
 

 

 

 

 

 

 

A preliminary triage approach to 

global assessment of palms extinction risk 

 

 

 

 

 

 

 

 

 

 

Masato Motoki 

 
 
A thesis submitted in partial fulfillment of the requirements for the degree Master of Science 

and the Diploma of Imperial College London 



 

 

DECLARATION OF OWN WORK  

I declare that the thesis  

 

“A preliminary triage approach to global assessment of palms extinction risk”  

 

is entirely my own work and that where material could be construed as the work of 

others, it is fully cited and referenced, and/or with appropriate acknowledgement given.  

 

 
Signature:＿＿＿＿＿＿＿＿＿＿＿＿＿  

Name of student: Masato Motoki  

Name of Supervisor: Colin Clubbe, William Baker and Steven Bachman.  



 

 

Table of contents 

LIST OF ACRONYMS 1 

ABSTRACT 2 

ACKNOWLEDGEMENT 3 

1 INTRODUCTION 4 

1.1 Global frameworks for plant species conservation ............................................4 

1.2 Global status of plant species assessment ..........................................................5 

1.3 Role of the herbarium ........................................................................................7 

1.4 Palms (Arecaceae) as a target group ..................................................................7 

1.5 Research needs ...................................................................................................8 

1.6 Aims and objectives ...........................................................................................9 

1.7 Scope of the study ..............................................................................................9 

2 BACKGROUND 10 

2.1 Introduction to Palm species (Arecaceae)........................................................10 

2.2 Previous study on palm species .......................................................................12 

2.3 Reviewing the previous study on analyzing threat status and variables ..........13 

2.4 Previous study on global plant extinction risk .................................................14 

2.5 Previous study on predicting threat status by classification model .................15 

3 METHODS 17 

3.1 Objective 1: Mapping global distribution of palm species ..............................17 

3.1.1 Threat status of target species .......................................................................17 

3.1.2 Distribution data............................................................................................17 

3.2 Objective 2: Predicting threat status with key variables ..................................18 

3.2.1 Threat status of target species .......................................................................18 

3.2.2 Predictive variables .......................................................................................18 

3.2.3 Analysis.........................................................................................................19 

3.3 Objective 3: Predicting threat status with classification tree model ................20 



 

 

3.3.1 Analysis.........................................................................................................20 

3.4 Objective 4: Produce a list of palm species triage ranking ..............................21 

3.4.1 Analysis.........................................................................................................21 

4RESULTS 22 

4.1 Objective 1 : Mapping global distribution of palm species .............................22 

4.1.1 The distribution of assessed, and not evaluated palm species ......................22 

4.2 Objective 2 : Predicting threat status with key variables .................................28 

4.2.1 Environmental predictors of threat status of IUCN palm species.................28 

4.2.2 Environmental predictors of threat status of SRLI monocots species. .........31 

4.2.3 Environmental predictors of threat status of SRLI palm species. .................34 

4.3 Objective 3 : Predicting threat status with classification tree model ...............37 

4.3.1 Threat status prediction with Classification Tree model for IUCN palm species

................................................................................................................................37 

4.3.2 Threat status prediction with Classification Tree model for SRLI monocots 

species. ...................................................................................................................39 

4.3.3 Threat status prediction with Classification tree model for SRLI palm species.

................................................................................................................................43 

4.3.4 Summary of results of objective 3 ................................................................45 

4.4 Objective 4 : Produce a list of palm species triage ranking .............................46 

4.4.1 The result of triage ranking ...........................................................................46 

5 DISCUSSION 51 

5.1 Difference between IUCN palms and SRLI species ........................................51 

5.2 The comparisons of prediction models ............................................................52 

5.3 The Comparisons of prioritization results........................................................54 

5.4 Comparisons of prioritization of palm species with other prioritization project55 

5.5 Limitations .......................................................................................................56 

5.6 Recommendations for future research and conservation of palm species .......57 

REFERENCES 62 

Appendix1. List of Palm richness and endemic species in TDWG level 3 regions 

Appendix 2. Result of classification tree model before prune 



 

 

List of figures 

Figure 4.1.1. Global maps showing palm species richness .................................. 24 

Figure 4.1.2. Global maps showing palm endemic species richness ................... 24 

Figure 4.1.3. Global maps showing assessed palm species ratio ......................... 26 

Figure 4.2.1. Relation of IUCN threat status and variables ................................ 28 

Figure 4.2.2. Box plot of two categories  .............................................................. 30 

Figure 4.2.3. Relation of SRLI monocot threat status and variables ................. 31 

Figure 4.2.4. Box plot of two categories  .............................................................. 33 

Figure 4.2.5. Relation of SRLI palm threat status and variables ....................... 34 

Figure 4.2.6. Box plot of two categories  .............................................................. 36 

Figure 4.3.1. IUCN palm model with threat status .............................................. 37 

Figure 4.3.2. Percentage of species categorized in each terminal node .............. 37 

Figure 4.3.3. IUCN palm model with threat status (threatened or not) ............ 38 

Figure 4.3.4. Percentage of species categorized in each terminal node .............. 38 

Figure 4.3.5. SRLI monocots model with threat status ....................................... 40 

Figure 4.3.6. Percentage of species categorized in each terminal node .............. 40 

Figure 4.3.7. SRLI monocot model with threat status (threatened or not) ....... 42 

Figure 4.3.8. Percentage of species categorized in each terminal node .............. 42 

Figure 4.3.9. SRLI palm model with threat status (threatened or not) ............. 44 

Figure 4.3.10. Percentage of species categorized in each terminal node ............ 44 

Figure 4.4.1. Global view of deforestation ratio within TDWG level 3 region .. 48 

Figure 4.4.2. Global view of average footprint within TDWG level 3 region .... 48 

Figure 4.4.3. Distribution of High potential species ............................................. 50 

 List of tables  
Table 3.2.1. Predictor variables used to predicting IUCN RL status................. 19 

Table 4.1.1. Top 10 TDWG level 3 region in distribution of palm species ........ 22 

Table 4.1.2. Top 10 TDWG level 3 region in distribution of endemic palm 

species ............................................................................................................... 23 

Table 4.1.3. Top 10 TDWG level 3 region in distribution of assessed palm 

species ............................................................................................................... 25 

Table 4.1.4. Top 10 TDWG level 3 region in palm species richness and assessed 

ratio .................................................................................................................. 26 

Table 4.2.1. Result of Kendall’s rank correlation test (threat categories vs 

variables) .......................................................................................................... 29 

Table 4.2.2. Result of Wilcoxon rank test (threatened vs not threatened) ........ 30 

Table 4.2.3. Result of Kendall’s rank correlation test (threat categories vs 

variables) .......................................................................................................... 32 

Table 4.2.4. Result of Wilcoxon rank test (threatened vs not threatened) ........ 33 

Table 4.2.5. Result of Kendall’s rank correlation test (threat categories vs 

variables) .......................................................................................................... 35 

Table 4.2.6. Result of Wilcoxon rank test (threatened vs not threatened) ........ 36 



 

 

Table 4.3.1. Summary of result models for predicting threatened or not 

threatened ........................................................................................................ 45 

Table 4.4.1. Top 10 deforestation and human footprint within TDWG level 3 

region ................................................................................................................ 47 

Table 4.4.2. the summary of prioritization result (n =2074) ............................... 49 

Table 4.4.3. the detailed summary of high potential groups (1
st
 and 2

nd
 ranking)

........................................................................................................................... 49 

Table 5.2.1. Comparisons two different threshold model ................................... 53 

Table 5.2.2. Comparisons of percentages to be classified as LC ........................ 53 



1 

 

LIST OF ACRONYMS 

AOO (area of occupancy) 

BGCI (Botanic Gardens Conservation International) 

CBD (Convention on Biological Diversity)  

DNA (Deoxyribonucleic acid) 

EDGE (Evolutionarily Distinct and Globally Endangered) 

EOO (extent of occurrence) 

GeoCAT (Geospatial Conservation Assessment Tool) 

GIS (geographic information system) 

GSPC (Global Strategy for Plant Conservation)  

IUCN (International Union for Conservation of Nature) 

MEA (Millennium Ecosystem Assessment) 

RBG (Royal Botanic Gardens) 

RLI (Red List Index) 

SRLI (Sampled Red List Index) 

TDWG (Taxonomic Database Working Group) 

WCMC (World Conservation Monitoring Centre) 



2 

 

ABSTRACT  

Recently RBG Kew revealed more than 20% of plants were already threatened as 

a result of global assessment of the Sampled Red List Index for Plants. Among the whole 

plant species, it was evidenced Madagascar palms are likely to be disproportionately 

threatened since they primarily inhabit in rain forest, one of the most threatened 

ecosystem in the world. Nevertheless, only less than 20% of over 2500 palm species have 

been evaluated and the global picture of extinction risk is still uncertain. My project 

focused on the preliminary triage approach predicting all palm species threatened status 

using the classification tree model in order to prioritize the assessment of non evaluated 

over 2000 palm species. We found that monocots including palm species survive only 

one TDWG level 3 region is much likely to be threatened than others and species spread 

more than 3.5 TDWG regions are tended to be classified to LC or NT (up to 99.7%). We 

also produced the ranking of prioritization of not evaluated palm species into 15 

categories according to its potential to be threatened and the current impact of habitats.  

Although we were successful in categorizing not threatened palm species with 

high accuracy, it was still remaining uncertain about the true level of threatened status 

particularly for the endemic species since our study was based on the TDWG level 3 

region boundaries and we were unable to predict which endemic species is much more 

threatened. Thus our global study needs to be followed by the regional revel research, and 

the analysis with GeoCAT could be the best option to do this. Meanwhile it is highly 

recommended to accumulate all the regional field research data into a single database 

such as palmweb so that the further assessment will be much more accurate and reflecting 

the true threat status.  

Word count:13,996 words 
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1 INTRODUCTION 

1.1 Global frameworks for plant species conservation   

In the era of globalization and a rapidly changing world, human activities have 

been caused a significant loss of biodiversity over the last 150 years (MEA 2005). In 

order to overcome the crisis in biodiversity, the Convention on Biological Diversity 

(CBD) made a commitment in 2002 establishing a goal aiming for the reduction of the 

rate of biodiversity loss by 2010. It was reported in 2010 since the target were not met 

and the further ‘Aichi’ target established 20 targets divided into five strategic goals, for 

the period from 2011 to 2020, and the target 12 clearly declared as “the extinction of 

known threatened species has been prevented and their conservation status, particularly 

of those most in decline, has been improved and sustained” (CBD 2010). To meet the 

CBD goals, it was suggested the study on the potential to extinction and assessment 

frameworks for threatened species are crucial to identifying risk and monitoring progress 

(Jones et al. 2011). Furthermore, Johan et al. (2009) explained that the accurate 

measurement of the human impact on biodiversity and understanding of species’ 

conservation status is critical. 

With regard to the plant species, the Global Strategy for Plant Conservation 

(GSPC) has adopted by the CDB in 2002. The GSPC highlights the importance of plants 

and the ecosystem services they provide for all life on earth, aiming to ensure their 

conservation and is being fed into government policy around the world (CBD 2012). 

Similar to the Aichi target, the GSPC also set up the 16 targets by 2010, and currently the 

16 targets were re established to achieve the goals for 2020 indicating the first 

quantitative targets for plant conservation. Among the 16 targets, the Target 2 goal 

closely related to this study, has described as “An assessment of the conservation status 
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of all known plant species, as far as possible, to guide conservation action” set as a result 

of consultation from the outcome previously set for 2010 (CBD 2012).  

