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Avifauna and anthropogenic disturbance in two biodiversity hotspots
This thesis is submitted in partial fulfilment of the requirements for the degree of Doctor of
Philosophy by Thomas Edward Martin, Lancaster Environment Centre. October 2009.
Abstract
The primary objective of this thesis is to examine the impact of anthroﬁogenic forest
disturbance on avifaunal communities in two biodiversity hotspots- lowland tropical forest in
the Lambusango Forest Reserve within the Wallacean archipelago and Neotropical cloud
forest in Cusuco National Park, Mesoamerica. Both these study areas possess diverse bird
communities with high rates of endemism, yet are under severe pressure from anthropogenic
activity. The research also evaluates the dptimal methodologies for surveying bird_
communities in these poorly studied ecosystems and examines the extent to which under-
| managed protected areas can be successful in preserving bird species with high
conservational importance, and the habitat associations of these avifaunal communities.
Results demonstrate that point count methods are more effective than mist-nets for describing
| cloud forest bird cofnmunities. Research also shows that many Wallacean species are tolerant
of moderate habitat disturbance, although endemic species are sensitive to heavy disturbance.
Cloud forest endemics appear to be sensitive to moderate disturbance, although protected
areas can be effective in preserving these species even where severely undermanaged.
Endemic birds in the two hotspots display different responses to habitat disturbance; this may
be due to differential community compositions, niche competition and biogeography.
Research has also demonstrated that richness and composition of Wallacean bird
communities have strong associations with a range of habitat variables which can be used to
provide proxy data for identifying priority conservation areas when appropriate scales of data
éggregation are used. The ﬁndingé of this thesis demonstrate the value of using multiple

résearéh perspectives to fully investigate geographical problems.



Acknowledgements

This thesis could not have beén produced without the assistance and support of a great
many people from Lancaster University and Operation Wallacea, as well as frorﬁ friends and
family. I would like to thank the following people for the help, kindness and patience shown
towards me during the last three years. Many others have also shown me great support and
kindness and apologies are given to those whose names are omitted here.

At Lancaster University I would first and foremost like to thank my supervisor, Dr Alan
Blackburn, for his sound advice, unwavering support and seemingly endless patience. I
would also like to thank Dr Jos Barlow for advice offered at numerous junctures during the
course of producing this thesis‘. I would additionaly like to thank my fellow postgraduate
students for their tolerance of pestering questions and moaning.

From the Lambusango I would firstly like to thank Mr Dani Heriyadi, Mr Henry Singh and
Mr Tasman for their help and great enthusiasm in conducting bird surveys in the
Lambusango. I would also like to thank my guide, Mr Kasima, Arthur Arfion and Dr Phil
~ Wheeler for his advice and logistical support.

In Cusuco I would like to thank most of all Wilf Simcox for his advice, support and
unrivalled mist-netting skill. I would also like to thank the 2007 ornithology team; Martin
‘Meads, Chris Hill, Ernesto Reyes and Sarah Rustage. I would additionally like to thank Dr
Tim Coles and Jose Nunez-Mino of Operation Wallacea for making the fieldwork this thesis
is based on possible.

Finally, I would like to thank my friends and family for their amaéing patience and 'support,

especially mum — my proof-reader extraordinaire.



Title page

Abstract

Acknowledgements

Contents

List of figures

List of tables

List of Plates

Contents

13

18

22



Chapter 1: Introduction - 23

1.1 — Overview ‘ - 24
1.2 - Wallacea _ : ; : | ._ o | | ' 26
1.3 - Mesoamerica ' | o o . 31
14 - Research objectives o . | : 35
15- bperation Wallacc.ea ' o N : , o 37
1.6 - The Lambusango Forest . - o | o 37
1.7 - Cﬁsuco National Park ‘ L - 40
1.8 - Thesis structure ' | . | 44

1.9 - References _ ‘ : . 47

_ Chapter 2: Literature Review — Habitat loss and avifauna:

research problems and opportunities B 53

2.1 — Overview » » , -



2.2 - Tropical forests, habitat destruction and biodiversity: an overview

2.2.1 — Tropical forests
2.2.2 - Tropical deforestation — causes and consequences

2.2.3 — Biodiversity — richness, distribution, importance and loss

2.3 — Conservation policy and avifauna — problems and opportunities

2.3.1 — Monitoring biodiversity: limitations of the ‘data vaccum’
2.3.2 — Indicator taxa

2.3.3 — The value of birds

2.4 — Research opportunities

2.4.1 - Poor records of base-line avifaunal data
2.4.2 - Insufficient methodological research

2.4.3 - Lack of understanding of relationships between habitat disturbance and
bird communities in poorly studied forest habitats

2.4.4 - Insufficient research evaluating success of undermanaged conservation
schemes in poorly studied forest ecosystems

2.4.5 - Poor understanding of habitat associations of birds in the study areas,
and the role of spatial scale in understanding these associations

2.5 — Summary

2.6 — References

Chapter 3: An assessment of the effectiveness of two methods

in describing a Neotropical cloud forest bird community

3.1 — Summary

54

56

.59

64

64
66

67

69

69

71

74

75

76

77

78

88

89



3.2 — Introduction

3.3 — Methods

3.3.1 — Study area
3.3.2 - Bird surveys

3.3.3 - Statistical analysis

3.4 — Results
3.5 — Discussion

3.6 — References

Chapter 4 - Impacts of tropical forest disturbance upon avifauna

on a small island with high endemism: implications for conservation

4.1- Summary

4.2 — Introduction

4.3 — Methods

4.3.1 — Study area
4.3.2 — Sample sites

4.3.3 - Vegetation sampling

90
93
93

95

97

98
107

113

118

119

120

122

122
123

125



4.3.4 - Bird sampling

4.3.5 — Statistical analysis

4.4 — Results

4.5 — Discussion

4.6 — Conclusion

4.7 — References

Chapter 5 - The effectiveness of a Mesoamerican ‘Paper pérk’

in conserving cloud forest avifauna

5.1 — Summary

5.2 — Introduction

5.3 — Methods

5.3.1 — Study site
.5.3.2 — Habitat surveys

5.3.3 — Bird surveys

5.3.4 - Statistical analysis

5.4 — Results -

126

127

128

137

141

143

148

149

150

153
153
154
155

155

157



5.5 — Discussion | 167
5.6 — Conclusion B | ' 173

5.7 - References _ v 174

Chapter 6 - Habitat associations of an insular Wallacean

avifauna: a multi-scale approach for biodiversity proxies 181
6.1 - Summary _ - 182
6.2 — Introduction v , ‘ 183
6.3 — Methods : ' o - 187
6.3.1 — Study site : ) C . : 187
6.3.2 — Sample sites - _ 187
6.3.3 — Bird surveys : ‘ | - B . 190
6.3.4 — Vegetation analysis ‘ : - o - 190
6.3.5 — Remotely-sensed data ‘ 4 , _ S 19
6.3.6 — Scaling and data aggregation S - 191

6.3.7 — Statistical analysis | o o 192
6.4 — Results o o o 193

6.4.1 - Area scale analysis . - o . 193

10



6.4.2 — Transect scale . 198

6.4.3 — Points scale o 201
6.5 — Discussion ' 201
6.6 — Conclusion ‘ 206
6.7 — References 209

Chapter 7 -Differential vulnerabilities of range-restricted avifauna

on a Wallacean Island and in Mesoamerican cloud forest:

the influence of ecological and biogeographical factors? , 214
7.1 — Summary 215
7.2 - Introduction : ' 216
7.3 — Methodology v S 219
7.3.1 - Comparisons of ‘high risk’ characteristics : 219
7.3.2 - Study sites, vegetation surveys and bird surveys v 220
7.3.3 - Bird census data aggregation and statistical analysis » 220
7.4 — Results - 221
7.5 — Discussion 229
-7.5.1 — Differential species richness of bird communities . 232

11



7.k5.2 — High vegetation diversity

7.5.3 — Low specialisation and ecological distinctiveness of endemic species
7.5.4 — Presence of strangler figs as a food resource in degraded forest habitats
7.5.5 — Climate and natural disturbance patterns

7.5.6 - History of human settlement

7.6 — Further research
7.7 — Conclusion
7.8 — References

Chapter 8 - Conclusion

8.1 — Research summary

8.2 — Further research

Appendix 1: The avifauna of the Lambusango Reserve and vicinity

Appendix 2: Morphometric data for Mesoamerican

cloud. forest bird species
Appendix 3: Photographic examples of study site

Appendix 4: - Ptogress of papers submitted for peer-review

12

234
236
238
240

243

247
250
251

258

259

261

266

287

298

305



List of figures

1.1 - Global biodiversity hotspots

1.2 - The Indonesian archipelago, with boundaries of the Wallacean regiQn shown
1.3 - Biogeographical boundaries in the Wallacea region

1.4 - The Mesoamerican hotspot

1.5 - The Indonesian archipelago

1.6 - Monthly climatic data for Buton Island

1.7 - f‘orest categories and study sites within the Lambusango reserve E
1.8 - Central America and Cusuco National Park

