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ABSTRACT 

The conservation of tropical limestone karsts is a priority for Malaysia. To assist karst 
conservation, sound understanding of the taxonomy and biogeography of karst 
endemic taxa is required. In this study, I used the genus A/ycaeus as a model taxon 
for this purpose, focusing on two aspects of the genus: species taxonomy and 
biogeography. First, on taxonomy: A total of 10 species and one subspecies of 
A/ycaeus was recognised in Peninsular Malaysia prior to this study. However, these 
taxonomic descriptions of A/ycaeus taxa are based on limited number of examined 
materials where a whole spectrum of morphological variations were not accounted 
for and diagnosis were often provided without sufficient comparison between 

congeners from across the peninsula. I reviewed Peninsular Malaysian A/ycaeus 
through the examination of major museum collection lots and literature sources. 
Based on these examined materials, I utilised a more comprehensive set of shell and 
operculum characters, as well as living animal colour to describe all A/ycaeus species 
in this paper. I also noted their habitat and ecology, as well as updated the 
distribution of each species. Of the 11 previously described taxa, nine were 
reconfirmed as present on Peninsular Malaysia (A/ycaeus ba/ingensis, A/ycaeus 
l/ratulus, Alycaeus thieroti, Alycaeus conformis, Alycaeus gibbosulus, Alycaeus 
kelantanens/s, Alycaeus car/nata, Alycaeus perakensis altispirus, Alycaeus 

perakensis) and two were confirmed as absent on the peninsula (A/ycaeus jagori, 
A/ycaeus pyramidal/s). A new record of A/ycaeus robe%n/ is reported for Peninsular 
Malaysia. One species, Chama/ycaeus jousseaumei is confirmed as present on the 
peninsula and is reassigned to A/ycaeus The subspecies A/ycaeus perakensis 
altispirus Möllendorff, 1902, is elevated to species. Examined Peninsular Malaysian 
materials that do not fit previously recognised species are described as new species. 
A total of 11 new species are proposed (A/ycaeus se/angoriensis Foon and Liew, 2017, 
Alycaeus costacrassa Foon and Liew, 2017, Alycaeus ikanensis Foon and Liew, 2017, 
Alycaeus altico/a Foon and Liew, 2017, Alycaeus charasensis sFoon and Liew, 2017, 
Alycaeus kurauensis Foon and Liew, 2017, Alycaeus regal/s Foon and Liew, 2017, 
Alycaeus virgogravida Foon and Liew, 2017, Alycaeus senyumens/s Foon and Liew, 
2017, Alycaeus expansus Foon and Liew, 2017, Alycaeus c/ementsi Foon and Liew, 
2017). Overall, 23 species of A/ycaeus are now recognised in Peninsular Malaysia. 
Second, on biogeography: With Alycaeus species and their distributions identified, I 

utilised Geographic Information System tools to study their biogeography across 
Peninsular Malaysia. First, I examined the role of the Titiwangsa Range as a potential 
biogeographic barrier for A/ycaeus species. I found that the Titiwangsa Range 

appears to be a barrier for limestone rock dwelling A/ycaeus species while arboreal 
and rotten log dwelling A/ycaeus species are either restricted to one side or found on 
both sides of the Titiwangsa Range. Second, I elucidate and discuss the correlation 
between hill isolation, hill size and the degree of A/ycaeus endemism. I found that 
there is no correlation between hill isolation and A/ycaeus endemism, while there is 

a weak correlation between hill size and A/ycaeus endemism. These findings run 
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contrary to previous conclusions of land snail community level studies whereby hill 
isolation and hill size have strong correlations with land snail endemism. Overall, 
these findings suggest that conservation of limestone karst biodiversity should 
consider not just endemism patterns at the community level but also at the genus 
level as well, especially for those genera that are known to be restricted to limestone 
rock habitats. 