As a way to achieve this target 2 of GSPC, it is expected that the detailed 

assessment of all known plant species in consistent with an international standard, such as 

the IUCN Red List is desirable but also other forms of evidence based assessment is 

necessary to facilitate conservation action and planning. Considering the fact that CBD to 

reformulate the GSPC to reflect the progress of the 2010 targets and new emerging 

pressure to plant species, such as climate change (Brummitt et al. 2008), the global plant 

species assessment becomes more crucial to prepare for the future action plan and its 

implementation. To implement CBD decisions, prioritization of the species at the country 

level should be thoroughly considered, and it will be achieved through the global 

assessments since it is difficult to drawing a picture of prioritization without knowing the 

global distribution of threat species. Setting up a global framework becomes a common 

strategy to allocate available resources in an efficient way as it has represented by the 

review of nine major strategies established mainly by global conservation organizations 

(Brooks et al. 2006).  

1.2 Global status of plant species assessment 

It has been reported that humans have increased the species extinction rate by as 

much as 1,000 times over background rates over the planet’s history (MEA 2005). 

However, in terms of the global view of plant species, it is still remains uncertain to draw 

a whole picture of species decline. This is mainly because of the inadequate knowledge 

of the threat status of the plants species.  

Although the IUCN Red List has been adopted as the global standard for 

information on the conservation status of species (Hoffman 2008), the number of the 
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species listed on the IUCN Red List includes nearly 12,000 species of bryophytes, ferns, 

lycopods, gymnosperms and angiosperms, against an estimated total number of species 

across those groups of 380,000 (Paton et al. 2008) it means nearly 3.2 % of those species 

has been assessed. According to the current IUCN Red List on plant species, nearly 4% 

(around 15,600 species) of them have been assessed in detail and included on the list 

(IUCN 2013). These species were not evaluated with the consistent criteria. Schatz 

(2009) indicated that around 13,000 listed taxa, nearly 8500 (65%) species were assessed 

before 2001 under the IUCN Red List criteria version 2.3, whereas 4500 (35%) species 

have been assessed since 2001 with new criteria (version 3.1), suggesting two thirds of 

the plant species assessment has been based on the result analyzed more than 10 years 

ago. 

Biodiversity conservation has been primarily focused on megafauna, especially 

vertebrates such as mammals and birds. It would be said that plants have had a minor role 

in the conservation planning considering the fact that most of the vertebrate species have 

been assessed globally for their conservation status and, the result has been contributed to 

prioritization of conservation projects. Therefore, it is needed to address this imbalance 

and give more focus on non-vertebrate species such as plants, fungi and invertebrates 

which represent the majority of biodiversity (Stuart et al. 2010).  

However, full conservation assessments require extensive knowledge of the 

ecology, habitats of the species and population dynamics of the taxa concerned, and for 

the majority of plant species especially those from the tropics, this information is not 

available. It is estimated that the one half of plant species potentially threatened with 

extinction (Pitman and Jørgensen 2002), and according to Kew’s global assessment “the 

IUCN Sampled Red List Index for Plants”, more than 20% of plants are threatened with 
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extinction, even without considering climate change (Kew 2011). Given the role of plants 

as providers of food chain, and essential ecosystem services for all biodiversity, this 

figure could be significantly important and as a starting point, the comprehensive 

assessment of an entire clade enables definitive statements on the conservation status of 

biodiversity to be made and supports numerous analyses on the types and geographical 

patterns of threat to biodiversity (Davidson et al. 2012). 

1.3 Role of the herbarium 

In terms of the expert knowledge and data required for the conservation 

assessments of plant biodiversity, especially for the tropic species, one of the best sources 

is specimens compiled within the herbarium (Rivers et al. 2010). However, the task of 

conserving and assessing the world’s plant species is too large and diverse to be carried 

out by any single botanic garden. BGCI, a global membership organization with over 600 

botanic garden members, has formed in order that it aims to mobilize botanic gardens and 

engage partners in securing plant diversity strengthen the role of herbarium. Among the 

herbarium, RBG Kew is an active participant in the scientific research including global 

plant species assessment by utilizing the resource within herbaria including more than 7 

million specimens. 

1.4 Palms (Arecaceae) as a target group 

A number of plant families are of keystone importance in tropical forest ecosystems 

world-wide (Couvreur and Baker 2013). Here, we focus on palms (Arecaceae or Palmae), a 

pantropical, ecologically important plant lineage with more than 2400 species in 183 genera 

and 5 subfamilies (Dransfield et al. 2008). Palms are the most important of all plant 

families, both in terms of their value to people and their role in ecosystems. The palms 
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supported human and animals with fruit productivity, as well as providing special 

components in the forest structure as a particular habitat of rain forests. Therefore, 

conservation of palms species is relevant to conserving tropical forests including its 

biodiversity and human well-being. 

Among the threatened plant species, recent evidence from Madagascar suggests 

that palms may be disproportionately threatened compared to the background rate of 20% 

for plants as a whole (Kew 2011), because palms occur primarily in rain forest, one of the 

most threatened ecosystems. However, the global picture of extinction risk to palms 

remains unclear since less than 20% of all 2500 palm species have been assessed for the 

IUCN Red List of Threatened Species (IUCN 2010). 

1.5 Research needs 

For the better understanding of the global picture of threat status of the palm 

species, it is highly important to assess the remaining 80% of them for fostering further 

conservation actions. However, the lack of the resource of funding for the entire species 

full assessment will cause severe delay of tackling conservation action of the threatened 

species to be cared with urgency.  

As we have already known, plant species distribution data were well documented 

in herbaria, and recently GeoCAT stands for ‘Geospatial Conservation Assessment Tool’, 

the online tool specialized for rapid assessments of threat status based on IUCN Red List 

Categories and Criteria (EOO and AOO), has taken an important role to estimate plant 

species threat status (Steven et al. 2011) but they have not yet fully utilized in terms of 

the global assessment of the plant species extinction risk. Therefore, it is expected to 

apply the data from specimen collected in the RBG Kew for exploring the way of 
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assessing the threat status of palm species as a way to triage with the available resources 

within the herbarium. 

1.6 Aims and objectives  

Aim: This study aims to design and implement a preliminary triage approach for the 

prioritization of palm species examining the key variables and using classification tree 

model to predict threat status of not evaluated species. This will strengthen scientific 

rationale for prioritizing palm species assessment and to make recommendations for 

further conservation assessment of remaining 80% of not evaluated palm species. 

Objective 1: To understand the global distribution pattern of assessed palm species.  

Objective 2: To examine the variables predicting conservation status of palm species. 

Objective 3: To predict palm species threat status using classification tree model  

Objective 4: To produce a list of not evaluated palm species triage ranking for further 

conservation assessment prioritization 

1.7 Scope of the study  

In the following chapter, the previous research has been examined in order to place 

this research in the context of similar past research. Chapter 3 describes the methods and 

datasets employed to accomplish the study. Next chapter documents the results including 

distribution maps, correlation between key variables and threat status, predicted threat status 

and a ranking of species as a result of triage approach. In the final Chapter, our results are 

discussed in the context of the literature and implications for further assessment followed by 

the limitations and suggestions future global palm species assessment projects. 
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2 BACKGROUND 

2.1 Introduction to Palm species (Arecaceae)  

1) General characteristics of palms  

It is described that Arecaceae is a distinctive and ancient family of plants rich in 

morphological diversity. Palms can be categorized as trees or as shrubs, and their size are 

varying from 60m taller to 25 cm smaller (Dransfield et al. 2008). The taxonomy of palm 

species has been changed continuously, however, it is currently recognized that palm consists 

of five subfamilies representing different evolutional backgrounds. Within these subfamilies, 

there are 28 tribes and 27 subtribes recognized (Dransfield et al. 2008). 

Extensive Phylogenetic research of palms has been taken part in the classification as 

Baker (1999) explored in his research based on DNA markers from 60 genera of all 

subfamilies and tribes. However, the studies have also revealed the lack of evidence for the 

full classification of subtribes due to the difficulties in selecting appropriate study 

groups, slow rates of molecular evolution and importance of the use of standard DNA 

markers. 

2) Distribution and habitats  

Palms are found in a variety of habitats but they are mainly found throughout the 

tropics. It is estimated only around 130 palm species inhabit naturally outside tropical 

region, mostly in the subtropics (Dowe 1992). The southmost range of palm species is 

southern France to 44°S on the Chatham Islands, Chamaerops humilis is the only native 

palm species in Europe (Dowe 1992). Several palm species adapted to small specialized 

habitats and these species tend to have small geographic distributions which may affect 

http://en.wikipedia.org/wiki/DNA_marker
http://en.wikipedia.org/wiki/DNA_marker
http://en.wikipedia.org/wiki/France
http://en.wikipedia.org/wiki/Chatham_Islands
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the conservation status of the species. For example, the genus Ceroxylon is known to 

survive in the tropical mountain over the 1000m high.  

It is suggested these distribution patterns are relevant to the pre-Quaternary 

historical effects explained by the historical climatic stability as a main factor indicating 

palm species richness is low in African countries and high in Neotropical and 

Indomalayan countries. It is also revealed the current climate is the major regulator of the 

northern and southern distribution limits of palm species (Kissling 2012).  

3)Tthreats 

The increasing demands on the world’s natural resources become a serious threat 

to palm biodiversity and it is commonly recognized that tropical deforestation followed 

by the over-exploitation of forest resources have been considered as the principle threat 

(Myers 1993). Tropical deforestation has been a fundamental threat to palm biodiversity 

considering the fact that most of the palm species inhabit in the tropical rain forest. There 

are many causes reported for tropical rainforest destruction such as illegal logging and 

over cultivation, and the impact of deforestation is more likely to be a permanent and 

widespread threat in the whole tropical regions (Myers 1993). Moreover, the 

deforestation impact is not irrelevant to the range size. The smaller the palm species 

habitats are, the bigger the impact of deforestation. It can also seriously affect the palm 

species restricted to small island habitats. 

Besides the impact of deforestation, direct exploitation is another major threat to 

many useful palms. The increasing commercial demands for the useful palms also led to 

the degradation of palm species. Some palm species are used for foods, timber and 

ornamental plants, and they are much likely to be threatened by over-exploitation 

(Johnson and the Palm Specialist Group 1996). Johnson (1998) also warned that 
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economic species are of concern not only because of the over-exploitation from natural 

grown palms but also because of the nursery trade from the collection of wild seed or 

seedlings. 

2.2 Previous study on palm species  

Status survey and conservation action plan was the first research for global palm 

species conservation status assessment published in 1996, the objectives of the action 

plan were to identify the most threatened palm species, to present recommendations for 

conservation that cater to their specific requirements, and to provide strategic guidelines 

for the conservation and sustainable utilization of the palms that provide food, 

construction materials and an important source of revenue for many people (Johnson and 

the Palm Specialist Group 1996). The action plan successfully identified where extraction 

of palm species is sustainable and on the contrary where over-exploitation may lead to 

extinction.  

Although the action plan aimed the similar goal to this project for assessing the 

threat status of palm species which have designated in the WCMC database classified as 

unknown status, the action plan only focused to 631 endemic species to narrow the 

assessment, and non-endemic palms were excluded from the scope of the study. It was a 

useful way to focus on the endemic species, however, the rest of the species may have 

been threatened, and the whole picture of a threat status of palm species was therefore 

remained uncertain. 

