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Abstract 

Serianthes Benth. (Fabaceae) is one of the most endangered plant genera in the world, 

with 12 of the 18 species listed on the IUCN Red List of Threatened Species. Serianthes trees are 

culturally important to island communities of the Indo-Pacific region for canoes, boats, 

traditional houses, and medicine. Habitat loss and ecosystem degradation increased pressure on 

these trees, also threatening its Indigenous cosmology and traditional practices. This 

interdisciplinary study integrated genomic, biogeographic and ethnoecological approaches to 

develop appropriate policies that protect the Indigenous biocultural diversity of Serianthes. 

Phylogenomics of 401 nuclear exons and non-coding flanking regions using both a multi-species 

coalescent model and a partition gene tree analysis confirmed the monophyly of the genus and 

inferred the biogeography and phylogenetic relationships within Serianthes. The Guåhan (Guam) 

and Luta (Rota) endemic Serianthes nelsonii (known locally as Håyun lågu and Tronkon guåfi 

respectively) are closely related to South Pacific species. Serianthes kanehirae from Belau 

(Palau) and Wa’ab (Yap) are closely related to Malesian and Papuasian species. 

Phylogeographical patterns of Serianthes in Micronesia are discussed to inform conservation 

management. The ethnoecological study revealed interspecies relationships between people, 

animals, and plants remain strong. The traditional use of Ukall and Gumor (Serianthes 

kanehirae) on Belau and Wa’ab respectively remain part of Belau and Wa’ab’s culture and are 

intertwined with rituals respecting the spiritual world. On Luta, Tronkon guåfi is an established 

flagship for endangered species conservation, while the last adult Håyun lågu tree on Guåhan 

became a rallying point for spiritual resistance when its habitat became threatened by military 

plans to construct a firing range. Despite its listing as critically endangered by the Endangered 

Species Act, its habitat is still at risk of being lost. The social movement guided by Prutehi 

Litekyan brought the community together to protect the Håyun lågu tree based on Indigenous 

belief systems. The social movement and policy research used a qualitative mixed-method 

approach to evaluate the dimensions of the Endangered Species Act in relation to environmental 

justice and biocultural rights. I concluded that a bottom-up co-management approach with 

polycentric networks best fits the social-cultural system of Guåhan. I propose Indigenous 

participation and the creation of an advisory council, comprising traditional and scientific 

knowledge holders, to advise on biocultural diversity preservation in the Mariana Islands. 
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Chapter 1. General introduction to the interdisciplinary study 

I would like to start this dissertation with an acknowledgment of place, recognizing the 

Indigenous homelands peoples of the Mariana Islands, respecting, and honoring their Indigenous 

traditional ecological knowledge and spiritual connection with the land and the water. The 

CHamoru1 people have passed on their knowledge of the land and the ocean from generation to 

generation, and interweave it with a value system rooted within the CHamoru language, instilling 

respect for the environment. This holistic worldview and the biocultural diversity are at risk 

because of increased development, especially with the recent military build-up in Guam. I focus 

my story of the critically endangered Håyun lågu (Serianthes nelsonii Merr.), the social 

movement that protests the destruction of its habitat, its biogeography, and ethnoecology and 

how it intersects with policy and environmental justice issues. 

1.1. Serianthes nelsonii, a symbol of the CHamoru biocultural Indigenous heritage 

The islands of the Indo-Pacific region rank high on the priority list for global 

conservation (Kier et al. 2009) as they hold nine of the 35 global biodiversity hotspots with 

exceptionally high endemism rates (Myers et al. 2000). Their remoteness and small land area 

make the islands more vulnerable to habitat loss and habitat degradation compared to mainland 

areas. The islands’ associated biota therefore suffer from high extinction rates. At the same time, 

the world is undergoing cultural and language extinctions at a high rate because of economic and 

cultural globalization and development (Maffi 2005). Loh and Harmon (2005) developed a 

biocultural diversity2 index to illustrate the status of biocultural diversity on a global scale. 

Although the index identified high biocultural diversity in the Indo-Pacific region, this 

biocultural diversity is also under threat. Many of the Pacific Islands have either endured 

colonization, or are awaiting their right to self-determination, and as a result, colonial policies 

1 CHamoru is the Indigenous language of the Mariana Islands. The CHamoru language continues to be spoken and perpetuated 
through oral history. To use the language in a written format, the CHamoru orthography was designed by the Kumisión I Fino’ 
CHamoru (CHamoru Language Commission) to standardize writing and reading in CHamoru (Taitano 2010; Souder 2018). The 
capitalization of the “CH” in CHamoru indicates that CH is a single phoneme. The orthography capitalizes singular CHamoru 
letters such as “CH” at the beginning of sentences, and the language name “CHamoru”, being a proper noun, is always written 
with CH (Ridgell 2017, Lujan 2019). 
2 Biocultural diversity is the diversity of life in all its manifestations – biological, cultural, and linguistic – and interrelate within a 
complex social-ecological system (Maffi 2005, p602). 
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continue to guide environmental compliance and conservation practices. Often these policies do 

not take Indigenous worldviews into account, resulting in further loss of biocultural diversity.  

I use Serianthes, a leguminous tree genus of which many representatives are threatened 

by extinction, to illustrate why it is urgent to address the threats to biocultural diversity and to 

protect and conserve this Indigenous heritage for future generations by designing island specific 

policies grounded in culture and governed bottom-up by the people (Figure 1.1). This policy 

approach incorporates Indigenous voices and cultural value systems. Serianthes together with 

other endemic plants, their habitats and its people, are featured prominently in every chapter of 

this dissertation. Preservation, restoration, and governance of plants, animals, ecosystems and 

sacred places can only happen when one understands the relationship between the people, the 

land, and its resources. Therefore, the primary goal of this research is to examine all the reasons 

why the current policies are not protecting the holistic worldview of Indigenous people and their 

biocultural diversity. Identifying the absence of institutional fit in relation to biocultural diversity 

requires an in-depth exploration of Traditional Ecological Knowledge (TEK) systems and 

worldviews, but also integrates Scientific Ecological Knowledge (SEC). Robin Wall Kimmerer 

(2016), an Indigenous Native American scholar and Director, Center for Native Peoples and the 

Environment, at the State University of New York, said “We have to bring the wisdom and 

practices of Indigenous worldviews paralleled with the tools of Western Science to solve our 

pressing environmental problems”. By working together, Indigenous and Western academics can 

advance the reunification of culture and nature, recognizing the quality of a place and the voices, 

especially Indigenous voices (Cajete 2000, Johnson and Murton 2007). By using TEK as a 

primary guide, coupled with SEC as a co-production of knowledge, the two knowledge systems 

can advise policy-makers and natural resources managers to conserve and manage the land 

sustainably, in culturally-informed ways, for future generations. 

The Serianthes genus occurs throughout the Indo-Pacific region and includes several 

island endemics. Of the 18 species, seven Serianthes species are listed on the IUCN Red List of 

Threatened Species by the International Union for Conservation of Nature and Natural Resources 

(IUCN 2021). The tree has been of great cultural importance, yet its biocultural diversity is also 

at risk. While I look at different indexes of biocultural diversity, such as genetic biogeographical 

relatedness, ethnobotanical uses, and endangered species policies to protect these trees in the 
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Indo-Pacific, I focus on the islands of Micronesia, with particular attention to the Mariana 

Islands as my main study area. Micronesia is situated in the northwest Pacific Ocean. The island 

area includes the Mariana Islands; Belau (Palau); the Federated States of Micronesia (FSM), 

including Wa’ab (Yap), Chuuk, Pohnpei, and Kosrae states; the Republic of the Marshall 

Islands; Wake Island; Nauru; and the Republic of Kiribati (Figure 6.1).  

Colonization has historically suppressed the CHamoru peoples. Guåhan is one of 

seventeen non-self-governing unincorporated territories, acknowledged by the United Nations, 

pertaining to its right to self-determination (Bevacqua 2010, Murphy 2018, Viernes 2019). 

Today, federal oversight and military presence overshadow the local governance system, 

affecting land sovereignty and self-governance. 

The Mariana Islands archipelago is politically divided into the U.S. Territory of Guam or 

Guåhan (Guam) and the U.S. Commonwealth of the Northern Mariana Islands (CNMI). The 

CNMI consists of fourteen islands. The inhabited islands are Luta (Rota), Tinian, and Saipan. 

Figure 8.1 provides a more detailed map of the Mariana Islands archipelago and Guåhan. Guåhan 

and CNMI experienced several waves of colonization, which forcefully changed the way of life 

of the CHamoru people. Ecosystems in the Mariana Islands and their linguistic, cultural, and 

biological diversity are under threat. Of the 54 endemic plant species, the U.S. Fish and Wildlife 

Service lists 15 species under the Endangered Species Act (U.S. Fish and Wildlife Service 1987, 

2015). In addition, the U.S. Fish and Wildlife Service lists 23 animal species (U.S. Fish and 

Wildlife Service 1983a, 1983b, 1994, 2015). Many of the island’s biotic plant communities have 

been altered by invasive species and development, and are in acute need of protection, even more 

so with the current military build-up. Guåhan’s biota are strongly affected by these increased 

anthropogenic influences and are losing their unique biotic and cultural heritage at an alarming 

rate.  

Concern with this problem arose amongst Indigenous peoples because the Department of 

Defense proposed to build a Live Fire Training Range Complex (LFTRC) 3 at Litekyan4 and 

3 A Live Fire Training Range Complex (LFTRC) is a specialized facility designed for firearm practice, in this case for military 
training. 
4 Litekyan is the CHamoru name used for Ritidian. 
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Tailålo5 in the Record of Decision issued by in August 2015 (Department of Defense 2015). The 

construction of this LFTRC will clear approximately 256 acres (104 ha) of forest on the 

limestone plateau of Tailålo, of which 187 acres constitute very pristine limestone forest with 

unique geological features harboring endangered and threatened plant and animal species (Figure 

5.1). Tailålo is the historical CHamoru name of what is now called Northwest Field and is part of 

the Department of Defense’s military footprint. This construction will endanger the last living 

adult håyun lågu tree or Serianthes nelsonii in Guåhan, which occurs at Tailålo and is a critically 

endangered tree species (Figure 5.1). Although the LFTRC ostensibly safeguards this tree, the 

Department of Defense plans to build the LFTRC next to the forest where it occurs, which will 

leave only a 30 m buffer around the tree. This will make the area prone to wind damage. 

Additionally, the clearing of the large forest buffer can possibly change the microclimate around 

the tree, affecting seedling recruitment.  

The construction of the LFTRC will also prevent access to a large part of Litekyan, a 

sacred place to the Indigenous people of Guåhan and currently a Wildlife Refuge. 267 acres (108 

ha) of the Guam National Wildlife Refuge’s strand vegetation and adjacent limestone forest with 

historical latte6 villages, ancestral burials and caves will be off limits for the people of Guåhan 

(Figure 5.1). Traditional knowledge holders such as yo’åmte7 will not be able to collect åmot8 

nor visit the cave areas where they connect with their ancestors. Fishermen will not be able to 

fish in the waters of Litekyan due to the 3,434 acres (1,390 ha) large Surface Danger Zone 

(SDZ)9 reaching far offshore (Figure 5.1). The threat to Litekyan and Tailålo spurred a social 

movement, led by the grassroots organization “Protehi Litekyan” or “Protect Ritidian” 

advocating for the protection of the sacred land of Litekyan and its biocultural value. Being the 

tallest tree in the Mariana Islands, and connecting two island cultures, the Håyun Lågu tree 

became a symbol for the social movement.   

5 Tailålo is the CHamoru historical name of what is now called Northwest Field, a place name chosen by the Department of 
Defense. 
6 A latte village is an ancient CHamoru settlement. 
7 Yo'åmte is the CHamoru word for a traditional healer. 
8 Åmot is the CHamoru name for traditional medicine. 
9 The Surface Danger Zone (SDZ) is a mathematically predicted area within which a projectile will return to earth either by direct 
fire or by ricochet. The SDZ is the area extending from a firing point to a distance downrange based on the projectiles fired. This 
area has specific dimensions that provide a contained area for all fragments resulting from the caliber of weapons fired. These 
dimensions are found in DA PAM 385-63 (U.S. Army 2015). 
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My interdisciplinary research concerns linguistic, cultural, and biological diversity. In the 

context of Guåhan, the Indigenous people are still awaiting their rightful self-determination. 

Therefore, this work is written in a wider framework of decolonization, environmental and social 

justice (Smith 2012). Endemic plants are intrinsically connected to their ecosystem but also have 

close connection with its people. When this Indigenous biocultural heritage is threatened by 

militarization, such as is the case with the Håyun lågu tree, environmental justice and human 

rights issues are a core part of the research. In summary, I incorporate the following 

interdisciplinary concepts: (1) island biogeography, (2) beliefs and worldviews (3) livelihoods 

and practices (4) knowledge bases and languages (5) norms and institutions, (6) decolonization 

and Indigenous rights. These concepts are woven through the dissertation and connect the 

different chapters. 
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Figure 1.1. General morphology of Serianthes and its uses in Micronesia. Serianthes occurs on four 
islands in Micronesia. The top half of the figure shows the flowers (a), fruit (b), and habitat 
(c) of Serianthes nelsonii in Guåhan (Guam) and Luta (Rota). (d) The artwork from
Audrey Brown depicts the importance of the Guåhan Håyun lågu tree in the social
movement to protect Litekyan and Tailalo’ (PC: Prutehi Litekyan) (e). James Bamba, a
forester from Luta, runs the recovery program of Tronkon guåfi. The fence surrounding the
seedling protects it from ungulate damage (e). The lower part of the figure depicts the
Serianthes kanehirae var. kanehirae or Ukall from Belau (Palau), left Serianthes kanehirae
var. yapensis from Wa’ab (Yap) in flower (f), fruit (g) and a habitat photo (h). The tree is
still used to make traditional houses (i) and canoes (j).
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1.2. Approach and organization of the dissertation 

This interdisciplinary study employs a mixed-method approach combining systematic 

biogeography, ethnobotany, social movement theory, and conservation policy to suggest policy 

changes needed to protect plant endemics and sacred places. It aims to bridge these disciplines 

using a mixed-method approach as a more holistic method for bringing biology, social sciences, 

and political sciences together, making knowledge more applicable and tailored to society 

(Østreng 2010). Figure 1.2 serves as a guide throughout the dissertation.  

Figure 1.2. Interdisciplinary approach to the dissertation. 

The main goal of the interdisciplinary approach of my dissertation is to find the essential 

components of endangered species conservation and the necessary governance levels and 

linkages that can protect endemic plant species, their habitats, and their interconnected 
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relationships with Indigenous peoples. To protect endemic species such as Serianthes, 

identifying its cryptic10 diversity is essential to establish evolutionarily significant units for 

conservation (or clarifying conspecificity), which is the basic tool conservationists can use to 

guide recovery actions. At the same time, it is a tool policy-makers should use to protect 

endangered species. Activists have criticized the Endangered Species Act (ESA) for not 

including stronger rules and regulations to protect their Indigenous biocultural heritage.   

In Chapter 2 I first review the pertinent literature on the biogeography of Micronesia and 

summarize the tectonic history of the region, evaluate molecular phylogenetic studies that 

include taxa from Micronesia, and resolve four dispersal scenarios in the context of the 

geological history of Micronesia. Chapter 3 uses museum phylogenomics to confirm the 

monophyly of Serianthes and its intergeneric relationships within the Archidendron clade in 

mimosoid legumes. Chapter 4 expands the sampling of Serianthes from eight in Chapter 3 to 17 

species from throughout its distribution in the Indo-Pacific (Southeast Asia, the Pacific Islands, 

and Australia). I resolve the phylogeny, explore the biogeography of Serianthes using sequence 

capture of 360+ nuclear genes and adjacent flanking regions and methods to resolve remaining 

discordance among loci. I investigate the conspecificity of Serianthes more specifically because 

reintroduction plans must consider cryptic species, since introducing a potentially related species 

can negatively impact its fitness (Maschinski and Haskins 2012). By using integrative taxonomy, 

the molecular phylogenetic study of the genus proposed here will provide the same leverage 

needed to outline regional conservation actions for the many endangered taxa within this genus. 

Resolving taxonomic uncertainties is important to steer conservation efforts and policy decisions 

in the right direction. When species or varieties are endemic to one or more islands, and 

individuals or populations are rare on these islands, reintroduction of new populations will be 

necessary to safeguard their existence (Weisenberger et al. 2014). Chapter 5 details the National 

Environmental Policy Act (NEPA) process for the military build-up and LFTRC, and explores 

whether the concerns of the CHamoru people were addressed holistically, advancing both 

environmental and Indigenous rights. More specifically, in the case of the Mariana Islands, I 

10 “Cryptic, or sibling, species are discrete species based on molecular sequencing comparison but are difficult or sometimes 
impossible to distinguish morphologically and thus have been incorrectly classified as a single taxon (Beheregaray and Caccone 
2007). 
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evaluated whether NEPA took CHamoru knowledge and value system into account when 

analyzing the impact of the military buildup. Chapter 6 explores the spirituality surrounding 

Serianthes in Micronesia. Island communities maintain a close connection to Serianthes and 

used them traditionally for canoes, traditional housing, medicine, and arts in Palau and Yap. In 

Rota the tree became a flagship species for conservation while the aim of people in Guåhan is to 

protect the last tree and its habitat from a firing range planned by the U.S. military.  Chapter 7 

focuses on endangered species laws and regulations. This chapter raises the question of whether 

the CHamoru people can continue traditional practices within the ESA laws and regulations, as is 

the case for other endangered species such as the fadang and fanihi. Chapter 8 explains why the 

ESA failed to protect the last Serianthes tree, its habitat, and the people of the Mariana Islands. 

Chapter 8 also identifies institutional misfit at the jurisdictional level, the spatial and temporal 

levels, and the knowledge and management level. A case analysis identifies a new government 

approach that best fits the socio-ecological traditional knowledge systems of the CHamoru 

people. 
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Chapter 2. Review of biogeographic studies reveal plant propagule adaptation and 

patterns of long-distance dispersal towards Micronesia1 

Abstract  

Micronesian islands taxa exhibit high endemism rates but very little is known about their 

biogeographical histories. The lack of systematic biogeography is mainly due to insufficient 

phylogenetic research in Micronesia. With the recent rise of molecular biogeographic data 

published, we were able to, for the first time, answer fundamental biogeography questions by 

reviewing and analyzing numerous geological, ecological, and evolutionary studies. This review, 

in addition to providing an overview of Micronesian geological history, confirmed the 

importance of long-distance dispersal mechanisms and founder-event speciation, and 

morphological and physiological adaptations of plant propagules to cross vast stretches of ocean 

by wind, ocean currents, bird, or bat dispersal. These adaptations to habitat and geological 

features including reef types, determined colonization success as well as inland dispersal and 

speciation mechanisms. We further identified the source areas of the Micronesian biota and 

reconstructed historical dispersal scenarios: a dominant Austro-Melanesian dispersal scenario, an 

Indo-Malaysian connecting to the Austro-Melanesian dispersal scenario, and a Neotropical 

American and an African dispersal scenario towards Micronesia. Most generic origins were 

estimated between the Eocene and Miocene and dispersed to Micronesia between the Miocene 

and Pleistocene.   

2.1. Introduction to Micronesian biogeography 

Micronesia, a region in the northwestern Pacific Ocean, consists of several oceanic island 

archipelagoes with more than three thousand small islands spreading over an area of 2700 sq km 

(Figure 2.1, Karolle, 1993). The west Micronesian archipelagoes mainly include, from north to 

south, the Mariana Islands and the Caroline Islands. Among the Mariana islands (Figure 2.1), 

Guam is the biggest island with the largest human population. The Caroline Islands (Figure 2.1) 

primarily encompass Palau (the Republic of Palau) with its 586 islets and the islands of the 

Federated States of Micronesia (FSM): Yap, Chuuk, Pohnpei, and Kosrae (Gillespie & Clague, 

1 Demeulenaere, Else; Ickert-Bond, Stefanie M. 2021. Review of biogeographic studies reveal propagule adaptation and pattern 
of long-distance dispersal towards Micronesia. Journal of Systematics and Evolution (submitted) 
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2009). The Caroline Islands are divided into the West Caroline Islands (comprising Palau and 

Yap), the Central Caroline Islands (Chuuk) and the East Caroline Islands (Pohnpei and Kosrae) 

(Mueller-Dombois & Fosberg, 1998). The east Micronesian islands are scattered and comprise 

the Marshall Islands, Nauru, and Wake Island. 

Figure 2.1. Tectonic setting of the islands of Micronesia. In the north, the Mariana Islands form an arc 
system parallel with the Mariana Trench along the Mariana microplate. The Izu-Bonin-
Mariana (IBM) active arc stretches from Japan, along the Mariana Islands to the West 
Caroline Islands where the Palau trench-arc system and the Yap trench-arc system are 
situated. The Central and East Caroline Islands consist of Chuuk, Kosrae, and Pohnpei. 
Majuro, Nauru, and Wake Island occur in the east Micronesia. The Andesite Line separates 
andesitic volcanic rocks on the margin of Central Pacific Basin from basaltic volcanic 
rocks of the Central Pacific Basin. (Figure by Maria Kottermair and Else Demeulenaere). 

The Micronesian islands support high endemism rates and are part of the Polynesia-

Micronesian hotspot (Myers et al., 2000, Kreft et al., 2008, Kier et al., 2009). However, endemic 

species on such small islands are vulnerable to threats such as habitat loss, degraded 

environments, and invasive species commonly due to their small population sizes and their 
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specific ecological niches (Varghese & Menon, 1999; Costion et al., 2009), resulting in high 

extinction rates in island endemics (Caujapé-Castells et al., 2010; Crawford & Stuessy, 2016). 

The U.S. Endangered Species Act (ESA) lists thirty-eight species for the Mariana Islands 

underscoring the conservation needs to recover threatened and endangered island endemics for 

the archipelago (U.S. Fish and Wildlife Service 1983a, 1983b, 1994, 2015). To construct and 

implement effective management and policy decisions concerning the conservation of 

endangered species (Bickford et al., 2007; Forest et al., 2015), we urgently need to infer where 

these endemic species were distributed historically and predict their potential future distributions. 

The role of conservation biogeography is essential to island systems, as it can channel 

conservation efforts in a targeted fashion, following patterns of endemism (Whittaker et al., 

2005). However, the biogeography of Micronesia has been poorly understood.   

In the past, Micronesian floristic patterns and affinities with other biogeographic regions 

were based on comparative floristics (Fosberg, 1984; Mueller-Dombois & Fosberg, 1998). 

Although these studies provided a clear picture of the affinities among the Micronesian islands, 

Indo-Malaysian, and the Australia-New Guinean regions, they lacked the evolutionary 

understanding of phylogenetic diversity and geographic distribution patterns (Morales et al., 

2016). It was not until molecular biogeographic studies started incorporating Micronesian taxa, 

we are able to detect distinct biogeographic patterns of the origin and divergence times of 

Micronesian lineages, dispersal modes and routes, and important biogeographic barriers.  

This review paper provides an in-depth understanding of the biogeography of the 

Micronesian biota by documenting dispersal modes and patterns, origin and divergence times of 

the Micronesian taxa. We aim to answer five major biogeographic questions: 1) How did the 

Micronesian biota colonize the islands? 2) What are biogeographic, ecological, and 

climatological barriers to dispersal and adaptation? 3) What are the source areas of Micronesian 

biota? 4) What are the most common dispersal routes towards Micronesia and 5) What is the 

temporal extent of dispersal? To thoroughly analyze these questions, first, we reviewed the 

tectonic history of Micronesia to provide the geological context to current plant diversity, 

distribution, and evolution. Second, we examined the role of abiotic factors in long-distance 

dispersal and the influence of animal dispersal throughout the region, such as ocean currents, 

wind, bats, and birds. Lastly, we collected published molecular biogeographic studies and 
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phylogenetic data of Micronesian plants to analyze their origins, dispersal routes, divergence 

time and dispersal mechanisms.   

2.2. Island ontogeny of Micronesia and its effects on biogeography  

The islands in the Pacific Ocean originated from oceanic tectonic plate movements 

(oceanic islands) or are the result of continental or lithospheric plate fragments that become 

isolated by tectonic activity (continental islands) (Neall & Trewick, 2008). Most oceanic islands 

are formed along plate boundaries, often at subduction trenches or they originate from volcanoes 

near plate boundaries (Mueller-Dombois & Fosberg, 1998). The islands of Micronesia are 

oceanic and are formed on two oceanic plates: the Caroline Plate and the Pacific Plate, bordered 

in the (south-)west by the Philippine Plate. The western Micronesian islands (the Mariana 

Islands, Palau and Yap) align with the Andesite Line (Partial Andesite line is illustrated in Figure 

2.1), a geological boundary separating andesitic volcanic rocks on the margin of the Central 

Pacific Basin from basaltic volcanic rocks of the Central Pacific Basin (Mueller-Dombois & 

Fosberg, 1998; Kitalong, 2008; Gillespie & Clague, 2009).  

The Mariana Islands archipelago, running 290 km and comprising 15 islands, is part of 

the Izu-Bonin-Mariana (IBM) arc system (Figure 2.1), which formed during the Eocene after the 

subduction of the Pacific Plate beneath the Philippine Plate (45-50 Ma) (Hall et al., 1997; Leat & 

Larter, 2003; Mueller et al., 2012). The IBM stretches from Japan in the north to Palau in the 

south (Figure 2.1; Haraguchi & Ishii, 2012). The Northern Mariana Islands, including the islands 

of Anatahan up to the island of Farallon de Pajaros (Figure 2.1), formed only ca. 5 Ma and 

exhibit continuous volcanism (Sako et al., 1995). These islands predominantly consist of 

grasslands with steep ash slopes and forested ravines (Fosberg, 1960) The Southern Mariana 

Islands, from Farallon de Medinilla to Guam, arose 42 to 8 Ma, with Guam being the oldest 

(Gillespie & Clague, 2009). The Southern Mariana Islands originated by volcanic eruption with 

volcanic and uplifted coralline limestone terraces (Paulay, 2003; Taborosi & Vann, 2006; 

Gillespie & Clague, 2009). The vegetation consists of different strand vegetation types, swamp 

vegetation, limestone forests, and ravine forests with valley bottoms and savannas (Fosberg, 

1960). 
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Palau is situated at the northern Kyushu-Palau Ridge (KPR) and is a remnant arc of the 

IBM active arc (Figure 2.1; Haraguchi & Ishii, 2012). Palau’s volcanic trench-arc system (Figure 

2.1) formed during the Eocene (~40 Ma) after the subduction of the Pacific Plate beneath the 

Philippine Plate along the KPR (Figure 2.1; Kitalong, 2008) and had remained active until 20 Ma 

(Gillespie & Clague, 2009). During the Eocene some islands in the Palau volcanic arc sank, 

forming a barrier reef, while limestone islands and atolls uplifted (Kitalong, 2008; Kobayashi, 

2004; Neall & Trewick, 2008). The Palau archipelago comprises a large diversity of landforms 

and substrates including four geological types: volcanic islands, low platform islands, atolls, and 

coralline limestone rock islands, supporting a high diversity of plant communities (Table 2.1., 

Neall & Trewick, 2008).  

Table 2.1. Island type and reef type for Micronesian Islands (adapted from Gillespie & Clague, 2009). 

Island Island Type Reef type 

Northern Mariana Islands Arc Volcanic Fringing reef 

Southern Mariana Islands Arc Mixed (volcanic and coral 

limestone), atoll (Cocos Island) 

Fringing reef, atoll 

Palau Arc Volcanic, coral islands, atolls Barrier reef, atolls 

Yap Arc Volcanic islands, atolls Fringing reef, atolls 

Chuuk Volcanic Almost-atoll/barrier reef 

Pohnpei Volcanic Barrier reef 

Kosrae Volcanic Continuous fringing reef 

Majuro, Republic Marshall 

Islands 

Atoll Atoll 

The Federated States of Micronesia (Yap, Chuuk, Pohnpei and Kosrae) comprise high 

mountainous islands and low-lying coral atolls (Table 2.1., Mueller-Dombois & Fosberg, 1998). 

On the margin of the Caroline Plate, the Yap trench-arc system has almost been subducted 

beneath the Philippine Plate and connects with the IBM arc system in the north and with the 

Palau island arc in the south (Figure 2.1; Weissel & Anderson, 1978; Rehman et al., 2013). 

Metamorphic and volcanic rocks characterize Yap Island (Nedachi et al., 2001), while the 

smaller outer islands are oceanic atolls (Table 2.1., Nedachi et al., 2001). The Yap trench 

volcanics’ K-Ar ages are 7.6-10.9 Ma (Beccaluva et al., 1980; Kobayashi, 2004; Rehman et al., 

2013). Chuuk, Pohnpei, and Kosrae are situated east of the Mariana-Yap-Palau trench system 

(Figure 2.1). Rehman et al. (2013) proposed that these three volcanic islands emerged in a 
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fracture-induced subduction-related tectonic environment. The islands of Chuuk and Pohnpei 

originated during the Miocene (Chuuk: 14.8 to 4.3 Ma; Pohnpei: 8.7 to 0.92 Ma), while the 

island of Kosrae formed in the Late Pliocene (Kosrae: 2 to 1 Ma) (Keating et al., 1984; Lo et al., 

2014; Rehman et al., 2013). Two examples of high islands in Micronesia with tropical montane 

cloud forests are Pohnpei and Kosrae (Hamilton et al., 1995). With an elevation of 480m 

(Kosrae) and 772m (Pohnpei) these islands include forests that harbor a distinct flora with many 

endemic species (Hamilton et al., 1995).  

At the far east of Micronesia, the Marshall Islands comprise 29 coral and five isolated 

islands and consist of two island chains that were formed from submerged volcanoes (Figure 2.1, 

Table 2.1). Some of the oldest low limestone atolls on Earth formed in the Marshall Islands 

about 70-80 Ma ago (Terry & Thaman, 2008; Gillespie & Clague, 2009). The substrates of the 

Marshall Islands are limestone rock, beach rock, or reef rock (Terry & Thaman, 2008). The low-

lying islands mostly consist of strand vegetation with trees and palms (Terry & Thaman, 2008). 

Naura is a small, raised coral island that formed during the mid-Eocene to late Miocene (Hill & 

Jacobson, 1989). The vegetation comprises strand vegetation, mangroves, and limestone 

escarpment or pinnacle vegetation (Fosberg, 1960; Thaman, 1992). Wake Island is a low coral 

atoll located in northeastern Micronesia comprising three coral islets (Table 2.1., Fosberg, 1960). 

The native vegetation is highly disturbed with the only reference to the original flora stating that 

native pioneer species are found throughout the island (Fosberg et al., 1969). 

The ontogenetic tectonic history of Micronesia indicates that all the islands are oceanic 

and were never connected to continental areas in geological time (Gillespie & Clague, 2009). 

Most other Pacific Islands are oceanic islands, except for the land areas between New Caledonia 

and Fiji, which have a more complex history associated with the rifting of Gondwanaland. In the 

case of New Caledonia, evidence also supports the idea that certain ultramafic endemics are old 

taxa from ephemeral volcanic island arcs (Heads, 2008). In 1962, van Steenis used the land-

bridge theory to clarify the colonization of plants in the Micronesian islands, proposing an east 

Malaysian peninsular bridge between Micronesia and east Malaysia. But with an increasing 

understanding of the Pacific Basin’s geology, the land bridge theory for Micronesia was 

abandoned (Fosberg, 1984). The only land-bridges in the Indo-Pacific Ocean are the Australia-

New Guinea and Palawan-Borneo land-bridges, therefore long-distance dispersal (LDD) over 
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vast oceans is considered the main contributor to the current distribution patterns in the Indo-

Pacific region (Voris, 2012; Zona et al., 2011). The pantropical strand vegetation with mostly 

non-endemic species is a good example to highlight the link between their LDD dispersal ability 

and widespread presence on Pacific Islands (Price and Wagner, 2018). 

2.3. Different modes of long-distance dispersal and associated dispersal 

adaptations  

The dispersal and colonization of the Micronesian islands relies on stepping-stone 

dispersal and long-distance dispersal (LDD) across oceans (Carlquist, 1967; Jukes-Browne, 

1893; Cowie & Holland, 2006; Nathan, 2006; Gillespie & Clague, 2009; Shepherd et al., 2009; 

Harris et al., 2018). Stepping-stone plant dispersal within island archipelagoes (Gilpin, 1980) like 

the Mariana Islands, which are at the most 60 miles apart from each other, is reflected by the 

high endemism rates within the island chain and similarities in floristic composition among the 

islands (Stone, 1967; Raulerson, 1995).  

Darwin’s theory of evolution, and later Wallace’s work recognized the importance of 

LDD for species distributions over time and space resulting in non-stochastic dispersal patterns 

on islands (Darwin, 1842, 1859; Wallace, 1876, 1881; Harris et al., 2018). Recent 

biogeographical analyses increasingly take LDD and founder-event speciation into account 

(Matzke, 2014; Alsos et al., 2015; Harrower et al., 2015; Rose et al., 2018). Several analyses 

based on molecular data have inferred LDD mechanisms as the most likely pathway for disjunct 

distributions in insular groups (Givnish & Renner, 2004; Les et al., 2004; Muñoz et al., 2004; 

Nathan, 2006; Sanmartín et al., 2001). Long-distance dispersal of plant propagules is a complex 

process. The likelihood of a plant propagule to reach another island depends on environmental 

factors such as ocean currents, winds, storms, and the dispersal capacity of the plant propagules 

by ocean water (thalassochory), wind (anemochory), or animals (zoochory).  

2.3.1. Dispersal by wind and ocean currents 

Prevailing wind directions and ocean currents play an important role in distribution 

patterns of sea-drifted seeds (Takayama et al., 2008). Gillespie et al. (2012) indicated that storm 

and prevailing winds (based on NASA data gathered between 1985 and 2005) move from east to 

west, while the prevailing light, low-altitude trade winds circulate moving from south to north 
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and circling back south. The eastward subtropical jet streams blow from west to east (Gillespie et 

al., 2012). Winds can influence LDD of propagules that are wind-sensitive (anemochory; Van 

der Stocken and Menemenlis, 2017). 

Present day ocean currents for the Western Pacific region are (Figure 2.2): 1) The North 

Equatorial Current/North Pacific Current (dark blue arrow in Figure 2.2) circulating from 

northern Melanesia in a northerly direction curving towards the Philippines and turning east 

towards the region north of the Midway and Hawaiian Islands (Gillespie et al., 2012); 2) The 

North Equatorial Current/Equatorial Counter Current (green arrow in Figure 2.2) circulating 

from western Malesia to Africa and curving back towards southern Malesia (Gillespie et al., 

2012); 3) The South Equatorial Counter Current/East Australian Current (light blue in Figure 

2.2) circulating from eastern Australia to western South and mid America and looping back to 

northern Melanesia (Gillespie et al., 2012); and 4) The South Equatorial/Indian South Equatorial 

Current (pink arrow in Figure 2.2) circulating from south Malesia towards Africa and 

Madagascar and curving back towards western Australia (Van der Stocken et al., 2019). 

Although these ocean currents are predictable, they can change slightly due to storm activity and 

seasonal shifts (Gillespie et al., 2012). These ocean currents affect the distribution of the 

Micronesian biota by determining the directions of seed floatation. 
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Figure 2.2. Patterns of flyways, prevailing winds and storms in the Pacific region that affect LLD of 
Micronesian biota. Color shades separate different flyways. Directions of storms, wind and 
ocean currents are indicated by colored arrows (This map is based on Gillespie et al., 2012 
and EAAFP, 2010). 

Another factor influencing the biodiversity of oceanic islands are sea level shifts, 

although their true ecological and evolutionary consequences remain uncertain (Fernández-

Palacios, 2016). Sea level changes have occurred in the Pacific over geological times and the 

amount of emerged or submerged island area relates to the island’s age and sea level at that 

moment in geological time. Emersion and submersion of seamounts can play an important role in 

species colonization success of islands (Fernández-Palacios, 2016). Nunn (1998) found that ca. 

1000 years Before Present (BP) sea levels were close to its present level in the Pacific Ocean. 

Around 700 BP the sea levels rose approximately 0.9 m, while 200 BP sea levels dropped to -0.9 

m below the present levels. Nunn (1998) concluded that these oscillations may be cyclical. The 

presence of islands during lowering eustatic sea levels and the changing distances between 

islands over time might have influenced paleocurrents in the Pacific (Craig et al., 2001; Gillespie 

and Clague, 2009; Van der Stocken et al., 2019). Therefore, the reconstruction of the strength 

and directionality of paleocurrents is challenging (Van der Stocken et al., 2019). 
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2.3.2. Dispersal by animals 

Birds and bats are important dispersal vectors between oceanic islands, facilitating plant 

colonization (zoochory) (van der Pijl, 1957; Hodgkison & Balding, 2003; Nogales et al., 2012). 

Birds disperse seeds or fruits over long distances, crossing biogeographic barriers, resulting in 

disjunct distribution patterns across oceans and vast stretches of land (Gillespie & Clague, 2009; 

Viana et al., 2016). Gillespie et al. (2012) identified three modes of dispersal by migratory birds 

and strong flyers in the Pacific Ocean: 1) the migratory flyways, 2) accidental displacement, and 

3) the large ranges covered by some birds. Some plant seeds can survive bird gut passage or

attach easily to the plumage by barbs, bristles, hair or attach to the mud on birds’ feet (Carlquist,

1967). Birds can facilitate the stepping-stone dispersal of plants from west to east in the south

Pacific, followed by a north-south dispersal by birds (Gillespie et al., 2012). Depending on the

type of disperser, Nogales et al. (2012) found distinct dispersal characteristics enabling LDD. For

example, birds with a strong flying-power and long gut passage time are often found as long-

distance dispersers (Calvino-Cancela, 2011; Nogales et al., 2012). Seed predators who migrate

between islands also promote LDD (Fridriksson, 1975; Nogales et al., 2012). Members of the

fruit bat genus Pteropus Brisson (Pteropodidae) are important seed and pollen dispersers

(Morton et al., 2000) and most likely played a role in seed dispersal within the archipelagos in

Micronesia, as they are currently important stepping-stone dispersers within islands and within

islands archipelagoes (Savidge 1984; Mildenstein et al., 2005). Stepping-stone dispersal and

LDD are only effective if the plant can adapt to the new local climatological, geological, and

ecological conditions (Chambers & MacMahon, 1994; Alsos et al., 2015).

