 -277.630 568.100 12.952 0.001
Fern + Shr/sdlg + Palm + Ginger + IFC2km 7 -277.560  570.251 15.104 0.000

Species richness forest-specialist birds CC + TtR + Tr(DBH) + Palm + Ginger 7 -195.586  406.315 0.000 0.229
CC + TrR + Tr(DBH) + Palm + Ginger + IFC2km 8 -194.472  406.429 0.114 0.216
CC + TtR + Tr(DBH) 5 -198.253  407.106 0.791 0.154
CC + TiR + Tr(DBH) + IFC2km 6 -197.434  407.717 1.402 0.114
CC + TrR + Tr(DBH) + Fern + Shr/sdlg 7 -196.536  408.214 1.899 0.089
CC + TrR + Tr(DBH) + Fern + Shr/sdlg + Palm + Ginger 9 -194292  408.458 2.143 0.078
CC + TrR + Tr(DBH) + Fern + Shr/sdlg + Palm + Ginger + IFC2km 10 -193.314  408.944 2.629 0.061
CC + TrR + Tr(DBH) + Fern + Shr/sdlg + IFC2km 8 -195.852  409.189 2.873 0.054
Fern + Shr/sdlg 4 -204.424  417.243 10.928 0.001
IFC2km 3 -205.809 417.854 11.539 0.001
Palm + Ginger 4  -205.030 418.456 12.141 0.001
Fern + Shr/sdlg + IFC2km 5 204305 419.210 12.895 0.000
Fern + Shr/sdlg + Palm + Ginger 6 -203.789  420.427 14.112 0.000
Palm + Ginger + IFC2km 5 -204.970  420.540 14.225 0.000
Fern + Shr/sdlg + Palm + Ginger + IFC2km 7 -203.726  422.594 16.279 0.000
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Appendix TableD.2

Model-averaging results for species richness of forest-using and forest-specialist birds.

Group Variable Coefficient  Standard error

Species richness forest-using birds Tree species richness 0.368 0.121
Tree size diversity 0.090 0.075
Canopy cover 0.298 0.107
Intact rainforest cover -0.032 0.119
Ginger cover 0.088 0.073
Palm cover 0.085 0.083
Shrubs/seedlings cover 0.095 0.071
Fern cover 0.031 0.066

Species richness forest-specialist birds Tree species richness 0.680 0.253
Tree size diversity 0.115 0.128
Canopy cover 1.691 0.472
Ginger cover 0.133 0.141
Palm cover 0.363 0.146
Intact rainforest cover 0.263 0.173
Shrubs/seedlings cover 0.213 0.127
Fern cover 0.065 0.127
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Appendix FigureD.1
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Appendix Table D.3

unlogged forest

Observations of nests of forest-using bird species outside of

Species

Landscape element(s)

Comments

Alcedo lepida, Todhiramphus albonotata,
Tanysiptera nigriceps

Ducula subflavescens

Dicrurus bracteatus

Myiagra alecto
Ptilinopus insolitus
Mino dumontii
Philemon cockerdlli
Aviceda subcristata

Aplonis metallica

Ptilinopus superbus

Mature plantation, Secondary
riparian, Unlogged forest

Young plantation, Mature
plantation

Young plantation

Mature plantation
Open (village)
Secondary riparian

Mature plantation, Young
plantation

Open (roadside)

Open (roadside), Mature
plantations

Mature plantations, Unlogged
forest

Only observed T. albonotata
but it is likely that these other
kingfishers also use these nest
holes

Birds observed on nest in
remnant large trees

Birds observed on nest in a
young plantation tree (fork)

Birds observed on nest
Bird observed on nest
Bird observed on nest

Birds observed on nests.
Young plantation was
observed in a remnant tree.

Bird observed on nest of large
remnant tree.

Birds observed on nests

Birds observed on nests
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