VI 



ABSTRAK 

TAXONOMI DAN BIOGEOGRAFI SIPUT DARA T GENUS AL YCAEUS 
(GASTROPODA; AL YCAEINAE) DI SEMENANIUNG MALA YSL4 

Pemuliharaan kars tropika adalah keutamaan konservasi bagi Malaysia. Untuk 
membantu pemuliharaan kars, pemahaman yang balk tentang taksonomi dan 
biogeografi taxa kars endemik ada/ah diper/ukan. Da/am kajian ini, saya 
menggunakan genus A/vcaeus sebagai takson model untuk tujuan ini, dengan 
memberi tumpuan kepada dua aspek genus tersebut. " taksonomi spesies dan 
biogeografi. Pertama, mengenai taksonomi: Sebanyak 10 spesies dan satu 
subspesies A/vcaeus diiktiraf di Semenanjung Malaysia sebelum kajian ini. Deskripsi 
taksonomi Alycae u ada/ah berdasarkan bahan yang diperiksa di mana bilanganya 
ada/ah terhad dan spektrum variasi mon`o%gi tidak dikirakan dan diagnosis sering 
disediakan tanpa perbandingan yang mencukupi dar/ seluruh Semenanjung Malaysia. 
Saya mengkaji A/vcaeus Semenanjung Malaysia me/a/ui pemeriksaan koleksi besar 
muzium-muzium khusus dan sumber-sumber kesusasteraan. Berdasarkan bahan- 
bahan yang diperiksa ini, saya menggunakan satu set lengkap cangkerang dan 
operculum, serta warna haiwan yang hidup untuk mendiagnosiskan semua spesies 
AA/vcaeus da/am tesis ini. Saya juga memperhatikan habitat dan ekologi mereka, serta 
mengemas kini pengagihan setiap spesies. Daripada 11 taxa yang to/ah diiktiraf 
sebelum ini, sembilan taxa to/ah dikesahkan semula sebagai wujud di Semenanjung 
Malaysia (Alycaeus balinQensis A/ycaeus liratu/us A/ycaeus thieroAlycaeus 
conformis Alycaeus aeus gibbosu/us Alycaeus ke/antanensis Alycaeus carinata, Alycaeus 
perakensis a/t/sp/rus dan A/ cy aeus perakensis) manakala dua taxa disahkan sebagai 
tidak wujud di Semenanjung Malaysia IX, 
Rekod baru A/ycaeus robelen/ dilaporkan wujud di Semenanjung Malaysia Saw 
spesies, Chamal)6caeus jousseaumei disahkan sebagai wujud di Semenanjung 
Malaysia dan dipindahkan semula ke genus / caeu . Subspesies Alycaeus 
perakensis a/tispirus Möllendorff, 1902, dinaikkan ke tahap spesies. Bahan-bahan 
Semenanjung Malaysia yang diperiksa yang tidak sesuai dengan spesies yang diiktiraf 
terdahulu dideskripsikan sebagai spesies baru. Sebanyak 11 spesies baru 
dicadangkan (Alycaeus se/angoriensis Foon dan Liew, 2017, Alycaeus costacrassa 
Foon dan Liew, 2017, Alycaeus ikanensis Foon dan Liew, 2017, A/ycaeus altico/a Foon 
dan Liew, 2017, Alycaeus charasensis Foon dan Liew, 2017, Alycaeus kurauensis 
Foon dan Liew, 2017, Alycaeus regalis Foon dan Liew, 2017, A/ycaeus vir4o4rav/da 
Foon dan Liew, 2017, Alycaeus senvumensis Foon dan Liew, 2017, Alycaeus 
expansus Foon dan Liew, 2017, A/vcaeus c%mentsi Foon dan Liew, 2017) Secara 
keseluruhan, 23 spesies Alycaeus kini diiktiraf di Semenanjung Malaysia. Kedua, 
mengenai biogeografi. " Dengan pengena/pastian spesies Alycaeus dan taburan 
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mereka, saya menggunakan a/at Sistem Mak/umat Geografi untuk mengkaji 
biogeografi mereka di se/uruh Semenanjung Malaysia. Pertama, saya mengenal pasti 
peranan Banjaran Titiwangsa sebagai ha/angan biogeograf untuk spesis-spesis 
AA/vcaeus Kajian saya mendapati Banjaran Titiwangsa adalah halangan untuk 
spesies-spesies A/vcaeus yang berhabitat bate kapur manakala spesies-spesies yang 
berhabitat arboreal dan kayu reput boleh didapati di sa/ah satu be/ah atau kedua- 
dua be/ah kawasan di sekitar Banjaran Titiwangsa. Kedua, saya meninjau dan 
membincangkan kore/asi antara pengasingan bukit, sa/z bukit dan tahap endemisme 
Alvcaeus. Kajian saya mendapati tiada kore/asi antara pengasingan bukit dan tahap 
endemisme A/ycaeus manakala kore/asi lemah to/ah dýfumpai antara salz bukit dan 
tahap endemisme A/vcaeus Penemuan ini bertentangan dengan kesimpu/an kajian- 
kajian terdahulu yang ben`okus pada tahap komuniti siput dara4 di mans 
pengasingan bukit dan saiz bukit didapati berkorelasi kuat dengan tahap endemisme 
siput darat. Secara keseluruhanya, penemuan kajian saya bercadangkan bahawa 
pemuliharaan biodiversiti kars harus mempertimbangkan bukan sahaja corak 
endemisme pada tahap komuniti tetapi juga pada tahap genus terutamanya untuk 
genus genus yang berhabitat batu kapur. 