2.3.3. Diaspore traits influencing LDD 

Diaspore traits are of great importance to ensure LDD and colonization success, such as 

survival in seawater, ocean sea floatation, and the ability to germinate under saline conditions 

(Mueller-Dombois & Fosberg, 1998; Guja et al., 2010; van Welzen et al., 2011; Heleno & 

Vargas, 2015; Vargas et al. 2015; Guo et al., 2016; Arjona et al., 2018). Plants colonizing coastal 

and littoral habitats in Micronesia such as mangrove formations, strand vegetations, and 

xerophytic and halophytic shrubs often exhibit such traits (Arjona et al., 2018). For example, 

Scaevola taccada (Gaertn.) Roxb. (Goodeniaceae) is a widespread species in Micronesia. Its 

fruits are dimorphic containing those with a cork seed coat that float in seawater up to 180 days 
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and mostly grow along beaches, while birds eat the fleshy, pulpy fruits and these plants mostly 

thrive in rocky areas where the birds are known to perch (Emura et al., 2014). Cycas L. 

(Cycadaceae) species have either small starchy seeds (members of the Cycas revoluta complex) 

which are dispersed over land by mammals, or larger buoyant seeds (members of the Cycas 

circinalis – rumphii complex) which are dispersed by ocean currents, such as the Indian Ocean 

currents and equatorial currents (Dehgan & Yuen, 1983). The distribution of the Cycas genus is 

the result of this dual dispersal capacity (Dehgan & Yuen, 1983; Nagalingum et al., 2011). Cycas 

micronesica K.D. Hill, endemic to Micronesia, belongs to the Cycas rumphii complex (Hill, 

1994) and exhibits similar traits. The floatation tissue of the seed of C. micronesica, which takes 

up a substantial portion of the seed, facilitates buoyancy promoting LDD by thalassochory 

(Marler & Dongol, 2016). Ipomoea pes-caprae (L.) R. Br. (Convolvulaceae) and Hibiscus 

tiliaceus L. (Malvaceae) have sea-drifted seeds and have colonized similar strand habitats in their 

pantropical ranges (Miryeganeh et al., 2014). Arjona et al. (2018) found species with diaspore 

specialization such as fleshy and colorful fruits (endozoochory) and fruits with adhesion 

structures such as hooks or barbs (epizoochory) promote inter-island dispersal in the Canary 

Islands compared to taxa lacking diaspore specialization. Heleno and Vargas (2015) found 

colonization of oceanic islands is often a combination of standard LDD dispersal (thalassochory, 

zoochory, and anemochory) and non-standard LDD dispersal mechanism, such as mud 

adherence, avian seed predation, rafting, and super storm events which are not related to the 

plants’ diaspore traits. 

2.3.4. Colonization and founder-effect speciation in the Micronesian flora 

Founder-event speciation, defined as a rare jump dispersal event which founds a 

new genetically isolated lineage (Matzke, 2014), has long been discussed as an integral part of 

oceanic island biogeography (Mayr, 1954; Carlquist, 1974; Paulay & Meyer, 2002; Gillespie et 

al., 2012; Matzke, 2014). Genetic, ecological, environmental, and behavioral factors affect 

founder-event speciation and therefore reproductive isolation (Gavrilets and Hastings, 1996; 

Matute, 2013; Stuessy et al., 2014). When species adapt to new island environments, 

evolutionary divergence from the ancestral population eventually leads to new species. Their 

original ancestral genetic signature changes as a result of mutation, recombination, drift, and 
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selection. Genetic diversity on islands can further change over time because the physical 

environment of the islands changes over time (Table 2.1.; Stuessy et al., 2014). 

             The island's ontogeny and species’ adaptation to new environmental conditions play 

major roles in colonization success. The ontogeny of an island predicts the island’s elevation, 

island area, and topographic heterogeneity, which are correlated with species diversity and 

richness over time (Table 2.1.; Valente et al., 2013; Larrue et al., 2018). The developmental 

stage of an island at the time of colonization determines if a species can successfully establish. 

Both physiological and genetic traits determine a species’ colonization or speciation success 

over time (Mueller-Dombois & Fosberg, 1998). Ocean-drifted propagules mostly colonized 

littoral and coastal habitats in Micronesia. Geomorphic processes shape the coastal plant 

communities of the deltaic plain and determine which plant species can colonize these coastal 

habitats (Thom, 1967). For example, mangroves are more common along sheltered coastlines 

with minimal wave activity than places with strong wave activity (Keppel et al., 2009). Wave 

activity is lower on coasts with barrier reefs and therefore harbor more mangroves. The extent of 

mangrove cover and species distributions depend on the proximity of land and sea, freshwater 

input, and the extent of inundation and elevation (Satyanarayana et al., 2010).  

Speciation of island endemics often occurs when littoral species disperse further inland 

and adapt to new ecological environments such as limestone forest or riverine forests. Stone 

(1967) suspects that the Mariana Islands’ endemic forest species Ochrosia mariannensis A. DC. 

(Apogynaceae) and Cerbera dilatata Markgr. (Apogynaceae) originated from widespread littoral 

species. Ochrosia oppositifolia (Lam.) K. Schum. occurs on sandy seashores and limestone 

forests from Malaysia to the Pacific and is a very common species in Guam (Stone 1970). 

Calophyllum inophyllum L. (Clusiaceae) is widely distributed in the Pacific along coastlines but 

has diversified inland in the volcanic forest of Babeldaob (Palau), locally recognized as 

Calophyllum inophyllum var. wakamatsui (Kaneh.) Fosberg & Sachet (Costion & Lorence, 

2012). Cordia subcordata Lam. (Boraginaceae) commonly occurs in strand vegetation and most 

likely diversified into Cordia micronesica Kaneh. & Hatus. in Palau (Costion & Lorence, 2012). 

The Palau endemic Fagraea ksid Gilg & Gilg-Ben. (Gentiananceae) is probably derived from the 

more widespread Fagraea berteroana A. Gray ex Benth. (found in Australia, New Guinea, 

Micronesia, and east to the Marquesas), and has adapted to savannas or savanna edges and along 
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ridgelines (Costion & Lorence, 2012). Other examples of rapid radiation within island 

archipelagos are Cyrtandra (Johnson et al., 2017), Psychotria (Nepokroeff et al., 1999, 2003) 

and the silversword alliance in the Hawaiian archipelago (Landis et al., 2018). 

2.4. Source areas and biogeographic dispersal scenarios of Micronesian taxa  

Botanists such as van Balgooy (1960), Stone (1967, 1970) and Fosberg (1984) explored 

the biogeography of Micronesia during the 1900s. Based on comparative floristics, they 

identified three source areas for the Micronesian Islands (the Indo-Malaysian region, the 

Australian-New Guinea region, and the Pacific Islands). Van Balgooy (1960) found greater 

floristic similarity between the West Carolines (Yap and Palau) and the Mariana Islands than 

between the West and Central-East Carolines (Chuuk-Pohnpei-Kosrae), which Stone agreed with 

and attributed to the presence of the Andesite Line (Stone, 1967, 1970). Similar to van Balgooy 

(1960) and Stone (1967), Mueller-Dombois and Fosberg (1998) pointed out strong floristic 

affinities between eastern Asia (and the Philippines), Indonesia, the Southern Marianas, and the 

West Carolines; as well as the affinities of the East Carolines with Melanesia and Australia.  

Over recent years, some Micronesian plants have been sampled and included in 

molecular phylogenetic and biogeography research. Based on our thorough literature review, we 

extracted biogeographic information of the origin, directionality of LDD, and timing of dispersal 

events based on molecular data in the Oceanic, Indomalayan, and Australian realms, which 

significantly link to the Micronesian biota’s distribution patterns (Thorne, 1964; Lohman et al., 

2011; Thomas et al., 2015; Guo et al., 2016; Johnson et al., 2017; Smithsonian National Museum 

of Natural History, 2021). Based on the review of molecular biogeographic studies (including 30 

genera representing 51 taxa) we found the Micronesian biota are the product of colonization 

from four main geographic source areas using six different dispersal scenarios (Figure 3.3, 

Figure 3.4, Table 2.2.). 1) The Austro-Melanesian region is inferred as the source area for the 

“Gondwana Austro-Melanesian dispersal scenario” (S1a) and the “Sahul Shelf Austro-

Melanesian dispersal scenario” (S1b);  2) The Indo-Malaysian region is shown as the source area 

for the Gondwana Indo-Malaysian dispersal scenario” (S2a) and the “Sunda Shelf Indo-

Malaysian dispersal scenario” (S2b); 3) Neotropical America is identified as the source area with 

dispersal (S3) towards the Pacific and Micronesia via the Pacific Ocean; and 4) Africa or 
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Madagascar is the source area for a few lineages (S4), which dispersed towards Micronesia via 

Asia and the Pacific region. (Figure 2.4, Table 2.2).  

Table 2.2. Genera and taxa from Micronesia included in phylogeographic studies. The table lists the 
estimated divergence time of the Micronesian taxon from its sister taxon, LDD mechanism, 
and dispersal routes towards Micronesia. The endemic species are indicated with an 
asterisk. 

Genus (Family) Micronesian taxa Estimated 
split from its 
sister taxon 

LDD 
mechanism 

Dispersal 
scenario 

References 

Selaginella P. 
Beauv. 
(Selaginellaceae) 

S. kanehirae Alston *
(Pohnpei)

No date thalassochory, 
anemochory 

S2a: 
Gondwana 
Indo-
Malaysia 

Weststrand & 
Korall, 2016; Zhou 
et al., 2016; Klaus 
et al., 2017 

Ponapea Becc. 
(Araceae) 

P. hosinoi Kaneh *.
(Pohnpei), P.
ledermanniana Becc. *
(East Carolines), P.
palauense Kaneh. *
(Palau)

No date unknown S1b: Sahul 
Shelf 

Zona et al., 2011 

Aglaia Lour. 
(Meliaceae) 

A. mariannensis Merr. *
(Saipan, Rota, Guam,
Palau, Pohnpei)

Pleistocene- 
Holocene (0.2 
(0-1.1) Mya) 

zoochory S2b: Sunda 
Shelf 

Grudinski et al. 
2014a, 2014b; 
Jenkins 1983 

Meiogyne Miq. 
(Annonaceae) 

M. cylindrocarpa
(Burck) Heusen

Miocene-
Pliocene 
(10-5 Mya) 

zoochory S2b: Sunda 
Shelf 

van Heusden, 1994; 
Thomas et al.; 
2012; Xue et al., 
2014 

Dianella Lam. Ex 
Juss. 
(Asphodelaceae) 

D. carolinensis Lauterb.
* (Caroline Islands)

No date zoochory S1b: Sahul 
Shelf 

Muscat et al., 2019 

Wollastonia DC. 
Ex Decne. 
(Asteraceae) 

W. biflora (L.) DC.
(Palau, Mariana Islands,
Guam, Marshall Islands)

No date thalassochory S3: 
Neotropical 
America 

Nakanishi 1988, 
Edwards et al., 
2018 

Terminalia L. 
(Combretaceae) 

T. carolinensis Kaneh. *
(East Carolines)

No date zoochory, 
thalassochory 

S2b: Sunda 
Shelf 

Gere et al., 2015, 
Maurin et al., 2017 

Zehneria Endl. 
(Curcubitaceae) 

Z. guamensis (Merr.)
Fosberg (Guam, Caroline
Islands)

No date zoochory S4: Africa Schaefer et al., 
2012; Dwivedi et 
al., 2018 

Cycas L. 
(Cycadaceae) 

C. micronesica K.D. Hill
* (Guam)

Pleistocene-
Holocene (1-0 
Mya) 

thalassochory S2a: Sunda 
Shelf 

Keppel, 2008; and 
Möller, 2015; 
Condamine et al., 
2015; Marler & 
Dongol, 2016; 
Nagalingum et al., 
2011 
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Table 2.2., continued. 

Elaeocarpus L. 
(Elaeocarpaceae) 

E. carolinensis Koidz. *
(Caroline Islands)
E. kusaiensis * (East
Carolines)

Miocene-
Pliocene 
(17.5-5 Mya) 

zoochory S1b: Sahul 
Shelf 

Phoon, 2015 

Croton L. 
(Euphorbiaceae) 

C. ripensis Kaneh. &
Hatus (Pohnpei)

No date thalassochory S3: 
Neotropical 
America 

Berry et al., 2005; 
Riina et al, 2010 

Cyrtandra J.R. 
Forest & G. Forest 
(Gesneriaceae) 

C. kusaimontana Hosok.
* (Kosrae),
C. urvillei C.B. Clarke *
(East Carolines)

Pleistocene 
(1.25-0.5 
Mya) 

zoochory S2b: Sunda 
Shelf 

Price and Wagner, 
2004; Johnson et 
al., 2017 

Hibiscus L. 
(Malvaceae) 

H. tiliaceous L. (Saipan) No date thalassochory S1b: Sahul 
Shelf 

Pfeil et al., 2009; 
Kudoh et al. 2006; 
Takayama et al., 
2008 

Artocarpus J.R. 
Forst & G. Forst. 
(Moraceae) 

A. mariannensis Trécul.
* (Mariana Islands)

No date thalassochory, 
zoochory 

S2b: Sunda 
Shelf 

Mildenstein, 2005; 
Williams et al., 
2017 

Hernandia L. 
(Hernandiaceae) 

H. nymphaeifolia (C.
Presl.) Kubitzki (Kosrae)

Pliocene-
Holocene (5-0 
Mya) 

anemochory, 
thalassochory, 
zoochory 

S1b: Sahul 
Shelf 

van der Pijl, 1957; 
Michalak et al., 
2010 

Pogostemon Desf. 
(Lamiaceae) 

P. guamensis Lorence
&W.L. Wagner *
(Guam)

No date thalassochory S1b: Sahul 
Shelf 

Yao et al., 2016; 
Lorence et al., 2020 

Pandanus 
Parkinson 
(Pandanaceae) 

P. tectorius Parkinson ex
Du Roi (Pohnpei,
Kosrae) P. fragrans
Gaudich. (Guam), P.
aimiriikensis Martelli *
(Palau), P. kanehirae
Martelli * (Palau), P.
kusaicola Kaneh. *
(Kosrae), P.
macrojeanneretia
Martelli * (Palau), P.
patina Martelli *
(Pohnpei), P. peliliuensis
Kaneh. * (Palau)

Miocene-
Pleistocene 
(8-2 Mya) 

thalassochory, 
zoochory 

S1b: Sahul 
Shelf 

Nakanishi, 1988, 
Gallaher et al. 
2015, Gallaher et 
al. 2016 

Peperomia Ruiz. 
& Pav. 
(Piperaceae) 

P. palauensis C. DC. *
(Palau), P. glassmanii
Yunck. * (Pohnpei)

Pliocene zoochory S3: 
Neotropical 
America 

Lim et al., 2019 

Piper L. 
(Piperaceae) 

P. guahamense C. DC *
(Mariana Islands)

No date zoochory S3: 
Neotropical 
America 

Smith et al., 2008 

Pittosporum Banks 
ex Gaertn.) 
(Pittosporaceae) 

spp. No date zoochory S1b: Sahul 
Shelf 

Gemmill et al., 
2002, Chandler et 
al., 2007 

Rhizophora L. 
(Rhizophoraceae) 

R. apiculata Blume
(Guam, Yap, Chuuk,
Kosrae), R. stylosa Griff.
(Guam, Yap, Chuuk,
Kosrae), R. mucronata
Poir. (Yap, Kosrae)

Miocene (13-
8 Mya) 

thalassochory S1a: 
Gondwana 
Sahul Shelf 

Lo et al., 2014 
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Table 2.2., continued. 

Badusa A. Gray 
(Rubiaceae) 

B. palauensis Valeton *
(Palau)

No date unknown S3: 
Neotropical 
America 

Motley et al., 2005 

Bikkia Reinw. 
(Rubiaceae) 

B. palauensis Valeton *
(Palau)

No date anemochory S3: 
Neotropical 
America 

Motley et al., 2005 

Hedyotis L. 
(Rubiaceae) 

H. fructiculosa (Volkens)
Merr. * (Micronesia), H.
korrorensis (Valeton)
Hosok. * (Palau), H.
megalantha  Merr. *
(Guam)

No date anemo-, baro, 
ombro, thalasso, 
and 
anthropochorus 

S4: Africa, 
Asia, New 
Guinea 

Kårehed et al., 
2008; Neupane et 
al., 2017; Raju & 
Radhaskrishna, 
2018 

Leptopetalum 
Hook. & Arn. 
(Rubiaceae) 

L. foetidum (G. Forst.)
(Guam, Saipan)

No date unknown S2b: Sunda 
Shelf 

Ohi-Toma et al., 
2020; Neupane et 
al., 2017 

Morinda L. 
(Rubiaceae) 

M. citrifolia L.,
peduncularis Kunth. *
(Palau), M. latibracteata
Valeton * (Palau)

No date zoochory, 
thalassochory 

S1b: Sahul 
Shelf (fossil 
from China) 
Micronesia 
source area 
for M. 
citrifolia 

Razafimandimbison 
e al. 2009, 2010; 
Shi et al., 2012 

Psychotria L. 
(Rubiaceae) 

P. mariana Bartl. Ex DC.
* (Tinian), P.
hombroniana (Baill.)
Fosberg * (Micronesia),
P. rhombocarpa Kaneh.
* (Kosrae)

No date anemochory S1b: Sahul 
Shelf 

Nepokroeff et al, 
1999, 2003; Paul et 
al., 2009 

Melicope J.P. 
Forst. & G. Forst. 
(Rutaceae) 

M. palawensis (Lauterb.)
T.G. Hartley * (Palau),
M. ponapensis Laurerb. *
(Pohnpei), M. trichantha
(Laurerb.) T.G. Hartley *
(Palau)

No date zoochory S2b: Sahul 
Shelf 

Appelhans et al, 
2014; 2018 

Manilkara Adans. 
(Sapotaceae) 

M. udoido Kaneh. *
(Palau)

Miocene 
(18.5-7.5 
Mya) 

Endozoochory, 
thalassochory, 
zoochory 

S4: Africa Armstrong et al., 
2014; Gelmi-
Candusso et al, 
2017 

Planchonella 
Tiegh. 
(Sapotaceae) 

P. calcarean (Hosok.) P.
Royen (Kosrae), P.
micronesica (Kaneh.)
Kaneh. Ex H.J. Lam.
(Palau)

Miocene-
Pleistocene 
(7-2 Mya) 

zoochory S1b: Sahul 
Shelf 

Pennington 1991; 
Swenson et al., 
2014; Swenson et 
al., 2019 
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To avoid confusion, we here highlight the difference between “Sahul” and “Sunda” 

(Figure 2.3). The Sahul continent comprises Australia and Papua New Guinea. It was separated 

from Antarctica and the supercontinent of Gondwanaland 35-50 Ma. This continent had been 

drifting north towards the Sunda Shelf and the Philippines until 10 Ma. Sunda comprises the 

Malaya Peninsula, Sumatra, Java, Borneo, Palau, and a few small island groups (Hanebuth et al., 

2011). Although the continents of Sahul and Sunda are relatively close, they are isolated by deep 

ocean channels, depicted by the Wallace Line, Weber Line, and Lydekker Line (Rowe et al., 

2008). The ancestors (at the genus level) of the Micronesian taxa originated in these regions 

mostly during the Eocene, Oligocene, and Miocene (Phoon, 2015; Su & Saunders, 2009; Muscat 

et al., 2019), but some ancestral taxa are as old as the Triassic (Condamine et al., 2015). 

Figure 2.3. Ancestral source area examples of the Micronesian flora. Four distinct areas are 
recognized: The Sahul Shelf (orange shading), the Sunda Shelf (green shading), ancestral 
Neotropical America (yellow shading), and ancestral Africa and Madagascar (purple 
shading). Wallacea is the area between the Sunda and Sahul Shelf (blue shading, adapted 
from Schapper, 2015).  
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Figure 2.4. Summary of dispersal characteristic of 30 selected Micronesian lineages. (a) Generic origin 
distribution of Micronesian lineages. Colors indicate different regions.  (b) Genera 
numbers/dispersal event numbers in each dispersal scenario (among the 30 reviewed 
genera). (c) Visual depiction of the dispersal scenarios towards Micronesia. (d) 
Comparison of the different modes of dispersal for Austro-Melanesian scenario (data from 
11 genera), (e) Comparison of the different modes of dispersal for the Indo-Malaysian 
scenario (data from 9 genera), (f) Comparison of the different modes of dispersal for the 
Neotropical American scenario (data from 5 genera), (g) Comparison of the different 
modes of dispersal for the African scenario (data from 3 genera).  



31 

2.4.1. Austro-Melanesia origin 

The Austro-Melanesian land masses were part of eastern Gondwanaland (Cretaceous) 

before its break-up 140 Ma. After the Gondwanaland break-up the continental Sahul Shelf 

comprising Papua New Guinea, the northern Moluccas and Australia drifted away from the 

continental Sunda Shelf (Bellwood, 2002). Based on published molecular biogeographic studies, 

we found that Micronesian taxa were mostly (40% of all analyzed genera) derived from this 

Austro-Melanesia source area (Figure 2.4, Table 2.2). We documented two dispersal scenarios 

with an Austro-Melanesian origin depending on whether the ancestors were widely (S1a) or 

narrowly distributed (S1b) before the Gondwanaland break-up.  

In S1a, named “Gondwana Austro-Melanesian dispersal scenario”, formerly widely 

distributed ancestral Gondwanaland taxa appear in different parts of its original distribution 

range after the Gondwana break-up (ancient vicariance). Subsequent diversification gave rise to 

different clades with different geographic founders (Plunkett et al., 2001). In this scenario (S1a), 

the ancestral taxa dispersed from the Austro-Melanesian region into the Pacific towards 

Micronesia via LDD. One genus Rhizophora L. (Rhizophoraceae) originated in the Austro-

Melanesian region, stemming from once widely distributed ancestral taxa in Gondwanaland. 

Following S1a (Table 2.2), Rhizophora dispersed towards the Pacific Islands (Lo et al., 2014; 

Guo et al., 2016). The distribution of Rhizophora resulted from LDD via ocean currents (Lo et 

al., 2014; Guo et al., 2016). Lo et al. (2014)’s recent molecular study supports a Tethys Sea 

origin for Rhizophora during the Cretaceous. The phylogeny infers two disjunct lineages: a 

western Atlantic-East Pacific lineage and an Indo-West Pacific lineage, likely caused by 

historical vicariance and extinction (Lo et al., 2014). The Indo-West Pacific lineage shows a 

deep divergence between its Southeast Asia and the Australian-West Pacific populations 

separated by the Wallace Line (Lo et al., 2014). Ocean currents further explain transpacific 

dispersal into the Pacific (Lo et al., 2014).   

Rhizophora also poses as a great example to illustrate species diversity and abundance in 

the region because of the islands’ ontogeny and ecosystem development. Mangrove formations 

are more prevalent in the Caroline Islands, while the Mariana Islands and Marshall Islands only 

have limited mangrove ranges because islands with large estuaries and a less exposed leeward 
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side of an island are ideal for mangrove development such as the Caroline Islands. Fringing reefs 

encircling Guam and Saipan, do not have a large enough river system to sustain well-drained 

soils for mangrove growth compared to the Caroline Islands (Table 2.1.; Tracey et al., 1964; 

Woodroffe, 1987). Species diversity in mangroves is higher in Palau and Yap (ten mangrove 

plant species) as compared to Chuuk, Pohnpei, or Kosrae (seven species) (Cole et al., 1999); 

Guam (Stone 1970) and Saipan have two species, respectively; Rota does not have any 

mangroves (Woodroffe, 1987). The Mariana Islands land area covered by mangroves is 

significantly smaller than that of the Caroline Islands, with 8,564 ha of mangroves (Cole et al., 

1999) compared to 62 ha in the Mariana Islands (Bhattarai & Giri, 2011). The Marshall Islands 

only have a few mangrove stands harboring five species (Fosberg, 1960; Ellison, 2007).  

In S1b, named “Sahul Shelf Austro-Melanesian dispersal scenario”, formerly narrowly 

distributed ancestral Gondwanaland taxa, gave rise to clades with Austro-Melanesian founders 

(Plunkett et al, 2001). In this scenario (S1b) the ancestral taxa dispersed from the Austro-

Melanesian region into the Pacific towards Micronesia via LDD. Eleven genera in different plant 

families follow dispersal S1b (Table 2.2.): Dianella Lam. ex Juss. (Asphodelaceae), Pandanus 

Parkinson (Pandanaceae), Hibiscus L. (Malvaceae), Hernandia L. (Hernandiaceae), Psychotria 

L. (Rubiaceae), Elaeocarpus L. (Elaeocarpaceae), Morinda L. (Rubiaceae), Pittosporum Banks

ex Gaertn. (Pittosporaceae), Pogostemon Desf. (Lamiaceae), Ponapea Becc. (Araceae), and

Planchonella Tiegh. (Sapotaceae). Four genera (Hernandia, Hibiscus, Morinda, Pandanus) were

probably dispersed via ocean currents based on the genus characteristics and current distribution,

and one by wind (Psychotria). Within the southern hemisphere flax lily genus Dianella, the

Palauan Dianella carolinensis Lauterb. is part of a subclade nested within the Indian Ocean clade

but may have dispersed from northern Australia towards Micronesia (Muscat et al., 2019). The

seeds of the monocot screwpine genus Pandanus dispersed to Micronesia via ocean currents

from eastern Queensland (Gallaher et al., 2015). The taxa of Pandanus from Guam, Palau, and

Kosrae are part of a western Pacific clade. From the coastal habitats, fruit bats disperse

Pandanus within islands into limestone areas (van der Pijl, 1982; Kitalong et al., 2014;

McConkey & Drake, 2006; Gallaher et al., 2015) (Figure 2.4.e). Gallaher et al.’s study (2016)

shed light on the morphological distinctiveness of inland populations of Pandanus kusaicolus

Kaneh. on the island of Kosrae, caused by downslope-only gene flow which may have caused

the necessary isolation from Pandanus tectorius Parkinson ex Du Roi. In contrast, inland and

https://en.wikipedia.org/wiki/Jean-Baptiste_Lamarck
https://en.wikipedia.org/wiki/Antoine_Laurent_de_Jussieu
http://www.theplantlist.org/tpl/record/kew-286249
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coastal populations on Fiji are assignable to Pandanus tectorius due to high migrations rates 

inferred for both the upslope and downslope directions. Differences in survivability of inland 

seeds in coastal areas as well as the frequent replacement of coastal populations due to 

disturbances from storms and tsunamis may support these changes in genetic diversity due to 

extinction and different selective pressures (Kudoh et al., 2006). 

Hibiscus tiliaceus L. (synonym: Talipariti tiliaceum (L.) Fryxell) is a widespread littoral 

species common in the coastal areas of Micronesia. Its buoyant seeds can float for long periods 

of time and disperse over long distances (Kudoh et al., 2006; Takayama et al., 2008). Hibiscus 

tiliaceus is the source of speciation as researchers discovered multiple migrations of different 

lineages to islands in the Pacific, resulting in the wide distribution range of H. tiliaceus and its 

allied species (Takayama et al., 2005, 2006, 2008) (Figure 2.4.e).  

Hernandia sonora Plum. ex L. is a littoral species, although it needs to be noted that this 

species also occurs in mangrove habitats. Although the ancestral areas are unclear, probably 

because of extinct representatives, the Hernandia lineage was inferred to have dispersed towards 

Central America from Polynesia, while the Pacific representatives were inferred to have 

dispersed from Australia and diverged during the Pliocene-Pleistocene (Michalak et al., 2010). 

Long-distance dispersal facilitated the trans-Pacific and trans-Atlantic dispersal routes, most 

likely on floating mats of vegetation (Van Duzer, 2004, 2006). Stone (1967) postulated that 

Hernandia labyrinthica Tuyama is likely derived from H. sonora, presumably a result of 

speciation of inland endemics of limestone forest, from littoral or riverine species. Molecular 

data is not available to test this hypothesis yet.  

Birds dispersed Elaeocarpus, Dianella, Morinda, Hernandia (main mode of dispersal is 

thalassochory), Pittosporum, and Planchonella (Chandler et al., 2007; Michalak et al., 2010; 

Razafimandimbison et al., 2010; Phoon, 2015; Muscat et al., 2019) to the region via the Austro-

Melanesian, S1b dispersal scenario, underscoring the importance of the birds’ south to north 

flight pattern (Figure 2.4.e), while fruit bats disperse seeds over shorter distances (van der Pijl, 

1982). Fruit bats are either island-dwellers or restricted to one island (Fleming et al., 2009). 

Recent research confirmed that birds have colonized the Pacific Islands successfully via LDD. 

Cibois et al. (2011) shows evidence of two passerine lineages of monarchs (Monarchidae) and 
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whistlers (Pachycephalidae), which originated in Australasia, colonizing the Pacific Islands, and 

thereafter recolonizing Australia. Reed-warblers (Pachycephalidae) display supertramp 

distributions, meaning they exhibit high reproductive potential, broad habitat tolerance, and high-

over-water colonization (Cibois et al., 2011). The avian genus Pachycephala Vigors originated 

in Austro-Papua with lineages branching off towards the Pacific, including Palau (Jønsson et al., 

2014). Lastly, a geographical study on the central-western Pacific black fly subgenus Inseliellum 

Rubtsov, shows that the Australian lineages dispersed to New Caledonia and Polynesia (up to the 

Cook Islands) and northeast to Chuuk and Guam (Craig et al., 2001) with rafting suggested as 

the mode of dispersal, despite the large distance between these islands. The detailed colonization 

of Inseliellum to Chuuk and Guam remains unclear, and perhaps extinction on other stepping-

stone islands played a role (Craig et al. 2001). Overall, the most common dispersal mode for 

Scenario 2 is zoochory, followed by thalassochory (Figure 2.4.d). 

Of the formerly narrowly distributed taxa most lineages, such as Dianella (Muscat et al., 

2019), Planchonella (Swenson et al., 2019), and Hernandia (Michalak et al., 2010), diversified 

between the Oligocene and the Miocene. Elaeocarpus, Planchonella, and the more widespread 

genus Pandanus diversified in the Eocene (Phoon, 2015; Gallaher et al., 2015). 

2.4.2. Indo-Malaysian origin 

The Indo-Malaysian region, which was part of western Gondwanaland (Raven & 

Axelrod, 1969; Hallam 1994; Schatz, 1996; Hall, 2013; Scotese et al., 2013) is another important 

source area for the Micronesian biota. Based on published molecular biogeographic studies, we 

found that 30% of all analyzed genera were derived from the Indo-Malaysian source area (Figure 

2.4, Table 2.2). With the break-up of Gondwanaland, western and eastern Gondwanaland 

completely separated around 90-85 Ma (Ali & Aitchison, 2008; Su & Saunders, 2009). Parts of 

western Gondwanaland further rifted apart forming Sundaland and Wallacea, while eastern 

Gondwana became the Sahul Shelf (Hall, 2013) (Figure 2.3).  

The Wallacea region between the Wallace Line (after Huxley) and Leydekker Line, 

comprises the islands between the Sunda and Sahul Shelf, exclusive of the Philippines which 

was separated by steep undersea gradients from the Sunda shelf. Researchers identified various 

Wallace lines as biogeographical barriers for dispersal (Van Welzen et al., 2011) (Figure 2.3). 
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The filtering power of these lines increases from west to east, with the Lydekker Line being a 

stronger barrier for dispersal towards the Pacific Islands as compared to the Wallace Line (after 

Huxley) (van Welzen et al., 2011). Recent molecular studies show plants propagules (Aglaia 

Lour. (Meliaceae), Meiogyna Miq. (Annonaceae), Artocarpus J.R. Forst. & G. Forst. 

(Moraceae,)) have crossed these lines and migrated from the Sunda Shelf to Wallacea, the Sahul 

Self and towards the Pacific Islands. Thus, Sundaland is the source area of the above three 

genera rather than Wallacea (Thomas et al., 2012; Holt et al., 2013; De Bruyn et al., 2014; 

Grudinski et al., 2014a, b).  

Sea level changes have influenced biogeographic patterns during Quaternary times 

(Hanebuth et al., 2011) in Indo-Malaysia. During the Last Glacial Maximum (LGM), the sea 

level was 123m lower than today, exposing the Sunda Shelf. Crayn et al. (2015) also found 

support for a dominant eastward migration of plants from Sunda towards Sahul mostly after 12 

Ma when emergent landmasses may have provided stepping-stone pathways enhancing dispersal 

towards the Sahul region. We recognize two dispersal scenarios with an Indo-Malaysian origin: 

ancestral taxa stem from widely distributed (S2a) or narrow distributed taxa (S2b) before the 

Gondwanaland break-up.  

In S2a, named “Gondwana Indo-Malaysian” dispersal scenario, formerly widely 

distributed ancestral taxa dispersed from Indo-Malaysia to Micronesia, and gave rise to clades 

with distinct origins. Both Cycas (Cycadaceae) and Selaginella P. Beauv. (Selaginellaceae) 

follow this dispersal scenario (Table 2.2.). The fossil record and evolutionary history of the 

Cycadales shed light on the extant diversity of Cycas species (Condamine et al., 2015; Klaus et 

al., 2017). Cycas originated during the Triassic (Condamine et al., 2015) from a Malesian source 

area (Keppel, 2008). Most of its early ancestral taxa are extinct, and these extinctions prior to 

recent diversification events might have eliminated certain lineages or close relatives of the 

modern lineages (Salas-Leiva et al., 2013). The extant members of the Cycadaceae are the result 

of recent speciation events (Nagalingum et al., 2011). Cycas micronesica shares a common 

ancestor with two other Pacific Island species, Cycas bougainvilleana K.D. Hill (Bougainville, 

New Britain, and Solomon Islands) and Cycas seemannii A.Br. (New Caledonia, Vanuatu, Fiji, 

Tonga), which both originated around Malesia (Keppel, 2008). The presence of ancient lineages 

of Cycas on remote Pacific Islands was inferred to have resulted from LDD via ocean currents, 
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as the spongy seed layer aids with buoyancy (Dehgan and Yuen, 1983; Keppel, 2008). 

Biogeographic research revealed independent dispersal events occurred from Malesia towards 

different Pacific Islands groups, such as Micronesia (Keppel et al., 2008).  

The center of origin of the Selaginella stem group was in Euramerica during the 

Devonian period around 383 Mya (Klaus et al., 2017). Speciation occurred both before and after 

the Middle Miocene extinction. The Pacific representatives are part of the Selaginella subgenus 

Heterostachys, which originated in northern Pangea, and separated from the ancestral Pangea 

population when land masses separated during the Triassic (Weststrand and Korall, 2016; Zhou 

et al., 2016; Klaus et al., 2017). Taxa from Pohnpei and Hawai‘i  form a clade nested within an 

Asian clade (Westrand et al., 2016), supporting its Indo-Malaysian origin. Researchers have 

studied the dispersal modes of Selaginella extensively and found that the heavier megaspores are 

dispersed by water, while the lighter microspores are most likely dispersed by the wind (Petersen 

and Burd, 2018).  

In S2b, named “Sunda Shelf Indo-Malaysian dispersal scenario”, seven taxa originated in 

Southeast Asia, followed by dispersal towards the Pacific Islands, stemming from narrowly 

distributed ancestral taxa in Gondwana (Figure 2.4.b, Table 2.2). This scenario was concluded by 

analyzing seven plant genera (Artocarpus, Aglaia, Cyrtandra J.R. Forest & G. Forest 

(Gesneriaceae), Meiogyne, Melicope J.P. Forst. & G. Forst. (Rutaceae), Leptopetalum Hook. & 

Arn. (Rubiaceae), and Terminalia L. (Combretaceae)) that originated in Southeast Asia. For 

Aglaia and Meiogyne, most dispersal events were facilitated by birds, but Aglaia might exhibit 

thalassochory as well (Grudinski et al., 2014b). Aglaia displays interesting dispersal vector 

characteristics. The fruits in this genus are indehiscent, gelatinous with sweet-tasting arils that 

are firmly attached to the testa of the seeds (Muellner et al., 2008; Grudinski et al., 2014 a, b). 

Historically, the white-throated ground dove (Gallicolumba xanthonura) dispersed Aglaia fruits 

in Guam (Jenkins, 1983). Forest birds like the Palauan fruit dove also disperse Aglaia seed in 

Palau (Kitalong et al., 2011). Birds might also have facilitated reversal dispersal events from 

Pacific Islands back to Sundaland (Grudinski et al., 2014 a, b).  

Similar to Aglaia, examples are known from Hawai‘i , New Zealand, and New Caledonia 

where different or similar mainland clades have colonized the Pacific Islands (Baldwin et al., 
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1991; Wright et al., 2001; Cronk et al., 2005). The Leptopetalum clade originated in Asia and 

dispersed towards the Pacific (Neupane et al., 2017). Terminalia is another example of possible 

bird dispersal from Southeast Asia towards Micronesia (Gere et al., 2015; Maurin et al., 2017).  

Frugivores were most likely involved in multiple dispersal events of Meiogyne 

cylindrocarpa (Burck) Heusden to the Pacific Islands leading to differentiation and adaptation to 

local climatic and edaphic habitat conditions (Thomas et al., 2012). Epizoochoric seed 

adaptations such as the resin-coated seeds of Pittosporum attach to the birds’ feathers and 

facilitated LDD throughout the Pacific (Carlquist, 1974; Gemmill et al., 2002; Chandler et al., 

2007). Cyrtandra originated in Southeast Asia and New Guinea and dispersed towards the 

Polynesian Islands. The Pacific clade originated in Fiji and frugivores facilitate LDD. The fleshy 

fruits of Cyrtandra make the seed stick to the beaks of shorebirds such as the Pacific golden 

plover. Columbiform birds are dispersers of many seeds and might be responsible for interisland 

dispersal of other taxa in Hawai‘i  (Price & Wagner, 2004). Birds disperse the fleshy seed coats 

of Melicope (Appelhans et al., 2014). 