1.9 - Monthly climatic data for Cusuco Nativonal'Park

1.10 - Fofest categories and study sites within Cusuco National Park
1.11 - Congeptual diagram identifying research obj ectiyes

2.1 - Global distribution of tropiéal forest ecosystems

13

25

27

28

33

38

38

40

41

42

43

46

55



2.2 - Global population projections 1950 — 2050

3.1 - Location of point-count and mist-net study sites within the border of

Cusuco National Park, Honduras

3.2 - Cumulative number of species detected by mist netting and point counts

with increasing survey effort
4.1 - The Lambusango Forest reserve and relative locations of study transects

4.2 - Mean number avifaunal species, endemic avifaunal species and forest
species detected per sample in primary forest, regenerating secondary
forest, disturbed secondary forest and cleared agricultural land within

the Lambusango forest reserve

4.3 - Sample-based rarefaction curves displaying number of individuals against
number of species recorded in primary forest, regenerating secondary forest,
~ disturbed secondary forest and cleared agricultural land sample sites

within the Lambusango forest reserve
4.4 - Mean abundance of select Sulawesi endemic species detected per plotin -
primary forest, regenerating secondary forest, disturbed secondary forest

and cleared agricultural land within the Lambusango forest reserve

4.5 - Mean abundance per plot of: a) Coucal speciesv Centropus celebensis and

14

58

94

102

124

131

133

135



Centropus bengalensis, and b) White-eye species Zosterops consobrinorum
and Zosterops chloris in primary forest, regenerating secondary forest,
disturbed secondary forest and cleared agricultural land within the

Lambusango forest reserve

5.1 - Sample-based rarefaction curves comparing number of individuals against
number of species detected in deep core, boundary core and buffer points within

Cusuco National Park, Honduras

5.2 - Variation in species per sample with altitude for butfer, boundary core

and deep core zone points within Cusuco National Park, Honduras

5.3 - Mean Resplendent Quetzal, Highland Guan, and Galliform contacts
per sample in deep core, boundéry core and buffer points within

Cusuco National Park, Honduras

5.4 - Mean relative density of Turdidae, Troglodytidae and Corvidae species
detected by point count samples in deep core, boundary core and buffer points

within Cusuco National Park, Honduras

5.5 - Mean relative density of bird species restricted to the Mesoamerican
hotspot per sample in deep core, boundary core and buffer points

within Cusuco National Park, Honduras

5.6 - Sample-based rarefaction curves displaying number of individuals

15

136

159

161

162

164

166



birds detected against number of highland forest species detécted in
deep core, boundary core and buffer sites at altitudes of>1000m

in Cusuco National Park, Honduras 167

6.1 - The Lambusango Forest reserve and locations of study transects 189

6.2 - Sample-based rarefaction curves displaying number of individuals against
number of species recorded in primary forest, regenerating secondary forest

and disturbed secondary forest sample sites within the Lambusango forest reserve 197

7.1 - Mean species endemic to the Wallacea hotspot detected per site in
| primary forest, regenerating forest, disturbed secondary forest and cleared
farmland in the Lambusango Forest, and mean species endemic to the
Mesoamerican hotspot detgcted per site in deep core, boundary core and

buffer zone sites within Cusuco National Park 225

7.2 - Sample-based rarefaction curves displaying number of individual birds
detected against a) number of endemic species detected in primary
forest, regenerating secondary forest and disturbed secondary Withi‘n the
Lambusango forest reserve and b) number of highland forest species
detected in deep core forest, boundary core forest and buffer zone forest

in Cusuco National Park 228

16



7.3 - Distribution of tropical cyclone tracks 1945 — 2006 in relation to study locations 243

8.1 - Conceptual diagram summarising main research findings ' - 260

17



List of tables

2.1 - Select definitions of the term “biodiversity’

3.1 - Summary of families and number of species detected by mist netting and

point counts, as well as both or neither methodologies, in Cusuco National Park

3.2 - Non-parametric species estimators for mist-netting and point count survey

efforts in Cusuco National Park

3.3 - Proportion of species in different categories detected by mist netting,
point counting, both methods and neither method at all points in comparison

to the prelimihary check-list of birds of Cusuco National Park

3.4 - Mean proportion of species in different categories detected per
individual point for mist netting, point counts and both methods in

Cusuco National Park

3.5 - Mean number of species and individual birds captured at sites

of differing topography within Cusuco National Park
4.1- Vegetation analysis summary for primary forest, regenerating secondary -

forest, disturbed secondary forest and cleared agricultural land within

the Lambusango Forest Reserve

18

60

100

101

103

106

110

126



4.2 - Mean number of individuals per point count sample of each recorded species
in primary forest, regenerating secondary forest, disturbed secondary forest

and cleared agricultural land within the Lambusango Forest Reserve 129

4.3 - Non-parametric species estimators for primary forest, regenerating
secondary forest, disturbed secondary forest and cleared agricultural land

within the Lambusango Forest Reserve 132

4.4 - Mantel test r-values comparing community similarity of bird assemblages
between primary forest, regenerating secondary forest, disturbed secondary

forest and cleared farmland in the Lambusango Forest Reserve 134

5.1 - Vegetation analysis summary for deep core, boundary core and buffer

zone points within Cuscuo National Park 158

5.2 - Species richness estimates for a) all bird species, and b) highland
species at altitudes of >1000m in deep core, boundary core and buffer

points within Cusuco National Park ‘ 160

5.3 - Five most commonly occurring species in deep core, boundary core

and buffer points within Cusuco National Park ' 163

5.4 - Size in hectares of total park area, core zone size, buffer zone size

and % of park as buffer for a selection of protected cloud forest areas

in Central America ' 172

19



6.1 - Vegetation analysis summary for study areas within the Lambusango

Forest Reserve 187

6.2 - Sample percentage discrimination (SIMPER) test displaying species
contributing most to average community dissimilarity between forest

categories in the Lambusango Forest Reserve 194

6.3 - Sample percentage discrimination (SIMPER) test displaying top
five species contributing most to average community similarity between

forest categories in the Lambusango Forest Reserve : 196

- 6.4 - Non-parametric species estimators for primary forest, regenerating
secondary forest and disturbed secondary forest within the

Lambusango Forest Reserve 197

6.5 - Mantel test r-values comparing a) similarity of bird communities and
habitat structure variables, and b) similarity of bird communities

and remote sensing variables (bands 1-7), in the Lambusango Forest Reserve 199

6.6 - Significant step-wise general linear model correlations between species
richness of bird communities and sub-groups and vegetation and
remote sensing variables on transect-scale data aggregations in the

Lambusango Forest Reserve ' 200

7.1- Comparison of characteristics of endemic bird assemblages in the Lambusémgo

20



Forest Reserve, Buton Island, South-East Sulawesi and endemic and

highland-restricted species in Cusuco National Park o 222

7.2 - Vegetation variables in a) primary forest, regenerating secondary forest and
disturbed secondary forest in the Lambusango Forest Reserve, and b) deep

core, boundary core and buffer zone sites in Cusuco National Park 223

7.3 - Non-parametric species estimators for a) primary forest, regenerating
secondary forest, disturbed secondary forest and cleared agricultural land
within the Lambusango Forest Reserve, and b) deep core, boundary core and

buffer zone sites within Cusuco National Park 227
7.4 - Comparison of richness of avifaunal families represented by at least one

endemic species in the Lambusango Forest Reserve with richness of these

families to the West of Wallacea in Borneo and to the East in New Guinea 234

7.5 - Taxonomical relationships of endemics found in the Lambusango 237

7.6 - Approximate dates of human colonisation of oceanic archipelagos with

high rates of avifaunal endemism 244
A1.1 — Checklist of bird species recorded in the Lambusango Reserve and

vicinity between 1999 — 2000 283

A2.1 - Wing length and weight measurements for cloud forest species 291

21



List of plates

2.1. - The Wine-throated Hummingbird Selasphorus ellioti
2.2a. - A mist-net line
2.2b - Surveyor conducting an acoustical point count

A3.1 - A stand of large hardwood trees in the limited production forest

A3.2 - A viewpoint over the high forest canopy of the primary foresf

A3.3 - Smaller trees in regenerating secondary forest in the strict rgserve ‘
A3.4 — A large strangler fig in secondary forest habitats within the Lambusango
A3.5 - Disturbed secondary forest around the Lambusango’s periphery

A3.6- .C]eafed farmland surrounding the Lambusango’s borders

A3.7 - Bosque enano elfin forest in the highest elevations of the core zone

- A3.8 - A stand of large hardwood trees in the interior core

A3.9 - Large trees supporting ﬁlany epiphytes in the periphery of the core zone

A3.10- Degraded habitats in the buffer zone, close to the buffer-cof_e boundary

A3.11 - Pine forest (Pinus oocarpa) at lower elevations in the Park’s buffer zone

22

71
72
72

299

299
300
300

301

301

302

302

303

303

304



A’ LLEE | 0
%1 ,(<B % (1

3<



1.1 - OVERVIEW

The predicted loss of biodiversity on a global scale is widely regarded as one of
contemporary society’s most pressing environmental issues, and habitat destrucﬁon and
degradation have been identified as the main driving forces behind this loss (Sala et al. 2000).
This issue is parﬁcularly critical in tropical forest ecosystems where the majority of the
Earth’s organisms are distributed and rates of habitat loss are greatest (Sodhi et al. 2004).
Recent estimates by Achard et al. (2002) suggest that as much as 5.8 £ 1.4 million hectares of
tropical forest were lost each year during the 1990s. If these patterns of habitat destruction
continue the consequences for global biodiversity are predicted to be severe (Sodhi et al.
2004, Leaky and Lewin 1996). This is especially true of those regions where the greatest
vconcentrations of species can be found; the Biodiversity ‘hotspots’.