VIII 



LIST OF CONTENTS 

TITLE 

DECLARATION 

CERTIFICATION 

ACKNOWLEDGEMENTS 

ABSTRACT 

ABSTRAK 

LIST OF CONTENTS 

LIST OF TABLES 

LIST OF FIGURES 

LIST OF ABBREVIATIONS 

LIST OF APPENDICES 

CHAPTER 1: INTRODUCTION 

1.1 Background 

1.2 Alycaeus land snails as organisms of study 

1.3 Research aims and objectives 

Page 

ii 

III 

iv 

V 

vii 

IX 

XII 

xiii 

xxii 

XXIII 

1 

1 

2 

4 

CHAPTER 2: LITERATURE REVIEW 5 

2.1 Taxonomy 5 

2.1.1 Taxonomy of the land snail subfamily Alycaeinae 5 

2.1.2 Taxonomic status of the genus Alycaeus 7 

2.1.3 History of the taxonomy of Alycaeus in Peninsular Malaysia 8 

2.1.4 Species description and delimitation of Alycaeus 12 

2.2 Biogeography 13 
ix 



2.2.1 The concepts of biogeography and endemism relationships 13 

2.2.1 Limestone karsts in Peninsular Malaysia 16 

2.2.2 The biogeography and endemism of limestone karst snails in 19 

Peninsular Malaysia 

CHAPTER 3: METHODS AND MATERIALS 

3.1 Study site 

3.2 Sampling of land snails. 

3.3 Additional specimens from collection repositories 

3.4 Taxonomic review 

3.4.1 Literature 

3.4.2 Collection data management 

3.4.3 Characterisation of shell and operculum 

3.4.4 Species description and delimitation 

3.5 Biogeography 

3.5.1 Biogeography parameters 

3.5.2 Endemism 

3.5.3 Data analysis 

24 

24 

25 

27 

28 

28 

28 

29 

38 

40 

40 

40 

41 

CHAPTER 4: RESULTS AND DISCUSSION 43 

4.1 Taxonomy 43 

4.2 Biogeography 144 

4.2.1 The Titiwangsa Range and Alycaeus species distribution range144 

4.2.2 A/ycaeus endemism and hill isolation 147 

4.2.3 A/ycaeus endemism and hill size 148 

4.3 Implications for conservation 150 

X 



CHAPTER 5: CONCLUSION 

5.1 Taxonomy 

5.2 Biogeography 

151 

151 

153 

REFERENCES 155 

APPENDICES 169 

XI 



LIST OF TABLE 

Page 

Table 3.1: Framework for species description based on 39 shell and 30 

operculum features, as well as living animal colour. Number 

codes are ascribed to each character and linked to illustrations 

in Figure 3.1 for visualisation of character descriptions and 

measurements, except shell colour and living animal colour. 

XII 



LIST OF FIGURES 

Page 

Figure 2.1: The distribution of limestone hills (in red) with respect to 18 

non-limestone mountain ranges (in shades of grey) in 

Peninsular Malaysia (derived from Liew et al., 2016). 

Figure 3.1: Map showing 80 limestone hills sampled for Alycaeus 26 

(white circles) with respect to the distribution of limestone 

karsts in Peninsular Malaysia (in red). 

Figure 3.2: An illustrated synopsis of the framework for species 37 

description based on 39 shell and operculum features 

(excluding shell colour and living animal colour). Number 

codes ascribed to each character are linked to descriptions 

and measurement methods outlined in Table 3.1. 

Figure 4.1: Distribution of eight A/ycaeusspecies in Peninsular Malaysia 45 

based on materials examined. Note the red areas are limestone 

karsts (derived from Liew et al. 2016). 