In S2b, the lineages derived from mainland Southeast Asia most likely dispersed towards 

the Austro-Melanesian region first and then to the Pacific Islands towards Micronesia (Grudinski 

et al., 2014 a, b). Most genera originating in Indo-Malaysia started diversifying during the 

Oligocene and Miocene. The inferred origin of Artocarpus is Borneo during the Cretaceous, with 

subsequent LDD crossing the Wallace Line during the Miocene (Williams et al., 2017) 

facilitated by flying fox dispersal (Pteropus). Almeida et al. (2014) showed diversification of 

Pteropus coincided with Artocarpus diversification. The land masses of the Sunda Shelf 

emerged during the late Miocene supporting stepping-stone dispersal opportunities from Indo-

Malaysia towards Eastern Malesia and Australia (Crayn et al., 2015). This west-to-east dispersal 

has been documented more frequently compared to east-to-west dispersal from the mid-Miocene 

onward (Kartonegoro et al., 2021). However, our study of the Micronesian flora found limited 

evidence (only Artocarpus) of Miocene-Oligocene west-to-east stepping-stone dispersal. We 

wish to revisit this biogeographic pattern in the future when more evidence is available.    

In S2b, Aglaia, Meiogyna and Cyrtandra, most likely dispersed by birds, arrived in 

Micronesia during the Quaternary (Figure 2.5). We suspect an ancient avian route from west to 
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east established during the Quaternary, which also aligns with the current fly pattern of many 

birds in the region. Because sea level decreased during Quaternary times (Hanebuth et al., 2011) 

in Indo-Malaysia, exposed land masses might have assisted in avian dispersal across the Wallace 

Line, especially for those birds with poor flying capability. Overall, we found S2b was mostly 

illustrated by the bird dispersal success (followed by thalassochory, Figure 2.4.e), which signifies 

the role of birds in LDD and our understanding of the evolutionary relationships between species 

in a biogeographic context. 

2.4.3. Neotropical American origin 

Scenario Three (S3), the “Neotropical American dispersal scenario” (Table 2.2, Figure 

1.4), refers to the historical dispersal path from different regions in Neotropical America 

westwards to Micronesia via the Pacific Ocean. Based on published molecular biogeographic 

studies, we found that six Micronesian taxa (20% of all analyzed genera) have originated from 

Neotropical America: Badusa A. Gray (Rubiaceae), Bikkia Reinw. (Rubiaceae), Croton L. 

(Euphorbiaceae), Peperomia Ruiz. & Pav. (Piperaceae), Piper L. (Piperaceae), and Wollastonia 

DC. ex Decne. (Asteraceae) (Figure 2.4, Table 2.2). Motley et al. (2005) hypothesized that

western Pacific-distributed Badusa and Bikkia species originated in the New World and via LDD

events arrived and established in the western Pacific. Berry et al. (2005) and Rina et al. (2010)

supported a New World origin with subsequent dispersal and divergence in the Old World for

Croton. No divergence time estimates are available for these taxa dispersing to Micronesia. The

buoyant achenes of Wollastonia biflora (L.) DC. can float in seawater for at least 90 days, while

retaining 30% viability (Edwards et al., 2018).

Two studies on Piperaceae discussed that Peperomia (Smith et al., 2008; Lim et al., 

2019) originated in the Neotropics during the Quaternary and dispersed to Africa, Asia, and the 

Pacific Islands, while Piper dispersed via the Pacific Islands towards Asia, Australia, and Africa 

(Smith et al., 2008). Migratory birds disperse Peperomia fruits, as they easily stick to their feet 

and feathers (Smith et al., 2008). Peperomia diversified during the Miocene-Pliocene, similar to 

other species-rich Pacific-wide plant radiations such as Melicope J.P. Forst. & G. Forst. 

(Rutaceae) (Appelhans et al., 2014, 2018), and Cyrtandra (Johnson et al., 2017). Seeds of Piper 

are dispersed by bats and birds, but bats are the primary dispersers (Smith et al., 2008). The most 

common dispersal modes for this scenario are thalassochory and zoochory (Figure 2.4.f). 
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Compared to the other three dispersal scenarios (Figure 2.4.d-g), S3 is the only dispersal scenario 

with wind and ocean current directions pointing to Micronesia (Figure 2.2). Therefore, it is not 

surprising that thalassochory and anemochory (which together account for 60%, Figure 2.4.f) in 

S3 appear more frequent than in any other scenario. 

2.4.4. African and Madagascar origin 

The last scenario (S4) illustrates genera originating in Africa or Madagascar and 

dispersing to Asia and the Pacific region, is demonstrated by three genera (Hedyotis L. 

(Rubiaceae), Manilkara Adans. (Sapotaceae), Zehneria Endl. (Curcubitaceae)). The genus 

Hedyotis originated in Africa/Madagascar during the middle/late Oligocene (Neupane et al., 

2017). The Asian-Pacific taxa form a monophyletic clade with many endemic species (Kårehed 

et al. 2008; Wikström et al., 2013), and a total of 16 endemic Hedyotis taxa are found in 

Micronesia (Costion & Lorence, 2012). Similar to Aglaia, Hedyotis has crossed the Wallace Line 

during the Pliocene-Pleistocene boundary towards New Guinea and further dispersed towards 

Micronesia (Neupane et al., 2017). The high diversification rate in this clade might be due to the 

warmer period during the Miocene and cooler periods during the Pliocene (Neupane et al., 

2017). The genus Manilkara originated during the Oligocene in the African continent 

(Armstrong et al., 2014). Long-distance dispersal was inferred towards Asia and Australia after 

which Manilkara dispersed towards Micronesia. Dispersal mechanism studies support 

thalassochory, anemochory, and endozoochory for Manilkara (Gelmi-Candusso et al, 2017; Raju 

& Radhaskrishna, 2018). The stem group of Zehneria s.l. was estimated to have originated 19 

Ma in Africa, after which this bird-dispersed genus colonized India and Southeast Asia, and 

ultimately Zehneria dispersed towards Micronesia (Schaefer et al., 2012; Dwivedi et al., 2018). 

In conclusion, LDD data from Africa/Madagascar show that dispersal is mostly 

influenced by zoochory, while in the Neotropical American Scenario (S3), LDD is more 

influenced by thalassochory and zoochory (equally important) compared to anemochory (Figure 

2.4.f&g). We noticed that wind directions do not align with LLD from the Austro-Melanesian 

and Indo-Malaysian regions to Micronesia, thus it is not surprising that anemochory is shown as 

a less frequent LLD method as compared to zoochory or thalassochory. For all scenarios (S1-4), 

it is evident that thalassochory and zoochory are the prominent dispersal mechanisms.  
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2.5. Divergence time estimation and the diversification of taxa in space and time 

The estimated time of origin of Micronesian plant taxa is shown in Figure 2.5. While the 

origin and the early diversification of the Pacific lineages at the genus level mostly occurred 

during the Paleocene and Miocene, our data shows that the Gondwanaland break-up period 

overlaps with ancestral origins of the Micronesian taxa and further supports Gondwanaland’s 

role in the diversification of the different lineages and Micronesian diversity.  

Plant colonization of the Pacific Islands mostly occurred during the Miocene to 

Pleistocene. The formerly widespread ancestral mangrove genus Rhizophora originated during 

the Cretaceous dispersing towards Micronesia along the Austro-Melanesian dispersal scenario 

(S1a, Figure 2.5) and started diversifying between the Miocene and Pliocene boundary (Lo et al., 

2014), while the once widespread Cycas genus originated during the Triassic and spread from 

Southeast Asia towards Micronesia during the Pleistocene (Nagalingnum et al., 2011). Several 

narrowly distributed genera originated in Southeast Asia (e.g., Aglaia, Meiogyne, Cyrtandra) and 

in the Austro-Melanesia region (e.g., Hibiscus, Planchonella, Pandanus, Elaeocarpus) during 

the Eocene-Miocene and diversified in Micronesia between the Miocene and the Pleistocene 

(Pfeil et al., 2009; Gallaher et al., 2015; Phoon, 2015; Swenson et al., 2019) (Figure 2.5). When 

we compare the divergence times of taxa following dispersal scenario S1 (orange color) to S2 

(green) in Micronesia (brick-patterned bars), plants dispersed by birds frequently established in 

Micronesia before the Quaternary in S1, earlier than in S2 (Figure 2.5). Based on our review of 

dispersal scenarios we determined that some plants with a Southeast Asian origin stemming from 

narrowly distributed Gondwanaland ancestors (S2) dispersed towards Micronesia via the 

Gondwana Austro-Melanesian dispersal scenario (S1) and then to the Pacific Islands and 

Micronesia. The length of the S2 route is twice as long as that of S1, and as such might explain 

the higher frequency of taxa recovered that document S1, higher dispersal success (Figure 2.4.a) 

and earlier arrival in Micronesia, before the Miocene and Pleistocene, as compared to 

diversification in the Quaternary for arrivals in Micronesia via S2. 
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Figure 2.5. Divergence time estimation for genera with Micronesian representatives. The age estimates 
for the genera are shown in colored bars; while the divergence times for the Micronesian 
plant lineages are shown in grid bars. The color scheme corresponds to the inferred 
geographic origin of the genera shown in Figure 2.3.a. 

Guam, the oldest island of the Mariana Islands, and Palau were formed during the 

Eocene. Of the FSM islands Yap and Chuuk were formed during the Miocene, Pohnpei during 

the late Miocene-Pleistocene, while Kosrae dates to the late Pliocene. Geological evidence that 

all Micronesian islands are 50 Ma or younger is consistent with the biological evidence that plant 

arrival to the Micronesian islands occurred between 24 Ma to 5 Ma. The taxa which colonized 

the younger islands, Kosrae and Pohnpei have young divergence estimates inferred (Table 2.2.). 

Other studies on oceanic islands have confirmed a relationship between the age of an oceanic 

islands to the age of an organism inhabiting the islands (Heaney, 2007), with coinciding ages of 

crown lineages and emergence of the islands. Geologically younger islands support species with 

younger divergence time estimates (Baldwin & Sanderson, 1998).  

2.6. Discussion 

Although comparative floristics has previously provided insight into the regional 

affinities of Micronesia, molecular research slowly presents a clear biogeographic picture, 

revealing the origin and divergence times of the Micronesia lineages and how the ancestors of 

these plant lineages dispersed towards the Pacific Islands and Micronesia. From an extensive 
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literature review, we identified several biogeographic patterns. First, vicariance played an 

important role in early diversification of the Sunda and the Sahul Shelf disjunctions, giving rise 

to distinct plant lineages that later colonized Micronesia.  

Second, we found that most plant species dispersed by birds are limestone forest species 

in Micronesia. Our study further revealed the Micronesian islands were mostly colonized via 

zoochory and secondly via thalassochory, while anemochory was less common (Figure 2.4.d-g). 

This finding demonstrates that the Micronesian flora today is primarily the result of millions of 

years of co-evolution of plants and their bird dispersers. The importance of native birds, 

therefore, should be emphasized and incorporated in conservation plans of the endemics, 

especially in places like Guam where invasive snake populations have decimated bird 

populations on the island (Savidge, 1984).  

Third, molecular biogeographic studies revealed the Micronesian lineages did not only 

originate from the Austro-Melanesian, Indo-Malaysian source areas, but also from as far as 

Africa and Neotropical America. The former two are the most important genus origins to 

Micronesian flora (Figure 2.4.a). There is compelling evidence supporting that the Sahul Shelf 

Austro-Melanesian dispersal scenario (S1b) is the dominant dispersal scenario. The Sunda Shelf 

Indo-Malaysian dispersal scenario (S2b), which later merges in the Austro-Melanesian dispersal 

scenario (S1), is the second most important dispersal pathway to Micronesia. Lastly, 

diversification in Micronesia mostly occurred during the Miocene to Pleistocene (Figure 2.5).  

Our findings confirmed Fosberg’s (1984) cautionary statement concerning the Indo-

Malaysian elements observed in the Micronesian floristic pattern. He noticed an overlap of the 

Micronesian flora with those of Australian-New Guinean affinity that extend into parts of the 

Indo-Malaysian region as far as the Moluccas and the Philippines. His claim is supported and 

explained by our finding of the Sunda Shelf Indo-Malaysian dispersal routes which merges into 

the Austro-Melanesian dispersal route. Based on comparative floristics, Mueller-Dombois and 

Fosberg (1998) found stronger affinities between Indo-Malaysia and the islands west of the 

Andesite Line, while the islands east of the Andesite Line shows affinities with Melanesia and 

Australia. Most genera reviewed in this study, however, are Micronesian island endemics, 

pantropic species, or amphi-Pacific taxa, with only a few endemic taxa from the West-Carolines. 
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Therefore, we cannot verify Mueller-Dombois and Fosberg’s (1998) statement or explore which 

dispersal routes account for which islands in Micronesia. To understand Micronesian islands as 

sources and island sinks, more samples and studies focused on the region need to be conducted. 

Our study only found weak evidence for the two biogeographic barriers for plants 

identified in the region, the Andesite Line and the Wallace Line. While the Andesite Line is 

identified as a zoogeographical barrier (Springer, 1982), only one molecular plant study, to our 

knowledge, on the Catesbaeeae-Chiococceae complex (Rubiaceae) revealed the Andesite Line as 

a dispersal barrier since the Pacific taxa from this complex only occur west of the Andesite Line 

(Motley et al., 2005). Compiled evidence of frequent dispersal success by birds suggested an 

ancient west-to-east bird flyway crossing the Wallace Line during Quaternary times, when sea 

levels were lower and stepping stones across the Wallace Line were possible. Thus, stepping 

stones might also have aided dispersal by birds crossing the Wallace Line at that time.  

During our review, we noticed molecular studies from Micronesia are scarce compared to 

other regions, despite high endemism rates in Micronesia. We urgently need more biogeographic 

research to confirm the patterns we found and to guide conservation planning in the sense that 

prioritizing areas of endemism can allow us to conserve evolutionary processes such as 

adaptation and speciation (Morales et al., 2016) as well as the preservation of Micronesian 

biodiversity. 
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Chapter 3. Phylogenomic assessment of the monophyly of Serianthes and its relationship 

with Falcataria and Wallaceodendron in the wider ingoid clade (Fabaceae: 

Caesalpinioideae)1 

Abstract 

The Indo-Pacific legume genus Serianthes was recently placed in the Archidendron 

clade, a subclade of the mimosoid clade in Caesalpinioideae, which also includes Acacia s. str., 

Archidendron, Archidendropsis, Falcataria, Pararchidendron, Paraserianthes, and 

Wallaceodendron. Serianthes comprises ca. 18 species, five subspecies, and two varieties, all of 

which share bipinnately compound leaves with alternate sessile leaflets, branched axillary 

corymbiform panicles, and woody indehiscent pods. Relationships between and within genera in 

the Archidendron clade remain uncertain. While the sister relationship with the genus Falcataria 

is strongly supported by molecular data, the distinction between Serianthes and the monotypic 

genus Wallaceodendron has been questioned based on their similar flower and fruit morphology. 

We combined two gene-enriched hybrid capture datasets and used the overlapping markers to 

investigate the monophyly of Serianthes and the intergeneric relationships within the 

Archidendron clade. We show that Indo-Pacific Serianthes is monophyletic and confirm the 

Serianthes + Falcataria sister relationship with Wallaceodendron within the Archidendron clade. 

We also evaluated the use of the overlapping loci in combination with concordance analyses to 

test intergeneric relationships and further investigate previously unresolved relationships within 

the wider ingoid clade. The concordance analysis revealed certain conflicts; in particular, we 

found limited gene tree conflict near the tips of the Archidendron clade, but an increase in 

discordance at the base of the clade.   

11 Demeulenaere, Else; Schils, Tom; Burleigh, Gordon J; Ringelberg, Jens J., Koenen, Eric, Ickert-Bond, Stefanie M. 2021. 
Phylogenomic assessment of the monophyly of Serianthes and its relationship with Falcataria and Wallaceodendron in the wider 
ingoid clade (Fabaceae: Caesalpinioideae) (to be submitted for publication to Phytokeys, Special issue on Advances in Legume 
Systematics). 
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3.1. Introduction 

The legume family (Fabaceae or Leguminosae) is the third largest family within the 

angiosperms, with nearly 20,000 species globally (Luckow 2005, Lewis et al. 2005). The 

agricultural and economic importance of legumes is second only to the Poaceae (the grasses). 

Recently, great progress has been made in resolving phylogenetic relationships within the 

legumes (Luckow et al. 2003, Lewis et al. 2005, Luckow 2005, LPWG 2013, LPWG 2017, 

Koenen et al. 2020a, 2020b). As a result, the traditional three-subfamily (Papilionoideae, 

Mimosoideae, and Caesalpinioideae) classification of legumes has been abandoned because the 

Mimosoideae and Papilionoideae were nested within the paraphyletic Caesalpinioideae (Polhill 

and Raven 1981, Borges et al 2013, LPWG 2013). The Legume Phylogeny Working Group 

(LPWG (2017) established a new subfamily classification with six subfamilies: 

Caesalpinioideae, Cercidoideae, Detarioideae, Dialioideae, Duparquetioideae and 

Papilionoideae. The mimosoids were included in Caesalpinioideae as an informally-named clade, 

the mimosoid clade. Only recently, some deep divergences within the legumes have been 

resolved using phylogenomic data (Koenen et al. 2020a). Based on 72 chloroplast genes and 

7,621 homologous nuclear loci, for 111 and 42 legume species respectively, Koenen et al. 

(2020a) resolved the relationships among the six legume subfamilies that were recognized by 

LPWG (2017). 

Within the mimosoid clade, phylogenetic analyses have consistently failed to support the 

traditional tribal system of Bentham (1844). Luckow et al. (2003) found that the Acacieae and 

Ingeae tribes were nested within the Mimoseae tribe, rendering the latter paraphyletic, albeit with 

a lack of resolution across much of the mimosoid backbone. Recent phylogenomic analyses have 

led to greater resolution across the mimosoid clade (Koenen et al. 2020b) and Caesalpinioideae 

as a whole (Ringelberg et al. 2021), paving the way for a new tribal and/or clade-based 

classification for the subfamily. Because of the strongly imbalanced (ladder-like) topology in the 

mimosoid clade, maintaining a tribal system within mimosoids would require the recognition of 

numerous monogeneric tribes. Therefore, Koenen et al. (2020b) recognized a number of informal 

(sub)clades. One of the most prominent of these subclades is the large pantropical ingoid clade 

(Koenen et al. 2020b), which includes all genera of tribe Ingeae plus Acacia Mill. and all its 

segregates except Vachellia Wight & Arn. Morphologically this clade is characterized by 
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possessing >(10-)30 stamens that are often fused into a tube (Brown et al. 2008, Koenen et al. 

2020b). 

Within the ingoid clade, Koenen et al. (2020b) identified an Indomalayan/Australasian 

Archidendron clade (Figure 3.1) and several other subclades. The Indo-Pacific genus Serianthes 

Benth., which is the focus of this study, is included in the Archidendron clade together with 

seven other tropical genera (Table 3.1, Figure 3.2, Figure 3.3): Acacia s. str., Archidendron 

F.Muell., Archidendropsis I.C.Nielsen, Falcataria (I.C.Nielsen) Barneby & J.W.Grimes,

Pararchidendron I.C.Nielsen, Paraserianthes I.C.Nielsen, and Wallaceodendron Koord. The

geographical distribution of the Archidendron clade (Figure 3.2) is more restricted compared to

other lower-level ingoid subclades (Koenen et al. 2020b). Representatives of the Archidendron

clade occur in the Indomalayan and Australasian realms, with their centers of species diversity

and endemism in Malesia, Papua New Guinea, New Caledonia, and Australia (Table 3.1, Figure

3.2).

Table 3.1. Archidendron diversity, distribution and sampling included in the current study. 
Genus # of spp. Distribution # of spp. 

incl. 
References 

Acacia Mill. s.str. 986-1045 Mostly from Australia incl. 19 
phyllodinous ssp. from Hawai‘i 
to Madagascar 

3 Brown et al. 2008, Koenen et 
al. 2020b 

Archidendron F.Muell. 96 endemic to SE Asia, the Pacific 
Islands and Australia 

3 Fosberg 1960, Brown et al. 
2008, 2010, Koenen et al. 
2020b 

Archidendropsis 
I.C.Nielsen

11 Endemic to northern Australia 
(Queensland), New Caledonia, 
the Bismarck Archipelago, and 
New Guinea 

2 Nielsen et al. 1983, 1984a, 
1984b, Brown et al. 2011, 
Koenen et al. 2020b 

Falcataria (I.C.Nielsen) 
Barneby & J.W.Grimes 

3 Endemic to SE Asia, Papua 
New Guinea, the Solomon 
Islands, and Australia 

1 Brown et al. 2011, Koenen et 
al. 2020b 

Pararchidendron 
I.C.Nielsen

1, two 
subspecies 

and one 
variety 

Java, Saleier Island, Bali, 
Lombok, Sumba, Sumbawa, 
Flores, Timor, Papua New 
Guinea and Australia 
(Queensland & New South 
Wales) 

1 Nielsen et al. 1983, 1984a, 
1984b, Brown et al. 2011, 
Koenen et al. 2020b 

Paraserianthes I.C.Nielsen 1 Java, Sumatra, the Lesser 
Sunda Islands, and Australia 

1 Nielsen et al. 1983, 1984a, 
1984b, Brown et al. 2011, 
Koenen et al. 2020b 

Serianthes 18 Indo-Pacific Region 8 Nielsen et al. 1983, 1984a, 
1984b, Koenen et al. 2020b 

Wallaceodendron Koord. 1 North Sulawesi and the 
Philippines 

1 Nielsen et al. 1983, 1984a, 
1984b, Brown et al. 2011 
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Figure 3.1. Mimosoid phylogeny modified from Koenen et al. (2020b). Note in red the Archidendron 
clade. Clades have been collapsed and are represented by green triangles, those in orange 
and purple represent the Stryphnodendron and Mimosa clades respectively, which were 
selected as outgroups. 
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The most important contributions to the taxonomy of the genera in the Archidendron 

clade have been made by Nielsen (1992) and Nielsen et al. (1983, 1984a, 1984b), and his generic 

system is still largely followed today. However, the monophyly of most the genera in the 

Archidendron clade is largely untested with modern phylogenomic research tools. Recent efforts 

to resolve phylogenetic relationships within the species-rich Archidendron clade have been 

hampered by unresolved relationships between and within genera (Brown et al. 2008, Brown et 

al. 2011, Koenen et al. 2020b). Their uncertain systematic position is in part due to 

nomenclatural instability (Barneby and Grimes 1996, Brown et al. 2008), lack of fertile 

specimens, morphological homoplasy (Fosberg 1960, Nielsen et al. 1984a, Koenen et al. 2020b), 

as well as extensive species ranges (Strijk et al. 2020). In the age of museomics, the ability to 

sequence genetic material from historical museum specimens, and the rapid advances in 

collection-based phylogenomics (Moreno-Aguilar et al. 2020, Zedane et al. 2016, Renner et al. 

2021) provide new opportunities to address phylogenetic relationships within the species-rich 

Archidendron clade. Targeted sequencing approaches allow researchers to obtain genomic data 

from small amounts of archived specimens, and these techniques have become important for 

studying evolutionary relationships in non-model taxa such as representatives of the 

Archidendron clade (Bossert and Danforth 2018, Johnson et al. 2019, Escudero et al. 2020, 

Batemann et al. 2021, Eriksson et al. 2021).  

Serianthes is a genus of tropical trees and shrubs distributed in the Indo-Pacific 

(Southeast Asia, the Pacific Islands, and Australia) (Figure 3.2, Figure 3.3). The genus was 

described by Bentham (1844) and has been revised by Fosberg (1960) and Kanis (1979, only the 

Malesian species), but the most recent revision of Serianthes is by Nielsen (1984b), who 

recognized 18 species, five subspecies, and four varieties of dwarf to large trees. Most Serianthes 

taxa are island endemics and are confined to small archipelagos in the Indo-Pacific. These 

endemic species face different degrees of extinction risks because of habitat loss and the spread 

of invasive species. The IUCN Red List of Threatened Species lists twelve Serianthes species, 

with three designated as critically endangered (IUCN 2021). In addition to the IUCN Red 

Listing, Serianthes nelsonii Merr. is listed as critically endangered by the U.S. Endangered 

species act (U.S. Fish and Wildlife 1987). This species is endemic to the Mariana Islands, Guam 

and Rota. Currently, only one mature tree remains in Guam and less than 50 individuals in Rota. 

Because traditional practices and endemic languages are intrinsically connected to these endemic 
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species, the islands’ biocultural diversity is equally vulnerable to extinction. Traditionally, 

Indigenous island communities used Serianthes trees mainly for building canoes, boats, and 

traditional meeting houses, as ethnomedicines, in agriculture, and in handicrafts (Demeulenaere 

et al. 2021). 

Nielsen et al. (1983, 1984a, 1984b) discussed the generic limits of the Malesian, 

Australian, and Pacific Ingeae, i.e., Archidendropis, Paraserianthes, Pararchidendron, 

Serianthes, and Wallaceodendron (Figure 3.3), based on comparative morphology. They also 

included Archidendron and Albizia Durazz., but mostly refer to De Wit (1942, 1952) and 

Mohlenbrock (1963 a, b; 1996) for the revision of Archidendron and Albizia (Nielsen et al. 

1984b). Nielsen et al. (1983) group Paraserianthes, Archidendropsis, and Pararchidendron 

together, which they postulate to be closely related to Serianthes, Falcataria (as Paraserianthes 

falcataria), and Wallaceodendron based on their wood anatomy, and more distantly related to 

Archidendron. The eophyll (i.e., first leaves of a seedling) of Falcataria and Serianthes is 

bipinnate, while all other genera in the Archidendron clade have pinnate eophylls (Nielsen et al. 

1983). In 1996, Barneby and Grimes established Falcataria as a new genus based on Nielsen’s 

Paraserianthes section Falcataria, which included three species. This treatment was validated 

by the phylogenetic study of Brown et al. (2011), who concluded that Paraserianthes was 

paraphyletic and provided strong evidence for a well-supported Falcataria clade (incl. 

Falcataria moluccana (Miq.) Barneby & J.W. Grimes, Falcataria pullenii (Verdc.) Gill. K. Br., 

and Falcataria toona (F.M. Bailey) Gill. K. Br., D.J. Murphy & Ladiges) distinct from 

Paraserianthes lophantha (Willd.) I.C. Nielsen of Nielsen’s Paraserianthes section 

Paraserianthes.  

A recent phylogenomic study on mimosoid legumes included seven of the eight genera of 

the Archidendron clade (Koenen et al. 2020b), but it did not sample the monotypic genus 

Wallaceodendron and included only one Serianthes taxon. Here, we used targeted sequence 

capture to evaluate the monophyly of Serianthes by combining a large dataset from the 

mimosoid legumes (Koenen et al. 2020b) together with a separate phylogenomic dataset with 

broad collection-based sampling of Serianthes. This study demonstrates the power of museomics 

in a tropical group plagued with nomenclatural instability. The inclusion of historic samples from 

several herbaria has increased our ability to include taxa from different island groups in the Indo-
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Pacific region and Australia. The employed targeted sequencing methods were able to retain high 

quality data to infer infrageneric and intergeneric relationship within the Archidendron and 

ingoid clades.  

3.2. Materials and methods 

3.2.1. Sampling 

To infer the phylogenetic relationships within the Archidendron clade and test the 

monophyly of Serianthes, we extracted sequences from three targeted capture datasets to 

generate the “ingoid dataset”: 1) The “mimosoid 964 nuclear dataset”, 2) the “expanded 

mimosoid 997 nuclear dataset” and 3) the “Serianthes GoFlag angiosperm 408 dataset”. The 

“mimosoid 964 nuclear dataset” is from Koenen et al. (2020b) (Figure 3.1), while the “expanded 

mimosoid 997 nuclear dataset” (Ringelberg et al. 2021) consists of the mimosoid 964 nuclear 

dataset but using a redesigned bait set and with data from additional taxa: Archidendropsis 

xanthoxylon (C.T. White & W.D. Francis) I.C. Nielsen, Acacia victoriae Benth., Acacia 

rostellifera Benth., and Archidendron grandiflorum (Soland. ex Benth.) I.C. Nielsen, Serianthes 

calycina Benth., and Wallaceodendron celebicum Koord. (Table 3.2). The “Serianthes GoFlag 

angiosperm 408 dataset”, includes data from 408 nuclear exons and their flanking regions (see 

Breinholt et al. 2021a). For the GoFlag dataset, Serianthes nelsonii from Guam and Serianthes 

kanehirae Fosberg, from Palau were obtained from a fresh field sample, while the other taxa, 

Serianthes germanii Guillaumin, Serianthes hooglandii Fosberg, Serianthes melanesica Fosberg, 

Serianthes minahassae (Koord.) Merrill & Perry, and Serianthes vitiensis A. Gray, were sampled 

from various herbaria with permission (Table 3.2., United States National Herbarium, 

Smithsonian Institution, US; Naturalis Biodiversity Center, Nationaal Herbarium Nederland, L) 

(Thiers 2016).
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3.2.2. Outgroup selection 

Outgroup selection for this study followed a priori assumptions from previous studies 

inferring relationships within mimosoid legumes (Koenen et al. 2020b). Subclades within the 

ingoid clade have varying levels of support in Koenen et al. (2020b), and the selected taxa from 

these clades allow us to test the monophyly of Serianthes (Figure 3.1). In our preliminary 

analyses of the mimosoid dataset we found unambiguous support for a split between the 

Zapoteca clade and a series of clades within the ingoid clade (including the Archidendron clade). 

In particular, there is full support for the split of the Stryphnodendron clade and the Mimosa + 

ingoid clades; yet some of the (sub)clades within the ingoid clade are not well-resolved (Koenen 

et al. 2020b, Figure 3.1). Therefore, we selected Stryphnodendron pulcherrimum Hochr. to 

represent the Stryphnodendron clade, which had a relatively low proportion of gaps and 

ambiguities in its sequences (see 2.5 for details of gaps and ambiguities), indicating higher 

quality data (Koenen et al. 2020b, Spillane et al. 2021). We also included Mimosa grandidieri 

Baill. from the Mimosa clade as it meets the maximum gap/ambiguity cut-off. Although support 

for the sister-relationship of the Mimosa clade is low in Koenen et al. (2020b) (Figure 3.1) due to 

strong gene tree incongruence, it was fully supported in our preliminary analysis, and therefore, 

the use of both Stryphnodendron pulcherrimum and Mimosa grandidieri in the outgroup seems 

appropriate (Figure 3.4). Our ingoid dataset included fifty-seven taxa of the ingoid clade and a 

closely related outgroup, of which 19 belong to the Archidendron clade. 

3.2.3. DNA extraction, library preparation and enrichment 

DNA extractions for the Serianthes GoFlag 408 dataset used the protocol described in 

Breinholt et al. (2021a). Library construction, target enrichment, and sequencing for the 

Serianthes were done by RAPiD Genomics (Gainesville, Florida, USA) using protocols also 

described in Breinholt et al. (2021a). After bead clean-up, DNA was normalized and Illumina-

comparable libraries were prepared following standard procedures outlined in Breinholt et al. 

(2021a). The target enrichment used the angiosperm version of the GoFlag 408 probe set 

(Breinholt et al. 2021a), which included probes from 408 conserved nuclear exons, found across 

229 of the single or low copy genes identified by the 1KP transcriptome sequencing project 
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(Leebens-Mack et al. 2019). All enriched samples were sequenced using an Illumina HiSeq 3000 

(Illumina, San Diego, California, USA) with paired-end 100-bp reads. 

3.2.4. Data filtering and assembly 

For the Serianthes GoFlag 408 samples, we used a modified version of the iterative 

baited assembly pipeline described by Breinholt et al. (2021a, b) to recover the targeted nuclear 

exon loci, and the more variable flanking intron regions, from enriched Illumina data. Our 

modified pipeline differed from the original pipeline in that 1) reference sequences used in the de 

novo assembly of the loci were from 690 angiosperm samples extracted from the oneKP 

alignments of single copy nuclear loci (Leebens-Mack et al. 2019) corresponding to the 408 

target regions; 2) we used ten angiosperm genomes, rather than flagellate land plant genomes, to 

assess the orthology of the sequences in each locus; 3) to filter non-angiosperm contaminants, we 

performed a tBLASTx (Camacho et al. 2009) search against the respective angiosperm and 

flagellate land plant reference sequences for each locus. If a sequence’s best hit was not from an 

angiosperm, that sequence was removed as a potential contaminant. The pipeline outputs 

sequences for each locus. In order to minimize the possibility of including paralogs, if more than 

one sequence was recovered from a sample in a locus alignment, we removed all copies from 

that sample from the locus alignment. Across the seven samples used in this study, we removed 

data from an average of 6.6% of the loci due to the presence of multiple sequences.  

To recover sequences with as many common loci as possible from the datasets of Koenen 

et al. (2020b) and Ringelberg et al. (2021), which were generated using different probe sets than 

the Serianthes GoFlag 408 samples, we downloaded the raw reads of these samples from the 

NCBI Sequence Read Archive (SRA) database. We ran the same pipeline that was used on the 

Serianthes samples on the other mimosoid samples to recover sequences from as many of the 

GoFlag angiosperm 408 loci as possible. We excluded data from the samples from which we 

recovered fewer than twenty of the GoFlag loci. Specimens with more than 72% gaps or 

ambiguities in the concatenated alignment were removed from all gene alignments. The 71.96% 

threshold coincides with the gap/ambiguity value for Falcataria, a key taxon in our analysis that 

was inferred to be sister to Serianthes in Koenen et al. (2020b). Other studies have used a more 

stringent approach of using a 50% threshold (Koenen et al. 2020b, Spillane et al. 2021). Based 
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on the 71.96% threshold we retained 19 taxa within the Archidendron clade. By excluding taxa 

with less than 10 loci or more than 72% gaps or ambiguities in their concatenated sequences, 43 

of the 115 taxa in the original mimosoid 964 nuclear dataset (Koenen et al. 2020b; Table 2) and 

six taxa from the expanded mimosoid 964 nuclear dataset (Ringelberg et al. this volume; Table 

2) were retained. We aligned these 49 sequences with seven Serianthes samples and one 

outgroup of our Serianthes GoFlag 408 dataset described in 1.2.1 (Demeulenaere et al. this 

volume, Table 2) using MAFFT version 7.425 (Katoh and Standley 2013). The presence of 

indels in the flanking intron regions of the GoFlag target exons and the often large variation in 

the amount of the flanking sequences recovered from each sample often resulted in regions of 

the alignment with nucleotide data from only one or a few samples. 

3.2.5. Concatenated, gene tree and concordance analyses 

A partitioned maximum likelihood analysis of the concatenated multi-locus alignment 

was run in IQ-TREE (Minh et al. 2020b). ModelFinder (Kalyaanamoorthy et al. 2017) was used 

to identify the best-fit substitution model for each of the loci. Ultrafast bootstrap approximations 

(UFBoot) were calculated to evaluate branch support in a single IQ-TREE run. ASTRAL-III 

(Zhang et al. 2018) was used to infer a species tree while accounting for possible incomplete 

lineage sorting among gene trees (Koenen et al. 2020b). Each of the 77 gene trees was obtained 

through maximum likelihood analyses comparable to the partitioned analysis of the concatenated 

alignment. These gene trees served as input data for the ASTRAL analysis to infer a species tree 

with local posterior probabilities (PP) as node support values. Polytomy tests (Sayyari and 

Mirarab 2018), which assessed if polytomy null models could be rejected at a particular node (p 

< 0.05), were also conducted in ASTRAL-III. Upon completion of the ASTRAL-III analysis, 

gene tree (dis)concordance analyses were performed in IQ-TREE to assess topological conflicts 

at each branch of the species tree (Chan et al. 2020, Minh et al. 2020a).  

PP values of 1 provided unambiguous support for each branch (Figure 3.4, Table 3.3). 

Gene concordance factors (gCF) and site concordance factors (sCF) were used to evaluate the 

proportion of genes and sites that support the obtained species tree (Minh et al. 2020a, Table 

3.4). gCF is the percentage of gene trees containing a specific branch in the species tree, while 

sCF is the percentage of alignment sites supporting that branch (Stubbs et al. 2020). sCF values 
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have a lower bound of 33% because it uses a quartet-based approach to calculate the value at 

each node (Burbrink et al. 2020). Well or fully supported branches with high bootstrap values in 

the species tree can still have conflicting signals in the gene trees due to incomplete lineage 

sorting (ILS), hybridization, inconsistent paralog retention by polyploids, introgression, model 

misspecification, and stochastic error inherent to sequencing techniques. The two gene 

discordance factors, gDF1 and gDF2, quantify the support for the two nearest-neighbor 

interchange partitions. The third gene discordance factor, gDFP ("paraphyletic discordance 

factor"), calculates the support for all possible topologies (Minh et al 2020a; Thomas et al. 

2021). There are three possible quartets around each branch it supports (based on sites), the first 

one is the sCF, the second one sDF1 calculates the support among sites for alternative quartets, 

and sDF2 calculates the support for a second alternative arrangement, all three of these 

measures add up to 100% (Minch et al. 2020a; Thomas et al. 2021). The relationships between 

concordance factors and support values were visualized in R (R Core Team 2020). The pipeline 

to run the analyses in IQ-TREE, ASTRAL-III, and the visualization of relationships between 

concordance factors in R followed Lanfear (2018) and Matschiner (2020). 
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Table 3.3. Comparison of support values for individual nodes from concatenated analysis vs. gene 
tree analysis. BS and p-value (polytomy test) generated by concatenated analysis. BS, PP 
and p-value (polytomy test) generated by gene tree analysis.  