The concept of biodiversity hotspots was introduced in 1988, when Myers (1988)
described how 13% of all tree species in the world could be found in ten regioné of tropical
forest which constituted just 0.2% of global land area. This was expanded in a later study
which included all higher taxonomical groups, anci redefined the concept as 20 regions
containing 35% of terrestrial biodiversity in just 1.4% of the Earths land area (Myers 2000).
A later revisibn designed in collaboration with Conservation International (Myers 2003)
extended these original hotspots to include 34 regions supporting approximately 50% of

global diversity in 2.3% of global land cover (Figure 1.1).
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habitat disturbance in many of these regions which is caused by incomplete administrative
records and the inherent inaccessibility of the sites (Powell and Palminteri 2001). The
understanding of how anthropogenic disturbance impacts upon ecological communities here
is also poor, owing to insufficient research. This results partially because biodiversity surveys
are often restricted by the inevitably complex, time-consuming and expensive methods
necessary to survey changes in biodiversity as a whole (Sutherland 2000, Kremen 1992). A
lack of consensus as to which methodological approaches are most effective for surveying
different taxa in these regions also contributes to this problem (Whitman et al. 1997).
Furthermore, even where sufficient baseline biodiversity data exist to implement
conservation strategies in these regions, lack of adequate funding often means that
consérvation initiatives are chronically under-managed and under-resourced. There has been
little research evaluating how valuable these under-resourced conservation efforts have been,
which has inhibited thé effective implementation of conservation policies which need to be
based on understandings of the successes or failures of previous stfate‘gies (Bruner et al.
2001). Two biodiversity hotspots which are commonly subject to these research problems are

the Wallacean archipelago and Mesoamerica.

1.2 -WALLACEA

The Wallacean hotspot is an archipelago of abproximately 13,500 islands located between
the Greater Sunda island group and New Guinea (Coates and Bishop 1997) (Figure 1.2). It
consists of three main island groupings; Sulawesi (by far the largest landmass in Wallacea)
and its attendant islands, the Moluccas and thé Lessér Sundas, in addition to numerous
smaller island clusters (Whitten et al. 2002). This region lies almost entirely within the

borders of Indonesia, with the exception of the nation of East Timor in the Lesser Sundas.
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Australasian origin between the mid-Miocene and early Pliocene (Villeneuve et al. 2001,
White and Bruce 1986). These collisions Qf continental crust were followed by long
subsequent periods of geological isolation caused by the archipelago’s insular nature and by
the deep ocean trenches which surround the island group. These have prevented land-bridges
forming during glacial periods, such as have frequently occurred between the Greater Sundas
island groups and the Asian mainland (Whitten ez al. 2002, Kinnaird 1995). As a result,
almost 50% of the region’s terrestrial vertebrate species are restricted entirely to the hotspot,
including 68% of reptiles, 88% of mammals (excluding bats) and 40% (249 species) of birds;
a proportion greater than any other hotspot aside from the Tropical Andes (Myers 2000). The
avifauna of Wallacea is also remarkably taxonomically distinct; Sulawesi alone possesses 14
endemic bird genera, the highest number of any of Birdlife International’s 218 recognised
endemic bird areas (Stattersfield et al. 1998). A further nine endemic bird areas are located
within the Wallacean hotspot, which together encompass almost every sizeable island in the
region (Stattersfield et al. 1998). The coﬁservational importance of Sulawesi in particular is
reflected by its inclusion in other assessments of the world’s most diverse and distinctive
biqlogical regions; all three terrestrial and freshwater Suiawesian ecosystems were included
in the World Wildlife Fund’s ‘Global 200’ assessment of priority eco-regions, for example

(Olson and Dinerstein 1998).

As with all hotspots, the biodiversity of Wallacea is under intense pressure from
anthropogenic activities, but threats to the archipelago are especially severe due to the scale
of habitat destruction. Expanding agricultural activities and unsustainable logging practices
have facilitated a relative rate of habitat destruction in South-East Asia greater than any other
tropical region: around 1.4% per annum (Sodhi et al. 2004). This is cause enough for great

| concern in mainland South-East Asia and the large islands of the Greater Sundas, where

predictigze extinction models estimate that continued habitat alterations on this scale could
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result in the loss of up to 42% of flora and fauna species across the region by 2100 (Sodhi et
al. 2004). However the implications for Wallacea may be even greater, given the
archipelago’s insular nature. Wallacea is comprised entirely of oceanic islands unconnected
to continental shelves which (with the exception of mainland Sulawesi) represent small,
isolated ecosystems which are inherently more fragile than continental landscapes, as
theorised by Macarthur and Wilson (1967). Spatially limited habitats on these islands mean
any disturbance is likely to destroy a proportionally higher ratio of the total area of habitat
available. Pimm et al. (1995) describe this as the ‘cookie cutter’ effect, in that if a cookie-
cutter shaped area the size of a small island is deforested in a large landscape biodiversity
will be locally reduced, but species lost to that area will continue to exist in other surrounding
areas and can later recolonise the area. If, however, this ‘cookie cutter’ swathe of destruction
is placed on a small island of the same size, all the species on that island will be lost, and
recovery will not occur as endemic species will be extinct. The vulnerability of island
endemics has been well-described; Trevino et al. (2007) describes how island birds are over
40 times more likely to become extinct than continental species, with Trainor (2007), Birdlife
International (2004), Fuller (2000) and Pimm (1998) further relating the vulnerabilities of
island species. Mainland Sulawesi is the only Wallacean landmass that could not be
considered a small island ecosystem, with an area of >180,000km? (Kinnaird 1995).
However, its unusual physical geography has been hypothesised to make it more vulnerable
to deforestation processes than other landmasses of a comparable size. The island is
comprised of four elongated ‘arms’ and as such no part is located more than 100km from the
coast (Cannon et al. 2007). As such Sulawesi possesses no significant interior core, meaning
that its remaining forest ecosystems have high edge/area ratios and are prone to

fragmentation and edge effects.
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An estimated 55% of original vegetation cover and 85% of original pristine rainforest
within Wallacea has already been lost or modified (Conservation International 2007, Global
Forest Watch 2002). Effective conservation strategies are required to safeguard remaining
habitats; Wilson ez al. (2006) argue that Sulawesi should be the highest priority for
conservation resources in the whole of Insular South-East Asia. However, conservation
policies have often proved difficult to implement here due to a poor understanding of
precisely how habitat modification impacts upon biodiversity; this results from a chronic lack
of biological research in the region. Aside from a few recent surveys (Coates and Bishop
1997, thite and Bruce 1986), the most reliable accoﬁnts of bird communities on many
Wallacean islands date back to collectors’ reports from the late 19" century (Trainor 2007),
and species inventories for most areas are poor (Cannon et al. 2007). Furthermore, most
research conducted in recent years has focussed on low-lying areas on larger islands, chiefly
mainland Sulawesi (Waltert et al. 2004, Sodhi et al. 2005, Thiollay ez al. 1997) and the major
islands of the Moluccas group (Poulsen and Lambert 2000, Marsden and Fielding 1999). This
has led to montane regions and smaller islands, which are more ecologically fragile and
where many endemic spécies are located, being comparatively neglected by ecological
research. This lack of scientific informatioﬁ has seriously impeded effofts for establishing

optimal conservation management in these areas.

1.3 - MESOAMERICA

The second study area examined in this thesis is located within Mesoamerica; a continental

biodiversity hotspot.

The forest habitats of the Central American’tropics extend over l,l30,000km2 and eight

counﬁies, forming the third largest biodiversity hotspot (C'onsefvation International 2007)
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(Figure 1.4). The region supports an extremely rich flora and fauna; almost 1200 bird species
haye been recorded here, the second highest of any hotspot, With 251 (20.9%) of these being
regionally endemic (Myers et al. 2000). Mesoamerica supports moré endemic mammal (210)
and reptile (391) species than any other hotspot, and possesses the second highest total of
endemic amphibian species (307) (Myers et al. 2000). The region was classified as one of the
ten ‘hottest’ hotspots by Myers et al. (2000) with regard to diversity of endemic vertebrates,
and contains three of Olsen and Dinerstein’s (1998) ‘Global 200’ priority ecoregions.