XIII 



Figure 4.2: Distribution of four A/ycaeus species in Peninsular Malaysia 46 

based on materials examined. The distribution of A/ycaeus 

altispirus shown above is based on the presumed locality of the 

materials examined (see Discussion section under the species). 

Note the red areas are limestone karsts (derived from Liew eta/., 

2016). 

Figure 4.3: Distribution of four A/ycaeus species in Peninsular Malaysia 47 

based on materials examined. Note the red areas are 

limestone karsts (derived from Liew et al. 2016). 

Figure 4.4: Distribution of 2 A/ycaeus species in Peninsular Malaysia 48 

based on materials examined. Note the red areas are 

limestone karsts (derived from Liew et al. 2016). 

Figure 4.5: Distribution of five A/ycaeusspecies in Peninsular Malaysia 49 

based on materials examined. Note that two records of 

A/ycaeus roebe/eni in Thailand, north of Peninsular Malaysia 

are not shown in the map. The red areas are limestone karsts 

(derived from Liew et al. 2016). 

Figure 4.6: Photographs of 18 living A/ycaeus species. A-B A/ycaeus 53 

balingensisTomlin, 1948, BOR/MOL 8356 C A/ycaeus l/ratulus 

(Preston, 1907), BOR/MOL 8334 D Alycaeus thieroti Morgan, 

1885b, BOR/MOL 6835 E Alycaeus conformis Fulton, 1902, 

BOR/MOL 6809 F Alycaeus gibbosulus Stoliczka, 1872, BOR/MOL 

xiv 



6850 G Alycaeus gibbosulus Stoliczka, 1872, BOR/MOL 8526 H 

Alycaeus jousseaumei Morgan, 1885a, BOR/MOL 83411 

Alycaeus jousseaumei Morgan, 1885a, 

BOR/MOL 8336 J Alycaeus alticola Foon and Liew, 2017, 

BOR/MOL 8398 K Alycaeus charasensis Foon and Liew, 2017, 

BOR/MOL 8399 L Alycaeus c%mentsi Foon and Liew, 2017, 

BOR/MOL 8364 M Alycaeus costacrassa Foon and Liew, 2017, 

BOR/MOL 6811 N Alycaeus expansus Foon and Liew, 2017, 

BOR/MOL 6367 0 Alycaeus kapayanensis Morgan, 1885b, 

BOR/MOL 13005 P Alycaeus kelantanensis Sykes, 1902, 

BOR/MOL 8325 Q Alycaeus kelantanensis Sykes, 1902, 

BOR/MOL 6200 R Alycaeus kurauensis Foon and Liew, 2017, 

BOR/MOL 6851 S Alycaeus perakensis Crosse, 1879a, 

BOR/MOL 6852 T Alycaeus regalis Foon and Liew, 2017, 

BOR/MOL 6881 U Alycaeus selangoriensis Foon and Liew, 2017, 

BOR/MOL 6371 V-W Alycaeus senyumensis Foon and Liew, 2017, 

BOR/MOL 6249. 

Figure 4.7: Alycaeus a/tico/a Foon and Liew, 2017 A-E Shell of holotype, 56 

BOR/MOL 8398 F-H Close up of shell of holotype, BOR/MOL 

8398 I-L Operculum of paratype, BOR/MOL 8398 M-Q Shell 

of paratype, BOR/MOL 8398. Scale bars: A-G, I-Q 1 mm; 

H 0.5 mm. 

xv 



Figure 4.8: A/ycaeus a/t/spirus (Möllendorff, 1902) A-E Shell of lectotype, 60 

SMF 109738 F-H Close up of shell of lectotype, SMF 109738. 

Scale bars: A-G 1 mm; H 0.5 mm. 

Figure 4.9: A/ycaeus ba/ingensisTomlin, 1948. A-E Shell of syntype, 63 

NHMUK 1948.10.2.4 F-J Shell of BOR/MOL 8357 K-M 

Close up of shell of BOR/MOL 8357 N-Q Operculum of 

BOR/MOL 8357 R-V Shell of BOR/MOL 8361. Scale bars: 

A-E roc mm; F-J, R-V, K, L1 mm; M, N-Q 0.5 mm. 