Concatenated 
analysis 

Gene Tree Analysis 

ID Name BS p-value PP BS p-value

1 ingoid clade 100 0.000 1.000 100 0.000 

2 Cojoba clade 100 0.009 1.000 100 0.000 

3 Pithecellobium clade NA NA 1.000 100 0.000 

4 Archidendron clade 100 0.270 1.000 100 0.000 

5 Samanea clade NA NA 0.99 99 0.001 

6 Albizia clade 100 0.000 0.99 100 0.011 

7 Archidendron + 
Pararchidendron 

100 0.000 0.79 100 0.285 

8 Serianthes clade 
(Wallaceodendron + 
Serianthes + Falcataria) 

100 0.000 0.980 100 0.056 

9 Falcataria + Serianthes 100 0.000 1.000 100 0.000 

10 Serianthes 100 0.000 1.000 100 0.000 
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Table 3.4. Comparison of concordance, discordance factors, and branch lengths calculated in IQ-
TREE for individual nodes in the Mimosoid phylogeny. 

Concordance Analysis 

ID Name gCF sCF gDF1 gDF2 gDFP sDF1 sDF2 BranchL 

1 ingoid clade 53.61 51.32 18.84 17.39 10.14 22.51 26.18 0.474 

2 Cojoba clade 52.46 65.79 3.28 3.28 40.98 14.86 19.35 0.743 

2 Pithecellobium clade 40.00 64.25 0.00 0.00 60.00 16.620 19.13 0.760 

4 Archidendron clade 21.33 69.59 0.00 0.00 78.670 15.69 14.72 0.748 

5 Samanea clade 29.410 45.54 5.88 4.41 60.29 26.72 27.74 0.283 

6 Albizia clade 25.37 51.25 5.97 2.99 65.67 22.56 26.20 0.278 

7 Archidendron + 
Pararchidendron 

9.86 46.67 0.00 2.82 87.32 25.78 27.56 0.118 

8 Serianthes clade 
(Wallaceodendron + 
Serianthes + Falcataria) 

16.92 58.08 0.00 3.80 80.00 19.73 22.19 0.241 

9 Falcataria + Serianthes 44.83 69.28 5.17 5.17 44.83 12.31 18.41 0.707 

10 Serianthes 46.97 65.60 12.12 13.64 27.27 17.13 17.27 0.480 
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3.3. Results 

3.3.1. Assembly 

The super matrix of the 77 exons and flanking regions contained 57 taxa (Table 2) and 

was 115,160 bp in length. Of the 45,600 variable sites, 15,210 were parsimony-informative and 

30,390 were singleton sites. 

3.3.2. Phylogeny inference and quantification of gene tree and site conflict 

Species trees were inferred under a multi-species coalescent (MSC) approach in 

ASTRAL-III (Zhang et al. 2018) and maximum likelihood (ML) in IQ-TREE 2.1.2 (Nguyen et 

al. 2015, Minh et al. 2020a, b) (Figure 3.4, Figure 3.5). The ASTRAL species tree analysis and 

the concatenated analysis from IQ-TREE resulted in largely similar topologies (Figure 3.5). The 

ASTRAL species tree (Figure 3.4) provided higher support values (BS and PP) for the gene tree 

analysis compared to the concatenated ML analysis (Figure 3.5). We calculated multiple 

measures of genealogical concordance and discordance for the ingoid dataset to provide a 

description of the possible disagreement among loci and across sites (Table 3.4, Figure 3.6, 

Figure 3.8, Figure 3.9).  

The local posterior probability values and the polytomy p-values of the ASTRAL species 

tree analysis are strongly negatively correlated (r= -0.917) (Figure 3.6, Figure 3.7, Lanfear 

2018). Figure 3.7 shows that almost all the nodes for which the polytomy null model was 

rejected (p < 0.05) have high local posterior probability values, except for a few outliers. 
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Figure 3.4. ASTRAL species tree using SH-gene trees. Nodes of particular interest are labelled with 
numbered orange circles and are discussed in the text. The numbers correspond to the node 
names in Table 3.3. Unambiguously supported relationships shown with PP=1 unless 
indicated at the nodes. Blue stars show nodes where a polytomy cannot be rejected by the 
data using the Polytomy test (p=<0.05).  
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Figure 3.5. Backbone phylogeny of the ingoid clade. Comparison between the concatenated gene tree 
(at left) and ASTRAL partition tree analysis (at right) of the 81 Serianthes matrix. 
Bootstrap values < 100% are indicated below the nodes. Major clades shown in color 
blocks with the incongruences between them indicated by dashed lines. 
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Figure 3.6. Scatter plots from gene discordance analysis. The graphs show the relationships between 
PP (gene tree analysis [GTA]), BS (GTA), BS (concatenated analysis [CA]), polytomy test 
[PT] (GTA), PT (PA), gene concordance factor (gCF), site concordance factor (sCF), gene 
discordance factors (gDF1, gDF2), gene discordance factor (P stands for paraphyly) (gDFP), 
and site discordance factors (sDF1, sDF2) The strength and direction of correlations (r) 
between variables are described as follows: r = -1, perfect negative relationship; -1< r ≤-
0.70, strong negative relationship; -0.70< r ≤-0.50, moderate negative relationship; -0.50< 
r ≤-0.30, weak negative relationship; -0.30< r <0.30, no relationship; 0.30≥ r <0.50, weak 
positive relationship; 0.50≥ r <0.70, moderate positive relationship; 0.70≥ r <1, strong 
positive relationship; r = 1, perfect positive relationship. 
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Figure 3.7. Pearson correlation showing the relationship between polytomy p-value and PP (gene tree 
analysis). We visualize the branches for which the polytomy null model could be rejected 
based on the ASTRAL polytomy test at p < 0.05, indicated by the red dashed line. 
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We discuss the topology based on the ASTRAL gene tree analysis for ten selected 

branches for which the polytomy null model could be rejected (Table 3.3) using BS and PP 

values in combination with the concordance factors (Figure 3.4, Table 3.3, Table 3.4). We list 

the bootstrap values and polytomy test p-values of the concatenated analysis in Table 3.3, as 

additional information. Figure 3.8 shows that the gCF and sCF values have a strongly positively 

correlated relationship (r = 0.888). The scatter plots also indicate that high PP values mostly 

coincide with medium to high gCF and sCF values.  

Figure 3.8. Scatter plot showing PP values and the relationship to gene concordance factors (gCF) and 
site concordance factors (sCF) (gene tree analysis). The red numbers coincide with the 
branch numbers of Table 3.4. and Figure 3.9.  
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The ingoid clade (branch number 1 on Figure 3.4, Table 3.3) is well supported with high 

PP and BS values, and the null hypothesis of the branch being replaced by a polytomy is rejected 

(p = 0.001). The low sDF1, sDF2, gDF1, gDF2, gDFP, and medium sCF provide confidence that 

this split is supported (Table 3.4, Figure 3.9). The backbone polytomy of the ingoid clade is 

partly resolved. The Cojoba clade (branch number 2 on Figure 3.4, Table 3.3), Pithecellobium 

clade (branch number 3 on Figure 3.4, Table 3.3), Archidendron clade (branch number 4 on 

Figure 3.4, Table 3.3), Samanea clade (branch number 5 on Figure 3.4, Table 3.3), and Albizia 

clade (branch number 6 on Figure 3.4, Table 3.3) stem branches were recovered with high PP 

and BS values, and their polytomy null models were rejected (p = 0.001) (Table 3.3). The 

polytomy of the Jupunba clade and Inga clade remained unresolved along the backbone of the 

ingoid clade (Figure 3.4). Note that the ingoid clade does not include representatives from the 

Calliandra and Zapoteca clades in our analysis. The gCF and sCF values are medium to high for 

all selected clades with the exception of a lower gCF values for the Archidendron clade (branch 

number 4 on Figure 3.4, Table 3.3), Samanea clade (branch number 5 on Figure 3.4, Table 3.3), 

Albizia clade (branch number 6 on Figure 3.4, Table 3.3) and Wallaceodendron + Serianthes 

+Falcataria clade (branch number 8 on Figure 3.4, Table 3.3). Values for gDFs and sDFs are

low, while values of gDFP are rather high for most of the clades except for the ingoid clade

(branch number 1 on Figure 3.4, Table 3.3), Cojoba clade (branch number 2 on Figure 3.4, Table

3.3), Falcataria +Serianthes (branch number 9 on Figure 3.4, Table 3.3), and Serianthes clade

(branch number 10 on Figure 3.4, Table 3.3) which also had longer branch lengths (Table 3.4).

The concatenated analysis retained the unresolved relationships across the ingoid backbone,

except for the Pithecellobium clade (Figure 3.4).

Our analysis unambiguously supports the monophyly of the Archidendron clade (PP=1, 

BS=100) with a polytomy rejected at this branch in the gene tree analysis (p = 0.001) (branch 

number 4 on Figure 3.4, Table 3.3). The concordance analysis provided a gCF value of 21.33% 

and sCF value of 69.59%. Discordance analysis returns low sDF1 and sDF2 values of 15.69% and 

14.72 % respectively, and low gDF1 and gDF2 values of 0%, and high gDFP of 78.67%. Taking 

the low support from the gene concordance factors and gene discordance factors into account it 

is important to note that the polytomy in the concatenated analysis phylogeny was not rejected (p 

= 0.270) in the ASTRAL analysis.  
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Furthermore, our analysis supports the sister relationship of Serianthes and Falcataria 

with unambiguous BS and PP support for the coalescent and concatenated analyses, with a high 

gCF value of 44.83% and a sCF value of 69.28% (branch number 9 on Figure 3.4, Table 3.3, 

Table 3.4). The polytomy test is rejected at p < 0.001 (Table 3.3). The gDFP value is 44.83 %, 

while low gDF1 (5.17%), gDF2 (5.17%), sDF1 (12.31%), and sDF2 (18.41%) values are 

recovered. Wallaceodendron is resolved as sister to the Serianthes/Falcataria clade (branch 

number 8 on Figure 3.4, Table 3.3, Table 3.4). 

Figure 3.9. Scatter plot showing p-value (polytomy test) and the relationship to gene discordance 
factors (paraphyly) (gDFP). Points show each bipartition in the full data set phylogeny, 
with red numbers coinciding with the branch numbers in Figure 3.2 and Table 3.4. 

For this relationship, we also find unambiguous BS and PP for both gene tree and concatenated 

analyses and a gCF value of 16.92% and sCF value of 58.08%. The polytomy test is not rejected 

at p < 0.056 and gDFP (80.00%) is high, but the gDF (0% and 3.8%) and sDF (19.73%, 22.19%) 
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are very low. Based on our results, we suggest a new clade within the Archidendron clade, the 

“Serianthes clade”, which is defined as the clade that includes the genera Falcataria, Serianthes, 

and Wallaceodendron. Its center of diversity is the Malesian and Papuasian region. Of this clade, 

Serianthes is the only genus with Pacific Islands representatives, while Falcataria is the only 

genus occurring in Australia. Serianthes is the most widespread, mostly likely because of its 

indehiscent pods which are dispersed via ocean currents. 

The ASTRAL species tree topology using a representative sample of eight Serianthes 

species, confirmed its monophyly (branch number 10 on Figure 3.4, Table 3.3). The supporting 

branch of Serianthes exhibited unambiguous BS and PP support in the gene tree analysis. The 

polytomy test was rejected (p < 0.001) and a high gCF value of 46.97 % and a sCF value of 

65.60% coincided with a low gDFP value of 27.27%. The discordance analysis further showed 

low gDF1 (12.12%), gDF2 (13.64%), sDF1 (17.13%), and sDF2 (17.27%) values. We identify 

two well-supported clades of Serianthes. The first one comprises taxa from Malesia, Papuasia, 

and southern Micronesia, while the other clade unites all taxa from Polynesia and northern 

Micronesia.  

The analysis confirmed the close relationship between Archidendron and 

Pararchidendron (branch number 7 on Figure 3.4, Table 3.3). This topology did not reject the 

polytomy at p = 0.285 but did have a BS = 100% and PP = 0.79 for the gene trees and a BS = 

100 for the concatenated analyses and a gCF value of 9.86% and a sCF value of 46.67%. The 

gDFP (87.32%) value is very high and the gDF1, gDF2 (0.00% and 2.82%) and sDF1, sDF2 

(25.78%, 27.56%) values were low.  

The scatter plots showed that polytomies were mostly rejected for both high gDFP and 

lower gDFP values (Figure 3.6, Table 3.4). Low gDFP values were found for the tips of the genus 

clades, while high gDFP values corresponded with the backbone polytomy of the ingoid and 

Archidendron clades. Polytomies were rejected for the tips of the clades, for instance, in the 

Albizia and Serianthes clades, which are accompanied by high gCF and sCF, low gDFs and 

sDFs, and low gDFP values.  
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3.4. Discussion 

Our study provides the first molecular evidence that Serianthes as delineated by Nielsen 

et al. (1984a) is monophyletic (branch number 10 on Figure 3.4, Table 3.3, Table 3.4) and 

characterized by bipinnately compound leaves with alternate sessile leaflets, branched axillary 

corymbiform panicles, and woody indehiscent pods (Fosberg 1960, Nielsen et al. 1984b). 

Nielsen et al. (1984a) further commented on the distinctive pollen morphology of Serianthes as 

compared to other genera in the Archidendron clade (Table 3.5). 

Our analyses further confirmed the close relationship between Serianthes, Falcataria, 

and Wallaceodendron as described by Nielsen et al. (1983). The monophyly of Serianthes and 

the relationships among Falcataria, Serianthes and Wallaceodendron (branch number 8, 9, 10 on 

Figure 3.4, Table 3.3, Table 3.4) received full support, suggesting that the alignments were 

informative and provided a clear signal for these relationships. Nielsen et al. (1983, 1984a, 

1984b) postulated that Paraserianthes falcataria (now Falcataria lophantha) appeared to be 

very closely related to Serianthes. Nielsen et al. (1983) observed that the bracts of Serianthes and 

P. falcataria are large and concave. They also could hardly distinguish the wood structure of P.

falcataria from that of Serianthes minahassae. Nielsen et al. (1983) also presented

(dis)similarities in the leaflets of the seedling leaves: opposite in Serianthes and Paraserianthes,

while the mature plants of Serianthes, in contrast to Paraserianthes, have alternate leaflets.

Nielsen et al. (1993, 1984a, 1984b) described the unbranched, elongated, racemose

inflorescence, and a pinnate eophyll of the seedling, which is in contrast to the eophylls in other

representatives of the genus. This character was used to support its transfer to a distinct,

monotypic genus by Brown et al. (2011).

Wallaceodendron was recovered as sister to Serianthes + Falcataria (Figure 3.4). 

Fosberg’s (1960) decided to treat these genera as distinct: although the flowers and fruits are 

almost identical in these three genera, he observed that the Serianthes flowers are arranged in a 

panicle, rather than a raceme and that the Serianthes pods are indehiscent, while 

Wallaceodendron pods are dehiscent. Lastly, the pairs of leaflets of Wallaceodendron and 

Falcataria are distinctly opposite, while Serianthes has alternate leaf arrangement (Fosberg 

1960, Kanis 1979, Nielsen et al. 1983). We nevertheless recovered these three genera as being 
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close relatives. This phylogenomic study provides the first evidence to delineate two lineages 

within Serianthes. A first lineage consists of Serianthes germanii, Serianthes calycina, 

Serianthes melanesica, and Serianthes nelsonii. A second lineage consists of Serianthes 

minahassae, Serianthes hooglandii, Serianthes vitiensis, and Serianthes kanehirae. We plan to 

investigate these lineages using a larger sampling of all Serianthes taxa in the future. We 

obtained strong branch support, measured by the ASTRAL species tree analysis using SH-gene 

trees (Figure 3.4), for the ingoid, Archidendron and Serianthes clades.  

Disagreements among sites and genes occurred where the branches show low sCF and 

gCF values (node labels 4, 5, and 8 on Figure 3.4, Table 3.4). This might be expected given that 

internode distances expressed in coalescent units in our phylogeny are short (Figure 3.4), which 

are indicative of discordant signals between gene trees. High gDFP values coincided with short 

branches in the topology, and could possibly correspond to a rapid radiation (branch number 3, 5, 

6, 7, and 8 on Figure 3.4, Table 3.4). This confirms that the polytomies in the ingoid clade 

discovered by Koenen et al. (2020b) could indeed be attributed to a rapid radiation. 

The Archidendron clade (node label 4 on Figure 3.4, Table 3.3, Table 3.4) itself was part 

of a polytomy identified by Koenen et al. (2020b). Although the gene tree analysis provided high 

branch support (PP=1, BS=100), and a high sCF value of 69.59% of the sites in the gene 

alignments supporting the obtained tree topology at this branch, the observed low discordance 

factor values (between 0 and 14.72%) (Minh et al. 2020a, Thomas et al. 2021) still indicate 

noticeable conflict based on the gene concordance and discordance factors. The concordance 

analysis provided high gDFP values of 78.67% similarly indicating that the gene trees lacked a 

clear signal (Minh et al. 2020a, Thomas et al. 2021). The fact that high PP and BS values 

coincided with low gCF values illustrates that classic branch measures such as PP and BS do not 

always capture all aspects of variation in the data set (Brower 2006, 2018; Thomas et al. 2021). 

The underlying discordance is in agreement with the concatenated analysis results, which 

retained the polytomy for this branch, despite the high PP and BS values. 

The obtained phylogeny shows that Pararchidendron is nested within Archidendron and 

the phylogeny of Brown et al. (2021) confirms Pararchidendron is paraphyletic (Figure 3.10). 

Other branches within the Archidendron clade remain unresolved (Figure 3.10). Although the 
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sister relationship of Parasarianthes and Acacia s. str. is confirmed by Brown et al. (2021) and 

Ringelberg et al. (2021), the placement of these sister taxa remains contentious. The affinity of 

Archidendropsis in the Archidendron clade remains uncertain as well. Increased sampling could 

resolve the phylogenetic relationships of Archidendropsis within the Archidendron clade. 
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Table 3.5. Morphological comparison of the Serianthes, Falcataria, and Wallaceodendron. This 
comparison is based on Nielsen (1992), Nielsen et al. (1983, 1984a, 1984b), and Verdcourt 
(1979). 

Morphology Wallaceodendron Falcataria Serianthes 

Inflorescence Solitary axillary unbranched 
raceme 

Unbranched elongated 
racemose inflorescence 

Panicle of pendiculate 
spike, panicle of 
pendiculate dyads, triads, 
tetrads, complex raceme 

Pod epicarp Varies from chartaceous 
(dehiscent) to woody 

Thin, membranaceous Thin, coriaceous, 
chartaceous to woody 
(indehiscent) 

Endocarp Membranaceous to 
chartaceous 

Endocarp forms a papery 
envelope around each seed, 
which is the basic dispersal 
unit 

Chartaceous Parchment-like, woody 

Germination Not known Epigeal Epigeal 

First two foliar 
leaves 

Not known Opposite and bipinnate Opposite and bipinnate 

Leaves Bipinnate, arranged spirally Bipinnate, alternate Bipinnate, alternate 

Leaflets Opposite Opposite Alternate 
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Figure 3.10. Comparison of relationships of the Archidendron clade recovered by different authors. 
Color schemes follow those in Figure 3.2 and Figure 3.9. The branches which are 
unambiguously supported (either by PP = 1.00 or BS = 100%) are indicated by blue stars 
and discordant placement of genera is indicated by dashed lines. The following 
abbreviations are used: Archidendron grand. = Archidendron grandiflorum, Archidendron 
luc. = Archidendron lucidum, Archidendron quoc. = Archidendron quocense, 
Archidendropsis g. = Archidendropsis granulosa and Archidendropsis x. = 
Archidendropsis xanthoxylon. 
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3.5. Conclusions 

Several significant results emerge. First, the sequence capture method (Grover et al. 

2012) is a cost-effective method to generate potentially hundreds of informative markers for 

plant phylogenetics that can be used across a wide taxonomic range (Zimmer and Wen 2015). 

Target enrichment of nuclear genes has been used to resolve recent plant species radiations at the 

species level and in infra-species phylogeographic studies (Nicholls et al. 2015). Our study 

shows that merging data generated from different probe sets can yield enough common loci to 

reveal intergeneric relationships. Our ingoid dataset resulted in an increased resolution of the 

phylogenetic relationships in the ingoid and Archidendron clades. Second, the ASTRAL species 

tree analysis provided a well-supported phylogeny, representing the evolution of unlinked 

markers across the genome. In many cases, the concordance analysis provided a new perspective 

on support for different relationships based on bootstrap values, local posterior probability 

support levels and polytomy tests, which may be inflated in large, concatenated alignments 

(Minh et al. 2020a, Thomas et al. 2021). Our analyses (1) provided evidence for the monophyly 

of Serianthes; (2) recovered strong support within the Serianthes clade, which sets the stage for 

future biogeographic analysis of this clade; and (3) further investigate putative hard polytomies 

in the ingoid clade. The concordance analysis maintained certain conflicts; in particular, we 

found limited gene conflict near the tips of the Archidendron clade, but an increase in 

discordance at the base of the clade; and (4) used a polytomy test to further evaluate if gene tree 

discordances affect branch support values. Further sampling of Serianthes species that were not 

included here, as well as denser sampling of other genera in the Archidendron clade, is necessary 

to fully evaluate the generic delineation and relationships within the Archidendron clade. 
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Chapter 4. Phylogenomic inference in Serianthes (Fabaceae) informs taxonomy, 

biogeography and macroevolution1 

Abstract 

Aim: The Indo-Pacific region is internationally renowned as a biodiversity hotspot because it 

contains six of the 25 world’s biodiversity hotspots harboring high plant diversity and endemism. 

Of the 18 widely accepted species of Serianthes (Fabacecae), twelve are listed on the Red List of 

the International Union for Conservation of Nature and Natural Resources (IUCN). The overall 

aim of this study is 1) to produce a robust phylogeny of Serianthes; (2) use its phylogeny to infer 

biogeographic relationships comparing it to established biogeographic hypotheses in the region; 

(3) test the monophyly of the proposed infrageneric classification based on inflorescence and

infructescence types; (4) clarify the conspecificity of the two Micronesian species: the S. nelsonii

populations of Guam (Håyun lågu) and Rota (Tronkon guåfi) and the S. kanehirae populations of

Palau (Ukall or Kumer) and Yap (Gumor); (5) outline conservation strategies for the endangered

S. nelsonii.

Location: Indo-Pacific 

Taxon: Serianthes Bentham, 1844 (Fabaceae, Archidendron clade) 

Methods: We collected 81 samples across the distributional range of Serianthes in the Indo-

Pacific. We generated genomic data using 401 nuclear exons and non-coding flanking regions 

using a concatenated analysis to infer the phylogenetic within the genus based on a maximum-

likelihood approach in IQ-tree. A dated phylogeny of all Serianthes species was used to infer

ancestral areas based on the maximum-likelihood approach under the DEC+j model. 

Results: A concatenated analysis recovered two large clades that correspond to two subgenera: 

1) Subgenus Hayunia and 2) Subgenus Serianthes. Within subgenus Serianthes two

unambiguously supported subclades can be recognized. Serianthes was inferred to have

originated in the Papuasia – New Caledonia area, ca. 17 Ma ago. The Papuasian ancestral areas

1 Demeulenaere, Else; Schils Tom; Burleigh Gordon J.; Ickert-Bond, Stefanie M. 2021. Phylogenomic inference in Serianthes 
(Fabaceae) informs taxonomy, biogeography and macroevolution (to be submitted for publication to Journal of Biogeography) 
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gave rise to a subgenus Serianthes clade which diverged into two subclades, one Papuasia – 

Malesian clade and one Papuasia, Fijian, and Caroline Islands clade. The New Caledonian 

ancestral area gave rise to the subgenus Hayunia clade which exclusively consist of Pacific 

Island taxa.  

Main conclusion: We present the first robust phylogeny and biogeographic hypothesis of 

Serianthes which supports two subgenera corroborating previously published morphology-based 

classifications underscoring the taxonomic utility of inflorescences and infructescences. Clear 

historic and geographic clades with unique genotypes were identified on the islands of Guam and 

Rota. Serianthes nelsonii populations disjunctly distributed in Guam and Rota are conspecific 

and can be used to increase the genetic variation in each of the islands to help recovery efforts of 

this endangered species. Speciation in the Serianthes kanehirae populations disjunctly 

distributed in Yap and Palau has advanced further and the recognized var. yapensis on Yap is 

sister to accessions from the typical variety on Palau. Our study highlights the role of long-

distance dispersal during the diversification of Serianthes in the Indo-Pacific corroborating the 

important role of LDD in these young tropical lineages. 
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4.1. Introduction 

The Mimosoid genus Serianthes (Fabaceae) contains shrubs and tall, majestic trees which 

are mainly distributed on islands in the Indo-Pacific region and include several island endemics. 

Although the integrity of the genus has not been questioned, the intergeneric relationships remain 

unclear as to date no molecular study has looked at the evolutionary and biogeographic history of 

the genus. We present the first comprehensive molecular phylogeny of Serianthes Benth. Based 

on its phylogenetic relationships we further investigated the biogeographic history of the genus. 

One of the 18 widely accepted Serianthes taxa, Serianthes dilmyi Fosberg is broadly distributed 

in Malesia, Papuasia, and New Caledonia (Kanis, 1979), whereas all the remaining species, 

subspecies, and varieties are all island endemics (Table 4.1). New Caledonia appears to represent 

a center of current diversification for Serianthes with seven island endemic taxa (Nielsen et al., 

1983). Traditionally, island cultures in the Indo-Pacific region use Serianthes trees mainly for 

boats and canoes, while in Yap and Palau, the trees are also valued as building materials for 

traditional meeting houses, for medicine, and artisanal products (Demeulenaere et al., 2021b). 

Habitat loss, ecosystem degradation, mining activities, and logging increased pressure on the 

islands forests and endemic species resulting in high plant extinction rates in Micronesia 

(Kingsford et al., 2009; Stibig et al., 2014). Of the 18 widely accepted species of Serianthes, 

twelve are listed on the Red List of the International Union for Conservation of Nature and 

Natural Resources (IUCN) (Table 4.1; IUCN, 2021). While many endemic plants such as 

Serianthes face extinction, the Traditional Ecological Knowledge (TEK) Indigenous people hold 

relating to Serianthes, face an equal fate because militarization, economic development, and 

cultural globalization take precedent over sustainability and biocultural preservation (Maffi, 

2005; Demeulenaere, 2021).  

Since Bentham first described Serianthes in 1844, a number of revisionary treatments and 

floristic treatments were completed (Fosberg, 1960; Kanis, 1979; Nielsen et al., 1984). Of 

particular importance is the revision by Fosberg (1960), who recognized eight species and 

described five new ones, some divided into varieties, and the revision by Kanis (1979), who 

revised the Malesian taxa and added five new taxa. The most recent taxonomic revision by 

Nielsen et al. (1984) accepted Kanis’s treatment of the Malesian taxa and added one new species, 

four subspecies and one variety. Nielsen et al. (1984) published a comprehensive taxonomic 
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revision of the genus and recognized two subgenera: Serianthes subgenus Minahassae Fosberg 

and Serianthes subgenus Serianthes, which they based on the different inflorescence types in 

each subgenus (Table 4.4). The main difference between the three main revisions (Fosberg, 

1960; Kanis, 1979; Nielsen et al., 1984) is the recognition of several varieties and subspecies 

(Table 4.4). We mainly follow the classification of Nielsen et al. (1984), but use all varieties 

identified by Fosberg (1960) to ensure we capture potential cryptic species described from 

different islands. 

Globally plant species diversity is under threat, and recent estimates project 1/5 of the 

estimated 391,000 plant species worldwide are at risk of extinction (Kew, Royal Botanical 

Gardens, 2021; Pimm & Raven, 2017; Pimm, 2020). The Indo-Pacific region is internationally 

renowned as a biodiversity hotspot because it contains six of the 25 world’s biodiversity hotspots 

(South-Central China, Philippines, Sundaland, Wallacea, Polynesia-Micronesia, and New 

Caledonia) (Nielsen et al., 1984; Mueller-Dombois & Fosberg 1998; Myers et al., 2000; Keppel, 

2008) harboring high plant diversity and endemism, also in Serianthes. Research has shown that 

the number of plant extinctions globally also mirrors the concentration of endemic species 

(Pimm, 2020) and is disproportionately high on isolated oceanic islands (Humphreys et al., 

2019), the habitat of many Serianthes species. Under the seven IUCN Red List categories, there 

are twelve Serianthes taxa listed, with one currently ranked as Endangered and three as Critically 

Endangered.  

Since many Serianthes species are island endemics threatened with extinction, the 

identification of cryptic species has become more urgent. Cryptic species refer to genetically 

distinct lineages that are morphologically indistinguishable (Struck et al., 2018). Several 

Serianthes species occur on one or more islands of an archipelago or are found on different 

archipelagoes (Table 4.1). Because the various taxonomic treatments have considered varieties, 

subspecies, or described new species based on these disjunct distributions, it is important to 

investigate the phylogenetic differences on an island level (Fosberg, 1960; Kanis, 1979; Nielsen 

et al., 1984). Speciation is a protracted process leading to phenotypic, ecological, and genetic 

divergence of populations, resulting in new species (Coates et al., 2018). Genomes of different 

lineages can be examined to find signatures of lineage-specific selection because these might 

clarify geographic, ecological, and morphological traits (Dynesius & Jansson, 2014). There are 
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many examples of cryptic species in mammals, including Asian elephants and clouded leopards 

(Buckley-Beason et al., 2006; Fernando et al., 2003), birds (Lohman et al., 2010; Tobias et al., 

2020), and plants (Sokoloff et al., 2019; Bateman et al., 2011; Carstens & Sattler, 2013). 

Biogeographic studies can discover cryptic genetic diversity and highlight geographic areas of 

exceptionally high genetic diversity to assist conservation measures (Bickford et al., 2007).  

In Micronesia there are two Serianthes species that are disjunctly distributed on island 

archipelagoes and between island archipelagoes: 1) S. nelsonii, which occurs on Guam and Rota 

and 2) S. kanehirae, which occurs on Palau and Yap. The islands of Guam and Rota belong to 

the Mariana Islands archipelago and are situated only 13.8 km apart. Currently, only one 

remaining adult tree of S. nelsonii, locally named Håyun lågu, occurs on Guam, while less than 

35 individuals remain on Rota, locally named Tronkon guåfi. Serianthes nelsonii is listed as 

“Critically Endangered” by the U.S. Fish and Wildlife Service (1987). Clarifying whether the 

two island populations of S. nelsonii are conspecific is crucial for the development of 

management and conservation strategies, but most urgently for recovery and reintroduction plans 

of endangered species (Bickford et al., 2007). The last Håyun lågu tree in Guam is also the 

symbol of an ongoing social movement led by Prutehi Litekyan (Demeulenaere, 2021), to protect 

Guam’s last S. nelsonii tree. A planned military firing range as part of the military build-up, 

would only leave a 100-foot buffer between the range and the tree, threating the tree’s survival, 

increasing its susceptibility to wind damage, and preventing augmentation of its population in its 

native limestone habitat. 

A second example of using biogeographic research to support conservation measures in 

Serianthes centers around S. kanehirae from Palau and Yap. The Palau and Yap archipelagoes 

are distinct and the distance between the main island of Palau (Babeldaob) and the main islands 

of Yap (Yap, Maap, Rumung, Gagil-Tamil), where S. kanehirae occurs is 450 km. Fosberg 

(1960) distinguished two varieties in S. kanehirae, var. kanehirae and var. yapensis. The Ukall or 

Kumer (local names in Palau for S. kanehirae) and Gumor (local name for S. kanehirae in Yap) 

are not endangered. The people of Palau and Yap still use the trees for canoes, traditional 

meeting houses, medicine, and storyboards. In Yap and Palau, S. kanehirae grows in volcanic 

soils, but occasionally S. kanehirae is also found on sandy beaches. The conservation story in 

Yap and Palau contrasts nicely with that in the Mariana Islands, as the preservation of the tree is 
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driven by its use. Serianthes kanehirae is morphologically quite distinct from S. nelsonii due to 

larger flowers, leaflets, and pods.  

In summary, the main objectives of this study are to (1) produce a robust phylogeny of 

Serianthes; (2) use its phylogeny to infer biogeographic relationships; (3) test the monophyly of 

the proposed infrageneric classification based on inflorescence and infructescence types; (4) 

clarify the conspecificity of the two Micronesian species: the S. nelsonii populations of Guam 

and Rota and the S. kanehirae populations of Palau and Yap; (5) outline conservation strategies 

for the endangered S. nelsonii. 

4.2. Materials and methods 

4.2.1. Taxon sampling 

We have previously established the monophyly of Serianthes (Demeulenaere et al., 

2021c) based on a limited sampling. To infer the phylogeny of Serianthes we collected broadly 

across its geographic distribution, including samples from all Serianthes taxa from various 

herbaria with permission (United States National Herbarium (US), (Smithsonian Institution, 

United States), Naturalis Biodiversity Center (Nationaal Herbarium Nederland) (L) (Leiden, 

Netherlands), Muséum National d'Histoire Naturelle (P) (Paris, France), University of Guam 

Herbarium (GUAM, United States)) (Thiers, 2016).  

To clarify the conspecificity of the two Micronesian species (S. nelsonii from Rota and 

Guam, and S. kanehirae from Palau and Yap), we collected two to ten samples of each described 

species within Micronesia between 2016 and 2018 both in the field as well as from herbarium 

specimens (Table 4.2). Because Guam has only one adult living tree (and seedlings) of S. 

nelsonii remaining, we sampled eight herbarium specimens to include genotypes of trees which 

are no longer alive from three locations: 1) (Tailalo’ (northwestern Guam), also the current 

location of the living tree (3 samples), 2) Pati Point (northeastern Guam, 3 samples), 3) Tarzan 

Falls (southern Guam, one sample, and one sample from an unknown location). The wild 

populations of S. nelsonii in Rota are all located in the southern part of the island (no historical 

population are known from the north), facing the northern populations in Guam (Figure 4.3). 

Serianthes kanehirae var. kanehirae only occurs on the island of Babeldaob. We gathered  
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Table 4.2. Serianthes and outgroup samples included in the Micronesia analysis. Name, collection 
location, ancestral area (AA), Accession name, Herbarium accession number or population 
sample code, and inclusion in phylogeny of genus (SER) and/or Micronesian (MI) study 
per sample. The ancestral areas (AA) each consist to a set of seven geographic regions: C: 
Caroline Islands (Palau and Yap), M: Mariana Islands (Guam and Rota), I: Indonesia 
(including Borneo, Lesser Sunda Islands, Moluccas), N: New Caledonia, A: Papuasia 
(including Papua New Guinea (inclusive of New Guinea), Bismarck Archipelago, Solomon 
Islands), S: Southern Pacific Islands (Fiji, French Polynesia, Tonga, and, Vanuatu), and the 
P: Philippines. 

Taxon Island AA Accession name Herbarium 
Accession or 
Population 
sample code 

SER MI 

Samanea saman Guam (not native) UFL_127902_P001_WB06  Sam001 x x 
Serianthes calycina New Caledonia N UFL_127902_P001_WC06 L.2034785 x 
S. calycina var.
kaalaensis

New Caledonia N UFL_127905_P003_WF04 P03368746 x 

S. dilmyi Maluku Islands I UFL_127902_P001_WD06 L.2034742 x 
S. dilmyi Philippines P UFL_127905_P003_WA01 L.2034745 x 
S. dilmyi Borneo I UFL_127905_P003_WB01 L.2034792 x 
S. ebudarum Erromango Island S UFL_127905_P003_WD01 L.2034751 x 
S. germanii L'Île-des-Pins N UFL_127905_P003_WE01 L.2034754 x 
S. dilmyi Los Negros Islands A UFL_127905_P003_WG03 L.2034759 x 
S. dilmyi New Guinea A UFL_127905_P003_WF01 L.2034756 x 
S. dilmyi Papua New Guinea A UFL_127902_P001_WE06 L.203f4758 x 
S. hooglandii Papua New Guinea A UFL_127905_P003_WG01 L.2034739 x 
S. hooglandii Solomon Islands A UFL_127905_P003_WH01 L.2034728 x 
S. kanehirae var.
kanehirae

Palau_Airai C UFL_127905_P003_WE09 PAL006 x x 

Palau C UFL_127902_P001_WE07 PAL002 x 
Palau C UFL_127902_P001_WH08 PAL x 
Palau_Aimeliik C UFL_127905_P003_WG09 PAL004 x 
Palau_Aimeliik C UFL_127905_P003_WF09 PAL005 x 
Palau_Airai C UFL_127905_P003_WG08 PAL014 x 
Palau_Airai C UFL_127902_P001_WG08 PAL020 x 
Palau_Ngarchelong C UFL_127905_P003_WA10 PAL002 x 
Palau_Ngarchelong C UFL_127905_P003_WH09 PAL003 x 
Palau_Ngarchelong C UFL_127902_P001_WF07 PAL022 x 
Palau_Ngardmau C UFL_127905_P003_WD09 PAL009 x 
Palau_Ngardmau C UFL_127905_P003_WC09 PAL010 x 
Palau, Ngekaklam C UFL_127905_P003_WB09 PAL011 x 
Palau_Ngekaklam C UFL_127905_P003_WA09 PAL012 x 
Palau_Ngeraus C UFL_127902_P001_WE08 PAL016 x 

S. kanehirae var.
yapensis

Yap_Yap M UFL_127905_P003_WC07 YAP017 x 

Yap_Maap C UFL_127902_P001_WB08 YAP019 x x 
Yap_Gagil-Tamil M UFL_127905_P003_WF07 YAP011 x 
Yap_Maap M UFL_127905_P003_WA08 YAP018 x 
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Table 4.2., continued. 