The biological richness of this region is a function not only of the high productivity
inherent in most low-latitude terrestrial ecosystems, but also of the overlapping of Nearctic
and Neotropical zoogeographical regions enabled by the rise of the Panamanian isthmus in
the laté Pliocene. Thus occured the ‘Great American Interchange’ of species from both
continents (Webb 1991). The influence of the région’s numerous mountain ranges has also
had a powerful isolating effect on biological popuiations, creating a great diversity of
altitudinal microhabitats which have facilitated speciation (Morrone 2006, Cox 2000, Cox

| and Moore 2000). It is these mountainous areas, particularly cloud fbrgst, where the majority
of the regions endemic species are concentrated (Holwell and Webb 2005, Bubb et al. 2004,

Stattersfield et al, 1998).
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proved problematic to implement here due to incomplete inventories of local organisms and
knowledge' of their response to habitat modification, as well as a iimited understanding of
how effective current conservation strategies have been. The majority of protected areas
within the hotspot are severely undermanaged and understaffed to the extent that many have
been labelléd ‘paper parks’ which possess very little conservation-related infrastructure and
the existence of which is largely theoretical (Global Environment Facility 2005, Bonté 2005,
Reyes and Cruz 1994). The effectiveness of these ‘paper parks’ has been explofed in other

| tropical regions (Struhsaker et al. 2005, Curran et al. 2004, Peres and Terborgh 1995),
although no research of this kind has ever been undertaken in Mesoamerica.

As in the case of Wallacea, research into relationships between biodiversity, habitat
disturbance and conservation policy has been scarce, and the limited research which has been
conducted has focussed on lowland forests which usually represent the most accessible
ecosystems for researchers. This is highly significant as some of the region’s most pristine
and biologically diverse remaining habitats are found in mountainous areas, in particular
within tropical cloud forest ecosystems (Powell and Palminteri 2001). Cloud forests are a rare
habitat comprising only 2.5% of all global forest ecosystems (Cayuela et al. 2006), yet
provide habitats for over 10% of all range-festricted bird species (Stattersfield ef al. 1998), as
well as being centres of endemism for plants (Bubb et al. 2004), herpetofauna (Wilson and
McCranie 2003) and invertebrates (Anderson and Ashe 2000). However, these ecosystems
are rapidly disappearing, and have been considered the most threatened of all tropical habitats
on a global scale (Williams-Linera 2002). Mesoamerican cloud forests are currently
experiencing a deforestation rate greater than that of the region’s lowland forest, and
remaining pockets of this habitat are highly fragmented and ecologically vulnerable (Cayuela

et al. 2006, Solorzano et al. 2003). It has been estimated that if current rates of habitat loss
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continue, virtually all remaining cloud forest could be lost by 2021 (Mejia et al. 2001). This

ecosystem therefore represents a high conservation research priority.
1.4 - RESEARCH OBJECTIVES

The study areas examined in this thesis are of global biological significance, yet are under
severe anthropogenic pressure and further research is required in order to implement effective
conservation strategies. Research examining ecosystem diversity as a whole has, however,
often proved expensive, highly complex and time-consuming, particularly when researchers
attempt to monitor a broad range of taxonomical groups which require specialist knowledge
or laboratory analysis (Gardner et al. 2007, Lawton et al. 1998).

- Birds are one taxonomical grouping where researchers are less limited by these issues. This
class of vertebrates is comparatively well known in the tropics and can be surveyed quickly
and efficiently using methods which preclude the need to make time-consuming, specialist-
dependent, expensive and potentially ecologically damaging physical sampling efforts (Stotz
et al. 1996). Research also suggests that avifaunal assemblages may, to a certain extent, be
utilised as an indicator taxon to estimate population dynamics in other, more crypﬁc,
taxonomical groups (Blair 1999, Rappole et al. 1998, Howard ef al. 1998, Furness and
Greenwood 1994). This makes avifaunal studies a potentially powerful tool in future
biodiversity monitoring strategies. However, knowledge of avifaunal commuﬁities and their
relationship to environmental disturbance is incomplete, as is an undérstanding of the best
~ methods to survey these communities, the effectiveness of current conservation areas and the

habitat associations of these communities.
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With consideration to these research issues, the overall aim of this thesis is to examine
relationships between bird communities, the environment, and habitat disturbance in two
biologically important but poorly studied ecosystems, with a view to providing practical
recommendations for consefvation efforts in these regions. A broad range of issues will be

addresses, being defined by five main research objectives:

1) To critically assess the effectiveness of methodologies currently used to survey

avifaunal communities in these study sites.

2) To examine the relationships between anthropogenic distu‘rbénce and the
composition of avian biodiversity in the Wallacean and Mesoamerican biological
hotspots, looking at large-scale comprehensive bird communities a’s well as
focussing on key range-restricted, endemic and threatened species with a high

conservation value.

3) To critically assess the effectiveness of current conservation strategies in the study

areas.

4) To explore the habitat associations of avifaunal communities in the study areas

with a view to determining how best to identify priority areas for conservation.
5) To examine differential responses of Wallacean and Mesoamerican endemic

avifauna to anthropogenic disturbance, and to discuss possible ecological and

biogeographical reasons for any differential response.
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These research objectives were examined in two field sites: the Lambusango forest reserve on
Buton Island, South East Sulawesi, and Cusuco National Park, Honduras. Research was

conducted in conjunction with the scientific research organisation Operation Wallacea.
1.5 -OPERATION WALLACEA

Operation Wallacea is an international conservation organisation that coordinates
biological and social science research projects iﬁ tropical and sub-tropical ecosystems. The
company was founded in 1995 with a single research site in South-East Sulawesi, and has
since expanded to run expeditions in seven countries across four continents (Operation
Wallacea 2008). Operation Wallacea aims to conduct large-scale, long-term monitoring
biodiversity surveys in each of its expedition sites, with a view to inform conservation policy
in these areas and produce an output of scientific research articles. The author has had a five-
year working relationship with the organisation, and the field data forming the basis of this
thesis was collected while participating in these expeditions, with Operation Wallacea

providing the requisite logistical and staffing support.
1.6 -THE LAMBUSANGO FOREST

The Lambusango Forest Reserve (5°10°S, 122°24” E) is a 65,000 hectare expanse of
uninhabited tropical monsoon forest located on the Island of Buton, the largest attendant

island of Sulawesi in the Indonesian archipelago (Figure 1.5).
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Much of Buton has been identified as being of high conservational value (Cannon e al.
2007), possessing a diverse flora and fauna. Catterall (1998) reported the presence on the
island of at least 231 bird species including 52 Sulawesi endemics. It is also a stronghold for
two species of endangered endemic bovid; the Lowland (Bubalus depressicornis) and
Mountain (Bubalus quarlesi) anoa; this is one of only two locations where the ranges of both
species are known to ovetlap, with approximately 10% of the global population of both
species occurring on the island (Burton ef al. 2005).

Forest cover on the islands has undergone significant clearance in recent years; Seymour
(2004) describes how agricultural expansion, logging and mining activities have led to the
loss of over 13% (27,809 hectares) of remaining forested areas between 1991 and 2002.

‘The Lambusango forest reserve was established in 1982 as part of a nationwide policy by
the Suharto administration to found new national parks and reserves across Indonesia. The
Lambusango was ‘selected as one of these new reserves based on its ‘potency of flora and
fauna’ and now occupies a large part of south-central Buton. Its area is divided into a 28,510
hectare strict forest reserve where all commerciél, recreational and agricultural activities are
nominally prohibited, and a 35,000 hectare production forest where some sustainable acﬁvity
is allowed (Singer and Purwanto 2000).

The Lambusango provides an excellent study site for investigating the aims of this thesis
due to its endemic-rich avifaunal community and the wide variety of forest successional
stages occurring within its borders. Much of the interior of the limited production zone is
highly inaccessible and has ﬁever been subject to cultivation or other signiﬁcant human
disturbance. Consequently high quality, near-primary forest can be found here. Much of the
strict reserve’s interior, however, was settled and under cultivation prior to designation as a
protected area. Settlers were progressively evicted in the 1980s and the vegetation here has

had over 25 years to regenerate, providing a good example of well-regenerated secondary
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1.8 - THESIS STRUCTURE

This thesis follows the structure of ‘submission by paper’. The first two chapters are
represented by this introduction and a literature review. Each of the subsequent five chapters
was initially written in the format of a peer reviewed publication corresponding to one of the
four research aims previously stated, although the structure of each has been standardised into

a uniform ‘thesis’ style for ease and consistency of reading.

Chapter 3: ‘Assessment of the effectiveness of two different methodological techniques for
surveying cloud forest bird communities’ compares and contrasts the effectiveness of two
different census techniques, point counts and mist netting, in surveying bird communities in
cloud forest; a distinctive eco‘system where little m¢thodological research has been conducted
previously. It forms an important part of the thesis by determining the most effective way to
conduct avifaunal surveys in this environment as Well as providing justification for the

methodologies utilised elsewhere in the thesis.