Regional detailed palm Flora research projects are not fully studied all over the 

world. Some countries assessed the status of palm species in detail, the Americas are fairly 

well covered in terms of palm treatments, however like African countries, it has a number 

of projects and regional palm Floras have been published it was described that palm Flora 
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projects in only a few countries provide vital data for palm conservation (Johnson and the 

Palm Specialist Group 1996). Moreover, several countries have older palm Floras, which 

are useful but usually out of date (Johnson and the Palm Specialist Group 1996) 

2.3 Reviewing the previous study on analyzing threat status and variables 

There are many studies conducted to analyze the relationship between explanatory 

variables and threat status of the plant species. Among the variables, the geographical 

range size of the target species has an important role in predicting threat status, since it 

has described as a parameter to decide conservation rating in terms of criteria B (IUCN 

2001). Also we understood that forest environment is an important habitat for the most of 

the palm species, and geographical range of forest size also could be a detector of threat 

status of palm species.  

The geographical range size of plant species has been increasingly adapted to 

analyze threat status of plant species as well as a recent invention of the GeoCAT 

program which can calculate EOO and AOO on the screen from the specimen data within 

herbaria (Steven et al. 2011). Another research indicated the number of specimen can be 

a predictor of potential threatened species (Rivers et al. 2011). However, it was not 

realistic to examine all the specimen data of global palm species triage approach. For 

example, we practiced to conduct an analysis with GeoCAT, and it took one and half 

days with 5 people to correct all the necessary specimen data from RBG Kew herbarium 

for 8 target species which means the total time cost per a species was 7.5 hours (8 hours / 

day * 1.5 days * 5 people / 8 species). Therefore, we assured that GeoCAT is a useful 

tool to predict EOO, AOO and threat status of a target species from specimen data, it will 

consume a significant amount of time to accomplish all the palm species (2,500 species * 

7.5 hours/species).  
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As an alternative of the count of specimens, we expect the number of 

geographical region where species specimens collected could be a surrogate for the threat 

status since most palm species specimen data in herbaria were stored with the 

information of the TDWG region. The TDWG region has established by the international 

Taxonomic Databases Working Group (Brummitt et al. 2001). The TDWG region 

contains different level from 1 to 4 and the level 3 TDWG units generally correspond to 

countries (some large countries were divided into sub countries) or islands, (Brummitt et 

al. 2001) and all the palm species distribution data was stored within the level 3 as they 

are described in palmweb website (http://www.palmweb.org). Moreover, the research on 

EDGE species distribution indicated that the threatened species were located in the higher 

altitude area (Katrina 2009). Geographical distance is also another important variable as 

it has explained in the research conducted by Kissling (2012). 

2.4 Previous study on global plant extinction risk 

So far, the Red List Indices (RLI) for birds, mammals and amphibians have been 

measured and used for understanding the trend in species extinction risk (Butchart et al. 

2010). The research relies on the assessments of the conservation status of all target 

species, however it will not be directly applied to the plant species due to the difference 

of the number of species to be assessed. As previously explained, the number of known 

plant species is more than 380,000 and it makes unachievable neither to conduct 

comprehensive assessments nor to repeat assessment every 5-10 year timescales to detect 

a change. As an innovative method for understanding the risk of extinction of global plant 

species, the Sampled Red List Index (SRLI) for Plants was established by RBG Kew in order 

to contribute to the CBD target to reduce the rate of loss of biodiversity since the rate of loss 

will not be adequately captured without knowing current threat status of plant species. 
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In the process of SRLI for plant species, all known gymnosperms, and a sample of 

1500 species from bryophytes, pteridophytes, monocots and legumes were chosen at 

completely random. The results of Phase 1 (2006-2010) was summarized that 21.5% of 

the world’s plants are threatened with extinction. RLI indicated that plants are as 

threatened as mammals (RLI = 0.86) and more threatened than birds (RLI = 0.92) and 

less threatened than amphibians (RLI = 0.74) (Kew 2011). 

Although it was the first study to tackle the fundamental questions from 

representative samples of plant species, it is criticized that it was still fails to ensure the 

phylogenetic diversity within sampled species is adequately treated (Schatz 2009). Moreover, 

a limitation to this approach is that these preliminary conservation assessments are based 

only on criterion B; species not qualifying for a threatened category based on geographical 

range may still be threatened based on one of the other categories. However, the information 

required for assessment using the other four criteria is not available for many of the species 

used in this study (Rivers et al. 2011).  

2.5 Previous study on predicting threat status by classification model 

Previously, linear models have been used to understand the relationship between 

variables and outcomes including palm species (Cardillo et al. 2008, Kissling 2012). 

Recently, however, another methodology called classification model to examine the 

relationship has been conducted particularly in the research of birds to analyze threat 

status with classification model (Jones et al. 2006). The strength of the classification 

model was well studied and particularly advantageous to predict the accuracy of 

extinction risk analysis because classification tree model is visually understandable how 

the variables interacts and applicable to the multiple variables with missing data as 

Davidson et al. (2009) used database of around 4,500 mammal species to quantify the 
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important variables associated with extinction risk. Furthermore, intra species 

comparisons of extinction risk have been investigated by applying six different machine 

learning tools (Bland et al. in review). 

Although assessing plant species threat status with its geographic range has 

examined in the previous research (Willis et al. 2003, Rivers et al. 2010) indicating 

strong negative relationship between the size of the EOO and AOO and the risk of 

extinction, the application of classification models has not yet introduced in the context 

of the threatened risk assessment of plant species. Therefore, it would be highly valuable 

to examine the applicability of classification model to plant species.  

By analyzing previous work on classification tree, we find it is ideal for 

identifying the interactions between key variables and visualizing the potential threat 

status of palm species with a simple model as well as predicting the potential extinction 

risk of not evaluated species. We understood that palm species threat status was assessed 

precisely in some countries, but not yet achieved in the global point of view even 

considering the action plan research for 631 endemic species (Johnson and the Palm 

Specialist Group 1996). Therefore it will be a useful preliminary research to draw global 

view of over 2500 palm species threat status with simple model and prediction.  

Furthermore, this research will enables us to bridge the research fields between 

mammals and plants allowing comparisons of intra species difference of predicting 

extinction risk. It could be beneficial to reducing the research cost supplying triage 

information on the low or high risk of extinction, and to contribute the requirement of 

CBD and GSPC by assisting the target of reducing the risk of extinction of known 

species.  
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3 METHODS 

3.1 Objective 1: Mapping global distribution of palm species 

3.1.1 Threat status of target species 

Threat status of 478 palm species assessed by IUCN Red List was obtained from 

IUCN website (http:// www.iucnredlist.org/) on April 2013, the number includes species 

assessed by version 2.3 (245 species) and version 3.1 (233 species). However, only 418 

species out of all 478 species data were used for this study due to the available 

information on TDWG level 3 distribution. The analysis included 56 palm species data 

from SRLI monocots assessment data. 

The palm species assessed in version 2.3 were modified in order to be consistent 

with version 3.1 category, namely, LR/cd and LR/nt were translated to NT, LR/lc was 

translated to LC. Moreover, the endemic species in this research defined as a species 

found only one TDWG level 3 region. 

3.1.2 Distribution data 

Monocotyledon species distribution data with TDWG level 3 regions were 

obtained from RBG Kew’s checklist of the world’s plant species (WCSP 2013). The 

database from RBG Kew was downloaded on May 2013 and only the native occurrence 

records were selected. This dataset includes all monocots including palm species 

presences all over the world within the geographic boundaries.  

http://www.iucnredlist.org/
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3.2 Objective 2: Predicting threat status with key variables 

3.2.1 Threat status of target species 

On top of the assessed palm data used for objective 1, 917 monocots including 56 

palm species threat status were obtained from the SRLI monocots assessment result on 

June 2013. We excluded all DD species for this analysis, thus the final number of species 

threat status were 390 IUCN assessed palm species and 796 SRLI monocots species 

including 47 SRLI palm species. 

3.2.2 Predictive variables 

A set of predictor variables as potential surrogate of threat status of the palm and 

monocot species was selected as shown in table 3.2.1. The variables were classified into 

two major categories; environmental variables (area, forest cover, altitude, distance from 

mainland), and impact variables (deforestation and human footprint).  

All environmental variables have previously examined with species richness and 

distribution including palm species at global scales and showed certain degree of strong 

correlation and on the basis of data availability (Willis et al. 2003, Davidson et al. 2009, 

Katrina 2009, Kissling et al. 2012) and the two threat variables were selected in order to 

account for the two major threat to palm species; deforestation and human impacts. All 

variables were compiled in ArcGIS (version 9.3), Area was calculated in km
2
 by the size 

of each TDWG level 3 region, and average values were calculated within TDWG level 3 

region for the other variables. Moreover, Area and Count were logit transformed to 

clarify the relationship in the plot charts.  

For the species threat status, we transformed from categorical variables to 

numerical ones representing its significance of threat status (one for Least Concern 

through to five for Critically Endangered, and six for Extinct in Wild if any) (Butchart et 
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al. 2004). Furthermore, we also divided threat status into two groups; species classified as 

Vulnerable, Endangered or Critically Endangered (and Extinct in Wild if any) were 

considered ‘‘threatened,’’ and Least Concern or Near Threatened species were 

considered ‘‘not threatened’’ (Rivers et al. 2011). 

Table 3.2.1. Predictor variables used to predicting IUCN RL status 

Abbreviation 

(in figures) 

Variables (units) Source 

Area 

(A) 

Area (km
2
) Calculated in ArcGIS using TDWG 

level 3 polygons in the WGS1984 

projection 

Count 

(C) 

Count of the number of 

species in each level 3 

TDWG region 

Calculated in Access using TDWG level 

3 polygons  

Forestcover 

(FC) 

Forest cover for year 2000 

(%) 

global forest monitoring project in the 

WGS1984 projection 

(Hansen M. et al. 2010) 

Altitude 

(ALT) 

Altitude (m) Worldclim dataset (Hijmans et al. 2005) 

Isolation 

(IL) 

Mainland or island 

(assigned 1 for island and 0 

for mainland) 

Islands are defined as area smaller than 

Australia, surrounded by an ocean 

(Brummitt et al. 2001)  

Deforestation 

(DF) 

Gross forest cover loss 

between 2000-2005 (%) 

global forest monitoring project in the 

WGS1984 projection 

(Hansen M. et al. 2010) 

Footprint 

(FP) 

Human Footprint  

(scored between 0 – 100) 

 Last of the Wild Project 

(WCS and CIESIN 2005) 

3.2.3 Analysis 

All analysis were conducted in R version 2.15.1 (R Development Core Team 

2012). To examine the relationship between threat status and variables, we used 

Kendall’s correlation coefficient (r), and Wilcoxon test. Although we understand it could 

be an important analysis but the phylogenetic relationship has not investigated in this 
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research since phylogenetic research in palm species experienced difficulty in covering 

all the subfamilies (Baker et al. 1999), and still in short of complete set of background.  

3.3 Objective 3: Predicting threat status with classification tree model 

3.3.1 Analysis 

The latest tree package in R (Brian 2013) has employed to operate a classification 

model. The classification tree was produced by separating the dataset into a series of 

similar characteristic groups in terms of the deviance of variables used (Breiman et al. 

1984). We truncated the classification tree model in order to minimize the deviance and 

reduce complexity which resulted from statistically insignificant classifications. An 

extended tree models including statistically significant lower branches were also 

examined in order to understand the variables employed. The branching process returned 

slightly different results since the classification tree uses random selection of cross 

validation, therefore we conducted 10-fold cross validation to produce an optimal 

classification tree model (Bell 1999). 