Yap_Maap M UFL_127905_P003_WB07 YAP019 x 
Yap_Yap M UFL_127905_P003_WF08 YAP001 x 
Yap_Yap M UFL_127905_P003_WE08 YAP002 x 
Yap_Yap M UFL_127905_P003_WD08 YAP005 x 
Yap_Yap M UFL_127902_P001_WH07 YAP006 x 
Yap_Yap M UFL_127905_P003_WB08 YAP007 x 
Yap, Yap M UFL_127902_P001_WA08 YAP008 x 
Yap, Yap M UFL_127905_P003_WH07 YAP009 x 
Yap, Yap M UFL_127905_P003_WG07 YAP010 x 
Yap, Yap M UFL_127905_P003_WE07 YAP012 x 
Yap, Yap M UFL_127905_P003_WD07 YAP015 x 
Yap, Yap M UFL_127902_P001_WG07 YAP x 

S. lifonensis Lifou Islands N UFL_127905_P003_WG04 P00625931 x 
S. margaretae New Caledonia N UFL_127905_P003_WB02 L.0397005 x 
S. melanesica Viti Levu S UFL_127905_P003_WC02 L.0019276 x 
S. melanesica var.
yunckeri

Vava'u S UFL_127905_P003_WB10 US2191202 x 

S. minahassae Bogor I UFL_127905_P003_WD03 L.2034687 x 
S. minahassae Papua New Guinea A UFL_127905_P003_WD03 L.1995177 x 
S. minahassae subsp.
fosbergii

Bougainville Island A UFL_127905_P003_WG02 L.0019280 x 

S. minahassae subsp.
fosbergii

Solomon Islands A UFL_127905_P003_WC03 L.2034654 x 

S. minahassae subsp.
ledermanni

New Guinea A UFL_127905_P003_WA03 L.0019281 x 

S. myriadena Mo’o’rea S UFL_127905_P003_WE10 US1216500 x 
S. nelsonii Guam, Tailalo', 

mother tree 
M UFL_127902_P001_WB07 GUA001 x x 

Rota, Guayaongan M UFL_127905_P003_WD06 ROT017 x x 
Guam M UFL_127905_P003_WF10 US531931 x 
Guam, Puntan Pati, 
cliff 

M UFL_127905_P003_WF05 GUAM609R x 

Guam, Potts 
Junction Ritidian 
Point 

M UFL_127905_P003_WC05 GUAM1354 x 

Guam, Puntan Pati M UFL_127905_P003_WB05 GUAMLR4536 x 
Guam Puntan Pati M UFL_127905_P003_WG10 US689615 x 
Guam, Ritidian 
Road 

M UFL_127905_P003_WE05 GUAM1570 x 

Guam, Tailalo' M UFL_127905_P003_WE02 L1995138 x 
Guam, Tailalo', 
living seedling 

M UFL_127902_P001_WG06 GUA002 x 

Guam, Tarzan 
Falls 

M UFL_127905_P003_WD05 GUAM776 x 

Rota, Applalagu M UFL_127905_P003_WA06 ROT038 x 
Rota, close to 
ranch 

M UFL_127905_P003_WA07 ROT002 x 

Rota, close to 
ranch 

M UFL_127905_P003_WH06b ROT003 x 
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Table 4.2., continued. 

Rota, Guayaongan M UFL_127905_P003_WG06 ROT004 x 
Rota, Guayaongan M UFL_127905_P003_WF06 ROT008 x 
Rota, Guayaongan M UFL_127902_P001_WH06a ROT012 x 
Rota, Guayaongan M UFL_127905_P003_WE06 ROT015 x 
Rota, Guayaongan M UFL_127905_P003_WC06 ROT020 x 
Rota, Guayaongan M UFL_127902_P001_WA07 ROT001 x 
Rota, NW, 
Guayaongan 

M UFL_127905_P003_WB06 ROT022 x 

Rota, pipeline M UFL_127905_P003_WH05 ROT039 x 
Rota, SW, 
Guayaongan 

M UFL_127905_P003_WG05 ROT040 x 

S. petitiana New Caledonia N UFL_127905_P003_WH03 L.1995146 x 
S. robinsonii Ambon Island I UFL_127905_P003_WA04 L.1995150 x 
S. rurutensis Rurutu S UFL_127905_P003_WE03 L.1995135 x 
S. sachetae New Caledonia N UFL_127905_P003_WB04 L.0019282 x 
S. vitiensis Waya S UFL_127905_P003_WD10 US942100 x 

samples from several states in Babeldaob (Table 4.2). The Yap samples, S. kanehirae var. 

yapensis, were gathered from the islands of Yap, Maap, and Gagil-Tamil (Table 4.2). These 

islands on Yap together with Rumung are only separated by narrow waterways. The main islands 

together with several small islands are surrounded by a coral reef (Richmond et al., 1997). 

Protocols outlined in Funk et al. (2017) were used to collect leaf samples and herbarium voucher 

specimens were deposited in the University of Guam Herbarium (GUAM, United States). 

Outgroup taxa were determined in a larger sampling of the Archidendron clade (Demeulenaere et 

al., 2021c), and Samanea saman (Jacq.) Merr. was selected as an outgroup in the reduced 

Serianthes data set. 

4.2.2. DNA sequencing and alignment preparation 

We successfully employed a targeted sequence capture approach designed for 

angiosperms, using a k-medoids clustering approach (Grover et al., 2012; Johnson et al., 2019; 

Brewer et al., 2019). The target enrichment was accomplished using the angiosperm version of 

the GoFlag 408 probe set (Breinholt et al., 2021), which includes probes from 408 conserved 

nuclear exons, found across the 229 single or low copy genes identified by the oneKP 

transcriptome sequencing project (Leebens-Mack et al., 2019). The DNA extraction, library 

preparation, and enrichment as well as the data filtering and assembly are described in detail in 
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Demeulenaere et al. (2021c). For the phylogenetic study, 31 taxa have been sequenced from 21 

islands. This same dataset (Serianthes 31) was used for the biogeography. For the larger 

Micronesian analysis, a dataset of 82 samples was used (Serianthes 82), which included the same 

taxa as the phylogenetic study but we further added 51 samples of Serianthes from Micronesia 

and Borneo (1 sample) to test hypotheses of the monophyly of taxa across archipelagos and 

between archipelagoes.   

4.2.3. Concatenated analysis 

The targeted sequence captfure successfully recovered 401 gene alignments of 82 

Serianthes taxa and one Samanea species, as the outgroup. First, a partitioned concatenated 

alignment of these 401 loci and 82 taxa was generated for the comprehensive phylogenetic 

analysis (Serianthes 82). This first alignment was reduced to a second partitioned alignment of 

401 loci and 31 taxa for the biogeographical analysis (Serianthes 31). ModelFinder was used to 

determine the best-fit model for each partition of these alignments (Kalyaanamoorthy et al., 

2017). Phylogenetic trees were then inferred through maximum likelihood analyses in IQ-TREE 

2 (Minh et al., 2020). The phylogenetic analyses were run with 1000 bootstrap replicates, 

following IQ-TREE's ultrafast bootstrap approximation, and partitions were allowed to have 

their own evolutionary rates and shared the same set of branch lengths. 

4.2.4. Biogeography 

We estimated ancestral areas using the BioGeoBEARS (Matzke, 2012, 2014) package in 

the R software environment for statistical computing and graphics (R Core Team, 2021) based 

on the phylogeny of 30 Serianthes taxa obtained from the concatenated maximum likelihood 

analysis (see 4.2.3). A time-calibrated phylogeny was constructed using the chronos function of 

the R package ape (Paradis & Schliep, 2019), with complete rate-smoothing (lamda = 1) and a 

discrete clock model setting. Two calibration points were deduced from Koenen et al. 

(unpublished data, 2021): the stem age of Serianthes [calibration 1- 95% Highest Posterior 

Density (HPD): 16.18 - 17.08 Ma] and the split between S. calycina and S. nelsonii (calibration 2 

- HPD: 6.37 - 7.05 Ma). Distribution ranges of each of the 30 Serianthes taxa were assigned to

seven geographic areas: the Caroline Islands (C; Palau and Yap), the Mariana Islands (M; Guam

and Rota), Indonesia (I; Borneo, Lesser Sunda Islands, and the Moluccas), New Caledonia (N),
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Papuasia (A; New Guinea and its offshore islands, the Bismarck Archipelago, and the Solomon 

Islands), the Southern Pacific Islands (S; Fiji, French Polynesia, Tonga, and Vanuatu), and the 

Philippines (P; Table 4.2, Figure 4.6, Figure 4.7). Taxa across the phylogeny were allowed to 

occupy all seven areas, resulting in 128 possible states. Two models were tested: the standard 

dispersal-extinction cladogenesis model (DEC; Ree & Smith, 2008) and the dispersal-extinction 

cladogenesis model (DEC+j; Matzke, 2012, 2014) which includes the "jump" parameter, j. The 

jump parameter accounts for long distance dispersal and founder speciation events, allowing a 

daughter lineage to occupy a new area different from that of the parental lineage (Rose et al., 

2018). A Likelihood Ratio Test (LRT) was performed to evaluate if the DEC and DEC+j models 

conferred equal likelihoods on the data. If this null hypothesis was rejected, the Akaike 

information criterion (AIC) was used to identify the model that fitted the data best. 

4.2.5. Inflorescence and infructescence terminology 

Most legume flowers share a common pentamerous Bauplan with five sepals, five petals 

and two whorls of five stamens each (Tucker, 2003). Mimosoid inflorescences are generally 

racemose or paniculate. Developmentally, mimosoid inflorescences differ from the rest of 

legumes in the synchronized initiation of sepals and petals of all flowers in an inflorescence, 

while the rest of legumes are characterized by successive development of flowers in an 

inflorescence (Tucker, 2003). General inflorescence terminology follows Weberling and 

Pankhurst (1992). While inflorescence terminology such as inflorescences of pedunculate spikes, 

racemes, umbels and panicles are traditionally used in taxonomic keys for Serianthes, in reality 

these terms are lacking the precision needed to determine homology and develop a 

developmental series of inflorescence types within Serianthes, but these aspects are beyond the 

scope of the current paper. 

Fruits in Serianthes are legumes which variably become woody. Nielsen et al. (1984) 

used differentiation in the fruit wall of Serianthes in their subgeneric classification system. The 

fruit wall (pericarp) is composed of three distinct layers, an outer exocarp, a middle often fleshy 

mesocarp, and an inner endocarp (Roth, 1977; Weberling & Pankhurst, 1992). The use of epicarp 

sensu Nielsen et al. (1983, 1984) comprises both the exocarp and mesocarp (Nielsen et al., 

1983).  



121 

4.3. Results 

4.3.1. Assembly 

The Serianthes 31 super matrix of the 401 exons and flanking regions contained 31 taxa 

and was 519,945 bp in length. Of the 47,227 variable sites, 15,311 were parsimony-informative 

and 31,916 were singleton sites. The proportion of missing data was 9.8%. 

The Serianthes 82 super matrix of the 401 exons and flanking regions contained 82 taxa 

and was 523,087 bp in length. Of the 60,771 variable sites, 32,992 were parsimony-informative 

and 27,779 were singleton sites. The proportion of missing data was 7.6%. 

4.3.2. Phylogenetic hypotheses 

4.3.2.1. Phylogeny of Serianthes 

The concatenated tree from the concatenated analysis inferred in IQ-tree (Figure 4.1) 

identified two well-supported main clades of Serianthes, which represent subgenera: One clade 

represents subgenus Serianthes comprising all taxa from Malesia, Papuasia, and southern 

Micronesia, and the other clade, the subgenus Hayunia clade is uniting all taxa from Polynesia 

and northern Micronesia. Within subgenus Hayunia, the New Caledonian endemic Serianthes 

petitiana Guillaumin (BS = 100%) forms a grade with the remainder of the clade. This clade in 

turn consists of two subclades each unambiguously supported (BS = 100%). One subclade (the 

“New Caledonia subclade”) is comprised of four New Caledonia endemics and two varieties (BS 

= 98%): S. calycina Bent, S. calycina var. calycina I.C. Nielsen, S. calycina var. kaalaensis I.C. 

Nielsen, S. germanii Guillaumin, S. lifouensis (Fosberg) I.C. Nielsen, and S. sachetiae Fosberg. 

The other subclade (BS = 100%) of subgenus Hayunia, contains a mix of species from New 

Caledonia, Vanuatu, Tonga, Fiji, French Polynesia, and the Mariana Islands (informally treated 

as the “Mixed subclade”, Figure 4.1). Within the New Caledonia clade, S. germanii, S. lifouensis, 

S. calycina var. kaalaensis form grades (respectively with BS = 91%, BS = 100%, BS = 46%)

with the two sister taxa S. sachetae and S. calycina var. calycina (BS = 81%). The Mixed clade is

further divided into two subclades (BS = 100). A “Mariana Islands subclade” is inferred (BS =

100%, Figure 4.1), comprised of S. nelsonii Merr. from Guam and Rota and a subclade which is

further split into two more subclades (BS = 83%): 1) S. melanesica var. yunckeri (Tonga) forms
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a grade (BS = 75%) with the sister taxa S. margaretae I.C. Nielsen and S. melanesica Fosberg 

from Fiji (BS = 100%), and 2) S. ebudarum Fosberg from Vanuatu forms a grade (BS = 37%) 

with the sister taxa S. myriadena Planch. ex Benth. and S. rurutensis (F. Brown) I.C. Nielsen (BS 

= 100%). 

Subgenus Serianthes (BS = 97%) contains two well-defined sections, the section 

Minahassae subclade which is sister to a subclade named subgenus Serianthes section Dalmya 

(Figure 4.1). The sect. Minahassae subclade (BS = 97%, Figure 4.1) only comprises S. 

minahassae (Koord.) Merr. & L.M. Perry and its three subspecies S. minahassae subsp. fosbergii 

Kanis, S. minahassae subsp. ledermanii (Harms) Kanis, and S. minahassae subsp. minahassae. 

Subspecies ledermanni and subsp. fosbergii from Polynesia. The two accessions of subspecies 

ledermanii form an unambiguously supported clade sister to the clade of two accessions of 

subspecies fosbergii (BS = 100%). The S. minahassae subsp. ledermanii/ fosbergii clade is 

closely related to the typical subspecies from Indonesia (BS = 100%). 

The sect. Dalmya subclade (BS = 100%) is further divided into several distinct subclades 

with both island endemics and more widely distributed species, receiving unambiguous support. 

Within the sect. Dalmya subclade the Fijian species, Serianthes vitiensis forms a grade with the 

rest of the subclade (BS = 100%). The split between S. dilmyi Benth. and the rest of the subclade 

(S. robinsonii Fosberg, S. hooglandii (Fosb.) Kanis, and S. kanehirae Fosberg) is unambiguously 

supported (BS = 100%). In turn S. robinsonii is sister to a subclade comprised of S. hooglandii 

and S. kanehirae (BS = 100%). Serianthes hooglandii sampled from Papua New Guinea is sister 

to the S. hooglandii accession from the Solomon Islands and S. kanehirae (BS = 100%) from the 

Caroline Islands, of Palau and Yap.  
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Figure 4.1. Maximum likelihood tree from the Serianthes 31 concatenated analysis. Bootstrap support 
values are indicated below the nodes on the Serianthes phylogeny. Branch length equal to 
the number of nucleotide changes. Certain clades of interest are labelled with colored 
boxes, and the maps on the right reflect the sampling location for the three main clades. 
Basemaps by Maria Kottermair. 
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                 4.3.2.2. Micronesian Serianthes nelsonii and S. kanehirae populations 

The S. nelsonii samples from Guam and Rota form an unambiguously supported 

monophyletic clade (BS = 100%; Figure 4.2, 4.3). The two inferred subclades have Guam taxa 

only (BS = 98%), and a mix of Guam and Rota taxa (BS = 100%), which form a Rota subclade 

(BS = 98%) and Guam subclade (BS = 96%). All historical Guam S. nelsonii populations of 

Tarzan Falls and Pati Point and the extant Tailalo’ population (living tree and seedling) and other 

nearby historical individuals of that Tailalo’ population are paraphyletic (Figure 4.3). The extant 

Guam tree and the seedlings sampled underneath the living tree clearly have the same genotype 

(BS = 100%). The three main Rota natural populations, Guayaongan, Applalagu, and the 

populations at the pipeline, are not monophyletic in our analysis.  

The Serianthes kanehirae var. kanehirae accessions from Palau and the S. kanehirae var. 

yapensis accessions from Yap, each form an unambiguously supported monophyletic clade (BS 

= 100%). The S. kanehirae var. kanehirae populations on the Babeldaob island of Palau are not 

monophyletic. Similarly, the Yap S. kanehirae var. yapensis populations on the islands of Yap, 

Maap, Gagil-Tamil do not form monophyletic groups (Figure 4.2, Figure 4.4). 

4.3.3. Biogeography 

The AIC model selection in BioGeoBEARS strongly supported the DEC+j model of 

ancestral ranges and was a significantly better fit with a higher log likelihood (lnL = -38.85) as 

compared to the standard DEC model (lnL = -53.39) (Ree & Smith, 2008). The DEC+j model 

was statistically better than the DEC model (X2 = 29.09, df = 1, P value = 6.81 ×e-08; AIC 

weight ratio = 1.31 ×e-06). Founder speciation was found to be a dominant process (founder-

event [j] = 0.0401, dispersal [d] = 0, extinction (e) = 0). The parameter of the DEC+j model, 

results from the biogeographic mapping. BioGeoBEARS suggest the probability of the different 

states (geographic ranges) at each node (Figure 4.6).  
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Figure 4.2. Maximum likelihood cladogram and phylogram from the Serianthes 82 concatenated 
analysis. Clades have been collapsed and are represented by green triangles (Serianthes 
nelsonii), those in orange and brown represent the Serianthes kanehirae var. kanehirae and 
Serianthes kanehirae var. yapensis clade respectively. Bootstrap support indicated below 
the nodes. Inset phylogram at left shows branch lengths differences based on the number of 
nucleotide changes per site. 
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Phylogenetic relationships within the monophyletic Serianthes genus are largely 

resolved. The DEC+j and DEC only showed very minor differences in ancestral probabilities, 

particularly in the subgenus Serianthes clade. For each node, ancestral ranges estimated with a 

likelihood of origination of 5% or more as estimated by the DEC+j model are being discussed. 

Ancestral area estimation under the DEC+j model indicates that Serianthes most likely 

originated in the distributional ranges of New Caledonia or Papuasia (Figure 4.6, node 31, 74 % 

probability) during the Miocene (Figure 4.6, node 31, 17.08 Ma). Two founder events from these 

two areas resulted in the two clades, the subgenus Serianthes and subgenus Hayunia clades. The 

founder event from Papuasia gave rise to the subgenus Serianthes clade, which comprises taxa 

from Papuasia, Indonesia, the Philippines, the Caroline Islands, and Polynesia while the founder 

event from New Caledonia gave rise to the subgenus Hayunia clade, which is composed of taxa 

from Polynesia and the Mariana Islands.  

The ancestral area for the subgenus Serianthes clade is estimated to include Papuasia 

with an 86 % probability (Figure 4.6, node 45) and a divergence time estimate of 12.76 Ma 

(Figure 4.5, Table 4.3). Subsequently, there were two founder events which gave rise to two 

subclades, the sect. Minahassae subclade and the sect. Dalmya subclade. The ancestral area for 

the sect. Minahassae subclade includes Papuasia with and estimated probability of 77% (Figure 

4.6, node 56). The sect. Minahassae subclade diverged 12.76 Ma ago from the sect. Dalmya 

subclade (Figure 4.5, Table 4.3). Several founder events took place, resulting in the divergence 

of S. minahassae subsp. minahassae in the Lesser Sunda Islands from the rest of the subclade 

(WB03, Figure 4.6) and the divergence of S. minahassae subsp. fosbergii in the Solomon Islands 

from the rest of the subclade (WG02, WC03, Figure 4.6), and the divergence of S. minahassae 

subsp. ledermannii (WA03, WD03) in Papua New Guinea.  

The ancestral area for the sect. Dalmya subclade includes Papuasia with an estimated 

78% probability (Figure 4.6, node 46) and an inferred divergence of 7.93 Ma ago (Figure 4.5, 

Table 4.3). Two founder events took place. One distinct one towards the South Pacific Island 

(SPI), Fiji resulting in the divergence of S. vitiensis (WD10, Figure 4.6), the other event split 

further into two clades which have an 94% probability that the common ancestor includes 

Papuasia (Figure 4.6, node 47). The clade at node 52 (Figure 4.6) shows a 90% chance Papuasia 

was the ancestral area. A founder events towards the Moluccas (Indonesia) resulted in the 
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divergence of S. robinsonii (WA04, Figure 4.6). The clade at node 53 which consists of three 

founder events, has a common ancestor from Papuasia (Figure 4.6, 98% probability). The first 

founder event occurred on the Solomon Islands resulting in the divergence of S. hooglandii 

subsp. floridensis (WG01, Figure 4.6). The second founder event occurred from the Papuasia 

ancestral area (Figure 4.6, node 54) with a 94% probability to the Caroline Islands resulting in 

the divergence of S. kanehirae var. kanehirae, and S. kanehirae var. yapensis (WE09, WB08, 

Figure 4.6) and towards the Solomon Islands resulting in the diversification of S. hooglandii 

subsp. floridensis (WH01, Figure 4.6) and S. hooglandii subsp. hooglandii (WG01, Figure 4.6) 

towards Papua New Guinea. The clade at node 48 (Figure 4.6) gave rise to three founder events 

involving S. dilmyi, with a 99% probability from Papuasia as the common ancestral area, to the 

Bismarck Archipelago (S. dilmyi WG03, Figure 4.6), to the Philippines (S. dilmyi WA01, Figure 

4.6), and to the Moluccas (S. dilmyi WD06, Figure 4.6). 

Figure 4.5. Time-calibrated molecular phylogeny of the genus Serianthes. The red numbers indicate 
the node numbers. 
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Table 4.3. Node ages (Ma) of selected node numbers for the time-calibrated molecular phylogeny of 
the genus Serianthes. 

Node 
Number 

Node Age 
(Ma) 

Node 
Number 

Node Age 
(Ma) 

31 17.08 46 7.93 
32 7.65 47 7.02 
33 6.37 48 1.73 
34 3.46 49 1.25 
35 0.74 50 0.91 
36 2.65 51 0.65 
37 2.1 52 3.88 
38 1.35 53 2.14 
39 2.42 54 1.31 
40 1 55 0.7 
41 5.2 56 8.15 
42 4.49 57 3.02 
43 4.26 58 1.35 
44 3.98 59 1.89 
45 12.76 

The ancestral area for the subgenus Hayunia clade is New Caledonia (Figure 4.6, node 

32) with an estimated 96 % probability New Caledonia is included in the distribution range and

inferred to have diverged 7.65 Ma (Figure 4.5, Table 4.3). The split at this node gave rise to one

New Caledonian taxon S. petitiana (WH03, Figure 4.6) and one larger clade containing two

subclades: the New Caledonia subclade and a Mixed subclade (Figure 4.6) which includes New

Caledonian, Southern Pacific Island, and Mariana Island taxa. There is a 90% probability that

New Caledonia is the ancestral area for node 33 (Figure 4.6), which gave rise to two clades: the

New Caledonia subclade and the Mixed subclade. The New Caledonia clade diverged giving rise

to S. germanii (WE01), S. lifonensis (WG04), S. calycina var. kaalaensis (WF04), S. sachetae

(WB04), S. calycina (WC06). Five founder events took place of which four events occurred

further towards the southern Pacific Islands (SPI): Vanuatu (S. ebudarum WD01, Figure 4.6),

Fiji (S. melanesica WC02, Figure 4.6), Tonga (S. melanesica WB10, Figure 4.6), and French

Polynesia (S. myriadena WE10 sister to S. rurutensis, WE03, Figure 4.6). There is a 100%

probability that a Pacific Island was the ancestral area to S. margaretae (WB02, Figure 4.6) with

dispersal back to New Caledonia.
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Figure 4.6. Ancestral area reconstruction of historical ranges for the time-calibrated tree of the 31 
Serianthes data set. Squares next to the ancestral areas each consist to a set of seven 
geographic regions: C: Caroline Islands (Palau and Yap), M: Mariana Islands (Guam and 
Rota), I: Indonesia (including Borneo, Lesser Sunda Islands, Moluccas), N: New 
Caledonia, A: Papuasia (including Papua New Guinea (inclusive of New Guinea), 
Bismarck Archipelago, Solomon Islands), S: Southern Pacific Islands (Fiji, French 
Polynesia, Tonga, and, Vanuatu), and the P: Philippines. Combined areas are represented 
by a distinct color in the pie diagrams. Maps by Maria Kottermair. 
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4.3.4. Inflorescence and infructescence characterization and infrageneric classification 

Our phylogenomic data further corroborates a morphology-based classification system in 

Serianthes as proposed by Nielsen et al. (1983, 1984) (Figure 4.7). All inflorescences in 

Serianthes are compound, composed of sessile flowers aggregated either into panicles of 

pedunculate spikes in subg. Serianthes, complex racemes such as racemose pedunculate racemes, 

umbels (a number of pedicels, nearly equal in length, spread from a common center), or 

glomerules (a cymose inflorescence in the form of a ball-like cluster of flowers) are 

characteristic of subg. Serianthes, sect. Dalmya, while panicles, more specifically a panicle of 

pedunculate dyads, triads or tetrads characterize subg. Hayunia (Figure 4.7, Table 4.4). 

All Serianthes pods have a parchment-like endocarp, while the endocarp of both 

Wallaceodendron and Falcataria is respectively membranaceous to chartaceous and chartaceous 

(Nielsen et al., 1983; 1984, Figure 4.7, Table 4.4). The epicarp differs among the genera and 

within Serianthes. The epicarp of Wallaceodendron and Serianthes subg. Hayunia is chartaceous 

to woody, while the epicarp of Falcataria and Serianthes subg. Serianthes sect. Minahassae and 

subg. Serianthes sect. Dalmya have respectively a thin membranaceous epicarp, a thinly woody 

epicarp, and a thin and flaky epicarp (Figure 4.7, Table 4.4, Nielsen et al., 1983, 1984). The 

epicarp of the subg. Minahassae separates from the endocarp, while the epicarp of subg. 

Serianthes sect. Serianthes remains closely attached to the endocarp. This condition was only 

observed in one species, S. melanesica Fosb. var. samoensis Fosb. of Serianthes subg. Serianthes 

sect. Dalmya. It is noteworthy that this species was not incorporated into Nielsen’s taxonomic 

classification system because this taxon is only known from the type (Nielsen et al., 1983; 1984). 

4.4. Discussion 

4.4.1. Systematics of Serianthes 

Serianthes is a genus of tall, Indo-Pacific trees and a few shrubs comprising 18 species 

within the Archidendron clade (Demeulenaere et al., 2021). Taxonomic revisionary work was 

completed by Fosberg (1960) and Nielsen et al. (1984) and a morphology-based classification 
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consisting of two subgenera and two sections was proposed (Table 4.1). This study uses a 

phylogenomic approach based on the established monophyly by Demeulenaere et al. (2021) to 

infer the first phylogenomic hypothesis of relationships for Serianthes based on complete 

sampling of all its described taxa. We used a 30 Serianthes taxa dataset and 81 Serianthes taxa 

dataset and one outgroup for tree inference based on these two concatenated datasets, as well as 

gene tree consolidation in IQ-tree, both trees were highly congruent. 

Here we provide for the first time a comprehensive, genus-wide analysis of phylogenetic 

relationships in Serianthes based on phylogenomics. The concatenated phylogenetic tree (Figure 

4.1) is well resolved and provides evidence for the reclassification of the Nielsen et al. (1984) 

schema into a new infrageneric classification of the genus (Table 4.4, Figure 4.1; see further 

details in 4.4.6 Taxonomic consequences). We identified two clades: 1) the subgenus Hayunia 

clade, previously named subg. Serianthes sect. Calycina by Nielsen et al., (1984) containing six 

recognized species, and 2) the subgenus Serianthes clade with 12 recognized species.  Within 

Subgenus Serianthes two subclades are recognized: 2a) sect. Dalmya, previously named subg. 

Serianthes sect. Serianthes by Nielsen et al., (1984) with the addition of S. vitiensis, and 2b) the 

sect. Minahassae subclade, previously named subg. Minahassae I.C. Nielsen. This new sect. 

Minahassae is sister to subgenus Serianthes sect. Dalmya. 

The phylogenetic relationships within the subgenus Serianthes clade showed two well-

supported subclades as compared to some unresolved relationships within subgenus Hayunia. 

The subgenus Serianthes sect. Minahassae subclade clearly includes three monophyletic clades 

representative of each of the subspecies (S. minahassae subsp. fosbergii, subsp. ledermannii, and 

subsp. minahassae). The phylogeny of the subgenus Serianthes sect. Dalmya (formerly known as 

Serianthes sect. Serianthes) subclade is well-resolved and we include S. vitiensis, a Polynesian 

taxon, here in subgenus Serianthes sect. Dalmya for the first time. Nielsen et al. (1984) listed S. 

vitiensis as an insufficiently known species, but mentioned that “…additional material could 

show if this species really belongs in sect. Serianthes as is suggested by the pods and leaves”. 

Our phylogenomic results support the inclusion of S. vitiensis in subgenus Serianthes sect. 

Dalmya (Figure 4.1). The subgenus Serianthes sect. Dalmya also includes taxa from Indonesia, 

Papuasia, and the Caroline Islands (Palau and Yap). The S. kanehirae from Palau and Yap are 

nested within the S. hooglandii clade from Indonesia and Papuasia. The S. dilmyi samples from 
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Indonesia, the Philippines, and Papuasia form a monophyletic subclade within the sect. Dalmya 

subclade. 

Within subgenus Hayunia, S. petitiana forms a grade with the New Caledonia subclade 

while one other New Caledonia taxon, S. margaretae, is part of the Mixed clade (Figure 4.1, 

Figure 4.6). The Mixed subclade consists of Polynesian and Micronesian taxa. One of the 

Polynesian taxa of the Mixed subclade is the more widely distributed species S. melanesica, 

which occurs on Fiji, Tonga, Samoa, and an island group west of New Caledonia, the Loyalty 

Islands. Fosberg (1960) recognized five varieties of Serianthes melanesica: S. melanesica var. 

meeboldii Fosberg, S. melanesica var. melanesica Fosberg, S. melanesica var. macdanielsii 

Fosberg, which all occur on Fiji, while S. melanesica var. yunckeri Fosberg (is known from 

Tonga), and S. melanesica var. samoensis (known from Samoa), and S. melanesica var. 

lifouensis Fosberg (occurring on Loyalty Islands, west of New Caledonia). Fosberg (1960) 

discussed the possibility that some of these varieties could be combined into a single species, 

while other could be recognized as distinct species: “This [sic. S. melanesica] is an 

unsatisfactory, heterogeneous species, too close to S. myriadena, S. sachetae, and S. ebudarum, 

but if combined with them making the whole undefinable. Arguments might equally well be 

advanced for combining these species or for recognizing at least all the varieties of S. melanesica 

as separate species”. The variety S. melanesica var. lifouensis was recognized as S. lifouensis by 

Nielsen et al. (1984). The variety S. melanesica var. yunckeri was recognized as S. ebudarum by 

Nielsen et al. (1984). The two accessions of S. melanesica included in our analysis are 

paraphyletic, which could be an indication they are reflective of two distinct species. More 

sampling of this widely distributed species could provide clarity and possibly identify cryptic 

species. Our analysis confirms the close relationship between our accession of S. myriadena 

from French Polynesia with our accession of S. ebudarum from Vanuatu, corroborating 

Fosberg’s proposed close relationship of these two taxa (Fosberg, 1960). In our analysis the S. 

melanesica accessions are closely related to the New Caledonia S. margaretae.  

4.4.2. Inflorescence evolution and infrageneric classification 

Leguminosae have retained the intermediate nature of the raceme and have evolved 

following the principle of adaptive modification along the lines of least resistance by either 
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increasing the length of the individual racemes or by producing lateral racemes which develop 

into a compound raceme (Stebbins, 1950; 1973). Nielsen et al. (1983, 1984) divided Serianthes 

into two subgenera (Table 4.4) based on differences in inflorescence structure and fruit 

morphology, which are supported by our phylogenomic data. They also postulated an 

evolutionary series from the least evolutionary advanced inflorescence type in subgenus 

Serianthes sect. Minahassae towards the more complex inflorescence types of the raceme via 

elongation of the pedicels (panicle of pedunculate dyads, triads or tetrads) in subgenus Hayunia 

and ultimately combining these inflorescences into complex umbels and glomerules in subgenus 

Serianthes, section Serianthes (Figure 4.7). Our phylogeny (Figure 4.7) shows the most common 

ancestor of Serianthes, the genus Falcataria with panicles of spike-like inflorescences is most 

likely derived from a common ancestor with subgenus Serianthes sect. Minahassae, displaying 

panicles with spike-like inflorescences and which also belongs to the earliest diverging lineage 

(Figure 4.6). 

This also aligns with our finding that the inflorescence of the most common ancestor of 

the Serianthes clade was most likely an unbranched raceme with solitary axillary flowers 

(Wallaceodendron) or with paniculate flowers (arranged in panicles) (Falcataria) 

(Demeulenaere et al., 2021c). Nielsen et al. (1984) also used the pods to delinate the sections 

within Serianthes. They divided them based on (1) the pod separating from the epicarp (subg. 

Serianthes sect. Minahassae) or not (subg. Serianthes sect. Dalmya, subgenus Hayunia (only 

observed in one species), and (2) whether the pods are thick, woody and discontinuous (subg. 

Serianthes), or thin, more or less membranous and continuous in subg. Serianthes sect. 

Minahassae.  
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Table 4.4. Main morphological inflorescence and infructescence characteristics of the Serianthes 
subgenera and sections. 

Nielsen et 
al., 1984 

Serianthes subgenus 
Minahassae 

Serianthes subgenus Serianthes 
section Serianthes 

Serianthes subgenus Serianthes 
section Calycina 

Current 
study 

Serianthes subgenus 
Serianthes  
section Minahassae 

Serianthes subgenus Serianthes 

section Dalmya 

Serianthes subgenus Hayunia 

Inflorescence 

Racemosely-arranged  
Panicle of pedunculate 
spikes 

Racemosely-arranged 
Compound raceme 

Racemosely-arranged  
panicle of pedunculate dyads, 
triads or tetrads of flowers  

Stamen white or cream white or cream white at base and normally 
reddish distally 

Pod epicarp thinly woody thin and flaking, not woody coriaceous, rigidly chartaceous 
to woody 

Pod 
endocarp 

parchment-like, 
separating from the 
epicarp 

woody, not separating from the 
epicarp 

parchmentlike, only observed 
separating from epicarp in one 
species. 

Pod  
tardily dehiscent to 
indehiscent  indehiscent  indehiscent  
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Figure 4.7. Inflorescence and infructescence diversity within the Serianthes clade. This simplified 
phylogeny depicts the main inflorescence and infructescence types next to the clades. 
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4.4.3. Micronesian populations 

The conspecificity between the Guam and Rota Serianthes nelsonii taxa was not 

questioned by Fosberg (1960) nor Nielsen et al. (1984), but when this species became critically 

endangered, the recovery plan of S. nelsonii suggested to conduct genetic studies to increase the 

threat of inbreeding, along with the protection of all current populations (U.S. Fish and Wildlife 

Service, 1984). Inter-island recovery actions were discussed by local resources managers and the 

U.S. Fish and Wildlife Service since 2015, which triggered the need for phylogenetic research to 

assess the conspecificity between the two Mariana islands. Although the Guam and Rota 

populations are conspecific, our phylogeny shows two geographically and genetically distinct 

Guam and Rota populations. The Rota population is monophyletic and is most likely derived 

from the Guam population, thus Guam was probably colonized first from New Caledonia, after 

which the seeds were dispersed to Rota. Guam is a larger island and situated south of Rota 

(Figure 4.2, Table 4.6). Currently, the northern Tailalo’ population remains with only one adult 

tree and many seedlings. The inclusion of herbarium collections which included specimens from 

southern and northern Guam was essential to understand the genetic diversity of the extant tree 

on Guam. The three samples (WF10, WD05, WE05, Figure 4.3) on the bottom of the clade 

which represent taxa which no longer exist, had the highest genetic variation and represent a 

unique genotype distinct from the extant populations (WG06 and WB07) highlight in green on 

Figure 4.3. The most recent common ancestor of S. nelsonii is most likely from Guam because 

the Rota clade is nested within the Guam clade and is therefore a subpopulation. Although the 

populations are conspecific and do not display morphological divergence, these results have 

important consequences. The current Guam extant tree has a distinct genetic diversity compared 

to the Rota population. 
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The Rota population is historically known from the south, facing Guam. Since the islands 

are only 13.8 km apart seeds could have been dispersed via the ocean. Fruit bats (Pteropus 

Brisson, Pteropodidae) are important seed and pollen stepping-stone dispersers between the 

Mariana Islands and could have played a role in the dispersal of S. nelsonii seeds (Savidge 1984; 

Morton & Perry 1999; Mildenstein et al., 2005). Recent fruit bat dispersal is very unlikely 

because the populations of Serianthes and Pteropus have declined substantially in the last 

decades. In 1995, Wiles et al. recorded 121 adult trees in Rota, one in Guam, while they noted 

only six mature trees had been recorded in the wild since the 1970s. Pteropus mariannus 

(Mariana fruit bat, fanihi) was first listed as endangered in 1984 (U.S. Fish and Wildlife Service, 

1984), later as threatened in 2005 (U.S. Fish and Wildlife Service, 2005). Our phylogeny 

includes samples from extinct populations on Guam. In our phylogeny the taxa within Guam do 

not form clearly defined populations, pointing towards interisland dispersal. A similar pattern is 

visible on Rota. Although fruit bat colonies are more abundant on Rota, natural seedling 

recruitment is hampered by deer browsing. Current conservation efforts include out-planting of 

seedlings, which are individually fenced (Friday et al., 2021). 
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Table 4.6. Size, age, elevation of archipelagoes in the Indo-Pacific Ocean. Note that age refers to the 
time the archipelago is assumed to have become emergent. * = most of the land only 
became emergent within the last 2 my (Keppel, 2008). 