Chapter 4: ‘Impacts of tropical forest disturbance upon avifauna on a small island with high
endemism: implications for conservation’ describes the relationship between increasing
anthropogenié disturbance and patterns of avifaunal biodiversity witﬁin the Lambusango
forest reserve. It examines avifaunal communities in their entirety, range-restricted endemic
species and certain key species with a high conservational importance, such as the Red-
knobbed Hornbill Rhyticeros cassidix. It represents a key component of the th‘es‘i‘s by

providing a detailed overview of avifaunal response across a disturbance gradient in one of

the two study sites.
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Chapter 5: ‘An assessment of the effectiveness of a Mesoamerican ‘paper park’ in conserving
a cloud forest avifauna’ examines the effectiveness of an under-managed Mesoamerican
National Park in conserving cloud forest bird species. It examines how the composition of
avifaunal communities varies between the core and buffer zones of Cusuco National Park,
with a strong emphasis on range-restricted and threatened species of a high conservational
importance, and uses variations in bird populations to assess the park’s effectiveness in
conserving biodiversity to a species level. This chapter is of significance to the thesis as it
further explores the relationship between avifaunal communities and environmental
disturbance, and represents one of the few extant studies evaluating the effectiveness of

‘paper-parks’ in the region.

Chapter 6: ‘Habitat associations of an insular Wallacean avifauna: a multi-scale approach for
biodiversity proxies’ builds upon the research described in Chapter 3, examining
relationships between avifaunal communities and habitat structure at several spatial scales.
The chapter aims to determine how best to utilise remote sensing and in-situ habitat
measurements to provide useful proxy estimates of bird community composition, with a view

to facilitating the identification of priority conservation areas.

Chapter 7: ‘Differential vulnerabilities of range-restricted avifauna on a Wallacean Island and
in Mesoamerican cloud forest: the influence of ecological and biogeographical factors?” This
chapter synthesis the findings of data collected across both study sites, comparing sensitivity

of range restricted avifauna in these areas to habitat disturbance and providing hypothetical

arguments for any differences identified.
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Chapter 8 provides a conclusion summarising the findings of the thesis as well as evaluating

the research methods used in its production. It discusses potential further studies and research

questions generated by our results.

The structure of this thesis, along with a demonstration of how each chapter and research

topic is interlinked, is displayed in the conceptual model in Figure 1.11.

Introduction

!

Establish overall research objectives

. Explore background, concepts and
Literature review identify research gaps
Chapter 2
Methodological study Establish best methods for
Chapter 3 conducting research
Cusuco National Park Main Objectlve Lambusango forest Investigate main research
Chapter S G jonshipsb i —) Chapter 4 aims
and habitat disturbance in: .
\ Does a difference occur? Synthesis of findings in each
Why? studysite
How effective are protected : What are the habitat associations of Morein-depth exploration of
areas in conserving avifauna? ifauna with high cof tion importance? Issues related to main objective
) Chapter 5 Chapter 6
\ / Summarise research findings and
identify further research

Figure 1.11- Conceptual diagram identifying research objectives, thesis structure and relationships between

chapters.
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Two appendix chapters summarise additional research conducted in the course of this thesis:

Appendix 1 provides an overview of the avifauna of the Lambusango Forest Reserve and its
environs, including a systematic checklist of species recorded there. This provides important

base-line data for this previously undescribed area.

Appendix 2 details morphometric measurements of >1500 birds captured by mist-netting
surveys in Cusuco National Park between 2004-2008, which include previously unpublished,

valuable data on many poorly described cloud forest species

Two further appendicies provide photographic examples of the study sites examined in this
thesis, and summarise the progress of papers submitted for peer-review at the time of thesis

acceptance, including details of journal titles, submission dates and publication dates.
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2.1 - OYERVIEW

This literature review chapter is divided into three sections. The first of these provides an
overview of tropical deforestation patterns, biodiversity loss and the relevance of this to
society. The second section discusses the problems associated with attempting to research
relationships between biodiversity and habitat modification, and how bird community
analysis can be a useful tool in addressing these. The last section identifies a series of
opportunities for research that could improve the current understanding of interactions
between bird cbmmunities and habitat modification which form the basis of the research

presented in this thesis.

2.2 -TROPICAL FORESTS, HABITAT DESTRUCTION AND BIODIVERSITY: AN
OVERVIEW

The research themes presented in this thesis are based lafgely around one of the most
critical environmental issues facing our global society: the destruction of tropical forest

ecosystems and the ensuing loss of biodiversity predicted to occur as a result of this.

2.2.1 - Tropical forests

Tropical forest ecosystems are broadly defined as any area of forest located between 30°
North and 30° South, although in some cases these extend beyond the southerﬁ limits of the
Tropic of Capricorﬁ (Whitmore 1998). These forests are generally classified as belonging to
one of three major geographical zones. The Neotropics contain the most extensivle remaining
tracts of tropical forest; approximately half the globali total (Primack and Corlett 2005). These

are subdivided into three main blocks: the Amazon/Orinoco Basin, which forms the largest
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Ecosystems at these latitudes generally experience a warm year-round climate, although
most other environmental factors here are highly variable, leading to the existence of many
different categories of tropical forest, from lowland rainforest with perennial heavy
precipitation to tropical dry or seasonally dry forest and high-altitude montane clou_d forest
(Moran 2006, Goldsmith 1998).

“Tropical forest ecosystems at present cover between 6-8% of the world’s land surface
(Moran 2006), which is an exponential reduction of the 50-66% cover which is believed to
have been the extent of these forests at the start of the Holocene (Pimm and Raven 1999,
Terborgh 1992) and anthropogenic activity is continuing to destroy remaining areas at a rapid
pace. The continued destruction of remaining tropical forest is considered by many to be

among the foremost contemporary global environmental issues (Wilson 1999).
2.2.2 -Tropical deforestation — causality and consequences

Deforestation in the tropics is by no means a uniquely modern phenomenon. There is
evidence of forest clearance for agriculture dating back at least 3000 years BP in Africa, 7000
years BP in the Neotropics, and as much as 9000 years BP in South-East Asia and the interior
“valleys of New Guinea (Flenley 1979). Archaeological and palacobotany studies have also
demonstrated evidence of historical tropical deforestation on large scales; the Classical
Mayan civilisations, for example, cleared vast tracts on Mesoamerican lowland forest
between 1500 — 900 BP (Bray and Klepeis 2005, Goman and Byrne 1998, Abrams and Rue
1988). The ambitions of colonial governments from the 17" to early 20™ century also
facilitated widespread forest destructioﬁ in order to obtain strategic resources, such as
exploitation of teak in British India (Chapman 2003) and the Spanish Phiiippines (Bankoff

2006), and the clearance of forest to develop cattle ranches and plantations of commercial
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crops in Latin America (Park 1992). Modern deforestation patterns are hypothesised to differ
markedly, however, in the exponentially greater scope of their scale. Recent well-researched
estimates by Achard et al. (2002) predict global deforestation rates in the tropics during the
1990s at 0.52% per annum, which represents a total loss of 5.8 £ 1.4 million hectares each
year throughout the last decade, with a further 2.3 = 0.7 million hectares being visibly
degraded. This equates to an area of tropical forest the size of the nation of Belize being lost
daily (Moran 2006). More recent estimates by the Food énd Agriculture Organisation (2005)
estimate global forest loss at between 2000 — 2003 at 7.3 million hectares per )"ear, although
these figures have been criticised by some sources as poorly researched and inaccurate
(Rainforest Alliance 2005). While deforestation rates undoubtedly remain high on a global
scale, this forest loss has not been distributed evenly across the tropics. Achard ef al. (2002)
estimates Latin America to have experienced the heaviest deforestation rates on a large
spatial scale (-2.2 £ 1.2 million hectares per annum), fo]k.)wed by South-East Asia (-2.0 £ 0.8
million hectares per annum) and Tropical Africa (-0.71 +0.31 million hectares per annum),
although South-East Asia has lost the highest percentage of its total forest cover (Sodhi e al.
2004b). The causes of this deforestation are diverse. Myers (1996) identified the three major
driving factors as commercial exploitation of timber, clearance of land for agriculture and
biomass fuel, and clearance for cattle ranching, especially in the Neotropics. A range of other
important causalities has also been identified, however, including mining activities (Park
1992), expansion of road networks, and the implementation of large hydro-electric dam
“projects (Laurence et al. 2004). Political resettlements of populations in forested areas, such
as in ‘Indolnesia (Fearnside 1997) and Brazil (Park 1992), have also been important factors.
The multitude of processes driving deforestation in the tropics today is, however, believed by
several prominent authors (eg. Wilson 1999, Pullin 1992) to stem from a single root cause:

rapid demographic growth globally, and especially within the tropics. The United Nations
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scale (Whitmore 1998). The result of this has been the rapid and widespread destruction of
tropical forest ecosystems as quantified by Achard er af. (2002).