We developed classification tree models separately for SRLI monocots (not 

including SRLI palms), for SRLI palms, and for IUCN palms (not including SRLI palms) 

to compare the taxonomic transferability of classification tree model’s predictive 

accuracy and difference in sampling methodology. We feed the models all the 

environmental variables mentioned in table 3.2.1. We excluded the impact variables 

(deforestation and human footprint). We quantified overall model accuracy using the 

percentage of species correctly classified. We then used our model trained with IUCN 

palms, SRLI monocots and SRLI palms to predict threat status for not evaluated palm 

species. 
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3.4 Objective 4: Produce a list of palm species triage ranking 

3.4.1 Analysis 

The list of the triage ranking of not evaluated palm species was generated based 

on the result of classification model and two proxies of threatening process. First, we 

divided the not evaluated palm species into sub categories based on the potential threat by 

applying the result of classification model. Secondly, the subdivided species were further 

classified in terms of the impact of their habitats (represented by the average value of the 

ratio of deforestation and the human footprint in each TDWG region). For the impact 

values, we introduced quantitative thresholds as previously conducted in the research of 

quantifying social and political impact (Myer 2000) we ranked TDWG level 3 regions in 

five categories according to the impact variables; we gave first 20% values (the highest 

threat value group) to score 5, and score 1 for the bottom 20% values (the lowest threat 

value group) for each impact variable. Eventually, the two impact values were merged by 

simply adding two scores; FP score (1~5) + DF score (1~5), since we have not obtained 

any previous research comparing the significance for threat status of palm species of 

deforestation ratio and human footprint and we have not able to conclude which impact 

variable is much important than another. The overall impact was classified into seven 

categories according to the value of sum score: impact category 7 was for species scored 

10 and 9, impact category 6 for species scored 8, impact category 5 for species scored 7, 

impact category 4 for species scored 6, impact category 3 for species scored 5, impact 

category 2 for species scored 4, and impact category 1 for species scored 3 and 2. 
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4RESULTS 

4.1 Objective 1 : Mapping global distribution of palm species 

4.1.1 The distribution of assessed, and not evaluated palm species 

1) Distribution of all palm species (richness and endemic species) 

The dataset analyzed here contained a global total of 2551 accepted palm species 

and 6038 native occurrence records. Extant native palm occurrences were recorded in 

200 (54%) of the 369 included TDWG level 3 units. The majority of species occur within 

the Indomalayan and Neotropical countries (table. 4.1.1 and figure. 4.1.1).  

Table 4.1.1. Top 10 TDWG level 3 region in distribution of palm species  

Ranking Palm species 
count 

TDWG level3 
region 

1 305 Borneo 

2 264 New Guinea 

3 237 Colombia 

4 228 Malaya 

5 184 Madagascar 

6 164 Thailand 

7 163 Sumatera 

8 162 Brazil North 

9 139 Peru 

10 136 Philippines 

 

The distribution of endemic species was similar to what has observed to the 

previous result. The majority of species occur within the Indomalayan and Neotropical 

countries (table. 4.1.2. and figure. 4.1.2.). A detailed overview of the geographic 

distribution of palm species richness and endemic species distribution throughout the 

world is found in appendix1. 
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Table 4.1.2. Top 10 TDWG level 3 region in distribution of endemic palm species  

Ranking Endemic 
species count 

TDWG level3 
region 

1 229 New Guinea 

2 216 Borneo 

3 180 Madagascar 

4 91 Philippines 

5 86 Malaya 

6 62 Cuba 

7 61 Sumatera 

8 58 Vietnam 

9 48 Colombia 

10 43 Sulawesi 
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Figure 4.1.1. Global maps showing palm species richness 

 

 

 

 

 

 

 

 

 

 

Figure 4.1.2. Global maps showing palm endemic species richness 
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2) Distribution of assessed palm species 

The distribution of assessed palm species showed a similar map to the distribution 

of palm richness and endemic species. Interestingly, the table of assessed top 10 palm 

species richness indicated outstanding number of assessed species in Madagascar (179 

species out of 184 species) although most of the assessed species range fallen in less than 

10 species in each TDWG level 3 region. 

Table 4.1.3. Top 10 TDWG level 3 region in distribution of assessed palm species  

Ranking IUCN Palm 
species  

SRLI 
Palm species 

TDWG level3 
Region 

1 179 0 Madagascar 

2 30 6* Colombia 

3 19 3* Ecuador 

4 13 4* Peru 

4 11 6* Brazil North 

6 15 0 Fiji 

7 13 0 Hawaii 

8 11 1 New Caledonia 

9 11 0 Cuba 

10 10 0 Malaya 

*1 species overlapped between IUCN palms and SRLI palms assessed 

The ratio of assessed palm species was rather different to what has observed in the 

previous results in the distribution of all palm species and endemic palm species. The 

region contains higher assessed percentage (>90%) of palm species distributed irregularly 

(figure 4.1.3.). And top 10 regions in richness are not equally assessed while Madagascar 

assessed almost 95% of its species, the New Guinea ranked 2
nd

 in species richness 

assessed only less than 5% (table 4.1.4.). 
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Table 4.1.4. Top 10 TDWG level 3 region in palm species richness and assessed ratio  

Ranking Palm richness Country All assessed 
palm species* 

percentage 

1 305 Borneo 17 5.6 

2 264 New Guinea 13  4.9 

3 237 Colombia 35  14.8 

4 228 Malaya 15  6.6 

5 184 Madagascar 179  97.3 

6 164 Thailand 13  7.9 

7 163 Sumatera 12  7.4 

8 162 Brazil North 16  9.9 

9 139 Peru 16  11.5 

10 136 Philippines 10  7.4 

*IUCN palms and SRLI palms were included 

 

 

 

 

 

 

 

 

 

 

Figure 4.1.3. Global maps showing assessed palm species ratio 
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3) Correlation between richness, endemism and assessed species 

As we presented in the previous sections, palm species distribution and endemic 

palm species distribution were alike, indicating Indomalayan and Neotropical countries 

as hotspots for palm conservation. However, it was also revealed that the assessment of 

palm species has not fully matched the distribution of palm species.  

This is supported by the fact that correlation between palm richness and endemic 

species richness was very high (Pearson’s r = 0.81), in contrast the correlation between 

palm richness and assessed species, endemic species richness and assessed species were 

moderate (Pearson’s r = 0.50 and r = 0.58 respectively).  

 

Figure 4.1.4. Distribution Plots 

(left; richness vs no. of endemic species, center; no. of  endemic species vs no. of 

assessed species, right; richness vs no. of assessed species)   
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4.2 Objective 2 : Predicting threat status with key variables  

4.2.1 Environmental predictors of threat status of IUCN palm species 

1) Correlation between the variables and threat status 

Palm species assessed by IUCN showed significant correlation with all the 

variables except Footprint. The variables Area, Count, Forest Cover, Deforestation are 

negatively correlated and particularly Count and Forest Cover were more significant than 

others and Count resulted in the strongest negative correlation (Kendall's tau = -0.28). 

Positive significant correlation observed with Isolation (Kendall's tau = 0.22) which 

means island species are much more likely to be threatened. Therefore, they could be 

surrogates for not evaluated palm species threat status. Altitude was less strong individual 

predictable variables of the threat status, and Footprint had no significant correlation. 

(Figure 4.2.1. and Table 4.2.1.).  

 

 

 

 

 

 

 

 

 
 

Figure 4.2.1. Relation of IUCN threat status and variables  
(X axis 1 = LC, 2 =NT, 3 = VU, 4 = EN, 5 = CR, 6 = EW, the solid line in each plot indicates regression line) 
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Table 4.2.1. Result of Kendall’s rank correlation test (threat categories vs variables) 

Variable (abbreviation) Kendall's rank correlation 

Z tau P 

Sum of TDWG km2 Area (Area) -3.1122 -0.1237 0.00186** 

Count of TDWG Area (Count) -6.31 -0.2804 2.653e-10*** 

Average Forest cover % (Forest cover) -3.519 -0.1422 0.00043*** 

Average Deforestation %  (Deforestation) -3.9299 -0.158 8.5e-05*** 

Average Human Footprint (Footprint) -0.3498 -0.0139 0.7265 

Percentage of isolated TDWG region (Isolation) 4.9473 0.222 7.525e-07*** 

Mean Altitude (Altitude) 2.1471 0.0857 0.03179* 

Significance levels ***P<0.001; **P<0.01; *P<0.05.  

 

2) Correlation between variables and threat status: not threatened or threatened 

We also compared the predictable variables weather they recognize the difference 

between threatened (VU and above), and not threatened (LC, NT) species. It was resulted 

in the similar result to what we found in the previous analysis.  

Palm species threat status showed significant difference between all the variables 

tested except human footprint. It was the Count variable indicated the strongest 

difference among all variables. Deforestation and Isolation were the second important 

predictive variables and again, Footprint was not significantly correlated (Figure 4.2.2. 

and Table 4.2.2.). 
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Figure 4.2.2. Box plot of two categories (T: threatened, Non T: not threatened) 

Table 4.2.2. Result of Wilcoxon rank test (threatened or not threatened) 

Variable (abbreviation) Wilcoxon rank test 

W P 

Sum of TDWG km2 Area (Area) 17939.5 0.004453** 

Count of TDWG Area (Count) 19036.5 1.848e-09*** 

Average Forest cover % (Forest cover) 16883.5 0.009766** 

Average Deforestation %  (Deforestation) 17752 0.0004203*** 

Average Human Footprint (Footprint) 15333.5 0.7328 

Percentage of isolated TDWG region (Isolation) 12515.5 0.000418*** 

Mean Altitude (Altitude) 12716.5 0.0128* 

Significance levels ***P<0.001; **P<0.01; *P<0.05.  
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4.2.2 Environmental predictors of threat status of SRLI monocots species. 

1) Correlation between the variables and threat status 

Among all the predictor variables, SRLI monocot species data showed negative 

but significant correlation between threat status and two individual predictable variables; 

Area (p< 2.2e-16, tau = -0.363), and Count (p< 2.2e-16, tau = -0.478). Deforestation was 

less strong negative predictable variables of monocot species threat status (p< 0.005, tau 

= -0.0815), and other variables were not significantly correlated (Figure 4.2.3. and Table 

4.2.3.). 

  

 

 

 

 

 

 

 

 

Figure 4.2.3. Relation of SRLI monocot threat status and variables 
(X axis 1 = LC, 2 =NT, 3 = VU, 4 = EN, 5 = CR, the solid line in each plot indicates regression line) 
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Table 4.2.3. Result of Kendall’s rank correlation test (threat categories vs variables) 

Variable (abbreviation) Kendall's rank correlation 

Z tau P 

Sum of TDWG km2 Area (Area) -12.816 -0.365 2.2e-16 

Count of TDWG Area (Count) -15.807 -0.478 2.2e-16 

Average Forest cover % (Forest cover) 1.481 0.0422 0.1386 

Average Deforestation %  (Deforestation) -2.8608 -0.0815 0.00422** 

Average Human Footprint (Footprint) 0.2578 -0.00735 0.7966 

Percentage of isolated TDWG region (Isolation) -1.3848 -0.0451 0.1661 

Mean Altitude (Altitude) 0.2599 0.0074 0.7949 

Significance levels ***P<0.001; **P<0.01; *P<0.05.  
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2) Correlation between all variables and threat status: Threatened, not threatened 

Comparisons between variables and threat status of SRLI monocot species 

showed significant difference with Area, Count and Deforestation. Both Area and Count 

were far greater difference than Deforestation (p< 2.2e-16) (Figure 4.2.4. and Table 

4.2.4.). Other variables did not express strong correlation to threat status 

 

 

 

 

 

 

 

 

 

Figure 4.2.4. Box plot of two categories (T: threatened, Non T: not threatened) 

 

Table 4.2.4. Result of Wilcoxon rank test (threatened vs not threatened) 

Variable (abbreviation) Wilcoxon rank test 

W p 

Sum of TDWG km2 Area (Area) 63630 2.2e-16*** 

Count of TDWG Area (Count) 69179 2.2e-16*** 

Average Forest cover % (Forest cover) 38280 0.3284 

Average Deforestation %  (Deforestation) 47758 0.001213** 

Average Human Footprint (Footprint) 41850.5 0.4531 

Percentage of isolated TDWG region (Isolation) 43210.5 0.143 

Mean Altitude (Altitude) 39450.5 0.6477 

Significance levels ***P<0.001; **P<0.01; *P<0.05.  
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4.2.3 Environmental predictors of threat status of SRLI palm species. 