Country Landmass 
(km2) 

Age (million 
years) 

Origin Elevation (m) Source 

Guam 541 45-50 Ma oceanic 406 (Lamlam) Mueller-
Dombois & 
Fosberg, 1998) 

Southern 
Marianas 

1,007 42-8 Ma oceanic Rota (488m Mount 
Sabana) 

Palau 459 40-20 Ma oceanic 213 (Mt. 
Ngerchelchuus) 

Kitalong, 2008; 
Gillespie & 
Clague, 2009 

Yap 118 10.9-7.6 Ma oceanic 178 (mt 
Taabiywol) 

Richmond et 
al., 1997 

New Guinea 786,000 100 Ma oceanic 
continental 

4,884 Bain, 1973 

Bismarck 
Archipelago 

49,730 35 Ma oceanic 2,150 Wiebenga, 
1973 

Solomon Islands 38,210 25 Ma oceanic 2,331 Hackman, 
1973; Petterson 
et al., 1999 

Vanuatu 12,189 25 Ma * oceanic 1,878 Mallick, 1975; 
Greene & 
Wong, 1988; 
Greene et al., 
1994 

Fiji 18,225 35 Ma oceanic 1,324 Gill, 1970 
Samoa 3,040 5 Ma oceanic 1,858 Cribb & 

Whistler, 1996 
Tonga 691 4 Ma oceanic 1,046 Sager et al., 

1994 
New Caledonia 18,576 100 Ma 

34 Ma 
continental 1,629 Avias, 1973; 

Cluzel et al., 
1998; 2012; 
Barrabé et al., 
2014 

French 
Polynesia 
(Society Islands) 

1685 1-4.5 Ma oceanic 8,000 Neal & 
Trewick, 2008 

Philippines 300,00 60-35 Ma oceanic 2,964 Wu et al., 2016 
Moluccas 74,505 70-10 Ma oceanic 3027 Monk, 1996; 

Hall, 1998 
Lesser Sunda 
Islands - Java 

8,063,601 Miocene oceanic 4,884 Barber et al., 
1981; 
Minarwan 2012 

Borneo 748,168 70-20 Ma oceanic 
continental 

4095 Hall, 1998 
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Our phylogeny supports a rapid recent radition for the Yap and Palau populations of S. 

kanehirae with their divergence estimated at 0.7 Ma (Table 4.3, node 55, Figure 4.6) based on 

the extremely short branch lengths separating the two clades and within the clades (Figure 4.6). 

Fosberg’s distinction to recognize two varieties was based on a few morphological characters 

(1960). The main character of taxonomic utility is the leaf rachis, which is longer and sparsely 

pilosulose in var. yapensis, while the rachis of var. kanehirae is thinly brown tomentulose 

(Fosberg, 1960). It is unclear from the rest of the original Fosberg (1960) description of these 

two varieties how much the flowers and leaflets differ. Nielsen et al. (1984) did not find 

sufficient variation among the examined herbarium specimens to accept these varieties in their 

revision (Table 4.4). Our phylogenomic data strongly support these two sister clades (Figure 4.4) 

and with the additional character state differences and non-overlapping geographic distribution 

we accept Fosberg’s varieties for S. kanehirae. 

While the islands where Serianthes kanehirae occurs, Babeldaob (main island of Palau) 

and Wa’ab (main islands of Yap) are 350 km, there are many smaller islands in between. These 

islands are probably not the best candidates for a stepping-stones dispersal model because most 

of them are atolls. While fruit bats also occur on Yap and Palau, fruit bats are known to only 

disperse seeds over shorter distances (van der Pijl, 1957). Most likely, after the founder event, 

the pods of S. kanehirae, which are large and heavy only spread locally. No clear subclades are 

found within the Palau clade and Yap clade. There are two possible explanations for this: 1) 

Serianthes is fruitbat- and bird-pollinated in Palau and Yap (Demeulenaere et al., 2021b) and 2) 

traditionally, people in Palau and Yap plant Serianthes trees because of their cultural importance. 

Serianthes trees were grown to build canoes or traditional houses, but also used as landmarks and 

thus found throughout villages in prominent places (Demeulenaere et al., 2021b). 

4.4.4. Geographic and temporal origin of Serianthes 

The ancestral range estimations under the BioGeoBEARS DEC+j improved the model fit 

compared to the classic DEC model. The parameter j accounts for founder-event speciation 

where a new ancestral range is occupied by a lineage which is not present (Dupin et al., 2017). 

Although Ree & Sanmartin (2018) raised concerns about the j parameter, which was countered 

by Matzke (2021), peripatric or jump speciation has been recognized as the most realistic 
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scenario for colonization and subsequent divergence to study island biogeography of oceanic 

islands (Tsang et al., 2019). Other island biogeography studies have successfully used the DEC+j 

model to infer phylogenies (Alsos et al., 2015; Harrower et al., 2015; Rose et al., 2018; 

Appelhans et al., 2018; Crews & Esposito, 2020; Lee et al., 2020). The islands origins and ages 

are fundamental to understanding the biogeography of its biota. Islands can be oceanic and 

originate from oceanic tectonic plate movements or continental, when lithospheric plate 

fragments detach by tectonic activity (Neall & Trewick, 2008). Oceanic islands depend on long-

distance dispersal, but when older, continental islands, are isolated and young plant lineages 

similarly depend on long-distance dispersal to reach these islands. 

Our DEC+j model suggests a New Caledonian or Papuasia origin of the genus Serianthes 

during the Miocene. Considering the extant diversity of Serianthes in New Caledonia and its 

islets we believe New Caledonia experienced higher levels of in-situ diversification and 

differentiation than any other area (Heads, 2010), resulting in high local micro-endemism rates. 

Fosberg (1960) described Melanesia, most especially New Caledonia, as the center of 

biodiversity for Serianthes with seven endemic taxa in New Caledonia. The center of diversity is 

often postulated as being the center of origin, but many studies suggest to move away from the 

center of origin hypothesis and to rather focus on speciation rates and timing of colonization 

(Miller et al., 2018). The time-for-speciation hypothesis is gaining traction as the most important 

factor driving differences in species richness (Schluter & Pennell, 2017; Miller et al, 2018). 

These findings support rather Papua New Guinea as the ancestral area of the Serianthes genus 

given the earlier divergence of the subgenus Serianthes clade. While New Caledonia is the center 

of extant diversity of the Serianthes genus, the subgenus Hayunia clade diverged later compared 

to the subgenus Serianthes clade. We continue our discussion and look into geological and 

biogeographic evidence to support each of these possible ancestral areas. 

Because New Caledonia is of continental origin, Fosberg (1960) postulated that 

continental connections or Pacific land bridges could be the explanation for the subgenus 

Hayunia clade, or that a more widespread species could have given rise to the different lineages. 

Given the young age of the Serianthes genus, this hypothesis can be rejected (Figure 4.5, Table 

4.3). Fosberg (1960) did not rule out oceanic dispersal, which he presented as an equally 

probable explanation. We think this is the most plausible explanation, because the origin of 
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Serianthes is estimated during the Miocene, after the Gondwana break-up. It is important to note 

that the common ancestor of the Serianthes clade (a monophyletic clade within the Archidendron 

clade) (Demeulenaere et al., 2021c) might have reached New Caledonia or Papuasia via long-

distance dispersal. Polyscias in the Araliaceae, which originated in New Caledonia, diversified 

and reached other archipelagoes via long distance dispersal which resulted in the diversification 

of three local endemics in the South Pacific (Eibl et al., 1997). 

New Caledonia is a continental Gondwanian island and became isolated by Late 

Cretaceous-Eocene rifting, which was associated with the opening of the Tasman Sea (Cluzel et 

al., 2012; Nunn et al., 2016), retaining phylogenetic relicts. Recent geophysical, molecular and 

paleontological studies however point towards an extant island biota that is younger than the 

deep-branching lineages, suggesting its ancestors must have migrated from other regions after its 

total submersion (during the latest Cretaceous to the Paleocene) and re-emersion ca. 37 Ma 

(Bramwell, 2011; Rio et al., 2017; Garrouste et al., 2021). The New Caledonian biota colonized 

the island since 37 Ma (Grandcolas et al., 2008). A recent meta-analysis of New Caledonian 

diversity (Nattier et al., 2017) provides strong evidence for refuting New Caledonia as a 

Gondwana refuge. Only 6 of the 40 studies included showed older ages than the oldest existing 

island (these were all from arthropods), underscoring the importance of dispersal and extinction 

shaping the biodiversity of New Caledonia (Nattier et al., 2017). An explanation for the 

Gondwana relicts is that low-submerged land masses or vanished islands could have harbored a 

(now extinct) Gondwana flora into the Tertiary period, after which they dispersed to New 

Caledonia (Bramwell, 2011; Nattier et al., 2017). Others postulate that New Caledonia might 

have not been completely submerged, as short-range endemics cannot as easily colonize new 

habitats separated by oceans (Giribet & Baker, 2019). An incomplete submergence could have 

provided mountain top refuges (Bramwell, 2011) 

Our preferred model suggests that New Caledonia gave rise to the subgenus Hayunia 

clade, which dispersed to (1) the South Pacific Islands, (2) the Mariana Islands, and (3) back to 

New Caledonia, making the island both a source and a sink for Serianthes taxa (Figure 4.6). 

Abundant post-Oligocene colonizations were inferred by Garrouste et al. (2021) to have driven 

terrestrial ecosystem diversity in New Caledonia based on new fossil findings. Local drivers for 

speciation are soil type, orography, climate, wide range of habitats, and possibly unbalance biotic 
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interaction created by colonization disharmonies (Grandcolas et al., 2008). New Caledonia has a 

wide range of habitats and is an example of ecological specialization in a number of plant taxa 

(reviewed in Wulff et al., 2013), such as Psychotria (Barrabé et al., 2014), Polyscias (Eibl et al., 

1997), and Araucaria (Kranitz et al., 2014). Psychotria is a widely distributed genus with one 

Pacific lineage originating in Australia, and constitutes taxa from South-East Asia, Malesia, and 

the Pacific Islands, similar to Serianthes, with representatives in Micronesia (Barrabé s et al., 

2014). More sampling and geographical analysis could clarify dispersal routes within the Indo-

Pacific region. Polyscias originated in New Caledonia, followed by an allopatric or adaptive 

divergence model of speciation (Eibl et al., 1997), similar to the hypothesized dispersal towards 

Vanuatu and Fiji for the Serianthes subg. Hayunia clade (Figure 4.6). The inferred ages of the 

Vanuatu and Fiji dispersal events at 2.65 Ma (node 36, Figure 4.6) and 1.35 Ma (node 38, Figure 

4.6) respectively are in line with the progression rule of colonization of oceanic islands 

subsequent to their development, which has been shown for Planchonella linggensis (Burke) 

Pierre (Sapotaceae) from Vanuatu with an inferred arrival at 0.4 Ma (Swenson et al. 2019). 

The environmental pressure of edaphic conditions in New Caledonia possibly played a 

role in the speciation of Serianthes there. It is noticeable that four (with one species consisting of 

two varieties) of the six endemic species of Serianthes (S. calycina var. calycina, S. calycina var. 

kaalaensis, S. petitiana, S. margaretae, and S. germainii), are shrubs growing on maquis with 

ultramafic substrates, serpentine and peridotite soils with elevations ranging from 5 to 300 feet. 

These shrubs are unique within Serianthes because all other Serianthes taxa are tall trees. Two 

species, S. margaretae and S. germainii, are listed as “endangered” and “critically endangered” 

on the IUCN Red List and are protected, while S. calycina var. calycina, S. calycina var. 

kaalaensis, and S. petitiana are monitored and protected by New Caledonian law (Endemia.nc, 

2021). Serianthes calycina var. calycina, S. calycina var. kaalaensis, S. petitiana, S. margaretae, 

and S. germainii grow on ultramafic soils, derived from an ophiolitic layer which emerged 

because of the subduction by the Pacific Plate 37 Ma (Cluzel et al., 1998; 2012), and are 

distributed throughout New Caledonia. The chemical and physical properties of these soils 

typically constrain plant growth (Jaffré, 1980; Jaffré et al., 1987; L’Huillier et al., 2010; Barrabé 

et al., 2014). Yet, these plants are adapted to nickel or manganese hyperaccumulation (Isnard et 

al., 2016; Galey et al., 2017). Serianthes calycina has been of special interest to ecologists 
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studying microbial adaptation and evolution because the rhizomes of this legume contain nickel 

resistant determinants (Chaintreuil et al., 2007; Mengoni et al., 2010). Other plant lineages 

display a similar preference for ultramafic substrates in the Indo-Pacific region. For example, 

60% of Psychotria species occur in ecosystems with ultramafic substrates (Barrabé et al., 2014). 

 In our phylogenetic analysis, S. petitiana and S. germanii each form a grade with the rest 

of the clade. Serianthes germanii is endemic to the L'Île-des-Pins, an island group south of New 

Caledonia. Serianthes sachatea, S. lifoensis, S. calycina var. calycina, S. calycina var. kaalaensis 

are forming a clade, with one of the taxa S. lifoensis occurring on Lifou Island of the Loyalty 

Islands, west of New Caledonia. Other studies have shown a close similarity of the Loyalty 

Islands and New Caledonia biota with splits of these dated disjunctions inferred in the 

Pleistocene (Nattier et al., 2011; Skipwith et al., 2016; Swenson et al., 2019). Our inferred 

divergence of S. lifuoensis (embedded in the New Caledonia subclade) inferred at 4.49 Ma 

(Figure 4.6, Table 4.3, node 42) is slightly older than these ages and the age of the Loyalty 

Islands, which were uplifted 2 Ma (Swenson et al., 2019), but does not support a westward 

rollback of the Loyalty ridge 30-50 Ma (Heads, 2010) for Serianthes. 
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Figure 4.8. Possible dispersal routes of the subgenus Hayunia clade based on the reconstruction of 
historical ranges in BioGeoBEARS. The number of endemics/total number Serianthes is 
indicated in the historical ranges. The solid lines represent dispersal routes which have a 
high probability, while the hatched line represent dispersal routes with a higher 
uncertainty. Basemaps by Maria Kottermair. 

Serianthes margarateae is forming a clade with the Pacific taxa, which possibly can 

imply backward dispersal from Tonga or Fiji towards New Caledonia (Figure 4.6, Figure 4.7). 

The species richness of Serianthes indicates a rapid divergence and radiation occurred on New 

Caledonia. Despite the high number of loci, the phylogenetic relationships between some of the 

New Caledonian taxa remain unresolved in our phylogenetic analysis (Figure 4.6). 

The Polynesian taxa of the subgenus Hayunia clade consist of a more widely distributed 

species Serianthes melanesica. While this species occurs on Loyalty Islands (New Caledonia), 

Fiji, Tonga, and Samoa we only were able to include an accession from Fiji and Tonga. Van 

Balgooy (1960) and Nielsen et al. (1984) suspected an East Malesian origin of Serianthes 

because of the wider distribution of Serianthes melanesica (which occurs in Fiji, Tonga, and 
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Samoa). More specifically they suggested that the most probable origin of the genus would be 

the northern part of the Australian Plate (the area between the Sula peninsula and the Tonga 

Ridge) (Nielsen et al., 1984). Our analysis suggested that S. melanesica diverged more recently, 

during the Pliocene (Figure 4.5, Figure 4.6). A common ancestor of S. melanesica could possibly 

have given rise to S. myriadena and S. rurutensis in French Polynesia and S. ebudarum in 

Vanuatu, and possibly to S. margaritae. The founder event towards the Mariana Islands most 

likely was most likely facilitated by the equatorial currents. A possible explanation for this long-

distance dispersal event is that stepping-stones and extinction events took place towards the 

Mariana Islands. 

A study on dispersal ecology of lowland rain forests plants on the island of Vava’u in 

Tonga identified four dispersal modes for S. melanesica: dispersal by bat, endozoochory, water, 

and wind (Fall et al., 2007). Bats and bird mostly accounted for intra-island dispersal while 

ocean currents combined with wind account for inter-island dispersal (Fall et al., 2007; 

Demeulenaere & Ickert-Bond, 2021). This study highlights the importance of fruitbats to 

disperse the seed of canopy trees because they have reduced mobility in the understory, while 

birds account more for dispersal of understory trees (Fall et al., 2007). The dispersal of the 

Southern Pacific clade is still rather unclear. Either founder events took place from New 

Caledonia to the individual islands, or a stepping-stone pattern has to be evoked to explain the 

distribution in the Southern Pacific (Figure 4.6). Interestingly, a founder event from one of the 

Pacific Islands back towards New Caledonia took place, possibly from Tonga or Fiji. The 

founder event towards the Mariana Islands on the other hand most likely occurred from New 

Caledonia during the Pleistocene. Swenson et al. (2019) tested the role of dispersal and 

metapopulation vicariance for the genus Planchonella (Sapotaceae), which has a similar 

distribution pattern as Serianthes. A phylogeographic analysis rejected the metapopulation 

vicariance hypothesis in the case of Planchonella, supporting long-distance dispersal and 

stepping-stone dispersal. 

Papua New Guinea developed during the mid-Tertiary as a consequence of a 

continent/island-arc collision between the Papuan Platform (northeast margin of the Australian 

continent) and the Northeast Island Arc Province (southerly facing Cainozoic island-arc system 
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(Brown et al., 1979). Papuasia harbors Cretaceous-Paleocene elements of ancient taxa (Cycas 

and Nothofagus) in Papua New Guinea (Axelrod & Raven, 1982). 

The lineage which originated in Papua New Guinea, the subgenus Serianthes sect. 

Minahassae clade, dispersed in two possible directions: (1) east, towards Indonesia (but did not 

cross the Wallace Line, (2) north towards other islands in Papuasia (Figure 4.6, Figure 4.7.b). 

Figure 4.9. Possible dispersal routes of subgenus Serianthes sect. Minahassae clade based on the 
reconstruction of historical ranges in BioGeoBEARS. The number of endemics/total 
number Serianthes is indicated in the historical ranges. The solid lines represent dispersal 
routes which have a high probability, while the hatched line represent dispersal routes with 
a higher uncertainty. Basemaps by Maria Kottermair. 

The three taxa from the sect. Minahassae subclade form geographically defined 

populations. Serianthes minahassae subsp. fosbergii occurs on the Bismarck Islands and 

Bougainville Island (northern island of the Solomon Islands) and S. minahassae subsp. 

ledermannii occurs on Papua New Guinea and both subspecies are closely related and share a 

common ancestor with the S. minahassae subsp. minahassae of the Lesser Sunda Islands, and is 
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mostly likely derived from the Papuasian region (Figure 4.6, Figure 4.7). The most common 

ancestor of S. minahassae most likely originated in Papuasia. Dispersal within Papuasia occurred 

towards Papua New Guinea or the Solomon Islands, depending on its origin. Dispersal towards 

Indonesia gave rise to the more distinct subp. minahassae. It is interesting to note that S. 

minahassae just reached the Wallace Line but did not cross it. The Minahassae lineage diverged 

earlier (8.4 Ma) compared to S. dilmyi (4.05 Ma) (Figure 4.5). During Quaternary times sea 

levels decreased in Indo-Malaysia (Hanebuth et al., 2011, Miller et al., 2011; Bretzler et al., 

2018) and exposed land masses which might have promoted stepping-stone establishment of S. 

dilmyi, as this tree is found in supralittoral habitats. 

The lineage which originated in Papua New Guinea, the subgenus Serianthes sect. 

Dalmya subclade, dispersed in four possible directions: (1) east, crossing the Wallace’ Line 

(after Huxley) towards Indonesia, (2) north, crossing the Wallace’ Line (after Mayr) towards the 

Philippines, (3) north towards the West Caroline Islands, and (4) east towards the Pacific Islands 

(Figure 4.6, Figure 4.7). 
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Figure 4.10. Possible dispersal routes of the subgenus Serianthes sect. Dalmya clade based on the 
reconstruction of historical ranges in BioGeoBEARS. The number of endemics/total 
number Serianthes is indicated in the historical ranges. The solid lines represent dispersal 
routes which have a high probability, while the hatched line represent dispersal routes with 
a higher uncertainty. Basemaps by Maria Kottermair. 

The most recent common ancestor for the subgenus Serianthes sect. Dalmya subclade is inferred 

to have been located Papua New Guinea. The founder event towards Fiji (3,900 km to the east) is 

rather exceptional within the clade, as this is the only founder event towards the Southern Pacific 

Islands, giving rise to S. vitiensis at 7.93 Ma. Nielsen et al. (1984) did not include this taxon in 

his sectional classification, but he suspected that S. vitiensis would be part of the sect. Serianthes 

because the pods and leaves resemble S. hooglandii from New Guinea. Recent LDD over long 

distances has been shown in other lineages, i.e., Armaracarpus (Rubiaceae, Razafimandimbison 

et al., 2017).  

Another founder event gave rise to two more subclades, one consists of S. dilmyi which is 

the most widely distributed taxon of Serianthes (Table 4.1). This species occurs in Thailand, the 
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Philippines, Singapore, Malaysia, Indonesia, and Papua New Guinea. The only species occurring 

in Malesia is the supralittoral species S. dilmyi which crossed the Wallace’s Line reaching the 

islands of the Sunda Shelf and the Philippines (Nielsen et al., 1984). Sea levels were lower 

during Miocene, thus providing land connections between Borneo, Sumatra, Java, and mainland 

Asia (Williams et al., 2017), and possible habitats for this supralittoral water dispersed species. 

Serianthes dilmyi typically grows in the supralittoral zones behind the mangroves and is 

dispersed by water, either by sea-currents or through rivers (Nielsen, 1992). Because of its 

infralittoral position, Nielsen suspects storms are needed to transport the pods past the mangrove 

and the salty areas behind it (Nielsen et al., 1984). Serianthes dilmyi either dispersed by ocean-

currents and was found in coastal associations, (except mangroves), or spread by water through 

rivers and is found at river mouths (Nielsen, 1992). This species is found throughout Malesia and 

Papuasia, even reaching mainland Asia. It would be interesting to expand sampling efforts across 

all the islands to get a better understanding of the evolutionary history of this unique taxon. 

One Planchonella lineage (Sapotaceae) exhibits a similar dispersal pattern as the 

subgenus Serianthes sect. Dalmya subclade, with dispersal towards the Caroline Islands (Palau), 

and crossing the Wallace Line towards the Philippines and SE Asia, while another Planchonella 

linage dispersed towards Fiji (Swenson et al., 2019). Dianella (Aspodelaceae) originated in 

Australia, and diversification most likely occurred during the Tertiary and Quaternary periods 

with dispersal towards the Caroline Islands and the Philippines and SE Asia, also crossing the 

Wallace Line (Muscat et al., 2019) (Figure 4.5, Figure 4.6). 

Overall, given the narrow endemics in Serianthes, in some instance cladogenetic 

divergence gave rise to two or more descendant species after geographical isolation because of 

long-distance dispersal (Emerson & Patiño, 2018), while in other instances anagenetic 

divergence gave rise to more narrow endemics on an island (Emerson & Patiño, 2018). The high 

number of narrow endemics in Serianthes can be attributed to jump dispersal (founder event) 

(Rose et al., 2018) of particular relevance in New Caledonia. The anagenetic drivers of the 

disjunctions are most noticeable at the shallow levels of the phylogeny. All founder events 

occurred in recent geological times and align with the island ages (Figure 4.5, Table 4.3). For 

example, French Polynesia and Tonga only formed less than 5 Ma, which aligns with the founder 

event and most common ancestor diversification at less than 5 Ma for the mixed subclade of the 
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subgenus Hayunia (Figure 4.6). Because Serianthes pods are indehiscent, the basic dispersal unit 

is the pod itself. The pods can be dispersed by water or wind, depending on their size. The taxa 

with larger, heavy indehiscent pods, for instance S. kanehirae are probably only dispersed 

locally. Different pods sizes are found within the two subgenera, with both small and large pods. 

Some might use larger mammals for dispersal, but no literature or field notes are available 

(Nielsen et al., 1984). Studying the dispersal capacity of the different Serianthes pods could 

clarify their current distribution patterns in the future. 

A recent biogeographic review of Micronesia identified several long-distance dispersal 

modes (thalassochory, zoochory, and anemochory) and scenarios towards Micronesia: an Austro-

Melanesian, an Indo-Malaysian, a neotropical American, and African dispersal scenario 

(Demeulenaere & Ickert-Bond 2021). Serianthes follows the most common dispersal scenario, 

the Austro-Melanesian dispersal scenario, where the ancestral taxa stemming from the Austro-

Melanesian region use long-distance-dispersal towards Micronesia mostly via ocean currents. 

The origin of Serianthes is either Papuasia or New Caledonia, which belong to the larger region 

of Melanesia. It is interesting that within the Serianthes lineages two different dispersal routes 

towards Micronesia are identified: 1) dispersal events from New Caledonia to the Mariana 

Islands (northern Micronesia), and 2) a dispersal event from Papuasia towards the Caroline 

Islands (southern Micronesia). The identified divergence times for the ancestral Austro-

Melanesian taxa were mostly during the Oligocene and Miocene (Demeulenaere et al., 2021c), 

which fits our divergence time estimation in the Miocene for Serianthes (Figure 4.6). 
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4.4.5. Conservation 

Managing the genetic diversity of threatened and endangered species is an essential 

component of recovery plans (Maschinski & Haskins, 2012). Islands endemics often have small 

geographical areas and are therefore more prone to loss of genetic variability (Groom et al., 

2006), and are at risk for inbreeding, loss of evolutionary potential, and loss of the ability to 

adapt to changing conditions (Isik, 2011). Resource managers need to select genetically sound 

founders for reintroduction based on historic records and results from molecular analyses (Eckert 

et al., 2010; Maschinski & Haskins 2012). Investigating cryptic diversity is important to 

determine conspecificity since augmentation and reintroduction plans must consider the impact 

of introducing a potentially related species (Maschinski & Haskins 2012; Delić et al., 2017). On 

the other hand, new taxa can be discovered, which are otherwise difficult to characterize with 

morphology. When developing conservation strategies and legislation it is important to maintain 

both species and genetic diversity (Bickford et al., 2007; De Queiroz, 2007; Aldhebiani, 2018; 

Coates et al., 2018). 

4.4.5.1. Mariana Islands case: Geographically and genetically distinct Guam and 

Rota populations 

Conservation efforts to protect and recover endangered species are challenging since 

endangered island endemic plants exhibit lower genetic diversity than their non-endangered 

widespread congeners and have lower in situ conservation success (high mortality of seedlings 

and transplanted saplings) because of their lowered fitness (Hamabata et al., 2019). In the case of 

Guam, current conservation and recovery efforts of Serianthes nelsonii have had a very low 

success rate, most likely to low genetic variation (Hamabata et al., 2019). To increase this 

genetic variation, seeds or pollen form Rota from different population can be used to increase the 

genetic diversity on Guam, and vice versa seeds from Guam can be used to increase the genetic 

variability of the Rota population because the last Guam tree has a unique genotype. Even 

though the Rota clade is geographically distinct from the Guam population this recovery action is 

justifiable because the ecology of the plants is similar, and their habitat preference did not shift. 

An example for the need to use different genetically distinct founders can be found in Hawai‘i  

were ungulate introductions caused a severe population crash of the Mauna Kea silversword or 
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Argyroxiphium sandwicense DC. ssp. sandwicense (Asteraceae), resulting in the listing of the 

species on the Endangered Species Act in 1986. Introduction programs tried to recover the 

silversword, but years after the recovery Friar et al. (1996) discovered a population bottleneck 

associated with the introduction because the achenes collected for introduction only came from a 

few selected founders. 

Given the fact that the contract for the development of a firing range at Tailalo’, next to 

the last S. nelsonii population occurs, was awarded in October 2021 (Pacific Daily News, 2021), 

calls for the need to protect geographic distinct populations, and the preservation on Guam’s 

unique genotype. These geographically distinct populations need to be included in conservation 

strategies and conservation policies, because only a limited number of founders are available on 

the islands of Guam and Rota. At a population level, the variability decreases further. We found 

the recent statement of Delić et al. (2017) concerning the need to protect cryptic species very 

powerful in light of the S. nelsonii case. Although we do not claim this case involves cryptic 

species, we agree with the authors on the fact that conservation has to deal with the worst-case 

scenario of taxonomic incompleteness, when it concerns cryptic diversity. Genetic studies can 

detect and delineate cryptic species, but the biological properties relevant to conservation remain 

unknown. The fact that evolutionary young species might be at a stage of transition from 

population to species, with no clear morphological support as divergence happens slowly, it 

makes them even more vulnerable, especially if they are endangered. To judge if the habitat of 

the last S. nelsonii on Guam could be bulldozed, based on its cryptic status is immorally wrong 

scientifically. One measure used the estimate the uniqueness of a species compared to its 

congeners is the species’ Evolutionary Distinctness (ED). The species’ terminal branch length of 

more distinct species is typically longer compared to its congers and are more evolutionary 

distinct compared to recent species- rich radiations (Isaac et al., 2007). ED is measured in 

millions of years or the amount of nucleotide substitutions per site accumulated along the branch 

of a phylogenetic tree (Delić et al., 2017). Besides the clear voices of the CHamoru people, 

Indigenous to the Mariana Islands, who spiritually connect with the tree (Demeulenaere et al., 

2021b), one more last argument where science and Indigenous spirituality and knowledge go 

hand in hand is the fact that the last adult Håyun lågu tree on Guam is truly “the mother tree” (as 
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referred to by activists of the social movement to protect Tailalo’ and Litekyan) of all the current 

living trees in Rota, as the Rota population was derived from that tree (Figure 4.3). 

4.4.5.2. The Caroline Island case: Are the Yap and Palau taxa cryptic species? 

Franks (2008) found that island plant endemics have a high degree of genetic structure 

and differentiation among islands because limited gene flow occurs between these islands. For 

those plant species with limited dispersal capacity, adaptation, and speciation lead to new species 

(Franks, 2008). Therefore, it is important that conservation efforts focus on the protection of 

multiple islands to maintain the genetic diversity on each island. Therefore, our recommendation 

is to keep these island population of Palau and Yap separate since the trees are still abundant on 

these islands. Ethnobotanical research clearly showed the conservation of Serianthes is driven by 

its use as the people of Palau and Yap use the tree traditionally to build canoes, traditional house, 

and to make medicine (Demeulenaere et al., 2021b). 

4.4.5.3. Beyond Micronesia 

Phylogenetics, ecology, and geology are the most important fields used within 

conservation genetics to infer biogeographic relationships (Ricklefs & Jenkins, 2011). 

Phylogenetic and biogeographical data guide effective management and policy decisions 

concerning the protection, preservation, and conservation of endemic species, and more 

specifically for endangered species (Bickford et al., 2007, Forest et al., 2015). Conservation 

genetics are key in resolving cryptic diversity, such as exists in Serianthes of Micronesia. 

Currently 12 of the 18 species of Serianthes are included in the IUCN Red List. On New 

Caledonia alone four of the six endemic taxa are red-listed. Both S. margaretae and S. germanii, 

respectively endangered and critically endangered, occur in areas outside of the preserves on 

New Caledonia. A study on Narrow Endemic Species (NES) hotspots showed that 50% of the 

NES lacked protection (Wulff et al., 2013). The need to prioritize these areas for conservation 

stems from the threat to mining activities due to an increased demand in nickel. Whistler (2011a) 

incorporated S. melanesica var. yunckeri species in his book “Rare plants of Tonga” and 

recommended it to be included in the UICN Red list because the tree is threatened by habitat 

construction for timber plantations and agriculture. In the “Rare plants of Samoa”, Whistler 
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(2011b) mentioned S. melanesica var. samoensis is most likely extinct. It seems that beside the 

12 species listed on the IUCN Red List, several varieties, which might possibly be cryptic 

species and are at the brink of extinction.  

4.4.6. Conclusion 

 This study presents the first robust phylogeny and biogeographic hypothesis of 

Serianthes supporting two subgenera corroborating previously published morphology-based 

classifications and underscoring the taxonomic utility of inflorescences and infructescences. 

Serianthes is inferred to have originated in the ranges of New Caledonia or Papuasia during the 

Miocene with founder events from Papuasia to give rise to the subgenus Serianthes clade, 

comprising taxa from Papuasia, Indonesia, the Philippines, the Caroline Islands, and Polynesia 

while the founder event from New Caledonia gave rise to the subgenus Hayunia clade, which is 

composed of taxa from Polynesia and the Mariana Islands. New Caledonia has featured as an 

important source area for range expansion driven by ecological adaptation and speciation in 

Serianthes for the last 17 Ma with high endemism rates accounting for seven taxa on New 

Caledonia.  

Our study highlights the role of long-distance dispersal during the diversification of 

Serianthes in the Indo-Pacific corroborating the important role of LDD in tropical lineages, 

which has been shown in numerous other tropical clades (Eibel et al., 1997; Barrabé et al., 2014, 

Swenson et al., 2019, Razafimandimbison et al., 2017; Muscat et al., 2019). Inferred ages of 

most founder events in Serianthes occurred in recent geological times in the Quaternary for more 

than half of the species divergences and align with the island ages supporting the progression 

rule of oceanic islands subsequent to their development. The older divergences for the two 

subgenera (subg. Serianthes node 45 – 12.76 Ma, and subg. Hayunia node 32 – 7.65 Ma) and 

two sections (sect. Minahassae node 56 – 8.15 Ma and sect. Dalmya node 46 – 7.93 Ma) are 

restricted to nodes deeper in the phylogeny during the Miocene. The widespread taxon, S. dimyi, 

crossed the Wallace Line towards the Philippines and Indonesia, most likely because this 

supralittoral species was able to settle behind mangrove habitats during Quaternary times, when 

sea levels were lower. 
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Clear historic and geographic clades with unique genotypes were identified on the 

Mariana islands of Guam and Rota. Serianthes nelsonii populations disjunctly distributed in 

Guam and Rota are conspecific and can be used to increase the genetic variation in each of the 

islands to help recovery efforts of this endangered species. Speciation in the Serianthes 

kanehirae populations disjunctly distributed in Yap and Palau has advanced further and the 

recognized var. yapensis on Yap is sister to accessions from the typical variety on Palau.  

Our phylogeny identifies distinct clades representing both subspecies and varieties, 

therefore, conservation and recovery programs need to look beyond the protection of cryptic 

species and protect varieties, and geographic distinct island populations. For the Håyun lågu 

mother tree and the CHamoru people time is running out. In the CHamoru language “Håyun 

lågu” means foreign tree. Historically, the CHamoru knew it came from afar. Now, people in 

Guam refer to the tree as the mother tree, which intuitively refers to the mother of all Serianthes 

in the Mariana Islands. Time has become of the essence as the habitat of the last geographic 

distinct island population in Guam is threatened by the construction of a firing range. Both 

populations can augment the genetic diversity of the Rota and Guam populations, which consist 

of less than 50 trees and one adult tree, respectively. We can conclude that we need to preserve 

Tailalo’ and not built the firing range where the last population of this unique genotype is 

located.  

4.4.7. Taxonomic consequences 

Any nomenclatural novelties herein are not to be considered effectively published! Our results 

are favorable for the recognition of a two subgenera taxonomy: subgenus Serianthes and 

subgenus Hayunia. 

Serianthes Benth. subgen. Serianthes emend. Demeulenaere & Ickert-Bond  ≡ Albizzia sect. 

Serianthes (Benth.) F. Muell., Fragm. 8: 165. 1874. – Type: S. grandiflora Benth., London J. 

Bot. 3. 225. 1844, nom. illeg. (≡ Albizia myriadena Bertero ex Guil., Ann. Sc. Nat., Bot. sér. 2, 

7: 359. 1837 ≡ Serianthes myriadena (Bertero ex Guill.) Planch. ex Benth. (Figure 4.1 “subgenus 

Serianthes”). 
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Subgenus Serianthes is emended since the type species S. dilmyi is no longer in subgenus 

Serianthes as originally circumscribed by Nielsen (1984), rather the type genus is now contained 

in the former subgenus Minahassae. 

Serianthes sect. Minahassae (I.C. Nielsen) Demeulenaere & Ickert-Bond stat. nov. 

Basionym: Serianthes subg. Minahassae I.C. Nielsen, Bull. Mus. Natl. Hist. Nat., B, Adansonia 

Sér. 4, 5(3): 328 (1984) (Figure 4.1 “sect. Minahassae subclade”). 

Serianthes sect. Dalmya Demeulenaere & Ickert-Bond nom. & stat. nov. 

Basionym: Serianthes subg. Serianthes 

Type: Serianthes grandiflora Benth. ≡ Acacia myriadena Bertero ex Guil. ≡ Serianthes 

myriadena (Bertero ex Guill.) Planch. ex Benth. (Figure 4.1 “section Dalmya subclade”). 

"Dalmya" is a noun and recognizes Mr. Anwari Dilmy, the first Dayak botanist and keeper of the 
Bogor Herbarium, and Rector of the University of Bandjermasin (Kalimantan).  

Serianthes subgenus Hayunia Demeulenaere & Ickert-Bond subg. nov. 

Type: Serianthes nelsonii Merrill, Philipp. J. Sci. 15: 542. 1919. (Figure 4.1 “subgenus 

Hayunia”). 

"Hayunia" is a noun derived from the CHamoru name (håyun lågu) for Serianthes nelsonii on 

Guam. 
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Chapter 5. Prutehi Litekyan: A social movement to protect biocultural diversity and 

restore Indigenous land sovereignty on Guåhan1 

Abstract 

On the island of Guåhan (Guam), Litekyan is an ancient village considered sacred to the 

CHamoru or the Indigenous people of Guåhan, owing in part to the remnants of latte or stone 

pillars of houses, which still stand in their original environment surrounded by strand and 

limestone forest habitats. These habitats extend up to the cliffs and forested terraces of a place 

called Tailålo, which is under threat because of the construction of a Live Fire Training Range 

Complex (LFTRC) by the US Department of Defense. A large surface danger zone will prevent 

access to most of Litekyan, where yo’åmte or traditional healers collect åmot or medicine. In 

2016, a social movement started to protest this LFTRC, advocating for Indigenous rights, 

Indigenous traditional practices, the protection of cultural and natural resources, and the return of 

the lands to the Indigenous landowners. Using social movement theory, this ethnographic case 

study analyzes these social injustices in a historical and current context, examining the social 

processes and organization of the social movement, and applying a qualitative mixed-method 

approach using triangulation design (participant observation, in-depth interviews, and archival 

document analysis) and methods drawn from participatory action research to gain solution-based 

stakeholder input. This research aims to advance governance participation and decision-making 

power for Indigenous peoples concerning sacred places, the protection of their natural and 

cultural resources, and their traditional and spiritual lifeways. Three main conclusions emerged 

from reviewing the colonial history of Guåhan and its current resistance when dealing with the 

protection of sacred places and their biocultural diversity: (1) the contrast between Indigenous 

and western paradigms drives Indigenous peoples to advocate for their place-based belief 

systems, connected with the land and its natural and cultural systems; (2) the need for inclusivity 

to advance Indigenous rights in the decision-making process over endangered species, natural 

and cultural resources, and resulting mitigation practices; and (3) Prutehi Litekyan advocates a 

1 Demeulenaere, Else. 2021 Prutehi Litekyan: A social Movement to Protect Biocultural Diversity and Restore Indigenous Land 
Sovereignty on Guåhan. In:  Indigenous Peoples, Heritage and Landscape in the Asia Pacific: Knowledge Co-Production and 
Empowerment, edited by Stephen Acabado and Da-wei Kuan. New York and Milton Park: Routledge. 
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shift to bottom-up built upon local knowledge rather than top-down governance to ensure 

Indigenous voices of Guåhan are being heard.  