The current tropical deforestation crisis has been described by many authors as
representing cn'vironmental degradation onan unprecedented scale (Kauffman er al. 2002
Fearnside 1997, Bierregaard 1990). This is debatable; comparable rates of deforestation are
believed to have occurred in the forests of Eastern North America during the 18" and 19"
century (Pimm and Askins 1995) and in Europe during the High Middle Ages (1000-1300
AD) (Rackham 1986). It is universally accepted, though, that continued deforestation in the
tropics will have serious and irreversible consequences if measures are not taken to mitigate
further ecosystem destruction. The consequences of tropical deforestation are numerous and
hdve been widely discussed; issues include an increase in carbon dioxide emissions (Defries
et al. 2002), degradation of soils (Torras 2000), and the erosion of indigenous cultures
(Centre for International Forestry Research 2005). A key theme which is almost always
identified as a foremost consequence of tropical deforestation, however, is a large—scale loss

of biodiversity.
2.2.3 - Biodiversity — richness, distribution, importance and loss
Biodiversity is an abbreviated term for biological diversity, a multi-faceted phrase of

~ which the exact definition has been applied widely (Table 2.1) although generally it can be

described as the measurement of the variety of life in a given-area.
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Source Definition

International Council of Bird The total variety of life in an area, including all genes, species and
Preservation (2009) ecosystems
~ Myers et al. (2000) The total number and variability of species and genes within a
region
Heywood (1995) The total variability of life in a given area
Groombridge (1992) The number, variety and variability of living organisms in an
ecosystem

Table 2.1. Select definitions (é/'the term ‘biodiversity . Adapted from Primack (2008).

Tropical forest ecosystems are exceptionally rich reservoirs of biodiversity, harbouring
more species of higher taxa than any other ecosystem on Earth. While tropical forests cover
just 6-8% of the Earth’s land surface (Moran 2006). they are predicted to support more than
50% of all terrestrial species (Plotkin er al. 2000, Wilson 1986), although these predictions -
represent highly approximate estimatés due to the difficulties and conflicting conclusions
encountered when attempting to calculating the number of species on Earth (Convention on
Biological Diversity 2007, Pullin 2002, Stork 1993).

The spatial distribution of the majority of the Earth’s species within the tropics, particularly

“in tropical forests, with progressively less diverse ecosystems occurring with increasing
latitude, is described as the Species Gradient, and can be applied to nearly all taxonomical
groups (Willig ez al. 2003). The existence of this gradient has been widely recognised from at
least the time of Alfred Wallace (1876) and Alexander von Humbolt (1808). The primary A
mechanisms responsible for this concentration of biodiversity in the tropics, however, remain

contentious; Rohde (2002) lists as many as 28 hypotheses for a “primary causality’, none of
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which have been universally accepted as a definitive leading factor. While the mechanisms
responsible aré diverse, factors commonly cited in the literature include high primary
productivity (Moran 2006), a wide variety of ecological niches with organisms adapting to
spatial and temporal niche separation (Whitmore 1998), a heterogeneous landscape providing
many habitat types and breeding sites (Bourliere 1996), and extensive periods of geological
stability facilitating speciation (Moran 2006).

While the diversity of life in tropical forest ecosystems is prolific, current trends of habitat
destruction are having severe impacts on this richness. There are concerns that the current
global rate of species extinction is of such magnitude that it could be precipitating a sixth
mass extinction event (Leaky and Lewin 1996). Current éxtinction rates are estimated to be
100 — 1000 times higher than naturally occurring background rates (Lawton and May 1995),
with species estimated to be disappearing at a rate of 27,000 — 30,000 per year (Wilson 1999,
Eldredge 1998). While this loss is a global phenomenon, extinction rates are far -greater in the
tropics where most diversity is concentrated (Wilson 1999), and within the tropics the
potential for highest extinction rates lies in a discreet number of spatially restricted areas
where biological diversity is highest: vthe ‘biodiversity hotspots’ defined by Myers (2000).

The concei;t of biodiversity ‘hotspots’ has been discussed in Chapter 1, with their global
distribution shown in Figure 1.1. While these hotspots are widely dispersed globally, they are
dominated by tropical forest ecosystems. All eight of what Myers (2000) termed the ‘hottest’
hotspots - those that possessed not only the richest diversity, but also the highest
concentration of endemic species - Were_'tropical forest ecosystems.

Some criticism has been made of the use of biological hotspots as a means of quantifying
areas of conservational value. Lombard (1995) described how congruence between different
taxonomical groups often varies greatly between hotspots, and Orme et al. (2005) argue

further that species richness hotspots do not necessarily have high congruence with hotspots
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of endemism or threatened species. Pullin (2002) descﬁbes how hotspots are generally based
on analysis of a discreet number of taxonomical groups rather than total diversity, and
Mittermeir et al. (2008) describes how focussing on small, often degraded areas of hotspot
habitat can lead to the neglect of large areas of intact wilderness. The concept has, however,
become something of a paradigm for defining areas of high biblogiCal importance, being
utilised by many conservation organisation such as Conservation International (2007), the
International Union of Conservation and Nature (2009), and Flora and Fauna International
(2009).

Despite possessing an elevated conservational importance, tropical forests located in
these biodiversity ‘hotspots’ are expected to. experience the greatest number of species
extinctions of all global ecosystems over the next few decades (Conservation International
2007). This is partly because this is where the greatest concentrations of species lie, so there
are more spécies to be lost, but also because all tropical hotspots are under severe
anthropogenic pressure. All have suffered extensive habitat clearance and none have more
than 25% of their original pristine vegetation remaining (Mittermeir 2008). Brooks et al.
(2002) describes how between half and two-thirds of all globally threatened planfs and 57%
of globally threatened mammalg are endemic to hotspots, the majority in tropical forest
_hotspots.

It has been demonstrated that tropical forest ecosystems and tropical forests in
biodiversity hotspots in particular stand to lose a very substantial proportion of their rich
biodiversity if current trends of habitat disturbance continue. There is also evidence that
habitat destruction is the dominant factor dri\}ing this extinction loss. Sala et a/ (2000)
estimate forest destruction to account for 90% of extinction risk in the tropics over the next
100 years, with the second most important factor, climate change, accounting for just 5% of

future extinction risk.
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Biodiversity loss on the scale estimated by current predictions will undoubtedly have
severe consequences for society. Kunin and Lawton (1996) identified three main
consequences of biodiversity loss. The first, most utilitarian reason is a loss of marketable
commodities; biodiversity provides society with exploitable resources such as timber, food -
and pharmaceuticals. Additionally, the properties of many exploitable species have been |
poorly researched and the extinction of these could deprive society of valuable sources of
medicine or nutrition of which we are not even aware (Park 1992). Second, and of potentially
greater importance, are the non-marketable ‘ecosystem services’ that biodiversity provides,
such as flood prevention, waste recycling, crop pollination and improving water quality. It
~ has been estimated that around one-in-six rainforest species possesses a non-economic
utilitarian value (Park 1992). Costanza ef al. (1997) estimated the total value of these
functions to be as much as $33 trillion per annum. It has been estimated that the economic
cost-benefit ratio for conserving biodiversity for these direct and indirect utilitarian reasons is
at least 100:1 (Balmford ef a/. 2002). Finally, there is a lérge literature describing the intrinsic
value of biodiversity. Chapin et al. (2000) describes the intangible cultural, intellectual and
aesthetic value that biodiversity possesses, while Park (1992) argues that th_ere isa
widespread belief, rooted in moral principles, that biodiversity simply deserves to exist for its
owﬁ sake and is our responsibility to protect. Tﬁese ideas relate to Wilson’s (1984)

_“‘Biophilia’ hypothesis; that there exists a deep-rooted instinctive bond between humans and
the environment, based in our evolutionary past, which drives a non-utilitarian desire to

protect the ecosystems in which we live.
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2.3 - CONSERVATION POLICY AND AVIFAUNA — PROBLEMS AND

OPPORTUNITIES

2.3.1 - Monitoring biodiversity: limitations of the ‘data vacuum’

The consequences of biodiversity loss in the tropics are now widely recognised. As such,
conservation measures to prevent this loss are becoming an increasingly important, if still
highly under-prioritised and underfunded, global focus. James et al. (1999) estimated at the
turn of the century that an annual global budget of up to $6 billion had become available for
conservation of biodiversity. The majority of these funds (approximately 90%) are spent in
industrialised OECD countries where most of this capital is raised, although this still leaves
hundreds of millions of dollars available for conservation in the tropics through multilateral
organisations such as the Global Environmeﬁt Facility (GEF), bi-lateral aid, and private funds
(Brooks et al. 2006). The GEF alone invested >$1 billion in tropical con‘servation projects
between 1992 and 1999 (James et al. 1999). While far below the optimal sum necessary to
effectively preserve biodiversity in the tropics, equating to an investment of just $93 per km?
(James et al. 1999), this still provides a vital source of funding for conservation initiatives,
particularly in hotspots where biodiversity conservation projects are becoming increasingly
concentrated due to escalating awareness of the richness and irreplaceability of the organisms
they support (Brooks ef al. 2006).