1) Correlation between the variables and threat status 

The result of SRLI palm species was similar to that of SRLI monocot species. 

Assessment data of SRLI palm species indicated strong negative correlation between 

threat status and two individual predictable variables; Area (p< 0.0023, tau = -0.357), and 

Count (p< 0.0003, tau = -0.466). None of other variables were significant more than 

p<0.05 including Deforestation which was an important predictable variable for SRLI 

monocot species. (Figure 4.2.5. and Table 4.2.5.). 

 

 

 

 

 

 

 

 

 

Figure 4.2.5. Relation of SRLI palm threat status and variables 
(X axis 1 = LC, 2 =NT, 3 = VU, 4 = EN, 5 = CR, the solid line in each plot indicates regression line) 
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Table 4.2.5. Result of Kendall’s rank correlation test (threat categories vs variables) 

Variable (abbreviation) Kendall's rank correlation 

Z tau P 

Sum of TDWG km2 Area (Area) -3.0496 -0.357 0.0023** 

Count of TDWG Area (Count) -3.612 -0.466 0.0003*** 

Average Forest cover % (Forest cover) 0.2133 0.0251 0.8311 

Average Deforestation %  (Deforestation) 0.4265 0.0501 0.6697 

Average Human Footprint (Footprint) 0.5971 0.0702 0.5504 

Percentage of isolated TDWG region (Isolation) 1.575 0.2139 0.1152 

Mean Altitude (Altitude) -1.727 -0.203 0.084 

Significance levels ***P<0.001; **P<0.01; *P<0.05.  
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2) Correlation between variables and threat status: threatened, not threatened 

The threat status of SRLI palm species was significantly correlated only with 

Count and other variables were not able to detect the difference.  

 

 

 

 

 

 

 

 

 

Figure 4.2.6. Box plot of two categories (T: threatened, Non T: not threatened) 

Table 4.2.6. Result of Wilcoxon rank test (threatened vs not threatened) 

Variable (abbreviation) Wilcoxon rank test 

W P 

Sum of TDWG km2 Area (Area) 177.5 0.085 

Count of TDWG Area (Count) 192 0.0183* 

Average Forest cover % (Forest cover) 122.5 1 

Average Deforestation %  (Deforestation) 102.5 0.5871 

Average Human Footprint (Footprint) 102.5 0.5229 

Percentage of isolated TDWG region (Isolation) 124.5 0.9717 

Mean Altitude (Altitude) 144.5 0.5024 

Significance levels ***P<0.001; **P<0.01; *P<0.05. 
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4.3 Objective 3 : Predicting threat status with classification tree model 

4.3.1 Threat status prediction with Classification Tree model for IUCN palm species  

1) Modeling with threat status 

The classification tree model classified IUCN palm threat status with 72% error 

rate based solely on the count of TDWG region. It was suggested that the best terminal 

node count was 2 branches, dividing only CR and NT by the number of TDWG region 

more than 1.5 or not. It originally identified three predictors of threat status: Count, 

Altitude, but most of the branches have pruned by the process of optimization. 

The figure 4.3.2 indicated the different level of threat status between the branches. 

Left branch categorized higher percentage in CR, EN and VU, instead right branch 

contains high number in VU, NT and LC species. 

 

Figure 4.3.1. IUCN palm model with threat status 

 

 

 

 

 

Figure 4.3.2. Percentage of species categorized in each terminal node 
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2) Modeling with all variables for threatened or not threatened 

The tree model classified IUCN palm threat status with 25% error rate based 

solely on the count of TDWG region. It was suggested that the best terminal node count 

was two branches, dividing threatened and not threatened by the number of TDWG 

region 1.5. Three predictors of threat status were identified before prune, Count, Area, 

and Altitude, and the accuracy of this model has significantly improved from the previous 

analysis. 

 

Figure 4.3.3. IUCN palm model with threat status (threatened or not) 

 

 

 

 

 

 

 

Figure 4.3.4. Percentage of species categorized in each terminal node (T is for 

threatened and Not T is for not threatened)
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4.3.2 Threat status prediction with Classification Tree model for SRLI monocots 

species. 

1) Modeling with all variables for threat status 

As a result, only Count of TDWG region was selected for the tree classification as 

an important variable. It was suggested that the best terminal node count was three 

branches, error rate was 28% which means 72% has classified correctly. However, all 

terminal nodes indicated “LC” (figure 4.3.5.).  

The left branch explains that if a species has more than 3.5 TDWG regions, it is 

97% likely to be classified to LC. The middle branch indicates that if a species has more 

than 1.5 TDWG regions and less than 3.5 TDWG regions, roughly three quarters of them 

are classified as LC. Finally a species has less than 1.5 TDWG region, which means 

endemic species, the chance to be categorized to LC was decreased to around 35% 

(figure 4.3.6.). 

When we used this model as a train dataset and classified assessed IUCN palm 

species, it was revealed that only 13% of the not evaluated IUCN palm species have 

classified correctly. It was mainly due to the class imbalances among the train dataset.  

Since a large number of SRLI monocots classified to LC (566species out of 796 all SRLI 

monocot species accounted 71.1%), the result of classification tree ended up only 

classifying LC species, and it affected transferability of the model. 
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Figure 4.3.5. SRLI monocots model with threat status 

 

 

 

 

 

 

 

 

Figure 4.3.6. Percentage of species categorized in each terminal node 
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2) Modeling with all variables for threatened or not threatened 

The model classified the threat status of SRLI monocot species with 17% error 

rate according to the count of TDWG regions. Originally three variables were used to 

grow the model: Count, Area, and Altitude but branch classified with area and altitude 

were cut during the course of model maximization. However, the tree model before 

truncation indicated the species found in more than 1000m high and in limited forest 

cover area were more threatened. The best terminal node size was 3 branches and all 

branch showed “Non T (not threatened)” as terminal nodes, however each branch showed 

different percentage of Non T species rate. The left branch explains that if a species has 

more than 3.5 TDWG regions, it is 99.7% likely to be classified to not threatened. The 

middle branch indicates that if a species has more than 1.5 TDWG regions and less than 

3.5 TDWG regions, roughly 90% of them are classified as NT or LC. Finally a species 

has less than 1.5 TDWG region, namely the endemic species, the chance to be 

categorized to not threatened was decreased to 56% (figure 4.3.8). When we use the 

model as a training dataset and classified assessed IUCN palm species, less than half 

(42.3%) of them have classified correctly. It was mainly due to the same reasons as the 

previous analysis. A large number of SRLI monocots classified to not threatened 

(660species out of 796 all SRLI monocot species). 
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Figure 4.3.7. SRLI monocot model with threat status (threatened or not) 

 

 

 

 

 

 

 

 

Figure 4.3.8. Percentage of species categorized in each terminal node (T is for 

threatened and Not T is for not threatened) 
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4.3.3 Threat status prediction with Classification tree model for SRLI palm species. 

1) Modeling all variables for threat status 

The model was not successful and ended up with a single node tree indicating no 

categories classified as an important factor. Before pruning, the model identified all the 

five predictors of threat status, but none of the variables contributed to reducing deviance. 

It could be due to the small sample size (47 samples) and too many categories (five 

categories) for this sample size. 

2) Modeling with all variables for threatened or not threatened 

The classification tree model classified SRLI palm threat status with 14% of error 

rate indicating more than 85% of the palm species classified correctly. It was suggested 

that the best terminal node count was 2 branches using the count of TDWG regions as an 

predictor variable. Both of the branches showed “Non T (not threatened)” as terminal 

nodes, but each branch showed different percentage of threat status rate. The right branch 

indicates that if a species has more than 1.5 TDWG regions, all of them (100%) were 

classified as not threatened. If a species has less than 1.5 TDWG regions the percentage 

to be categorized to not threatened is decreased to three quarters.  

When we employed this model as a train dataset and classified assessed IUCN 

palm species, it was revealed that 42.3% of them have classified correctly. It was the 

same result as predicting with SRLI monocot species since it was derived from the 

number of IUCN palm species classified LC or NT. 
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Figure 4.3.9. SRLI palm model with threat status (threatened or not) 

 

 

 

 

 

 

 

 

Figure 4.3.10. Percentage of species categorized in each terminal node (T is for 

threatened and Not T is for not threatened) 
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4.3.4 Summary of results of objective 3 

In summary, Count was the single variable proved as an important predictor of 

threat status of all the species analyzed including IUCN palms and SRLI species. Other 

variables such as Area, Altitude were included in the models before pruning but not 

significantly important in terms of reducing deviance of the model, and eventually 

eliminated after the model optimization. 

All data sets were split by the threshold of Count (more than 1.5 TDWG level 3 

regions or not), except the model with SRLI palm species resulted in a single node tree. 

However, as shown in the table 4.3.1, the result of classification models for predicting 

threatened or non-threat status showed similarity between SRLI monocots and SRLI 

palms in the error rate and pseudo R
2
 than IUCN palm data. 

Table 4.3.1. Summary of result models for predicting threatened or not threatened 

Train data SRLI Monocots 

Error rate = 17% 

Threshold  

C = 1.5, 3.5 
pseudo-R

2
 = 0.32 

SRLI Palms 

Error rate = 13% 

Threshold C = 1.5 
 pseudo-R

2
 = 0.25 

IUCN Palms 

Error rate = 35% 

Threshold C = 1.5 
 pseudo-R

2
 = 0.071 

IUCN Palms 

(test data) 

Error rate = 57.7% Error rate = 57.7%  
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4.4 Objective 4 : Produce a list of palm species triage ranking 

4.4.1 The result of triage ranking 

1) Classification with potential threat status 

In the previous analysis of the objective 3, it was understood that palm species 

threat status can be predicted by count of level 3 TDWG regions. According to the 

models provided in this research, the potential of threat status were tentatively classified 

into three categories: potential high; Count is less than 1.5, potential middle; Count is 

more than 1.5 and less than 3.5, potential low; Count is more than 3.5. Not evaluated 

palm species were classified based on the potential as follows: 1347 species were 

selected as high potential species which should be prioritized than other potential species, 

429 species were classified as middle potential, and remaining 298 species are for low 

potential which is more likely to be evaluated as LC category. 

2) Classification with impact 

Footprint and Deforestation were considered as representative variables of the 

current pressure on the habitats of palm species because the variables are consistent with 

palm species’ major threats; deforestation and human activities as it explained in the 

background section.  