5.1. A colonial landscape of Guåhan 

“Despite our political status, we as a people deserve the right to have consent in our 

future” (V. Leon Guerrero, co-chair Independent Guåhan, Managing Editor of the University of 

Guam Press, personal communication, June 5, 2018). 

The United Nations Declaration on the Rights of Indigenous Peoples (UNDRIP) stresses 

that the administering powers of non-self-governing territories have the obligation to protect 

their natural resources against exploitation. Indigenous peoples hold the legitimate rights over 

their natural and cultural heritage. Despite this global recognition, the US has denied this human 

right in the context of Guåhan (Guam), as Samantha Barnett testified in 2017 at the UN in 

opposition to the plans to destroy ancestral sites on Guåhan for a military firing range. She noted, 

“As I speak, the administering power is planning to move forward with a massive live firing 

training range complex at Northwest Field that overlooks the sacred village of Litekyan, where 

the CHamoru people have been thriving for over 3,500 years” (Fourth Committee, 4th meeting – 

General Assembly, 72nd session 2017). This chapter explains how the grassroots organization 

Prutehi Litekyan/Save Ritidian (PLSR) formed, stemming from efforts to protect the last 

critically endangered adult Håyun lågu tree (Serianthes nelsonii) and its pristine limestone 

habitat against the construction of the firing range. Prutehi Litekyan has grown into a significant 

social movement on Guåhan that deeply intertwines land sovereignty, youth mobilization, 

cultural preservation, traditional values, scientific understandings of biodiversity, and language 

rights in a distinct Pacific Island approach. 

Guåhan is the largest and southernmost island of the 15 islands within the Mariana 

Islands in the northwestern Pacific Ocean. Early Austronesian speakers, known today as the 

CHamoru people, voyaged over 1,200 miles from the Philippines to the Mariana Islands around 

1500 BC (Hung et al. 2011). Over the two millennia following settlement, the CHamoru society 

became stratified with a clan-based matrilineal society of hereditary chiefs controlling the marine 

and land tenure system (Cunningham 1992). The latte houses, raised on capped stone pillars, 

represented shared village identities and reduced conflicts by protecting property rights (Peterson 
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2012). For over 700 years, a sustainable culture developed across the Mariana Islands and lasted 

until the first period of European colonialization of the Pacific Islands in the 17th century. The 

research presented here addresses the contemporary context of an ongoing struggle between 

Indigenous residents of Guåhan and the different colonial powers that have sought to use the 

island and its neighboring islands for their own purposes. I use Indigenous epistemology, a way 

of knowing connected to the land and the spiritual world, and scientific knowledge of the 

region’s environment to answer the central question: given that the US is not bound in domestic 

law by UNDRIP and its corollaries, is it possible for the National Environmental Policy Act 

(NEPA) to address the concerns of the CHamoru people holistically, advancing both 

environmental protection and Indigenous rights? 

This is a timely subject. Human rights lawyer Julian Aguon recently announced that his 

law firm, Blue Ocean Law, in partnership with the Unrepresented Nations and Peoples 

Organization, filed a submission on behalf of Prutehi Litekyan with the UN Special Rapporteur 

on the Rights of Indigenous Peoples, stressing that: 

The domestic legal frameworks (NEPA and otherwise) within which we are expected to 
plead our case are woefully inadequate. When it comes to destructive development 
activities of this scale, for instance, we are not asking for mere consultation, we are 
demanding free, prior, and informed consent. What is happening here are human rights 
violations and they should be called by their true name (J. Aguon 2011, August 16, 2020). 

His perspective is illustrative of how the ongoing narrative, stemming from centuries of 

colonialism, continues in our current context of international relations. This contemporary social 

movement is rooted in the people of the Marianas’ quest for self-determination, self-governance, 

and control of their land. 

The history of colonization in the Pacific region began with Spain establishing the colony 

“Las Marianas” in 1668. The Spanish Crown and Catholic Church instituted a policy of 

reducción, the forced relocation of the CHamoru people throughout the archipelago into 

missionized villages (Rogers 1995). This displacement erased the CHamoru people’s ancestral 

ties to the land and disrupted traditional resource governance and trade with neighboring islands 

(Marsh-Taitano 2013). However, during Spanish colonization there was preservation of the 
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CHamoru language, traditional practices and values, largely through the roles of women (Souder 

1991). 

After the Spanish-American War of 1898, the US acquired Guåhan. During US naval 

rule, the English language was mandated in schools and the local government. Despite resistance 

of the CHamoru people, this resulted in a significant decline in the use of the CHamoru language 

(Santos-Bamba 2013). During the Pacific War from 1941 until 1944, the Japanese invaded and 

held the island. 

After World War II, the US recaptured the Mariana Islands from Japan and expanded its 

military interests over Micronesia (Kuper 2014). Guåhan became part of America’s global 

defense strategy (Na’puti and Bevacqua 2015). CHamoru families lost their land when the 

military seized a third of Guåhan’s territory to construct military bases (Bevacqua 2010). During 

this time, a political movement for self-rule in Guåhan coalesced. In 1945, the UN acknowledged 

Guåhan’s right to self-determination, listing Guåhan as one of 17 non-self-governing territories. 

The Organic Act of 1950 declared Guåhan as an unincorporated territory that granted the 

CHamoru people US citizenship but only limited self-governance, assuring colonial authority 

(Bevacqua 2010). Indigenous activists continued pushing for decolonization. As the military 

claimed more land in Guåhan, some of the first local protest movements (in 1969 and 1975), 

advocated for the environmental protection and mobilization against the Navy’s proposed Sella 

Bay ammunition wharf project. Facing strong opposition from the public and the Guam 

Legislature, the military abandoned those plans (Clement 2002). 

5.2. New political struggles over land sovereignty 

The current social movement to protect Litekyan results from both ongoing social 

processes and historical patterns of oppression that still shape the nature of the island’s 

governance. In 2005, the US Department of Defense (DoD) announced its plans for the 

relocation of US Marine Corps personnel from Okinawa (Japan) to Guåhan. Besides the 

construction of base facilities and training infrastructure, the DoD established the Mariana 

Islands Range Complex (MIRC) in 2010 and the Mariana Islands Training and Testing (MITT) 

in 2015 to accommodate military training requirements on land and at sea (Figure 5.1). These are 

the largest live-fire training ranges in the world. Stemming from centuries of colonialism, the 
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recent trajectory of developing threats to the environment and culture from an intensifying US 

military presence in the region has sparked a new social movement. 

Figure 5.1. Map depicting the military’s plans for the Live Fire Training Range at Litekyan and 
Tailålo’. The islands Guåhan, Tinian, Farallon de Medinilla (FDM), and Tinian are part of 
the military training plans. 

The military build-up in the Marianas must comply with the US Council on 

Environmental Quality (CEQ) NEPA regulations (40 C.F.R. §1507.2) and take all environmental 

laws into account, while assessing the proposed actions and involving the public prior to 

decision-making (Figure 5.2). While different NEPA processes were carried out for the MIRC 

and the MITT, this research focuses on the NEPA process for “the Guam Department and 

Commonwealth of the Northern Mariana Islands Military Relocation”. The development 

associated with the military relocation will have significant environmental impacts. The DoD 

proposed different alternatives in the 2009 Environmental Impact Statement (EIS) for public 
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review and comments. Two of the most important laws relating to the social movement in 

Guåhan are the Endangered Species Act (ESA) and the National Historic Preservation Act 

(NHPA). To comply with the ESA, the DoD coordinates with the US Fish and Wildlife Service 

(USFWS) to ensure that proposed actions are not likely to adversely affect any threatened or 

endangered species. The DoD also coordinates with the State Historic Preservation Office 

(SHPO) to comply with the NHPA, which considers the effects of the proposed actions on 

historic properties. After the environmental analysis and input from the community, the 

alternative with the least regulatory requirements and opposition from the public should be 

proposed as the preferred alternative, although this is not a NEPA requirement. Finally, the 

Record of Decision (ROD) documents the preferred alternative and details mitigation measures. 

Figure 5.2. Flow-chart illustrating the NEPA process for the “Guam Department and Commonwealth 
of the Northern Mariana Islands Military Relocation”. 
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The environmental review for the contemporary military buildup in the Marianas began 

on March 7, 2007, when the DoD published its Notice of Intent (NI) to start the EIS process. In 

2008, Fuetsan Famalao’an, a women’s group organized around the issues of demilitarization in 

the region, met with political leaders to voice their concerns. After the Draft EIS (DEIS) was 

released in 2009, the grassroots organization “We are Guåhan” mobilized people to submit 

comments. In 2010, despite the public outcry, the DoD issued its Final EIS (FEIS) with no 

significant changes. The ROD detailed the construction of a Live Fire Training Range Complex 

(LFTRC) near the ancient village of Pågat in northeastern Guåhan (Camacho 2013; Figure 5.1). 

People protested against the military’s claim and access to the sacred lands of Pågat (Na‘puti and 

Bevacqua 2015). Emphasizing the biocultural value of Pågat proved to be an effective strategy: 

the DoD abandoned its plans for Pågat. The NEPA process requires a federal agency to prepare a 

Supplemental EIS (SEIS) when significant relevant environmental concerns of a proposed action 

arise. The preparation of SEIS is similar to that of an EIS. DoD submitted a Draft SEIS in 2014 

and FEIS in 2015. One of the proposed alternatives for the LFTRC was Litekyan. In 2015, the 

ROD detailed the new preferred LFTRC site at Tailålo’, the Indigenous name of Northwest Field 

at Andersen Air Force Base, north of Litekyan (Department of Defense 2015; Figure 5.1). The 

proposed Surface Danger Zone of the LFTRC stretches ten miles out into the ocean from 

Litekyan, preventing access to 68% of Litekyan. This 2015 ROD, together with additional plans 

to use the islands of Tinian, Farallon de Medinilla, and Pagan in the Commonwealth of the 

Northern Mariana Islands (CNMI) for military training, put a renewed and even greater pressure 

onto the Mariana Islands’ natural and cultural resources (Na‘puti and Bevacqua 2015; Figure 

5.1). 

5.3. Knowledge co-production for activism 

To probe whether NEPA can advance environmental protection and Indigenous rights, 

social movement theory (della Porta 2014) is used to explain why people mobilize around certain 

issues, how they relate to historical concerns, and how Indigenous cultures may be affected 

(Clark 2002). This approach requires studying the social injustices surrounding the Litekyan 

issue in both a historical and current context and fits into a larger study that is focusing on the 

protection of biocultural diversity, Indigenous rights, and empowerment on Guåhan. Using an 

ethnographic approach to elucidate cultural identity and lived experiences as an intrinsic part of a 
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people’s movement, I ground my research in learning from those who have mobilized, in 

particular the Indigenous peoples, and I stress the inclusion of Indigenous epistemology (Smith 

2012). 

The ethnographic approach comprised a qualitative mixed-method strategy using a 

triangulation of methods (della Porta 2014). The three major categories of data collection were 

(1) participation-observation, (2) in-depth interviews, and (3) archival document analysis. My

approach was drawn from Participatory Action Research and aimed to bridge disciplines and

provide the people participating in this research the ability to understand policies and their

capacity for change. Specifically, I used Ethnographic Content Analysis in Atlas.ti for data

analysis (Friese 2012). Of the 56 interviewees, 33 activists were interviewed to document the

social movement from the activists’ perspective. In addition, interviews with 24 stakeholders

involved with this issue inquired about solutions to advance policy change benefiting the

community (Kemmis and McTaggart 2007). The stakeholders are members of federal and local

agencies, DoD, and policy-makers. My research shows that: (1) The CHamoru people continue

to experience political disempowerment; (2) The NEPA process did not take the CHamoru

knowledge and value system into account when analyzing the impact of the military buildup; (3)

Decision-making tools like NEPA, ESA, and NHPA need reevaluation and should include a

process that acknowledges and legitimizes the CHamoru knowledge and value system; and (4)

Bottom-up approaches built upon local knowledge can advance local decision-making.

5.4. Prutehi Litekyan: A diverse direct-action group 

Prutehi Litekyan is a direct-action group dedicated to the protection of natural and 

cultural resources in all sites identified for DOD live-fire training in Guam. As part of an 

ongoing social movement, the group opposes the establishment of any military firing range; 

stands in solidarity with Guardians of Gani’, PaganWatch, Tinian Women’s Association, and 

Alternative Zero Coalition by preventing environmental degradation and destruction on sacred 

and native lands; and promotes the continued push for return of ancestral lands (Prutehi Litekyan 

Mission Statement). Through their actions, they raise awareness within the community and 

demand action from politicians because the NEPA process failed to protect the biocultural 

heritage at Litekyan and Tailålo’. Prutehi Litekyan engages on both spiritual and intellectual 

grounds, bringing together cultural advocates, healers, fishermen, students, teachers, cultural 
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practitioners, environmentalists, and scientists. This action results in a co-production of 

knowledge, rooted in Indigenous epistemology. The participants and leaders of this social 

movement are diverse and encompass different viewpoints, making this successful movement 

“leaderfull”: many people step up to offer leadership to the movement and support each other 

(Knuth 2019). This movement emphasizes the CHamoru value of respect and the connection to 

the land, driving a sustainable social and political transformation. I collected stories and 

reflections from leaders engaged in this social movement, revealing why they want to protect the 

landscapes of Litekyan and Tailålo’. 

Many of those interviewed spoke about land sovereignty and the historic act of injustice 

by the DoD in condemning the lands of Litekyan in 1957. The military deemed the Litekyan 

lands “excess” in 2000 and transferred the CHamoru homelands to the USFWS instead of 

returning them to the rightful landowners (Carson 2018). Litekyan became the first Guam 

National Wildlife Refuge (GNWR) and was renamed Ritidian. “This current movement 

reclaimed the Indigenous name, Litekyan—‘stirring place,’ referring to strong ocean currents at 

the northwestern tip of Guåhan—restoring its cultural and emotional imprint” (R. Underwood, 

personal communication, June 25, 2018). Still today, elders tell stories about fishing and 

gathering wood to build huts at Litekyan, while young female descendants recount vivid and 

pleasant memories of their youth at Litekyan, but also remember the camp-out protests (M. 

Hernandez, personal communication, December 4, 2017). Today, these women join their 

mothers demanding the return of their ancestral lands. 

“Litekyan is the only place on Guåhan which evidences every period of human life on the 

island, and thus embodies stories about the living history of the landscape” (V. Leon Guerrero, 

personal communication, June 5, 2018). The ROD states that the range training schedule will 

allow access for 13 weeks out of the year, but archeologists and biologists at the GNWR counter 

that this is not sufficient to maintain these historical sites for the public. While the SEIS asserts 

that the LFTRC does not require additional land, Indigenous people view denial of access as land 

seizure. For the CHamoru people, landscapes like Litekyan embody the close ties between 

people and their environment. Near one of the cave areas, a lusong (mortar) is carved into the 

limestone bedrock, the lommok (pestle) still in place. These meaningful details in the landscape 

engage people in sharing stories about the biocultural wisdom of Litekyan. The lusong was 
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traditionally used for food and medicine preparation. These cultural artifacts in the landscape 

also connect visitors to present times. Yo’åmte (healers) still collect åmot (medicine) and bring 

their apprentices to Litekyan. The land remains sacred and is used for ritual practices, in that, 

“practitioners of traditionally-styled chant perform ceremonies at spiritually charged places in 

Litekyan such as the shoreline, caves, and latte villages” (L. Iriarte, Master of CHamoru chant, 

personal communication, February 10, 2020), while also “preventing access disrupts traditional 

healing practices and prevents people connecting to their ancestors” (A. Benavente, personal 

communication, July 25, 2019). 

Scientists highlight the biological and historical value of Tailålo’. Guåhan’s last 

flowering Håyun lågu tree is growing in a pristine limestone habitat at Tailålo’. Although the 

DoD will not cut the tree for the firing range, only a 100 feet buffer area around the tree will 

remain (Department of Defense 2015). Both scientists and traditional knowledge holders argue 

that this is inadequate to protect the tree. The Håyun lågu has become a symbol of resistance for 

Prutehi Litekyan. Another flagship species is the endangered eight-spot butterfly (Hypolimnas 

octocula marianensis), whose host plants thrive in the pinnacle limestone karst substrate of 

Tailålo’. “These geological features took millions of years to form. Once destroyed, the 

landscape will never recover” (J. Kerr, personal communication, April 5, 2017). The 

construction of the ranges will also cause harm to the CHamoru heritage as the military removes 

cultural artifacts from the forest. Activists express their desire to preserve cultural artifacts in 

place, like a living landscape, rather than stored in a museum. “Preventing access and putting up 

fences around our forests changes the ecosystem, our view, and feelings of these places and why 

they are sacred to us” (T. Terlaje, personal communication, October 22, 2018). Potential 

contamination of the aquifer is another valid concern, although beyond the scope of this study. 

5.5. Manhoben take a stand to protect their future 

“When my teacher explained the history of the injustices to the CHamoru people, it felt 

like I shared that pain. That is how I woke up and joined the movement” (S. Cruz, personal 

communication, August 9, 2018). Inspired by their teachers and peers, high school students 

started their own youth movement supporting Prutehi Litekyan. They organized protests and 

produced videos to protect their culture. This youth involvement became the heart and pride of 

this “leaderfull” movement. The movement sparked interest in young people to learn more about 
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endangered plants growing on restricted military lands. Young people testified during public 

hearings with passion and tears in their eyes. Starlet Cruz testified in favor of Resolution No. 

228–34 (COR) (2017): “We are not ready to hear that our native species unique and important to 

our island, which I and most of our youth did not get the chance to see, have become no more 

and are gone forever”. The youth blocked the entrance to Andersen Air Force Base chanting 

“Save Litekyan”, holding each other’s hands while silently crying. This powerful direct-action 

strategy caught people’s attention. “It was a call to the military institution, demanding action, 

after nobody was listening after public hearings, protests, and other endless campaigns” (M. 

Hernandez, personal communication, December 4, 2017). Many manamko’ (elders) talked about 

the manhoben (youth), their energy, and the hope they instilled, while their i Manaotao Mo’na 

(CHamoru ancestors) awakened and called them to gather and lead the way. 

5.6. The synergy between artists and activists in support of Indigenous knowledge 

The social movement is not confined to marches or protests; rather, it has become a 

cultural artistic phenomenon. “Telling stories through art, conveying a message, is part of 

CHamoru culture” (K. Ngeremokt, personal communication, July 25, 2018). Local artists are 

routinely present at the places of protest, and their banners and posters depict scenes of the 

destruction of native forests, animals, and people—animals fleeing bullets and leaving their 

natural habitats, a Mother Earth figure saddened but hopeful as a CHamoru boy tries to stop the 

bulldozers (Figure 5.3). Cultural symbols like latte, endemic species, and Indigenous people are 

artistically depicted. With the renaissance of CHamoru culture, master carvers have been passing 

their craft to the youth. The pieces by young carvers are prominent symbols worn by many 

activists. Music is also paramount in portraying important messages. PJ San Nicolas, a CHamoru 

singer told his story through musical testimonies, inspiring people to strengthen their voices and 

not to sit back in silence. 
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Figure 5.3. Large banner carried at a protest to protect Litekyan. Art created by Kaitlin Ngeremokt. 

Traditional chants and blowing the kulu’ (conch shell) opened gatherings at Litekyan 

while Eva Aguon Cruz burned flowers in a coconut shell, a ritual to honor the ancestors. 

Musicians sing at spiritual gatherings and use metaphors to illustrate the sacred connection to the 

land. Singer/songwriter Candice “Primitiva” Muña’s verse “We are rooted to the ground, rooted 

to everything around us, big and strong like the Nunu tree, roots exposed but our veins dig deep”, 

references shared roots, seemingly vulnerable but drawing strength through remembering 

spiritual connection to the land and ocean. 
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5.7. Guåhan, a location of change: Addressing political disempowerment through 

legal changes 

It is a well-known fact in the literature that the US NEPA, ESA, and NHPA processes do 

not function very well with Indigenous groups like Standing Rock Sioux and other native 

American tribes (Dongoske et al. 2015; Harper and Harris 2011; Johnson 2019). These studies 

indicate that the NEPA process fails to incorporate Indigenous worldviews, uses culturally 

inappropriate ways of gathering input, and thus cannot assess the true environmental and socio-

cultural impacts. Although the US CEQ’s guidance related to environmental justice suggests 

tribal representation and involvement, these aspects have yet to be incorporated in the NEPA 

process (Harper and Harris 2011). Indeed, the US regulatory framework exacerbates the military 

presence in the region (Vine 2015), while the NEPA process justifies their actions. It is important 

to note that the NEPA process only requires the federal agency to “consider” public input, 

affirming the community’s political disempowerment. This study gathered perceptions from 

activists and stakeholders concerning community involvement during the various phases of the 

NEPA process (Figure 5.2). 

The DoD did not provide clear guidelines on how they would involve the public at 

various stages of the NEPA process. The public involvement process does not allow for 

traditional ways of gathering community input in the Mariana Islands, where “oral tradition 

continues to be an important part of CHamoru society” (T. R. Na’puti, personal communication, 

July 22, 2019). In the Mariana Islands, a respectful way of acquiring community input is to 

request advice from elders or community leaders who represent their family, clan, or community 

(Cabrera et al. 2015). The wisdom of these decision-making protocols connects to an Indigenous 

worldview, respecting the integrity of the landscape (Prutehi Litekyan 2017). “The NEPA 

process needs to be prepared to look at peoples’ practices, customs, and traditions to reflect the 

wholeness of our existence and how we treat these spaces spiritually” (H. Cristobal, personal 

communication, April 4, 2018). Their failure to understand the Indigenous worldview is 

exemplified by the fact that after the DoD abandoned its plans for Pågat, it chose another sacred 

place, “Litekyan”. 
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During the first scoping phase, activists stated that their concerns were not heard, despite 

their involvement and the political pressure. “I was part of a task force convened by the 

Governor at the time. The military plans were pre-decisional. DoD did not solicit input from us. 

There was no transparency about the details of the military buildup. It was very disempowering” 

(L. Natividad, personal communication, May 16, 2018). The DoD also negotiated with agencies 

separately, which prevented public and political discussion about the total impact of the military 

build-up. Typically, for-profit consulting firms prepare EIS documents (Dongoske et al. 2015), 

which are voluminous, and comment periods are short and inadequate. Despite the community’s 

effort to provide comments during this next phase of community input, no fundamental changes 

occurred and the least preferred alternative for the firing range was chosen. “DoD often 

disregarded the comments as if they are not substantive and can be easily waived for example, by 

stating that best practices will be used, which is very disenfranchising after contributing to the 

process” (K. Marsh-Taitano, personal communication, November 30, 2018). 

Participants highlighted concerns about the consultations with federal agencies like 

USFWS and SHPO. The preparation of the Environmental Assessment (EA) for the ESA does 

not require public input. In the case of Guåhan, the Litekyan movement brought together diverse 

voices, scientists, and traditional knowledge holders, who articulated their concerns regarding the 

endangered species and their habitats, thus warranting public input: 

Prutehi Litekyan advocated for a jeopardy decision for the Håyun lågu tree prior to 
Biological Opinion by sharing a hundred scientific articles with USFWS. Additionally, a 
re-initiation request was sent based on new information about the species. Unjustly, the 
ESA enabled the delisting of a U.S. national symbol (bald eagle) but increased harm to 
what has become a CHamoru cultural symbol. (S. Perez, personal communication, 
August 22, 2020) 

In contrast to the ESA, the NHPA process allows for public input. In Guåhan, distinct 

problems arose. First, cultural groups do not have base access, and therefore rely on 

archeological surveys. Second, after DoD and other partners signed the Programmatic 

Agreement (PA), DoD discovered more cultural artifacts and human remains. This should have 

re-initiated the PA. Third, DoD treated historical findings often separately. Therefore, they were 

not considered for the national register. Fourth, the way US law handles historic places does not 

align with Indigenous values. “Once ancestral heritage is dismantled and removed, it can never 
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be in place as ancestral hands placed them” (K. Marsh-Taitano, personal communication, 

November 30, 2018). The participants felt that the ESA and NHPA laws and regulations were 

lax and failed to protect their biocultural heritage. 

Last, the CHamoru value system holds that culture and spirituality are interwoven with 

the landscape and therefore does not recognize mitigation (Prutehi Litekyan 2017). Too often, 

the DoD has re-classified land for convenience and national security, not taking the biocultural 

diversity into account, and without communicating the change to the community, as happened in 

the case of Tailålo’. The mitigation actions on military lands should undergo a thorough review. 

First, a long-term sustainable vision must protect biocultural diversity. Second, a monitoring plan 

needs to ensure that the DoD complies with mitigation obligations. Third, a communication 

process needs to update the public about the status of the mitigation actions. 

5.8. Exploring cultural identity through activism 

The effects of colonialism like language loss and the adoption of US mainland school 

curricula have caused many Indigenous people to struggle with finding their identity 

(Underwood 1987). Sacred places provide a spiritual connection, yet the military closed off more 

sacred places for the public (Na’puti 2019). “We are losing one of the last remaining places 

where Indigenous CHamoru people can reconnect with their ancestors. Litekyan provides 

healing because we are a colonized people” (M. Flores, personal communication, March 21, 

2018). This social movement brought many CHamoru people closer to embracing their cultural 

identity. “The gatherings were uplifting in the sense that they imbue the youth with feelings of 

worthiness, belonging, and contribution” (H. Cristobal, personal communication, April 4, 2018). 

The CHamoru people I interviewed held indigeneity to be the most important aspect of their 

emotional well-being. Although schools now include CHamoru language and culture instruction, 

the cultural landscape of Litekyan offers a place-based learning experience that communicates 

knowledge and wisdom: 

The handprints in the caves reconnected me to who I am as a CHamoru person. Going to 
the latte sites, that has changed me. I felt this presence of peacefulness, gratitude, and 
abundance. Once you have a strong cultural identity, no one can take that away from you 
(K. Perez, personal communication, February 27, 2018). 
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The CHamoru people, the taotao tano’ (people of the land), have a holistic connection to 

the land. “The sacredness of the land, the need to protect it, its cultural significance is all 

connected to who we are” (J. Nangauta, personal communication, July 24, 2018). A deeper truth 

of the land enjoins the tradition not to sell the land but pass it on to the next generation. “Heaven 

is the earth. The taoataomo’na are our ancestors from the past, who came before us, but also 

from the future, who we meet in front of us” (H. Cristobal, personal communication, April 4, 

2018). “The Prutehi Litekyan movement inspired people to learn their language, which expresses 

key values and cultural identity, and connects the Indigenous name of a tree with the need to 

protect it” (L. Natividad, personal communication, May 16, 2018). While multiple interviews 

and other sources present evidence of people recounting their re-awakening or development of 

cultural identity on Guåhan, a wider Marianas-based movement has been developing over the 

decades. 

5.9. One Marianas in the Pacific 

The Guåhan movement opposing the military build-up rippled throughout the Mariana 

Islands, with other locations advocating for decolonization, demilitarization, and political 

freedom. Most of the interviewees connected the Litekyan issue to the whole build-up. “We need 

to nourish our lands, our islands, for our next generations in ways that are not toxic or 

destructive” (M. De Oro, personal communication, July 7, 2018). Solidarity and collective action 

in Guåhan, Pagan, and Tinian showed that the historic political disruption did not divide the 

Indigenous people of the Mariana Islands. “The organizing to resist the military buildup brought 

the people of the Marianas together in ways that politicians could not and galvanized resistance 

from various sources including, but not limited to, those concerned with Indigenous rights and 

issues” (V. Dames, personal communication, August 27, 2019). The process did not consider the 

history of the Mariana Islands nor the biogeographical connections among the islands. All 

stakeholders agreed the NEPA process decontextualized the totality of the build-up in the region, 

as different NEPA processes for the build-up and training occurred separately. 

5.10. Activism shapes policy: The need to legitimize the voice of the people 

While Guåhan awaits decolonizing and self-determination, local legislation can guide the 

nature of communication federal agencies have to comply with when seeking input from the 
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community concerning development guided by NEPA. Meaningful involvement and true 

participation in the decision-making process is needed in the initial phases to reform the NEPA 

process and include Indigenous perspectives to prevent environmental and socio-cultural impacts 

(Dongoske et al. 2015; Harper and Harris 2011). 

Although the struggle against militarization and colonization has been ongoing, since the 

recent onset of the build-up there has been increased pressure and fear for many communities in 

the Mariana Islands, since sacred places and whole island communities were threatened. “The 

solidarity forged in the Mariana Islands and the direct political pressure from Prutehi Litekyan, 

shifted the conversation, ensuring civil society had a legitimate voice” (V. Dames, personal 

communication, August 27, 2019). Prutehi Litekyan members met with senators of the Guam 

Legislature and the governor to explain the issues at hand: 

The social movement to protect Litekyan changed the minds of the local leaders. On two 
occasions between 2017 and 2019, members of the community packed the Legislature to 
support resolutions drafted by their lawmakers to prevent the construction of the LFTRC at 
Litekyan (M. Bevacqua, personal communication, May 17, 2019). 

People provided testimonies for many hours. “The public hearing process helps us to 

learn and fill in the gaps; hear each other, stand by each other, support each other, help each 

other while facing this threat to our culture and environment” (T. Terlaje, Vice Speaker, 34th 

Guam Legislature, personal communication, August 27, 2019). Senators of the Guam Legislature 

also considered their votes carefully, while they themselves re-connected with their cultural 

identity and felt the need to represent their community. People provided oral testimonies in 

English and CHamoru, stated facts, invoked spirituality, and gave heartfelt expression to their 

emotions and position on the issue. “These testimonies are a historical record of the feelings of 

the times, safeguarding against canonical historiographical narratives” (K. Kuper, personal 

communication, July 25, 2019). To recognize the validity of these public testimonies, a paradigm 

shift is necessary. Formal mechanisms need to be constructed, permitting input from the non-

governmental sector into the decision-making processes. NEPA needs to include these diverse 

and Indigenous voices. This is evidenced by participant suggestions to incorporate all forms of 

communication. “A process to incorporate and validate these oral testimonies should be inclusive 

of all hearings and public meetings concerning the military build-up, not just on the EIS” (V. 

Dames, personal communication, August 27, 2019). 
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On November 6, 2018, two co-founders of Prutehi Litekyan, Sabina Perez and Kelly 

Marsh-Taitano, were elected to office, demonstrating the importance of leaders who speak out on 

issues important to the community. This public legitimacy of the movement through the electoral 

process is extraordinary in Guåhan’s history. In fact, the plurality of votes went to these 

individuals, representing that at least some of the values expressed by Prutehi Litekyan are 

shared across the population and validate the pressure for policy change. 

5.11. The call for bottom-up approaches: Establishment of a council guided by co-

production of knowledge 

Environmental laws such as NEPA and ESA are created by the U.S. Congress and without 
the informed consent of the CHamoru people, which reinforces our lack of political power. 
The agencies that implement these laws are federal agencies, controlling our island and our 
resources (S. Perez, personal communication, November 24, 2017). 

This top-down governance is often insensitive to the local culture and Indigenous 

worldviews. In order to incorporate Indigenous knowledge and values into the regulatory system, 

bottom-up approaches are suggested. In Guåhan, cohesion and success occur at the community 

level, but unfortunately the nature of what is happening is not in community hands, but at a much 

higher level. Currently, a local knowledge body is lacking in Guåhan. The establishment of such 

a body would increase local participation and improve management and protection success. 

Several interviewees suggested a commission or council of elders who could advise on 

cultural and natural resources and Indigenous rights. Stakeholders recommended this 

commission needs to be science-based and incorporate cultural practices and beliefs to provide 

informed decisions. Currently there is a CHamoru language commission, the Kumision i Fino’ 

Chamorro, a recognized authority on CHamoru language policy (Public Law 1964). Addressing 

the fact that military lands are under federal governance only, participants suggested that military 

lands and other federal lands should be included to preserve biocultural diversity. A similar 

commission as the CHamoru language commission or an addition to this commission should be 

established by public law and should have the authority to advise on natural and cultural policies 

and Indigenous rights island-wide. Both stakeholders and activists emphasized the need for an 

island-wide, robust master plan with a long-term vision to protect natural and cultural resources. 
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The commission could guide the biocultural assessments, permitting processes and requirements 

for development. 

5.12. Listening to Indigenous knowledge and formulating policy changes 

Considering the initial question, whether NEPA can address environmental protections 

and Indigenous rights holistically, there appears to be flexibility within the process to allow for 

it, especially since the NEPA process recognizes environmental justice and participation by 

Indigenous groups. Hence, stronger language and rules are necessary since DoD did not engage 

in including environmental justice in their assessments. 

For decades under US rule, the CHamoru people have been pushing a political agenda 

that recognizes their land sovereignty rights and identity as a people. Despite the successive 

colonial waves that Guåhan has experienced, interviews revealed the enduring values of the 

Indigenous CHamoru worldview: the sacred connection to the landscape, the preservation of 

cultural practices, and respect for the ancestral spirits. Many people joined the social movement 

to protect Litekyan, supporting this shared Indigenous knowledge and value system. During the 

interviews, the differences between the Indigenous and western paradigms emerged. Traditional 

practices and spiritual connection to the land form the basis of an Indigenous epistemology and 

value system, which Western governance and decision-making tools disregard. Therefore, these 

EAs cannot accurately assess the impact the firing ranges have on the lives of CHamoru people. 

While the movement challenges the Western worldview, it recognizes the need for co-production 

of knowledge since scientists contribute to knowledge production and advocacy. 

Guåhan’s political status continues to hinder the protection of natural and cultural 

resources and the recognition of Indigenous rights of the CHamoru people. A new generation of 

resistance movements in the region has taken up the fight against this historical injustice. 

Furthermore, local alliances and partnerships within society support this anti-colonial discourse. 

While the CHamoru people exercise their right to self-determination, their biocultural diversity 

and historical landscapes also deserve protection. The political leaders of Guåhan should 

reevaluate their federal relationships. Research must look at the different governance levels and 

decision-making tools to guide political decolonization. Decision-making tools like the ESA and 

NEPA need a comprehensive review to incorporate and legitimize traditional practices and 
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Indigenous knowledge systems. A bottom-up governance approach rather than the historical top-

down approach should ensure inclusion of these Indigenous voices. 
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Chapter 6. Indigenous spirituality surrounding Serianthes trees in Micronesia: 

Traditional practice, conservation and resistance1 

Abstract 

Spiritual connections to the natural world are fundamental to Micronesian worldviews. 

Structured interviews gathered ethnoecological information about Serianthes. The kosmos-

corpus-praxis conceptual framework analyzed spirituality surrounding this  leguminous tree and 

its connection with Indigenous cosmology, traditional knowledge, and practices. We can 

summarize the results as follows: (a) interspecies relationships expressed through rituals and 

oral history guide ethnobotanical practices in Belau (Palau) and Wa’ab (Yap); (b) the tree is 

critically endangered on Guåhan (Guam) and Luta (Rota). In Luta, the tree is celebrated as a 

flagship species for endangered plant recovery, while the last Guåhan tree has become a rallying 

point for spiritual resistance when its habitat became threatened by military plans to construct a 

firing range; (c) spirituality is a fundamental value for island communities; and (d) traditional 

knowledge holders and scholars strive to work together toward a co-production of knowledge, 

using spirituality as a fundamental principle toward respectful and sustainable biocultural  

conservation.  

6.1. Introduction 

Many Indigenous peoples ascribe to spiritual worldviews expressed through cultural 

practices and beliefs grounded in respect for the natural world (Dorpat, 2011; Harvey, 2005). 

Sacred connectedness to the land, the ocean, and the spiritual realm of nature is fundamental to 

coastal Indigenous worldviews (Snively and Williams, 2016). These worldviews hold that plants 

and humans have the capacity for mutual signaling and these communicative systems develop in 

a coevolutionary manner (Kimmerer, 2015; Kockelman, 2011). Indigenous spirituality, rituals, 

myths, and stories oftentimes express and record these relationships (Sepie, 2017). Interspecies 

phyto-communicability differs among cultures, as cultures interact and develop a specific 

relationship with plants by storing, adapting, and sharing patterns of communication and 

1 Demeulenaere, Else; Sveta Yamin-Pasternak, Donald H Rubinstein, Amy Lauren Lovecraft and Stefanie M Ickert-Bond. 2021 
Indigenous Spirituality Surrounding Serianthes trees in Micronesia: Traditional practice, conservation and resistance. Social 
Compass. https://doi.org/10.1177/00377686211032769 

https://doi.org/10.1177%2F00377686211032769
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knowledge production (Goldstein, 2019; Schulthies, 2019, 2020). Similarly, the gathering of 

partitioned plant modalities (plant parts, such as leaves, fruits, seeds, wood, or roots) depends on 

place- specific interactions between humans and plants (Schulthies, 2019). This reciprocal 

interspecies relationship forms the basis of ecological consciousness and cultural sustainability 

(Kimmerer, 2015) and can offer insights in how Indigenous plant-human spiritual frameworks 

can guide conservation.  

Figure 6.1. Map of Micronesian Islands. 

Micronesia, in the northwest Pacific Ocean, is part of the Micronesia-Polynesia 

biodiversity hotspot with high species endemism rates and biocultural diversity (Loh and Harmon, 

2005; Myers et al., 2000; Figure 6.1.). Many endemic species face extinction because of 

colonialism, economic development, and cultural globalization taking precedence over 

sustainability and biocultural preservation, a sad parallel to the traditional knowledge Indigenous 

peoples have held in relation to these species and other resources in the Pacific Islands. Christian 

missionaries impacted traditional Micronesian religions and the connections to their 

environmental knowledge systems. Despite these rapid changes, the Indigenous peoples of 

Micronesia maintain spiritual connections to the natural world. Similar to the Huni Kuĩ (Brazil) and 

the Māori (New Zealand) people, Micronesians follow  the phyto-communicative model in which 
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they recognize plants as participants in kinship  structures (Goldstein, 2019; Rountree, 2012). 