Although support for conservation projects in biodiversity hotspots is increasing, success
of propvosed séhemes often depends on an understanding of habitat disturbance patterns in
ecological systems and the ways in which organisms react to this disturbance (Canterbury et
al. 2000, Ludeke et al. 1990). This understanding is frequently lacking in the tropics for most ‘
taxonomic groups (Balmford 2005, Lawton ef al. 1998), which inhibits the successful

application of conservation schemes (Brooks et al. 2004).
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An understanding of how biodiversity as a whole reacts to environmental disturbance
nominally requires in-depth knowledge of the response patterns of all taxonomical groups.
This has proved unattainable in tropical ecosystems due to incomplete taxonomical
inventories and limited financial, labour and scientific resources. Surveying the response to
disturbance of every species in a given tropical ecosystem is virtually impossible, given the
extremely high diversity of these ecosystems. It is not even known how many species inhabit
these ecosystems. While there is general consensus that >50% of global biodiversity can be
found in tropical forests, estimates as to how many species global biodiversity constitutes
vary widely. Most estimates range between 5-15 million species (Primack 2008, Pullin 2002),
with higher estimates predicting that as many as 30 million species could exist on the planet
(Stork 1993). Currently around 1.5 million species are scientifically described, with an
additional 20,000 being discovered each year (Primack 2008). Even if this discovery rate is
maintained, it will take >500 years for species inventories comprehensively td include ‘even
the lowest global biodiversity estimates. This makes an understanding of how biodiversity in
its entirety responds to environmental disturbance logistically unfeasible. Lawion et al.
(1998) estimated that an all-taxa biological inventory of a single hectare of tropical rainforest
would have to be conducted on a scale 1-2 times greater than anything attempted by
ecologists by the end of the 1990s, and would require the input of 10-20% of the entire giobal
workforce of taxonomists.

Monitoring the reéponse of biodiversity to habitat modification has also proved difficult
when only a select range of taxonomical groups are analysed. Gardner et al. (2008)
conducted a study of 14 higher taxa in 15 medium-sized study sites in the Amazonian
rainforest. The resultant effort totalled 8.1 person years of labour and cost approximately
$145,000; a fairly substantial sum considering that the income for some protected areas in

the Neotropics is <$27,000 (Lenkh 2005). Gardner et al. (2008) also demonstrated how

65



certain taxonomical groups, particularly cryptic invertebrates, are particularly expensive to
surveyvand require an input of highly specialised equipment and taxonomical knowledge.

Assessing the impact of habitat modification on biodiversity based on surveys of just
higher taxonomical groups is therefore also problematic; limitations restricting these studies
are not only financial, but also technical. Lee (2000) describes how there is a serious and
increasing shortage of the taxonomical expertise required to monitor biodiversity change.
This shortage is also temporal; the speed of habitat change in many tropical areas could mean
that forest areas are degraded before survey efforts are even compiete, let alone enabling

conservation policies based on their results to be put into place (Kremen 1992).
2.3.2 - Indicator taxa

The difficulties of examining the response of biodiversity to habitat modification on a
multi—taxa scale have led conservationists to attempt other approaches, perhaps the most
freqiient of which is the use of indicator groups. Indicators are a grouping of organisms,
usually a taxonomical group but sometimes smaller taxonomical sub-groups, which can be
- surveyed with relative simplicity and utilised to provide useful estimates of absolute
biodiversity under the assumption that ecological characteristics of certain groupings will be
representative of sympatric species within the same ecosystem (Caro and Doherty 2001,
Canterbury et al. 2000). There are several important limitations associated with the use of
indicator taxa in this way. Research has shown that although certain groups are effective in
providing proxy indications of forest quality, they still only represent a small proportion of
totallbiodiversity aild are not always effective in determining change in all organisms
(Gardner et al. 2008) or representing responses in rare or endangeied species of high

conservational importance (Su et a/. 2004). There are also concerns that the increasing use of
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indicators as a methodological paradigm could Iead to the neglect of many more cryptic
groups of organisms, in a form of ‘taxonomical chauvinism’ (Pawar 2003). However,
indicators have also been shown to be effective in identifying areas of high species
biodiversity (Caro and Doherty 2001) and in reflecting habitat stfuctural and functional
diversity (Duelli and Obrist 2003), and are often regarded as the most practical way of
determining the extent to which biodiversity responds to habitat disturbance’in highly
complex and diverse tropical ecosystems (Canterbury et al. 2000). There are several
taxonomical groups which have been identified as potentially high-performance indicator
groups in tropical forest ecosystems, including butterflies (Gardner’ et al. 2008, Schultze et al.
2004, Howard et al. 1998) and dung beetles (Davies et al. 2001). However, perhaps the most

commonly applied indicator group occurring in the literature are bird communities.

2.3.3 - The value df birds

Birds are considered effective bio-indicators for assessing the impact of habitat
modification upon biodiversity in its entirety for several reasons. They are considered the
most simple of all taxonomical groups to census, as they ére among the most well-known and
résearched of all taxa (Pimm 1998), and nearly all species can be identified in the field, either

| by sight or by vocalisation, which precludes the need to employ complex survey
methodologies (Sutherland 2000) or to rely on taking physical specimens, which can réise
logistical and ethical issues (Donegan 2000). Gardner et al. (2008) found bird communities
chééper and faster to survey than any other vertebrate group and many invertebrate groups,
including other commoﬁly used indicator taxon such as butterflies. Additionally, variations in
bird communities have often been shown to be effective in predicting changes in other

taxonomical groups, displaying good congruence on local scales (Schulze et al. 2004,
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Canterbury et al. 2000, Blair 1999, Lawton et al. 1998) and also on larger landscape scales;
for example the global endemic bird areas defined by Stattersfield et al. (1998), which are
sympatric with concentrations of endemism in other taxa. Further, it has been argued that
birds represent a high profile ‘flagship’ group (Lawton ef al. 1998) and the response of
avifauna to habitat disturbance may have a disproportionate impact on public perception and
conservation policy compared to most other taxonomical groups, at least from a Western
perspective. This idea relates to sociological research by Schulz (1987), who found that
people in Western countries displayed a more positive attitude towards birds than any other
wildlife group, concluding that many people in society display a ‘special affection’ towards
birds. This is reflected tangibly by the proliferation of many large national and international
organisations directed towards the conservation of birds (Royal Society for Protection of
Birds, International Council of Bird Preservation, Birdlife International etc.), equivalents of
which do not exist for most other taxonémical groups.

Studies examining the relationship between avifauna and environmental disturbance are
therefore of potentially high value, providing a proxy understanding of how biodiversity as a
whole may respond to habitat modification and influencing conservation strategy to an extent
that many less charismatic taxonomical groups may not be able to equal. However, these
studies also have a mére direct value related more intrinsically to the conservation of
avifauna speciﬁéally. Bird species are among the most globally threatened higher taxa, with
research showing them to be vulnerable to habitat modification due to their relatively small
~ population sizes, poor dispersal potential and possessing high habitat specificity (Sodhi et al.
2004b, Turner 1996). If patterns of tropical deforestation persist, ﬁigh incidences of avian
extinctions are predicted. The International Council of Bird Preservation (2005) estimates
that 11% of bird species are now threatened with extinction, and Birdlife Intémational (2000)

has made predictions that one in eight species of bird could be extinct by 2100, with the vast
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majority of these (93% of threatened forest birds) occurring in the tropics. Human activity is
considered the primary causality for extinction risk for >99% of these species. It is therefore
important to obtain a greater understanding of the relationships between bird communities

- and habitat modification for the sake lof conserving bird communities at a taxa scale, as well

as providing a tool for understanding biodiversity on a wider basis (Sodhi ef al. 2004a).
2.4 - RESEARCH OPPORTUNITIES

While it has been shown that studies examining the relationships between habitat
disturbance and avifaunal communities are important for biodiversity conservation, there are
several areas where further research would be valuable. A series of research gaps meriting

 further investigation are described below:

2.4.1 — Poor records of base-line avifaunal data

One of the most basic limitations concerning the understanding of how bird communities
in the poorly researched study sites examined in this thesis respond to habitat modification
relates to the lack of base-line informétion relating to the bird species themselves. As
discussed, birds represent one of the best understood aﬁd widely studied of all taxonomical
groups, although basic information concerning species distributions in tropicai ecosystems
remains extremely limited. This is important, as an appreciation of the species present in a
study area is essential for determining an overall understanding of species richness and
community structure. It is also important for preparing researchers for the species they can
expect to encounter during fieldwork (Bibby 2002). Detailed species inventories exist for
some areas of the tropics; Brace (2007) has produced an excellent account of species records

in Cusuco National Park, although an equivalent for the Lambusango forest is non-existent. A
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lack of species inventories in protected areas is very common in Wallacea, which remains
one of the least-explored ornithological regions on Earth (Coates and Bishop 1997). Some
1slands here have not been surveyed for over 100 years, with current knowledge being based
on the reports of Victorian-era specimen collectors (Trainor 2007). The only modern survey
of Buton is a preliminary atlas survey conducted by Catterall (1997), and no account of
avifauna in the Lambusango Forest specifically has ever been produced.