Fig 4.4.1 represented the average value of deforestation ratio within TDWG 

regions. The majority of deforestation occurs within the Indomalayan and Neotropical 

countries, north America and Amazonia basin (table. 4.4.1). The footprint map indicated 

higher value in the developed countries such as E.U. nations and Japan, as we can see in 

figure. 4.4.2.  
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Table 4.4.1. Top 10 deforestation and human footprint within TDWG level 3 region  

Ranking Average 
Deforestation 

Ratio (%) 

TDWG level3 
region 

Average  
Footprint 

TDWG level3 
region 

1 
6.16 Mississippi 83.3 District of 

Columbia 

2 5.67 Portugal 67.7 Marianas 

3 5.13 Alabama 63.0 Puerto Rico 

4 4.99 Louisiana 59.6 Christmas I. 

5 4.69 Malaya 57.7 Mauritius 

6 4.43 Arkansas 55.6 Aruba 

7 3.77 Georgia 54.5 Nansei-shoto 

8 
3.60 Nova Scotia 54.2 Leeward Is. AB 

Ant 

9 3.58 New Brunswick 53.7 Windward Is. 

10 3.37 Brazil West-Central 52.8 Baleares 
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 Figure 4.4.1. Global view of deforestation ratio within TDWG level 3 region 

 

 

 

 

 

 

 

 

 

 

Figure 4.4.2. Global view of average human footprint within TDWG level 3 region 
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3) Classification with potential threat status and impact 

The result of classification with potential threat and impact category, 92 species 

were ranked in the category of greatest conservation need among the high threatened 

potential species group (Table 4.4.2). These species are distributed in Malaya, 

Guatemala, and Florida (Table 4.4.3). We did not differentiate low threatened potential 

species since they are very much likely to be classified as not threatened and not as 

important as other high or middle potential palm species. 

Table 4.4.2. the summary of prioritization result (n =2074) 

Potential Impact category 

(number of species assigned in each category) 

High  

(n=1347) 

1st  

(92) 

2nd 

(191) 

3rd 

(103) 

4th 

(394) 

5th 

(179) 

6th 

(122) 

7th 

(266) 

Middle 

(n=429) 

8th 

(50) 

9th 

(94) 

10th 

(67) 

11th 

(52) 

12th 

(42) 

13th 

(66) 

14th 

(58) 

Low (298) 15th (298) 

Table 4.4.3. the detailed summary of high potential groups (1
st
 and 2

nd
 ranking) 

Ranking Number of species TDWG level 3 region 

1
st
 82 Malaya 

9 Guatemala 

1 Florida 

2
nd

  57 Vietnam 

57 Sumatera 

20 Costa Rica 

20 Brazil Southeast 

16 Thailand 

15 Jawa 

6 Hainan 
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Figure 4.4.3. Distribution of High potential species 

TDWG level 3 regions classed into seven categories of prioritization (1
st
 to 7

th
) based on 

potential threat (high) and impact (deforestation and human footprint). TDWG level 3 

regions with the highest conservation need (1
st
 priority) are circled red.  

 

 

 



51 

 

5 DISCUSSION  

5.1 Difference between IUCN palms and SRLI species 

We examined the global picture of palm species distribution and assessment 

including all the non endemic species for the first time since in the previous global palm 

species research conducted by IUCN palm specialist group (Johnson and the Palm 

Specialist Group 1996), the non endemic species were excluded from its scope. As a 

result, we found that the assessment of palm species was not completely reflecting the 

richness and endemism in global palm distribution, although in Madagascar almost all the 

palm speccies have assessed throughly (179 species out of 184 species). As a 

consequence, we were still not unable to declare whole picture of palm species threat 

status was revealed. 

As we stated in the result section of objective 2, it has selected four environmental 

predictor variables with high significance for IUCN palm species namely, Area, Count, 

Forest cover, and Isolation. Instead, it was indicated Area, Count and Forest cover as 

powerful predictor variables for SRLI monocots and just two variables were selected for 

SRLI palms threat status indicators; Area and Count. We assume that the difference 

between IUCN palms dataset and two SRLI datasets stems from the fact that a large 

proportion of IUCN palm species was occupied by a single TDWG region, Madagascar 

(42.8% = 179/418). It was implied that the distribution of assessed palm species was 

heavily oriented to Madagascar species characteristics and it would affect the result of 

analysis of objective 2. The disproportion of assessed IUCN palm species made it 

difficult to predict threat status and resulted in the lower accuracy (42%) in comparisons 

with the SRLI monocot and palm datasets (83% and 87% respectively). Other paper also 

suggested Isolation was a strong determinant for palm species richness ((Bjorholm et al. 
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2005; Kreft et al. 2006), however, we are slightly skeptical to consider the result of our 

research in objective 2 was coincided to the previous papers. 

From the above results, we recommend that the assessment should be conducted 

in a way reflecting proportion of geographical distribution of species or randomizing 

sampling as SRLI assessments to investigate the true level of the extinction risk of palm 

species, and to conduct a preliminary assessment with more accurate prediction in the 

future.  

5.2 The comparisons of prediction models 

By examining the results of classification models, it can be explained that there is 

a common threshold between the species that inhabit a single TDWG region implying 

endemic species, and others. The result was consistent with other major finding that 

endemic species are likely to be more threatened than others and supporting the previous 

global palm research focused on the endemic species (Johnson and the Palm Specialist 

Group 1996). Moreover, we would like to suggest another threshold to differentiate from 

LC and other threat status (above NT) by classifying species found more than 3.5 TDWG 

regions.  

In order to support the idea, the additional data classifying LC and Not LC 

(CR~NT) was calculated. Classifying IUCN palm species with the models obtained by 

the analysis focusing LC or Not LC (CR ~ NT), it was revealed that almost 75% of the 

IUCN palm species were classified correctly with the model. The accuracy was 

significantly improved from the model used in the objective 2, the 27.7% IUCN palm 

species were classified correctly (Table 5.2.1.). Furthermore, it was explained by the 

result of SRLI monocots and palms that if a species found more than 3.5 TDWG level 3 

regions it is more than 99.7% likely the species classified as LC (table 5.2.2.).  
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Table 5.2.1. Comparisons two different threshold model 

SRLI Monocots 

(training data) 

 

LC or other threat status 

 (LC vs CR, EN, VU, NT) 

Model Error rate :19.3% 

 pseudo-R2 = 0.311 

Not threatened or threatened 

(LC, NT vs CR, EN, VU) 

Model Error rate : 17.1% 

 pseudo-R2 = 0.312 

IUCN Palms 

(test data) 

292/390 = 74.9% 

classified correctly 

108/390 = 27.7% 

classified correctly 

Table 5.2.2. Comparisons of percentages to be classified as LC 

Count of level 3 

TDWG region 

 (Count) 

IUCN  

palm species 

(n=390) 

SRLI monocots 

species 

(n=749) 

SRLI Palm species 

(n=47) 

C < 1.5  21.8% 56% 75% 

1.5 < C <3.5  50% 90% 100% 

3.5 < C 84.6% 99.7% 100% 

It became an interesting result that the variable “Count” was much more 

important than the variable Area in predicting palm species threat status. The importance 

of the count of TDWG level 3 regions could be explained by the findings from the 

previous research on the relationship between the numbers of specimens from herbaria 

and threat status. It was revealed that 15 herbarium specimens were able to say that the 

range estimates used in conservation assessments were consistent with those of all the 

specimens (Rivers et al. 2011). Therefore, we emphasize that the available information 

even only specimen data stored in herbaria can be a good predictive tool to conduct 

preliminary assessment for the better understanding of the threat status of species in a 

global scale. 

However, we need to consider to how much extent we can apply this analysis into 

other species. Bland’s research indicated that the accuracy of the classification models 

was ranging from 80.3% in primates to 91.8% in rodents (Bland et al. in review). In 

contrast, our model to predict the threat status (CR~LC), the accuracy was 71.8% in 

SRLI monocot species. The difference between Bland’s research and our analysis in 
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accuracy may not only stem from the difference in variables used but also our model 

contains uneven proportion of threat status. We cannot simply conclude that the 

difference among species in predicting threat status with the classification model was not 

so large that this model can be applied to compare the intra species threat status 

comparisons. However, our finding indicated that the comparison between plants and 

other species could be much reliable if we could prepare the decent datasets and detailed 

geographical distribution in association with the habitat information.  

5.3 The Comparisons of prioritization results  

It was recommended by the former global assessment of palm species to identify 

palm hotspots which should be included in protected areas by high palm diversity and by 

the status threatened palm species for the future (Johnson and the Palm Specialist Group 

1996). In response to the recommendation, our research can answer both of the questions. 

In terms of diversity, the TDWG region contains higher endemic species richness would 

be a possible option as we presented in the result of objective 1. We have confirmed that 

the palm species richness and endemic species richness were highly correlated (r > 0.8), 

which means prioritization of palm richness or endemic species be achieved through 

protecting the same area where the most endemic species found. 

On the other hand, from the result of the triage approach high threatened potential 

palm species distribution map generated in this study indicated the different approach 

needed for targeting conservation of threatened palm species. For example, Borneo 

ranked in the 1
st
 place in palm richness and 2

nd
 in endemic species richness, however 

among 1347 endemic palm species, the ones endemic in Borneo resulted in 4
th

 

prioritization out of 7
 
categories which means they are classified almost in the middle 

level of prioritization with regard to the threat status. The endemic species found in New 
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Guinea were classified as 2
nd

 in richness and 1
st
 in endemic species richness but the triage 

approach of the species in New Guinea resulted in 7
th

 prioritization category which 

means it was least important in terms of impact. This is because some habitats contains 

higher endemism or richness in palm species may not be threatened or not likely to be 

degraded than other regions, and not be urgently threatened by human impacts than those 

from rapidly developed or converted area. We should be aware that the threat status of 

predicted palm species would be flexible depending on the time analyzed, since some 

variables would change in the following 10 years.  

5.4 Comparisons of prioritization of palm species with other prioritization project 

Here, we focused on the comparisons between the other prioritization projects and 

the result of our prioritization triage approach. There are nine major prioritization 

approaches in the global scale set by global conservation organizations and they include 

both reactive and proactive prioritization approaches as explained in the previous chapter. 

It was indicated the higher prioritization was assigned to Madagascar and Indomalayan 

countries by reactive approaches, instead, Amazonia forest received the highest 

prioritization by proactive approaches (Brooks et al. 2006). In addition, the research on 

the plant biodiversity prioritization with economic condition or quality of governance 

indicated the higher threat potential was assigned to the countries around the equator 

(Giam et al. 2010). The two analyses showed partly same and partly different view of 

global prioritization scheme from what we presented in the result in triage approach.  

We could apply the similar methods into our model, adding variables such as 

political stability or economical impacts, but we assumed that the important thing is not 

producing similar picture but to corroborate with the other organizations which express 

similar interest in conservation prioritization. Therefore, even though our triage result 
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does not completely matched any large organization’s prioritization approach, we could 

make use of some similarities in regional level to find a way to conduct further 

conservation action or planning. 

5.5 Limitations 

Our study indicated some key findings for the future palm species assessment 

approach, however it should be noted that the analysis was based on the limited number 

of sampled species; roughly 800 SRLI monocots and 50 SRLI palm species. As a result, 

our SRLI palm species model ended up with a single node tree model.  

There is another limitation in the size of geographical range, the analysis was 

limited to the boundaries of TDWG level 3 region. We hardly recognized the detailed 

geographic range size of each palm species beyond the boundaries of TDWG level 3 

regions. For example, in a large TDWG region such as Brazil North (part of  Amazonia 

forest), we found eight endemic species in 313km
2
 area but we were unable to 

differentiate the species further, even though they were very much likely to have different 

AOO and EOO as the detailed study examined native species in Paraguayan palms 

indicated only 8 out of 23 species classified as threatened, as a result of regional detailed 

research (Gauto et al. 2011).  