Figure 4.10: A/ycaeus car/nata Maassen, 2006 A-E Shell of paratype, 66 

RMNH 104427 F-H Close up of shell of paratype, RMNH 

104427. Scale bars: A-G 1 mm; H 0.5 mm. 

Figure 4.11: A/ycaeus charasensis Foon and Liew, 2017 A-E Shell of 69 

holotype, BOR/MOL 8400 F-H Close up of shell of holotype, 

BOR/MOL 8400 I-L Operculum of paratype, BOR/MOL 6891 

M-Q Shell of paratype, BOR/MOL 267. Scale bars: A-G, 

M-Q, H1 mm; I-L 0.5 mm. 

Figure 4.12: A/ycaeus c/ementsi Foon and Liew, 2017 A-E Shell of 73 

holotype, BOR/MOL 12970 F-H Close up of shell of holotype, 

BOR/MOL 12970 I-L Operculum of paratype, BOR/MOL 6865 

M-Q Shell of paratype, BOR/MOL 8377. Scale bars: A-G, M-Q 

1 mm; H, I-L 0.5 mm. 

xvi 



Figure 4.13: A/ycaeus conformis Fulton, 1902. A-D Shell of syntype, 77 

NHMUK 1902.5.28.22-23 E-I Shell of BOR/MOL 6526 J-L 

Close up of shell of BOR/MOL 6526 M-P Operculum of 

BOR/MOL 12986. Scale bars: A-P 1 mm. Photographs A-D 

by Harold Taylor (copyright of NHM, reproduced with 

permission). 

Figure 4.14: Alycaeus costacrassa Foon and Liew, 2017 A-E Shell of 81 

holotype, BOR/MOL 6811 F-H Close up of shell of holotype, 

BOR/MOL 6811 I-L Operculum of holotype, BOR/MOL 6811 

M-Q Shell of BOR/MOL 6818 R-V Shell of BOR/MOL 12992. 

Scale bars: A-G 1 mm; H, I-L 0.5 mm. 

Figure 4.15: A/ycaeus expansus Foon and Liew, 2017 A-E Shell of 85 

holotype, BOR/MOL 12983 F-H Close up of shell of holotype, 

BOR/MOL 12983 I-L Operculum of holotype, BOR/MOL 12983 

M-Q Shell of BOR/MOL 245. Scale bars: A-H 1 mm; I-L 0.5 

mm. 

Figure 4.16: A/ycaeus gibbose/us Stoliczka, 1872. A-E Shell of BOR/MOL 91 

8525 F-H Close up of shell of BOR/MOL 8525 I-L Operculum 

of BOR/MOL 8525 M-Q Shell of BOR/MOL 12960. Scale bars: 

A-Q1mm. 

xvii 



Figure 4.17: A/ycaeus ikanensis Foon and Liew, 2017 A-E Shell of 94 

holotype, BOR/MOL 12972 F-H Close up of shell of holotype, 

BOR/MOL 12972 I-L Operculum of holotype, BOR/MOL 

12972 M-Q Shell of paratype, BOR/MOL 6834. Scale bars: 

A-H, M-Q 1 mm; I-L 0.5 mm. 

Figure 4.18: A/ycaeus jousseaumei Morgan, 1885a. A-E Shell of 98 

syntype, MNHN-IM-2000-31801 F-J Shell of BOR/MOL 

11211 K-M Close up of shell of BOR/MOL 11211 N-Q 

Operculum of BOR/MOL 11211. Scale bars: A-Q 1 mm. 

Figure 4.19: A/ycaeus kapayanensis Morgan, 1885b. A-E Shell of 103 

syntype, MNHN-IM-2000-31792 F-J Shell of BOR/MOL 

10793 K-M Close up of shell of BOR/MOL 10793 N-Q 

Operculum of BOR/MOL 6845 R-V Shell of BOR/MOL 

11385. Scale bars: A-L 1 mm; M-Q 0.5 mm. 

Figure 4.20: Alycaeus kelantanensis Sykes, 1902. A-E Shell of syntype, 107 

RMNH 153594 F-] Shell of BOR/MOL 8327 K-M Close up of 

shell of BOR/MOL 8327 N-Q Operculum of BOR/MOL 6825 

R-V Shell of BOR/MOL 12973 W-AA Shell of BOR/MOL 

12974. Scale bars: A-J, K, R-AA 1 mm; L, M, N-Q 0.5 mm. 

xviii 



Figure 4.21: Aiycaeus kurauensis Foon and Liew, 2017 A-E Shell of 110 

holotype, BOR/MOL 12967 F-H Close up of shell of holotype, 

BOR/MOL 12967 I-L Operculum of paratype, BOR/MOL 6851 

M-Q Shell of paratype, BOR/MOL 6851. Scale bars: A-E, F, G, 

M-Q 1 mm; H, I-L 0.5 mm. 