Basic information is also lacking for other aspects of avifaunal communities. A review of
the most comprehensive field-guides available for species in Mesoamerican cloud forest
(Howell and Webb 2005, Stiles et al. 1990) and Wallacean islaﬁd avifauna (Coates and
Bishop 1997, White and Bruce 1987) as well as species databases such as those produced by
Birdlife International (2009) reveal that there is a lack of accessible, published data
concerning very basic morphometric data for most of these regions’ endemic bird species,
'such as the Selasphorus ellioti specimen shown in Plate 2.1. Typicélly the only information
readily available for most species is body-length; accounts of other simple morphometric
measurements such as mass and wing-length do not appear anywhere in accessible literature.
This is of high significance, firstly as it is difficult to implement effective conservation '
management schemes if there is no understanding of the basic characteristics of the species to
be conserved, and also because morphometric measurements have been shown to have strong
links with a species’ vulnerability to habitat modification. Numerous studies have
demonstrated relationships between bird species’ body mass and risk of local extirpation, ie:
Boyer (2008), Sodhi et al. (2004a), Mckinney (1999). Description of basic morphometric

data on poorly researched endemic species would therefore be of conservation value. -
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Both these methods are subject to limitations based on the physical environment in which
they are used, and while there have been several studies which compare the effectiveness of
these two techniques in lowland tropical forest (Derlindati and Caziani 2005, Wang and
Finch 2002, Blake and Loiselle 2001, Whitman ef al. 1997) there has been no published
research examining the comparative effectiveness of methodologies in many less-explored
forest ecosystems with markedly different habitat structures. Tropical cloud forest is one such
ecosystem. The structural form of these high altitude forests differs visibly from lowland
tropical forests due to the unique biogeographical influences to which they are subject.
Different precipitatipn patterns, reduced temperatures, steeper topography and impoverished
soil types have facilitated the development of a floral structure highly distinct from that found
in lowland forest (Letts and Mulligan 2005, Hamilton 1994). Trees here are on average
shorter and possess higher stem density, and a higher proportion of the ecosysteins biomass is
found at low stratigraphic levels, with a typically dense undergrowth and high abundance of
low-level epiphytes and bryophytes (Nadkarni 1995, Reyes and Cruz 1994, Hamilton 1994).
This distinct floristic structure may influence the relative effectiveness of the two primary
methods utilised to survey bird communities, as the thicker understorey and reduced canopy
level may increase the proportion of species likely to be captured in mist-nets, while
simultaneously limiting observer visibility and inhibiting the effectiveness of point-counts.
Thus while point-counts have become increasingly prescribed as the optimal way to monitor

'bird communities, they may not necessarily be the most effective method of surveying cloud

forest birds, and this merits further research.
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2.4.3 - Lack of understanding of relationships between habitat disturbance and bird

communities in poorly studied forest habitats

Further research also needs to be completed in examiniﬁg the response of bird
~communities to anthropogenic disturbance on broader spatial scales, and in a wider range of
tropical forest ecosystems than has been conducted so far. Although numerous studies have
examined this research issue, they have largely been confined to areas of continental lowland
forest (Barlow et al. 2007, Peh et al. 2005 Thiollay et al. 1997) or large island ecosystems
(Lee et al. 2007, Sodhi et al. 2005, Waltert et al. 2004). This is of high importance, as so far
very little research has been conducted on more spatially restricted, ecologically fragile forest
ecosystems such as Mesoamerican cloud forest and small Wallacean islands. These poorly
studied regions may display different response patterns to those described in other studies due
to the higher incidence of endemism among avifaunal communities in these ecosystems, and
more complex community interaction due to overlapping of zoogeographic zones (the
Oriental and Australasian zones in Wallacea and Nearctic and Neptropical zones in
Mesoamerica). Bird communities in these habitats are also subject to a theoretically
increased vulnerability to disturbance due to their inhabiting small, isolated and fragmented
ecosystems in concordance with Macarthur and Wilson’s (1967) theory of island
biogeography. Little research has also been conducted examining how endemic species in
particular respond to disturbance in these biodiversity hotspots. This is highly relevant, as it
has been theorised that endemic species possess greater vulnerability to habitat modification
than wide-ranging species due to their possessing narrower eéological tolerances, such
species being adapted to highly specialised, local habitat types (Jankowski & Rabenold 2007)
and inhabiting spatially smaller and hence more vulnerable habitat ranges (Sutherland 2000,

Pimm and Raven 1999). While the assumed vulnerability of endemic species has been
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discussed extensively in the literature, few studies have examined this quantitatively in the
Wallacean or Mesoamerican hotspots, and none of which we are aware of have compared
how the response of endemic bird species differ in these widely separated and

biogeographically distinct regions.

2.4.4 — Insufficient research evaluating the success of undermanaged conservation

schemes in poorly studied forest ecosystems

In addition to a limited understanding of how bird communities react to habitat disturbance
in these poorly studied forest ecosystems, there also is a notable lack of research examining
how successful existing conservation schemes have been in protecting thes¢ bird
communities. Protected areas in the tropics, while increasingly numerous, have a noted
tendency to be severely under-managed, even to the extent where their presence is purely
theoreticalA, existing on paper but providing very little biodiversity protection in reality
(Stnihsakerl et al. 2005). Virtually all parks and reserves protecting cloud forest ecosystems in
Honduras poSsess characteristics of these ‘paper parks’, being severely under-staffed, under-
funded entities lacking almost any kind of conservation-related infrastructure (Bonta 2005,
Reyes and Cruz 2004, Powell and Palminteri 2001). The extent of ‘paper parks’ and their
effectiveness in preserving biodiversity has been examined in several studies, some of which
suggest they offer significant protection despite their non-managed status (Struhsaker ez al.
20035, Bruner et al. 2001, Myers et al. 2000), while others indicate that their presence is no
better or even worse than having no official protection at all (Curran et al. 2004, Liu et al.
2001, Kramer et al. 1997). While conclusions differ, these existing studies all show similar
methodological characteristics. Each employs a broad-scale approach, examining a large

number of parks on a regional or global scale primarily focussing on lowland forest sites, and
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each estimates the managemental effectiveness of these parks by indirect analysis, either
through remote sensing data of forest cover change (Joppa et al. 2008, Struhstaker et al.
2005, Curran et al. 2004) or sociological questionnaire data (Bruner ef al. 2001). There
appears to be no existing research which has examined the effectiveness of paper parks
utilising a single, detailed case study, or has utilised species-level data to assess this
effectiveness. There also appears to have been no research examining the efficacy of paper
parks are in conserving cloud forest species specifically. This is of high importance, as it has
béen proposed that the existing protected area network of cloud forest parks be expanded as
part of the planned Mesoamerican biologiéal corridor (Bubb ef al. 2004). A study examining
how effective these parks actually are in conserving biodiversity to a species level would

therefore be valuable in assessing the viability of this proposed expansion.

2.4.5 - Poor understanding of habitat associations of birds in the »study areas, and the

role of spatial scale in understanding these associations

A final research gap involves examining the associations of these avifauhal communities
with habitat structure at multiple spatial scales. Understanding the environmental variables
which determine spatial distributions of bird species can be highly valuable in identifying
priority areas for the focussing of conservation éfforts. However, while several studies have
demonstrated that spatially extensive analysis of habitat types can successfully predict broad,
landscape-scale patterns of avian diversity (Gillespie and Walter 2001, Johnson et al. 1998),
few studies have examined how habitat variations on smaller ecosystem scales are associated
with bird community composition at an o-diversity level (Cleary et al. 2005), particularly
within the study areas examined within this thesis. This lack of understanding may inhibit the

effectiveness of current conservation strategies within these regions, as several studies have
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suggested that local variation in habitat can be of equal or greater importance as landscape
scale habitat patterns in governing spatial distribution of species (Herrando and Brotons
2002, Potts ef al. 2002). There is also an unclear appreciation of how spatial scales of data
aggregations should best be used to ensure accurate representation of avian habitat
associations. While it has long been recognised that spatial scales of analysis have an
important influence on how researchers view environmental responses in ecological
communities (Jansson 2002, Hamer and Hill 2001, Noss 1990), there has been almost no
research examining how this affécts congruence between bird communities and habitat

variables within the biological ‘hotspots’ examined in this thesis.

2.5 - Summary

This literature review has detailed a seri¢s of research gaps that merit further investigation,
and each of the subsequent analysis chapters will examine one or more of these research
gaps: |

- Baseline descriptive data providing species inventories and morphometric
measurements are presented in Appendix 1 ‘The avifauna 6f the Lambusango Reserve

and vicinity’ and Appendix 2 ‘Morphometric data for Mesoamerican cloud forest bird

species’.

- The effectiveness of different methodological techniques is explored in Chapter 3 ‘An '
assessment of the effectiveness of two methods in describing a Neotropical cloud

forest bird community’.
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- Respons¢s of bird communities in Wallacea and Mesoamerica are examined in
Chapter 4 ‘Impacts of tropical forest disturbance upon avifauna on a small island with
high endemism: implications for conservation’ and Chapter 5 ‘The effectiveness of a
Mesoamerican ‘Paper park’ in conserving cloud forest avifauna’. Differential
responses observed in these communities are examined and considered in Chapter 7
‘Differential vulnerabilities of range-restricted avifauna on a Wallacean Island and in

Mesoamerican cloud forest: the influence of ecological and biogeographical factors?’

- The extent to which an undermanaged protected area can effectively conserve

avifauna is evaluated in Chapter 5.

- Habitat associations of a poorly described avifauna, and the influence of spatial scale -
on assessing these associations, are examined in Chapter 6 ‘Habitat associations of an

insular Wallacean avifauna: a multi-scale approach for biodiversity proxies’.
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