Similarly, the other variables employed for this study can be faced the same 

problem. They were represented by the average value in each TDWG regions, and it 

caused to the coarse average value especially in large TDWG level 3 regions. Our model 

might be in short of the number of variables used for the statistical analysis and modeling 

and other predictive variables such as temperature and precipitation could be added as 

they have reported to regulate the distribution of palm species (Kissling 2012). In terms 

of improving error rate, however, we expected it would not be as powerful as the 
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previous research suggested. Because of the coarseness of the TDWG level 3 regions, we 

might have added another coarse valuables and not likely to be relevant as it tested in this 

study. We also admit that some variables have missing data in the level of TDWG level 3 

regions which could have affected the result of statistical analysis and modeling. In order 

to compensate the problem, information from the satellite images can be used as an 

alternative but it should be considered that the value may not consistent with if the 

measurement method is different, and the satellite images with high resolution might be 

another burden due to the extraordinary costs for covering a large research area. 

5.6 Recommendations for future research and conservation of palm species 

We hope that the result of our research will provide a set of inspiration 

particularly for those who working in herbaria, conservation of plant species as well as 

conservationists working for prediction of threat status of not evaluated species. Here we 

have produced a set of recommendations for the further research and conservation 

actions. 

1) Reduce misclassification by checklist 

Although we were successful in presenting the high accuracy up to 99.7% in 

predicting not threatened species potentially categorized to LC, we still have a chance to 

misclassification. It is very few chance to face this false positive species in this case, but 

it will not be reasonable to threat that all the species estimated as not threatened just by 

the data from specimens. For example, some species have been classified to be threatened 

even though it was distributed in broad regions due to the fact that the species was 

harvested at a dangerous rate threatening the existence of the species. Thus, we have 
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produced a set of checkpoint to deal with false positive for the species classified as LC by 

the model as follows:  

1. Valuable 

As we found in this study Ansellia Africana, known as Leopard Orchid, has 

distributed over 30 TDWG level 3 regions, but it was classified as VU by SRLI 

assessment since the species is valuable and tradable. Therefore, if a species 

known to be worth in terms of ornamental, medical, cultural or any other reasons, 

the species should be assessed in detail. 

2. Limited habitat and small geographic range 

Since the count of TDWG level 3 regions has not reflected the true level of 

geographic range, it should be careful if some species were know to be found only 

within a limited range within TDWG level 3 regions. It will be proven to be 

threatened by investigating the EOO and AOO of target species. 

3. Adapted to specific habitats 

It was understood that some palm species have survived in vary restricted 

environment such as higher altitude taller than 1000m (FAO 1995) or survive in 

extreme environment habitat, for example Washingtonia filifera surviving in an 

oasis in desert area (FAO 1995) adjusting the area where other species can not 

survive. As a whole, these species are much likely to be threatened than the 

species with a wide range of suitable habitats. Thus, if a species is known to be 

inhabited in a specific habitat, the assessment should be conducted considering 

this fact. 
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2) Increase the number of assessed samples for improving model accuracy 

As we have faced difficulty in classifying SRLI palm species with the limited 

number of sample, the number of samples will strongly affect the available methodology 

or the outcome of the analysis. It is therefore recommended to increase the sample size 

for the future research. In terms of the global assessment of palm species, it is necessary 

to accumulate the randomly selected sample data and suggested the best way will be to 

corroborate with the SRLI assessment project since the project is currently actively 

invested and aiming to increase the number of target species. 

Furthermore, it will be highly useful if the assessment result of the regional level 

would be compiled into a single dataset where every people can obtain the information of 

threat status of palm species. As a platform of the attempt, we suggest that the palmweb 

website (http://www.palmweb.org) will be an ideal option. Since current version of 

palmweb is basically generated from the information prepared for the standard book of 

palm research “Genera Palmarum” including most of the palm species’ TDWG level 3 

distribution information. As a consequence, we could provide much detailed geographical 

range size data not only limiting showing the distribution in TDWG level 3 scales, but 

also could extend if it already known in a regional scale or even coordination level. As an 

example of this IBA map (http://www.birdlife.org.za/conservation/iba/ibamap) could be a 

good reference.  

3) Preliminary regional assessment with GeoCAT 

As we have produced the result of preliminary approach of global palm species 

prioritization, it would be a next step to focus down to conduct a preliminary assessment 

of regional palm species. By concentrating on a regional revel assessment, some of the 

limitation focused this study will be alleviated. First, the issues of coarseness of the 
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average variable value will be improved if we apply the value directly obtained from 

raster data with fine resolution (e.g. 1km
2
 grids), it will also enables us to conduct habitat 

suitability modeling comparing environmental data and species absence comparisons 

(Crall et al. 2013). 

The detailed distribution data of palm species obtained from herbarium specimen 

will be best manipulated by using GeoCAT (Steven et al. 2011), since it automatically 

returns the EOO and AOO values as well as estimating the threat status of the species. It 

would also be an interesting analysis if we add some other variables to this approach. For 

example, the coverage of protected area and its conservation effect for plant biodiversity 

is not well examined at the global scale (Johnson and the Palm Specialist Group 1996). 

Therefore it would be useful to add the coverage of protected area of the habitat to the 

predictor datasets to investigate threatened palm species is known to occur within a 

protected area or not, and how much it will be improved. 

4) Possibility to applying other monocots species triage 

As we presented in this study, classification tree result between SRLI palms and 

SRLI monocots species indicated similar characteristics. This result has provided us an 

opportunity to consider the transferability of the model among the plant species, and we 

think it will be acceptable if we employ a similar sampling methodology. Therefore, we 

could apply the classification tree approach into other plant species not only the 

monocots species, but also some others such as legume species already conducted SRLI 

analysis by RBG Kew. For example, among the plant species, legumes have a crucial role 

in both human livelihoods and ecosystem functioning. They are cultivated on 15% of 

land surface in the world and occupied for 27% of total crop production of the world 

(Graham and Vance, 2003). Although the exactly same approach may not be suitable for 
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legumes since we applied impact variables (Deforestation and Footprint) specifically 

selected to palm species, the preliminary conservation assessments can be a good 

approach to expand the global assessment of plant species threat status required for 

meeting the target of CBD and GSPC. Moreover, as Scoot (2007) suggested, and 

conducted by Bland in mammal (in review), the approach to predict the threat status of 

the Data Deficient taxa can be preliminary assessed in the same way with classification 

tree models and will be clarify the true threat status of each species and able to feedback 

to the conservation strategy and planning of the species. 
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Appendix1.1, List of Palm richness and endemic species in TDWG level 3 regions  

 
ID TDWG_LEVEL3_NAME CODE richness Endemic_palms

1 Alberta ABT 0 N/A
2 Afghanistan AFG 1 0
3 Argentina Northeast AGE 11 1
4 Argentina South AGS 0 N/A
5 Argentina Northwest AGW 3 0
6 Alabama ALA 3 0
7 Albania ALB 0 N/A
8 Aldabra ALD 0 N/A
9 Algeria ALG 1 0

10 Altay ALT 0 N/A
11 Aleutian Is. ALU 0 N/A
12 Amur AMU 0 N/A
13 Andaman Is. AND 24 9
14 Angola ANG 13 0
15 Antarctica ANT 0 N/A
16 Arizona ARI 1 0
17 Arkansas ARK 1 0
18 Aruba ARU 0 N/A
19 Ascension ASC 0 N/A
20 Alaska ASK 0 N/A
21 Amsterdam-St.Paul Is. ASP 0 N/A
22 Assam ASS 42 5
23 Antipodean Is. ATP 0 N/A
24 Austria AUT 0 N/A
25 Azores AZO 0 N/A
26 Bahamas BAH 8 1
27 Baleares BAL 1 0
28 Bangladesh BAN 27 1
29 Benin BEN 15 1
30 Bermuda BER 1 1
31 Belgium BGM 0 N/A
32 Bismarck Archipelago BIS 23 9
33 Burkina BKN 7 0
34 Belarus BLR 0 N/A
35 Baltic States BLT 0 N/A
36 Belize BLZ 39 0
37 Bolivia BOL 80 6
38 Borneo BOR 305 216
39 Botswana BOT 2 0
40 Bouvet I. BOU 0 N/A
41 British Columbia BRC 0 N/A
42 Buryatiya BRY 0 N/A
43 Bulgaria BUL 0 N/A
44 Burundi BUR 5 0
45 Brazil West-Central BZC 71 11
46 Brazil Northeast BZE 85 23
47 Brazil Southeast BZL 80 24
48 Brazil North BZN 162 8
49 Brazil South BZS 31 7
50 Cabinda CAB 14 0
51 Central African Republic CAF 23 0
52 California CAL 1 0
53 Cayman Is. CAY 3 1
54 Cambodia CBD 38 3
55 Chagos Archipelago CGS 0 N/A
56 Chad CHA 4 0
57 China South-Central CHC 39 4
58 Hainan CHH 27 9
59 Inner Mongolia CHI 0 N/A
60 Manchuria CHM 0 N/A
61 China North-Central CHN 0 N/A
62 Qinghai CHQ 0 N/A
63 China Southeast CHS 35 6
64 Tibet CHT 5 0
65 Xinjiang CHX 0 N/A
66 Cocos (Keeling) I. CKI 0 N/A
67 Chile Central CLC 1 1
68 Colombia CLM 237 48
69 Chile North CLN 0 N/A
70 Chile South CLS 0 N/A
71 Cameroon CMN 36 2
72 Connecticut CNT 0 N/A
73 Canary Is. CNY 1 1
74 Colorado COL 0 N/A
75 Comoros COM 7 5
76 Congo CON 24 0
77 Cook Is. COO 1 0
78 Corse COR 0 N/A
79 Costa Rica COS 109 23
80 C. American Pacific Is. CPI 1 0
81 Cape Provinces CPP 3 0
82 Caprivi Strip CPV 2 0
83 Caroline Is. CRL 10 7
84 Crozet Is. CRZ 0 N/A
85 Chita CTA 0 N/A
86 Chatham Is. CTM 1 0
87 Cuba CUB 84 62
88 Cape Verde CVI 1 1
89 Cyprus CYP 0 N/A
90 Czechoslovakia CZE 0 N/A
91 Delaware DEL 0 N/A
92 Denmark DEN 0 N/A
93 Djibouti DJI 3 0

ID TDWG_LEVEL3_NAME CODE richness Endemic_palms

94 Dominican Republic DOM 26 4
95 Desventurados Is. DSV 0 N/A
96 East Aegean Is. EAI 1 0
97 Easter Is. EAS 0 N/A
98 Ecuador ECU 129 18
99 Egypt EGY 2 0