Figure 4.22: A/ycaeus /iratu/us (Preston, 1907). A-E Shell of syntype, 114 

ANSP 99391 F-] Shell of BOR/MOL 6831 K-M Close up of 

shell of BOR/MOL 8357 N-Q Operculum of BOR/MOL 6832. 

Scale bars: A-3 1 mm; K, L1 mm; M, N-Q 0.5 mm. 

Figure 4.23: A/ycaeus perakensis Crosse, 1879a. A-E Shell of syntype, 119 

MNHN-IM-2000-31793. F-] Shell of BOR/MOL 8350 K-M 

Close up of shell of BOR/MOL 8350 N-Q Operculum of 

BOR/MOL 8349 R-V Shell of BOR/MOL 8355. Scale bars: 

A-], K, L, R-V 1 mm; M, N-Q 0.5 mm. 

Figure 4.24: A/ycaeus rega/is, Foon and Liew, 2017 A-E Shell of 123 

holotype, BOR/MOL 12990 F-H Close up of shell of 

holotype, BOR/MOL 12990 I-L Operculum of paratype, 

BOR/MOL 6881. Note operculum with proteinaceous interior 

extension. Scale bars: A-E, F, G, H1 mm; I-L 0.5 mm. 
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Figure 4.25: A/ycaeus roebe/eni Möllendorff, 1894. A-E Shell of 127 

syntype, SMF 109317 F-] Shell of BOR/MOL 8363 K-M 

Close up of shell of BOR/MOL 8363 N-Q Operculum of 

paratype, BOR/MOL 8363. Scale bars: A-], K, L, M, N-Q 

1 mm. 

Figure 4.26: A/ycaeus se/angoriensis Foon and Liew, 2017 A-E Shell 131 

of holotype, BOR/MOL 12988 F-H Close up of shell of 

holotype, BOR/MOL 12988 I-L Operculum of paratype, 

BOR/MOL 6808. Scale bars: A-E, F, G, H1 mm; I-L 

0.5 mm. 

Figure 4.27: Aiycaeus senyumensis Foon and Liew, 2017 A-E Shell 135 

of holotype, BOR/MOL 12965 F-H Close up of shell of 

holotype, BOR/MOL 12965 I-L Operculum of paratype, 

BOR/MOL 6880 M-Q Shell of paratype, operculum of 

BOR/MOL 12966. Scale bars: A-E, F, G, M-Q 1 mm; H, 

I-L 0.5 mm. 

Figure 4.28: A/ycaeus thierot/ Morgan, 1885b. A-E Shell of 

syntype, MNHN-IM-2000-31799 F-J Shell of BOR/MOL 

6835 K-M Close up of shell of BOR/MOL 6835 N-Q 

Operculum of BOR/MOL 6835 R Shell of BOR/MOL 6528a 

S-W Shell of BOR/MOL 6528b. Scale bars: A-J, R-W 1 

mm; K, L1 mm; M, N-Q 0.5 mm. 
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Figure 4.29: A/ycaeus virgogravida Foon and Liew, 2017 A-E Shell of 142 

holotype, BOR/MOL 12978 F-H Close up of shell of holotype, 

BOR/MOL 12978 I-L Operculum of holotype, BOR/MOL 

12978. Scale bars: A-E, F, G1 mm; H, I-L 0.5 mm. 

Figure 4.30: Synoptic view of the 23 A/ycaeustaxa in Peninsular Malaysia. 143 

Scale bar: 5 mm. 

Figure 4.31: The maximum extent of distribution range for each A/ycaeus 146 

species found in Peninsular Malaysia in relation to the 

topographic relief. Note that stars denote represent ranges of 

species found on one or a few hills only while polygons denote 

represent ranges of more widespread species with larger ranges. 

Figure 4.32: The relationship between A/ycaeusendemism and limestone 147 

hill isolation. 

Figure 4.33: The relationship between A/ycaeus endemism and limestone 149 

hill size. 
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Museum, National University of Singapore, Singapore. 
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