100 East Himalaya EHM 29 1
101 El Salvador ELS 12 0
102 Equatorial Guinea EQG 16 0
103 Eritrea ERI 2 0
104 Ethiopia ETH 5 0
105 Falkland Is. FAL 0 N/A
106 Fiji FIJ 25 22
107 Finland FIN 0 N/A
108 Florida FLA 11 1
109 Føroyar FOR 0 N/A
110 France FRA 1 0
111 French Guiana FRG 61 5
112 Gabon GAB 26 0
113 Galápagos GAL 0 N/A
114 Gambia, The GAM 10 0
115 Georgia GEO 3 0
116 Germany GER 0 N/A
117 Gulf of Guinea Is. GGI 8 0
118 Ghana GHA 18 0
119 Gilbert Is. GIL 0 N/A
120 Guinea-Bissau GNB 9 0
121 Greenland GNL 0 N/A
122 Great Britain GRB 0 N/A
123 Greece GRC 0 N/A
124 Gulf States GST 2 0
125 Guatemala GUA 64 9
126 Guinea GUI 11 0
127 Guyana GUY 55 0
128 Haiti HAI 26 4
129 Hawaii HAW 24 24
130 Howland-Baker Is. HBI 0 N/A
131 Heard-McDonald Is. HMD 0 N/A
132 Honduras HON 60 3
133 Hungary HUN 0 N/A
134 Iceland ICE 0 N/A
135 Idaho IDA 0 N/A
136 Illinois ILL 0 N/A
137 India IND 42 22
138 Indiana INI 0 N/A
139 Iowa IOW 0 N/A
140 Ireland IRE 0 N/A
141 Irkutsk IRK 0 N/A
142 Iran IRN 2 0
143 Iraq IRQ 1 0
144 Italy ITA 1 0
145 Ivory Coast IVO 16 0
146 Jamaica JAM 9 5
147 Japan JAP 1 0
148 Jawa JAW 46 15
149 Juan Fernández Is. JNF 1 1
150 Kamchatka KAM 0 N/A
151 Kansas KAN 0 N/A
152 Kazakhstan KAZ 0 N/A
153 Kerguelen KEG 0 N/A
154 Kenya KEN 7 0
155 Kermadec Is. KER 1 0
156 Kirgizistan KGZ 0 N/A
157 Khabarovsk KHA 0 N/A
158 Korea KOR 0 N/A
159 Krasnoyarsk KRA 0 N/A
160 Kriti KRI 1 0
161 Krym KRY 0 N/A
162 Kentucky KTY 0 N/A
163 Kuril Is. KUR 0 N/A
164 Kuwait KUW 0 N/A
165 Kazan-retto KZN 0 N/A
166 Labrador LAB 0 N/A
167 Laos LAO 51 5
168 Liberia LBR 12 0
169 Lebanon-Syria LBS 0 N/A
170 Libya LBY 2 0
171 Laccadive Is. LDV 0 N/A
172 Leeward Is. AB Ant LEE 11 0
173 Lesotho LES 0 N/A
174 Line Is. LIN 0 N/A
175 Louisiana LOU 2 0
176 Lesser Sunda Is. LSI 7 3
177 Magadan MAG 0 N/A
178 Maine MAI 0 N/A
179 Manitoba MAN 0 N/A
180 Macquarie Is. MAQ 0 N/A
181 Massachusetts MAS 0 N/A
182 Mauritius MAU 6 4
183 Mozambique Channel Is. MCI 1 0
184 Marcus I. MCS 0 N/A
185 Madagascar MDG 184 180
186 Madeira MDR 0 N/A
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Appendix1.2, List of Palm richness and endemic species in TDWG level 3 regions 
ID TDWG_LEVEL3_NAME CODE richness Endemic_palms

187 Maldives MDV 0 N/A
188 Michigan MIC 0 N/A
189 Minnesota MIN 0 N/A
190 Mali MLI 4 0
191 Malawi MLW 5 0
192 Malaya MLY 228 86
193 Montana MNT 0 N/A
194 Maluku MOL 45 23
195 Mongolia MON 0 N/A
196 Morocco MOR 1 0
197 Mozambique MOZ 8 0
198 Marion-Prince Edward Is. MPE 0 N/A
199 Marianas MRN 1 0
200 Marquesas MRQ 1 1
201 Marshall Is. MRS 0 N/A
202 Maryland MRY 0 N/A
203 Mississippi MSI 3 0
204 Missouri MSO 0 N/A
205 Mauritania MTN 2 0
206 Mexico Central MXC 8 0
207 Mexico Northeast MXE 11 3
208 Mexico Gulf MXG 35 3
209 Mexican Pacific Is. MXI 1 1
210 Mexico Northwest MXN 11 3
211 Mexico Southwest MXS 47 7
212 Mexico Southeast MXT 59 6
213 Myanmar MYA 78 12
214 Namibia NAM 2 0
215 KwaZulu-Natal NAT 4 0
216 New Brunswick NBR 0 N/A
217 North Carolina NCA 2 0
218 Nicobar Is. NCB 17 6
219 North Caucasus NCS 0 N/A
220 North Dakota NDA 0 N/A
221 Nebraska NEB 0 N/A
222 Nepal NEP 12 0
223 Netherlands NET 0 N/A
224 Nevada NEV 0 N/A
225 Norfolk Is. NFK 5 4
226 Newfoundland NFL 0 N/A
227 Nigeria NGA 30 0
228 Niger NGR 6 0
229 Nicaragua NIC 65 0
230 Netherlands Antilles NLA 0 N/A
231 Nansei-shoto NNS 4 2
232 Norway NOR 0 N/A
233 Nauru NRU 0 N/A
234 Nova Scotia NSC 0 N/A
235 New South Wales NSW 4 0
236 Northern Territory NTA 14 4
237 Niue NUE 0 N/A
238 Nunavut NUN 0 N/A
239 New Caledonia NWC 39 39
240 New Guinea NWG 264 229
241 New Hampshire NWH 0 N/A
242 New Jersey NWJ 0 N/A
243 New Mexico NWM 0 N/A
244 Northwest Territories NWT 0 N/A
245 New York NWY 0 N/A
246 New Zealand North NZN 1 0
247 New Zealand South NZS 1 0
248 Free State OFS 0 N/A
249 Ogasawara-shoto OGA 2 2
250 Ohio OHI 0 N/A
251 Oklahoma OKL 1 0
252 Oman OMA 3 0
253 Ontario ONT 0 N/A
254 Oregon ORE 0 N/A
255 Pakistan PAK 4 0
256 Palestine PAL 1 0
257 Panama PAN 133 28
258 Paraguay PAR 25 1
259 Prince Edward I. PEI 0 N/A
260 Pennsylvania PEN 0 N/A
261 Peru PER 139 27
262 Philippines PHI 136 91
263 Phoenix Is. PHX 0 N/A
264 Pitcairn Is. PIT 0 N/A
265 Poland POL 0 N/A
266 Portugal POR 1 0
267 Primorye PRM 0 N/A
268 Puerto Rico PUE 10 0
269 Queensland QLD 44 26
270 Québec QUE 0 N/A
271 Réunion REU 6 4
272 Rhode I. RHO 0 N/A
273 Rodrigues ROD 3 2
274 Romania ROM 0 N/A
275 Central European Russia RUC 0 N/A
276 East European Russia RUE 0 N/A
277 North European Russia RUN 0 N/A
278 South European Russia RUS 0 N/A
279 Northwest European Russia RUW 0 N/A

ID TDWG_LEVEL3_NAME CODE richness Endemic_palms

280 Rwanda RWA 4 0
281 Sakhalin SAK 0 N/A
282 Samoa SAM 11 9
283 Sardegna SAR 1 0
284 Saskatchewan SAS 0 N/A
285 Saudi Arabia SAU 4 0
286 South Carolina SCA 4 0
287 Society Is. SCI 0 N/A
288 South China Sea SCS 0 N/A
289 Santa Cruz Is. SCZ 5 0
290 South Dakota SDA 0 N/A
291 Selvagens SEL 0 N/A
292 Senegal SEN 10 0
293 Seychelles SEY 6 6
294 South Georgia SGE 0 N/A
295 Sicilia SIC 1 0
296 Sierra Leone SIE 13 0
297 Sinai SIN 2 0
298 South Australia SOA 0 N/A
299 Socotra SOC 0 N/A
300 Solomon Is. SOL 33 18
301 Somalia SOM 7 0
302 Spain SPA 1 0
303 Sri Lanka SRL 19 9
304 South Sandwich Is. SSA 0 N/A
305 St.Helena STH 0 N/A
306 Sudan SUD 6 0
307 Sulawesi SUL 66 43
308 Sumatera SUM 163 61
309 Surinam SUR 56 0
310 Svalbard SVA 0 N/A
311 Southwest Caribbean SWC 2 0
312 Sweden SWE 0 N/A
313 Switzerland SWI 0 N/A
314 Swaziland SWZ 1 0
315 Taiwan TAI 8 4
316 Tanzania TAN 9 1
317 Tasmania TAS 0 N/A
318 Turks-Caicos Is. TCI 1 0
319 Transcaucasus TCS 0 N/A
320 Tristan da Cunha TDC 0 N/A
321 Tennessee TEN 0 N/A
322 Texas TEX 3 1
323 Thailand THA 164 15
324 Turkmenistan TKM 0 N/A
325 Togo TOG 9 0
326 Tokelau-Manihiki TOK 1 0
327 Tonga TON 2 1
328 Trinidad-Tobago TRT 23 0
329 Tuamotu TUA 2 1
330 Tubuai Is. TUB 0 N/A
331 Turkey-in-Europe TUE 0 N/A
332 Tunisia TUN 1 0
333 Turkey TUR 1 0
334 Tuvalu TUV 0 N/A
335 Tuva TVA 0 N/A
336 Northern Provinces TVL 4 0
337 Tadzhikistan TZK 0 N/A
338 Uganda UGA 6 0
339 Ukraine UKR 0 N/A
340 Uruguay URU 9 0
341 Utah UTA 0 N/A
342 Uzbekistan UZB 0 N/A
343 Vanuatu VAN 18 12
344 Venezuela VEN 105 13
345 Vermont VER 0 N/A
346 Victoria VIC 1 0
347 Vietnam VIE 110 58
348 Venezuelan Antilles VNA 6 0
349 Virginia VRG 0 N/A
350 Wake I. WAK 0 N/A
351 Wallis-Futuna Is. WAL 1 0
352 Washington WAS 0 N/A
353 Western Australia WAU 5 3
354 District of Columbia WDC 0 N/A
355 West Himalaya WHM 6 1
356 Windward Is. WIN 11 1
357 Wisconsin WIS 0 N/A
358 Western Sahara WSA 0 N/A
359 West Siberia WSB 0 N/A
360 West Virginia WVA 0 N/A
361 Wyoming WYO 0 N/A
362 Christmas I. XMS 1 1
363 Yakutskiya YAK 0 N/A
364 Yemen YEM 6 0
365 Yugoslavia YUG 0 N/A
366 Yukon YUK 0 N/A
367 Zaïre ZAI 36 2
368 Zambia ZAM 6 0
369 Zimbabwe ZIM 4 0
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Appendix 2.1 Result of classification tree models before prune 

  

Figure A1. IUCN palm model 

optimization (EW~LC) 

Figure A2. IUCN palm model (EW~LC) 

before prune 

  

Figure A3. IUCN palm model 

optimization (threatened or not) 

Figure A4. IUCN palm model 

(threatened or not) before prune 

  

Figure A5. SRLI monocot model 

optimization (CR~LC) 

Figure A6. SRLI monocot model 

(CR~LC) before prune 
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Appendix 2.2 Result of classification tree models before prune 

 
 

Figure A7. SRLI monocot model 

optimization (threatened or not) 

Figure A8. SRLI monocot model 

(threatened or not) before prune 

  

Figure A9. SRLI palm model 

optimization (CR~LC) 

Figure A10. SRLI palm model (CR~LC) 

before prune 

  

Figure A11. SRLI model optimization 

(threatened or not) 

Figure A12. SRLI palm model 

(threatened or not) before prune 

 