Nature spirits and spiritual guides mediate plant-human interaction relating to traditional 

practices such as canoe building (Dobbin and Hezel, 2016). Nature spirits dwell around or can be 

place-bound. They are ancestral  spirits of deities or spirits of the dead (Dobbin and Hezel, 2016). 

In my own research, I study spirituality and rituals in relation to the conservation  of 

Serianthes, a tree up to 35 m tall, occurring on four islands in Micronesia: Guåhan (Guam), 

Luta (Rota), Wa’ab (Yap), and Belau (Palau) (Figure 6.1.). Guåhan and Luta are part of the 

Mariana Islands. Wa’ab is one of the four states of the Federated States of Micronesia. To honor 

and respect the Indigenous homelands of the Micronesian peoples, we use Indigenous place and 

plant names throughout this article to recognize their inextricable connection with the land and 

its people (Smith, 2012). 

The ethnobotanical uses, spirituality and conservation practices surrounding Serianthes 

are different on each island. In Belau and Wa’ab, Serianthes kanehirae Fosberg is still abundant 

with one variety on Belau, Serianthes kanehirae var. kanehirae  Fosberg and one variety on 

Wa’ab, Serianthes kanehirae var. yapensis Fosberg. The people from Belau and Wa’ab still use 

Serianthes today mainly for canoe carving, traditional meeting house construction, and medicine, 

keeping the rituals and cultural practices surrounding this tree alive. Serianthes nelsonii Merr. 

occurs on Guåhan and Luta and is listed as critically endangered under the Endangered Species 

Act (ESA). Guåhan has one remaining adult tree, while Luta’s total population comprises less 

than 35 trees. In Luta, S. nelsonii is a flagship species for endangered plant conservation. In 

Guåhan, S. nelsonii became the rallying point of Indigenous spiritual resistance because the 

habitat of the last adult S. nelsonii tree is threatened by the construction of a military firing 

range. Although the military has stated that they will not bulldoze the last tree, they are 

committing to preserving only a 100-foot buffer of forest around the tree. We will elaborate on 

the different traditional practices on each of the islands, the link with traditional governance, and 

why traditional knowledge and spirituality are important to conservation. 

Our central research question asks how epistemological orientations based on Indigenous 

spirituality and phyto-communication can shape the protection and conservation efforts of 

endemic plant species, such as Serianthes, in Micronesia. To understand the importance of 
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Indigenous spirituality and its integral connection to sustainable conservation and cultural 

identity (Fleming and Ledogar, 2008) we suggest the kosmos-corpus-praxis (K-C-P) as a 

conceptual framework because it provides a holistic approach to study Indigenous epistemology 

(Toledo, 1992). 

6.2. Exploring Indigenous spirituality and conservation: an analysis of three 

ethnospheres 

Ethnoecology uses the K-C-P conceptual framework to study the close relationship 

between traditional knowledge (corpus), practices (praxis), and cosmology (kosmos) (Barrera-

Bassols and Toledo, 2005; Pauli et al., 2016; Toledo, 1992; Figure 6.2). The concept emphasizes 

that a culture gains individual, community, and generational knowledge by memory and 

experiential learning. This study analyzes the three ethnospheres in relation to spirituality and 

conservation of Serianthes. Ethnoecology further examines how traditional and scientific 

knowledge can generate a co-production of knowledge needed to battle today’s conservation 

challenges and protect biocultural diversity (Pauli et al., 2016; Snively and Williams, 2016). 
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Figure 6.2. The K-C-P complex based on Barrera-Bassols and Toledo (2005) and adapted from Pauli 
et al. (2016). The K-C-P complex illustrates the three ethnospheres and the ethnoscape. 
The curved words around each ethnosphere detail Indigenous knowledge and scientific 
knowledge (in pink) mentioned by the participants.  

I conducted an ethnoecological field study of Serianthes on Luta, Guåhan, Wa’ab and 

Belau between April 2018 and December 2019. During structured interviews, I asked 

traditional ecological knowledge holders to answer a questionnaire about Serianthes. I 

conducted 14 interviews in Belau, 9 in Wa’ab, 7 in Luta, and 14 in Guåhan. The interviews 

reveal that traditional spirituality differs between and within island cultures, yet they provide 

evidence, albeit fragmentary, which I used to construct an overall picture of the importance of 

spirituality relating to conservation. When quoting interviewees, I have edited their statements 
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for readability2. Voucher specimens of the different Serianthes taxa were collected and submitted 

to the University of Guam Herbarium. 

The results can be summarized as follows: (a) interspecies relationships, rituals, and oral 

history continue to guide ethnobotanical practices of Serianthes in Belau and Wa’ab; (b) co-

production of knowledge can guide conservation practices of Serianthes in Guåhan and Luta; (c) 

Indigenous spirituality continues to be a fundamental value in all four island communities; and 

(d) Indigenous spirituality can guide more respectful and sustainable ways of interacting with the

environment.

Being a long-time resident of Guåhan, an interdisciplinary scholar, and an environmental 

activist, I use a holistic research approach. The results of this ethnoecological study will be used 

together with social movement and phylogenetic data to advise on the development of 

conservation practices and policies for island endemic plants, using Serianthes as a model 

species in Micronesia. 

6.3. The ukall of Belau and its people 

Palauans’ relationships with the living and spiritual world are rooted in a deep knowledge 

and understanding of its elements. Oral traditions such as myths, legends, and proverbs tell about 

the gods and kosmos, which guide social structure and traditional chiefs’ councils, regulating the 

polity of Belau (Dobbin and Hezel, 2016). Rituals and chants honor the spiritual world. Palauans 

use plants in daily life for different purposes (Kitalong et al., 2006). The collection of plant 

modalities and interspecies phyto-communicative relationships continue to be foundational for 

conservation and governance in Belau. Belau recognizes traditional and constitutional 

governance honoring traditional  knowledge systems and customary law guided by the Rebekul 

Belau (Council of Traditional Chiefs). The protected area network, established in 2003, allows 

traditional knowledge holders to continue their cultural practices. ‘Palauans believe it is 

important to use the resources to stay connected to them’ (Tellei P). The luaktak (village chief) 

continues to play an important role in natural resources management and can still assert a bul 

2 Interviews with Aguon Cruz E, Bamba J, Bigagel P, Bultedaob RA, Falanruw M, Fanaglibuw H, Kitalong A, Kuiroy B, 
Mangloña J, Mendiola T, Pasan E, Perez S, Raigetal L, Reg F, Ruegorong F, Saoladoab N, Tellei P, Ulengchong Yano S, Unacio 
S and Underwood R conducted in 2018. Interview with Iriarte L conducted in 2019. 
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(harvest moratorium on resources when they become depleted or as a mortuary custom honoring 

a deceased chief). During interviews, the deep respect Palauans have for ukall or kumer 

(Serianthes kanehirae var. kanehirae) became evident, as the tree’s name, uses, and the people’s 

stories intertwine.  

6.3.1. K-C-P complex: Tree spirits and stories of strength 

Ukall grows in mangroves and in coastal, lowland and volcanic forests of Babeldaob and 

Koror. ‘The tree serves as a landmark. You see trees along stone paths, in villages and old 

dwellings’ (Kitalong A). ‘Palauans consider planting an ukall an investment. The enormous 

trunks are used to carve the hull of the kabekl (war canoe), while the smaller trees are used for 

the kaeb (sailing canoe)’ (Unacio S). Ukall is used for parts of the bai (community meeting 

house), centrally important in Palauan village organization and culture (Kitalong et al., 2006; 

Tellei, 2016). 

Palauans do not plant the tree for only the current generation, but for generations to 

come, ensuring sustainability in cultural practices. As the tree grows, Palauans develop a 

relationship along with the birds and fruit bats that feed on its nectar. Fishermen respond to the 

phyto-communicative signals of the ukall’s flowering times, as they assure plenty of fish (Alii in 

Kitalong et al., 2006). Oral histories teach the youth traditional knowledge and imbue spirituality; 

legends reference the tree’s strength. ‘Techur, a warrior, wanted to claim an entire village. To 

show he was worthy of ruling the land, he took down an ukall tree and strung millions of small 

leaves together in one branch’ (Kuiroy B). ‘Fathers tell their sons: “You will be like an ukall when 

you grow up, but now you are young and  need to respect your father”’ (Saoladoab N). 

Palauans describe the tree (Corpus) in relation to its use (Praxis) and the spiritual world 

(Kosmos). ‘One of the best features of ukall is the erect growing pattern and its soft wood’ 

(Bultedaob RA). The Palauan word ukelall, which means ‘to fell’ (Bultedaob RA),  is difficult to 

translate in the English language because ‘traditionally a tree is not felled but gradually forced 

down’ (Tellei P). Dachelbai are skilled canoe carvers and house builders who master rituals to 

appease the tree spirits. Palauans will not take a tree down when it is flowering, as it is giving 

birth, and needs to absorb all the nutrients. Dachelbai  take the tree down when the tide is low and 

after a long rainy period because that prevent  the fibers from being over-saturated: 
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The practice of taking down the tree involves chants and rituals. The chants are about 41 
stanzas long and last an hour, invoking all the tree spirits. We perform the rituals in 
different phases. First, the carver seeks permission from the tree’s ancestors, ensuring the 
spirits will grow new trees for the carvers to use. During the second part, the carver 
appeases the tree by asking permission and showing gratitude, ensuring they will not instill 
injuries on the workers. Last, the carver obtains permission from the forest spirits. (Tellei 
P) 

Carvers continue to chant while taking down the tree. First, carvers cut wedges at the base 
of the tree to let the water seep out. Then, they burn the tree at the base to prevent nutrients 
being absorbed. This inhibits the growth of the tree and promotes drying and shrinkage of 
the wood. This process can take up to six months. The community would gather to pull the 
tree down with a strong vine, iuetekill (Lophopyxis mairgayi). These rituals warrant plenty 
of fish or a good bounty. (Bultedaob RA) 

Although Palauans nowadays use power tools, the beliefs and practices connect Palauans 

to the spiritual world as they continue to perform rituals and chants, asking the spirits for 

permission to fell a tree. Oral histories – the telling of stories – preserve these traditional ways. 

Tools such as the chebakl (adz made of clamshell) are still used to ensure this knowledge does not 

get lost. ‘The luaktak continues to control the management of the forest’ (Ulengchong Yano S): 

In order not to overharvest certain tree species, the luaktak decides if a village can cut an 
ukall to build a bai or canoe. The people from the village themselves will not construct the 
bai or carve a canoe. Another village will do that for them. The host village will take good 
care of the workers. Palauans still maintain this custom today. (Kitalong A) 

6.4. The gumor of Wa’ab and its people 

Yapese traditionally hold a worldview focused on kan (gods and spirits) (Dobbin and 

Hezel, 2016) and rely on magic for protection against spirits. Rituals are performed to honor and 

appease spirits during traditional practices. Using plants for food, lumber, medicine, fiber, 

fishing, or other uses is central in the Yapese traditional nature-integrated  system (Falanruw, 

1994). This traditional management approach fosters phyto-communicative relationships. 

Governance and conservation integrate traditional and constitutional systems honoring 

traditional customs, guided by The Council of Pilung (traditional chiefs). Wa’ab also established 

a protected area network which uses the traditional management approach. All the land is 

privately owned, but the chiefs oversee the natural resources management. Traditionally, people 

would use gumor (Serianthes kanehirae var. yapensis) only for house posts, canoe building, and 

community men’s houses, but when the United States brought portable sawmills to Wa’ab, their 
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use as timber increased. Fortunately, Wa’ab has a traditional system of taboo ensuring 

conservation of the species. 

6.4.1. K-C-P complex: Two distinct spiritual stories 

Gumor grows in mangroves, lowland forests, in the villages, and along stone paths on 

Yap, a complex of four conjoined, tectonically raised islands (Yap, Maap, Gagil-Tomil, and 

Rumung). ‘These majestic trees are part of Yapese nature-integrated food landscape and are a 

habitat for birds and fruit bats’ (Falanruw M). ‘Gumor are beautiful smooth trees. When a 

woman is very beautiful, we say she is like a gumor’ (Fanaglibuw H). ‘People plant gumor in the 

village for future use, mostly for timber and canoes’ (Ruegorong F). Yapese family members will 

pass the spiritual and practical knowledge about gumor to their heirs and children. Yapese also 

describe the tree (Corpus) in relation to its use (Praxis) and the spiritual world (Kosmos). In 

Wa’ab, distinct practices and beliefs surround gumor. 

6.4.1.1. Yap and Rumung: Appeasing the gumor tree spirits 

On the islands of Yap and Rumung, gumor is used for canoes and houses. When a carver 

identifies a tree, he will monitor the tree as it grows. ‘Gumor has very valuable wood because it is 

termite resistant’ (Bigagel P). Carvers soak the wood in the ocean for 3 months to increase its 

longevity. ‘Gumor is used for the hull of the zowaab (type of canoe), which is used to carry 

goods inside the lagoon. The ends of the canoe look like a chicken tail’ (Ruegorong F). 

Traditionally, Yapese would burn the tree and cut it down with the tow (adz made with 

clamshell). Nowadays, Yapese use power tools, but still ‘carve the hull with fire and the tow’ 

(Reg F). Carvers perform different rituals to ensure the tree spirits are ready to leave when they 

cut down a tree: 

Trees have spirits, which can be good or bad. Carvers perform different rituals to respect 
the ancestors and the tree. When a tree lands on it branches instead of his trunk, that is a 
sign the tree sprits are not ready to leave the tree. Yapese call it hatuu shole, because it looks 
like a black  cat crawling down ready to attack. The carver will stop working on the tree and 
close off the area until the tree is completely down, so the carvers can resume their work. 
(Raigetal L) 

Yapese believe trees house small ghosts called Dawachra. Before carvers cut down the 
tree, they ask magicians to perform a ritual to make the ghosts feel comfortable and ask 
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them to move out of the tree. The carver or builder will wait until a bird flies out of the tree. 
This signals  that the ghost accepted it and left the tree. (Fanaglibuw H) 

6.4.1.2. Maap and Gagil: The story of healing 

The people of Maap and Gagil have a different Serianthes story. Although the tree grows 

in their forest, people in Maap do not plant gumor. I visited one healer in the village who uses 

gumor for treatment: 

According to the history of medicine, Yap is divided into seven parts. Our part of Yap 
belongs to Tamir, our mini god, who is knowledgeable about medicine. According to Tamir, 
gumor can influence the properties of other medicinal plants. This is a very old story, but we 
keep following these rules. We do not use gumor for houses or the canoe. I only use the 
bark in combination with other plants as a treatment for toxins. When I need it, I will go to 
the other side of Wa’ab and say some magic words as I enter the forest. (Pasan E) 

6.5. Serianthes nelsonii: The spirit of the largest tree in the Mariana Islands 

Despite the long colonial history of the Mariana Islands and the early introduction of 

Western conservation practices and governance, CHamorus maintain much of their cultural, 

political, and spiritual identity. The CHamoru worldview respects the taotaomo’na (ancestral 

spirits) and spirits of all living and nonliving things (Cunningham, 1992). The taotaomo’na can do 

good or bad. Because they dwell in the natural world, especially in the aerial and subterranean 

root system of the Nunu (Ficus prolixa), the sacred spiritual significance of the land connects the 

people’s ecological identity with their spiritual identity (Perez, 2015). The CHamorus are the 

‘taotao tåno’ or the ‘people of the land’ and believe the land is their ancestor because she was 

created from the bodies of Putan and Fu’una, the CHamoru creation gods. Rituals and 

ceremonies typically start with honoring the ancestral spirits. ‘We believe there is ancestral 

activity everywhere and therefore start our ceremony by saying “Manotohge hit,” meaning “we 

stand” over all the old bones, which is a reminder that wherever you go, you are not the first one’ 

(Master of CHamoru chant, Iriarte L). Other rituals include blowing of the kulo’ (shell trumpet) 

to call upon the ancestral spirits to guide them, or ‘burning of flowers to honor  the ancestors’ 

(Aguon Cruz E). People still ask permission when entering i hålom tåno’ (the forest). Even 

Catholic practices incorporate ancient CHamoru spiritual beliefs and practices (Owen, 2011; 

Schwab, 1996). Contemporary CHamoru values relate to the land, spiritual well-being, and 

connection to their ancestors. This interrelatedness with nature creates interspecies phyto-
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communicative relationships. An important CHamoru value emphasizing this interconnectedness 

with the natural world is inafa’maolek, stemming from the kinship between humans and the 

natural world (Cunningham, 1992; Perez, 2015). Although the island’s legal framework of 

conservation and governance is westernized, when S. nelsonii, the largest tree in the Mariana 

Islands, became endangered, the CHamoru people stood up to protect this species as it is an 

intrinsic part of their heritage. 

6.5.1. K-C-P complex: The importance of connectedness 

S. nelsonii occurs on limestone and volcanic soils. Guåhan and Luta have different names

for S. nelsonii: Håyun lågu or ‘wood from the outside’ (Underwood R) in Guåhan and Tronkon 

Guåfi or ‘tree that looks like fire (referencing the reddish flower)’ (Mangloña J)  in Luta. In situ 

conservation practices take place on both islands to augment the wild populations. Propagation 

of seeds is successful, but outplanting into the wild has been problematic because of pests and 

ungulate browsing, while typhoons pose a threat to adult trees. 

The current generations do not remember the traditional uses of Serianthes because the 

tree has been rare for a long time. Louis Claude de Freycinet (1939) listed Håyun lågu as a 

timber tree. Although specific practices for Serianthes could not be documented, there are still 

traditional practices for cutting down trees. CHamorus cut wood during the first quarter of the 

moon and at low tide (Punzalan, 2013). Carvers still use ceremony and spiritual chanting to 

guide canoe making because everything from the earth has a life force, which requires ritual 

practices ensuring the entire process occurs within the inafa’maolek spirit (Alcantara-Camacho, 

2016). 

6.5.1.1. Håyun Lågu: A rallying point for spiritual resistance 

Although the CHamoru traditional practice of inheritance of lands through traditional 

matrilineal relations has been disrupted, these principles guide the CHamorus in how to treat 

nature. Traditionally, inheritance of CHamoru family land passed through matrilineal relations. 

Although colonization disrupted this practice, the connection to ancestral land remains. When the 

military proposed building a firing range complex on the limestone plateau of Tailålo’ 

(CHamoru place name for Northwest Field, now under jurisdiction of the Department of 

Defense), where the last Håyun Lågu grows, Prutehi Litekyan, a direct-action group, started a 
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social movement to protect Guåhan’s biocultural diversity and regain land sovereignty. The 

firing range would create a large surface danger zone which would prevent access to 68% of the 

sacred lands of Litekyan. CHamorus still perform traditional practices and rituals at Litekyan, 

connect with their ancestors, and find their cultural identity as the landscape embodies wisdom. 

Despite opposition from the community and their request that the military planners take into 

account CHamoru spirituality and traditional practices as part of environmental compliance, the 

military went ahead with its plans. The Håyun Lågu became a rallying point for resistance, with 

protesters demanding that planners respect the spiritual value of the land and its resources: 

My mom and maternal grandparents lived in Tailålo’, meaning no flies, due to the coastal 
breeze. My mom recalls seeing ‘a majestic tree like no other tree in the forest. It made a 
sound that was different, magical, and warmed your heart. I enjoyed looking at it, by itself, 
the only one. It stood out and looked nicer than the rest. I tried to climb it but it was too 
wide. Why was it so tall? Was it planted long ago?’ This story was my spiritual connection 
to the Håyun Lågu tree which inspired me to join Prutehi Litekyan in order to halt the 
construction of a multipurpose  machine gun range within shooting distance of the lone 
mother tree of Guam. (Perez S) 

6.5.1.2. Tronkon Guåfi: A symbol for endangered plant conservation 

Traditionally, chiefs and the council of elders managed the natural resources. ‘Traditional 

approaches are holistic, protecting the entire ecosystem, and are embedded in the culture’ 

(Mendiola T). Conservation practices and ways of gathering plant modalities are included in the 

CHamoru language. ‘Gua’lak is used for picking the leaves. Hali is to take the roots’ (Mendiola 

T). Kantan Chamorrita (folk songs) teach about traditional knowledge, practices, and 

spirituality. ‘Guåfi gi matan-hu – Fire in my eye references to the Tronkon Guåfi flowers that look 

like fire in the mountain when you wake up in the morning’ (Mendiola T).  

The ESA shifted the focus from a traditional conservation approach toward a Western 

species conservation approach. ‘Although federal funding is available for Tronkon Guåfi, critical 

habitat is only designated for birds’ (Mangloña J). ‘To increase conservation efforts a 

multifaceted approach is needed where traditional knowledge holders and the horticultural 

community support conservation efforts’ (Bamba J). Co-production of both traditional and 

scientific knowledge and practices can advance species protection in a more holistic way. 
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In Luta, the tree became a symbol of endangered plant protection as the local forestry 

department is not only augmenting the wild populations but also bringing the trees back to the 

villages. ‘We notice that people are proud to see Serianthes in the urban landscape. Nowadays, 

spirituality is more practiced on a personal level, but when the whole community comes together 

to bless a canoe, we will all gather in ceremony’ (Mangloña J). 

6.6. Conclusion 

The answer to the initial question, whether epistemological orientations based on 

Indigenous spirituality and phyto-communication can shape the protection and conservation 

efforts of endemic plant species such as Serianthes in Micronesia, the conclusion is clear. Our 

research shows that the spiritual practices, rituals, values, and phyto-communication surrounding 

Serianthes connect people to the tree and its habitat holistically. While the modern debate often 

focuses predominantly on singular aspects such as endangered species or loss of traditional skills, 

the most pressing and dangerous possibility would be a change in the Indigenous value systems 

connected to spirituality. These cultural structures are connected to spirituality, instill respect, 

conservation, and prosperity for future generations. By sustaining human-plant relationships, the 

people of Belau and Wa’ab continue to protect and connect with Serianthes in a sacred way. The 

role of traditional knowledge in conserving biodiversity is evident. In Belau and Wa’ab, people 

are able to continue their traditional practice guided by councils of traditional knowledge  holders 

and other levels of social organization. 

The Mariana Islands endured centuries of colonization. Although spirituality and 

traditional practice are still very important to the CHamoru people, foreign laws and regulations 

not fit for island cultures damaged the important link between traditional knowledge and 

conservation. In the Mariana Islands, the Serianthes populations diminished. In Guåhan, the 

ecological-spiritual identity of the CHamoru people and eco- spiritual practices fostered fierce 

resistance against the military firing range in Guåhan. Activists brought spirituality to the 

forefront of the discussions and demanded inclusion of this environmental consciousness into 

environmental compliance laws and regulations. A collaboration between traditional knowledge 

holders and scientists is necessary to generate a co-production of conservation knowledge and 

practice guided by spirituality and respect. In Luta, human-plant interactions are being restored 
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by planting Serianthes in the village. Over time, patterns of mutual sensing between Serianthes 

and the people of Luta can be shared and adapted. 

The deep spiritual connection traditional knowledge holders maintain while continuing 

traditional practice and rituals provides strong evidence of why conservation practices tied to 

plant-human relationships can increase biocultural diversity. A culture defines itself not only by 

materialistic expression or political debate, but also by the belief systems and values which guide 

behavior and provide a lived experience deeper and more persistent than a cultural practice. Oral 

traditions concerning spirituality encompass a wide variety of expression through both spoken 

words (legends, myths, songs, chants, and proverbs) and practices (rituals and ceremony) and are 

essential to safeguard a culture. While similarities exist across the region, every Micronesian 

culture has its distinct spirituality, which is part of the islanders’ heritage. This spirituality and an 

ethos of earth stewardship can form the basis of conservation in island cultures. 
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Chapter 7. Recollections of fadang and fanihi: The taste and smell of CHamoru bygone 

foods and the challenge of endangered island species1 

Abstract 

Pacific Islands have a high degree of biocultural diversity. On Guåhan (Guam), the 

CHamoru people’s traditional knowledge, practices, and language developed in tandem with the 

island’s biological diversity for over 3,500 years. Global processes such as colonization, 

globalization, and modernization put the island’s biocultural diversity at risk. Two endemic 

species, the fadang and the fanihi, a cycad and a fruit bat, are threatened with extinction. Both 

fadang and fanihi are traditionally eaten as food. Open-ended interviews allowed participants to 

tell their stories of taste and smell, and their recollections preparing and sharing endemic dishes 

like the titiyas fadang and kådu fanihi with their elders. Endangered species conservation can 

play a role in preserving these practices alongside their emphasis on biodiversity protection. 

Recovery plans, inclusive of traditional practices, can protect this biocultural diversity. A council 

of traditional and scientific knowledge holders, grounded in the CHamoru value system, can 

guide its implementation. 

7.1. A story of taste, smell, and sharing 

For people growing up on a small Pacific island, the proximity of the ocean and the flora 

and fauna surrounding people’s homes foster a connection to the land and sea. Stories of elders 

interweave a child’s experiences with words of wisdom and knowledge, shaping a physical and 

spiritual relationships with the natural environment, honoring a holistic Indigenous worldview. 

One way of sharing this unique island culture is through the preparation and sharing of food. 

Children learn to husk coconuts and to fish at a young age. Communities share these foods of the 

land and the sea with their families, neighbors and at celebrations with the entire community.  

Such is the experience of the CHamoru people of Guåhan (Guam), the most southern 

island of the Mariana Islands in the northwestern Pacific Ocean. One of the manåmko’ (elders) in 

1 Demeulenaere, Else; Donald H Rubinstein, Sveta Yamin-Pasternak, Amy Lauren Lovecraft and Stefanie M Ickert-Bond. 2021. 
Recollections of fadang and Fanihi: The taste and smell of CHamoru bygone foods and the challenge of endangered island 
species Pacific Asia Inquiry: 11: 80-105. https://www.uog.edu/_resources/files/schools-and-colleges/college-of-liberal-arts-and-
social-sciences/pai/v11/09_pai11_demeulenaere.pdf 

https://www.uog.edu/_resources/files/schools-and-colleges/college-of-liberal-arts-and-social-sciences/pai/v11/09_pai11_demeulenaere.pdf
https://www.uog.edu/_resources/files/schools-and-colleges/college-of-liberal-arts-and-social-sciences/pai/v11/09_pai11_demeulenaere.pdf
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our neighborhood, Rosalind Pilar Paulino Dydasco, taught my children and I, how to grow and 

prepare certain traditional foods. CHamoru values surrounding food such as the practice of 

chenchule’ (reciprocity) are paramount, and especially valued is ka’lo yan fattoigue’, bringing 

prepared food to someone’s house and staying over for a conversation (Aguon, 2020). During 

walks in the garden and along the limestone forest, my family learned about Indigenous plants 

and animals. We listened to stories about Rosalind’s childhood and how her family used these 

plants and animals. Rosalind’s story about the traditional preparation of titiyas fadang, tortillas 

made of the flour of the fadang seed (Cycas micronesica), stood out to me. Her family used the 

flour made from fadang to make CHamoru tortillas. The word “titiyas” (pronounced tee-TEE-

juhs) was adapted from the way the CHamoru people pronounced “tortillas” introduced from 

Mexico during the missionary period in the 17th century (personal communication, J. Flores, 

October 27, 2020). These stories provide local context to global processes such as colonization, 

globalization, and modernization, which introduced new foods and increased the dependence on 

imported food, disrupting traditional food systems (Parrotta & Trosper, 2012). The introduction 

of starches such as corn during the Spanish colonial era reduced the use of traditional starches 

(Tolentino, 2018). Rosalind’s recollection of the atmosphere during the preparation of titiyas 

fadang painted a powerful story connecting endemic foods with traditional preparation methods. 

Her stories detailed the abundance of cycads in the forest nearby, the social interactions she had 

with family members during processing and preparation of the titiyas fadang, and the exquisite 

taste and divine smell of the titiyas fadang. Besides the fadang, the abundance of birds, fruit bats, 

and other native plants diminished in her lifetime.  

After my children began attending school, I started working as a biologist at the 

University of Guam. As an endangered species specialist, I worked with endangered plant and 

animal species in Micronesia for seven years. In 2011, Marler & Lawrence reported a high cycad 

mortality rate after the introduction of a scale insect pest in 2003. The cycad became threatened 

with extinction and was listed as threatened in 2015 under the Endangered Species Act (ESA) 

(U.S. Fish and Wildlife Service, 2015). I recalled my neighbor’s story of the titiyas fadang. The 

once abundant population of fadang in the forest surrounding Rosalind’s house plummeted 

alongside other cycad populations on the island and could not be harvested anymore. I realized 

that incorporating the restoration of traditional food and other cultural practices is a crucial part 

of endangered species conservation.  
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Other similar cultural food stories followed, such as the Mariana fruit bat or fanihi 

(Pteropus mariannus), which used to be prepared as a prized dish for the fiesta (celebration of a 

patron saint of a parish) and gupot (celebration) table (Guampedia 2021). The preparing and 

sharing of food at a fiesta or gupot occur in the spirit of inafa’maolek, which means “restoring 

harmony or order, cooperation, and interdependence” (Mendiola, 2020; Perez-Iyechad, 2020). 

Fanihi populations declined and became threatened with extinction in the 1980s. Mostly elders, 

but also 40-50 year old people recollect the acquired taste of fanihi and the value and pride of 

sharing fanihi dishes at the fiesta or gupot table. The fadang and fanihi and their use by the 

CHamoru people are examples of a rich biocultural diversity that was once present on the island 

of Guåhan.  

Maffi (2005) defines biocultural diversity as “diversity of life in all its manifestations – 

biological, cultural, and linguistic – which are interrelated within a complex social-ecological 

system”. Many scholars have examined the link between high levels of biodiversity and 

Indigenous people (Loh & Harmon, 2005; Toledo, 2013; Parrotta et al., 2016). Biocultural 

diversity is especially high on islands because of their geographic isolation and the way 

Indigenous knowledge and culture practices are tied to their unique biodiversity, while adapting 

to changes in their environments (Loh & Harmon 2005; Tershy et al., 2015). The Mariana 

Islands are part of the Micronesia-Polynesia biodiversity hotspot. The region has high species 

endemism rates and biocultural diversity (Myers et al., 2000; Loh & Harmon, 2005). The 

Mariana Islands, Palau, and Yap are closer to the Indo-Pacific center of biodiversity around 

Indonesia and Eastern Asia (Mueller-Dombois & Fosberg, 1992) and consequently have a 

greater biodiversity than found on islands farther east from the Indo-Pacific center.  

National endangered species conservation policies such as the Endangered Species Act 

focus on preserving the world’s rapidly declining biodiversity, which threatens to bring 

devastating consequences to the earth’s ecosystem functionality and stability (Isbell, 2010). The 

islands’ biocultural diversity loss deserves more attention and protection in this conservation 

story, as it will benefit the islands’ biodiversity and its people to prevent converging extinction 

crises between culture, language, and biodiversity (Maffi, 2005; Loh & Harmon, 2014), aspects 

of life that are very important to CHamoru people. 
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This study aims to emphasize the important and unique connections the CHamoru people 

have with plants and animals and how global processes can cause parallel extinctions of plants, 

animals, and cultural practices. We pursued an interdisciplinary research approach to ensure 

Indigenous perspectives and traditions are part of the conservation discussion. A CHamoru 

epistemology forms the basis of this research. This ethnographic study used a qualitative mixed 

method approach, comprising participant observation and storytelling, open-ended interviews, 

and bibliographic research to answer three key questions: (a) are the traditional food practices 

and the stories of taste and smell tied to endangered species at risk of being lost?, (b) how is the 

CHamoru worldview and CHamoru value system tied to the way of knowing these endemic 

species?, and (c) can Traditional Ecological Knowledge (TEK) and Scientific Ecological 

Knowledge (SEK) unite in a co-production of knowledge to guide conservation efforts such as 

outlined in local and national endangered species regulations? 

We can summarize the results as: (a) endangered species and their traditional use as food 

are at risk of being lost alongside the people’s memories of taste, smell, sharing customs, 

storytelling, and transgenerational knowledge transmission, (b) the CHamoru worldview and 

value system is connected to the biodiversity of the Mariana Islands and (c) community, 

inclusive of activism-oriented groups, TEK holder’ and scientists’ involvement are necessary to 

protect endangered species, the CHamoru people’s cultural food practices. A co-production of 

knowledge (TEK and SEK) can protect and conserve the fadang by outlining sustainable harvest 

practices in endangered species regulations. This study is part of a larger interdisciplinary case 

study on the protection of TEK of endemic and native plants using a mixed-method approach to 

identify governance structures and levels that can allow for the protection and management of 

sacred places to the Indigenous people and for the continued perpetuation of TEK practices. 

7.2. A community integrated mixed-method ethnographic approach 

We employed a qualitative mixed-method approach to gather ethnographic data and 

perceptions about the CHamoru values and practices surrounding food and how they relate to 

plants, more specifically endangered endemic species, using the fadang and fanihi as an example 

(Creswell & Clark, 2011).  
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During sixteen in-person, open-ended interviews, the interviewer, Else Demeulenaere, 

asked about the use and preparation of fadang. The interviews were recorded and transcribed 

verbatim (Martin, 2004). After the initial in-person interviews, the interviewer asked the 

interviewees follow-up questions over the phone. The participants were able to edit the quotes 

(sent by email) cited in this manuscript. Participant observation (by Else Demeulenaere) was not 

intended to happen intentionally for this research but allowed me to listen to stories or have 

conversations with manåmko’ and TEK holders as a member of the community and as a biologist 

(Creswell & Clark, 2011). These stories were not recorded nor transcribed but provided the 

researcher a more holistic view on CHamoru values and cultural aspects surrounding food. 

Lastly, we gathered biological, ethnobotanical, archeological, and ethnographical information 

from historical documents and studies by ethnobotanists/biologists and archaeologists. This 

triangulation of methods increased the validity of the data (Østreng, 2010; Creswell & Clark, 

2011). An age-cohort analysis of interviewees aided in the ethnohistorical reconstruction of 

social change and identified the effects of global processes on traditional endemic food practices 

(Yamin-Pasternak et al., 2014). Knowledge retention per age group was tabulated along with the 

reasons why certain knowledge concerning fadang and fanihi was retained or why it was lost. 

We would like to elaborate on the use of storytelling as a valid method in qualitative 

research. Storytelling helps to understand the importance of different aspects of society because 

stories transmit lived experiences of values, culture, place, environment, and language (Turner 

and Turner, 2008; Bird et al., 2009; Kuhnlein et al., 2009; Smith, 2012). This research method 

focuses on a people- and place-specific context, emerging from an Indigenous epistemology 

grounded in its community (Smith, 2012; Tuck & McKenzie, 2015). Storytelling brings forward 

the different dimensions of an eating occasion centered around food. When the interviewer 

listened to participants, the stories addressed different settings, such as collecting plants in the 

jungle, preparing plant dishes in the kitchen, decorating the table during a fiesta or a gupot, as 

well as who joined the quest for food, how the making of food was celebrated, shared, and 

valued. Similarly, cookbooks can track social and ideological change over time, and illustrate 

different settings (Gold, 2007), but storytelling will add that extra dimension of social 

interactions (for instance sharing and cultural teaching), to the table. Although taste and smell are 

sensory experiences in the moment, people have the ability to bring these memories back 

through storytelling. When participants talked about food, the thought of these endemic foods 
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made their mouths water; they sniffed the air which led them to the warm memories of preparing 

these foods with their elders.  

7.3. The CHamoru worldview, core values surrounding food, and diet changes 

CHamoru epistemology forms the basis of this research. Ancient CHamoru people 

viewed humans and nature as interdependent, recognizing that all of nature has an essence or 

spirit (Phillips, 2019). Today the CHamoru people, the taotao tano’ (or people of the land), still 

exhibit strong connections to the land and uphold this worldview. CHamoru values relating to 

food have unique names and are expressed in a specific way. Inafa’maolek is one concept that 

supports the idea that land and its produce belong to everyone (Cunningham, 1992). CHamoru 

people still practice the inafa’maolek spirit and they value chenchule’ by the sharing of foods, 

visualizing, and providing a taste of the culture. Today’s CHamoru society continues to share 

these values of generosity (geftao) and hospitality (yo’ase’). The CHamoru people are very 

generous and always invite people to attend a gupot, offering food and drinks. When people 

leave the party, the hosts offer balutan (bundle of packaged food) as CHamoru people prepare 

enough food for their guests so they can also take some food home with them.  

When the first ancestors of the CHamoru people migrated to Guåhan 3,500 years ago, 

they brought food plants such as lemai (breadfruit or Artocarpus atilis), gaddo’ (yam or 

Dioscorea esculenta), suni (taro or Colocasia esculenta), atmagosu or bittermelon (Momordica 

charantia), loofah or patola (Luffa acutangula) and fa’i (rice or Oryza sativa) (Pollock, 1983; 

Cunningham, 1992; Dixon et al., 2012). The CHamoru people used native and endemic food 

plants present on the island such as niyok (Cocos nucifera), dokduk (Artocarpus mariannensis), 

kafu (Pandanus tectorius), and pahong (Pandanus dubius). The Makana, CHamoru healers, 

prepared herbal teas for healing and as a vitamin-rich supplement to their heavy starch-fish 

dominated diet (McMakin, 1978). 

When the Spanish colonized Guåhan, the CHamoru diet changed. After the Spaniards 

burned the CHamoru people’s proas (large ocean-going sailing canoes) (Amesbury et al. 2008), 

a 20-year long war ensued between the CHamoru and Spanish from 1671 to 1691. The Spanish 

colonizers instituted a policy of reducción to diminish resistance amongst the CHamoru people, 

by forcibly resettling the people into new villages around the Catholic Church (Rogers, 1995; 
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Kuper, 2014). After the destruction of the proas, traditional pelagic fishing practices and food 

trade among the islands almost ended. The Spanish also brought domesticated farm animals such 

as pigs in the 1600s, which increased the CHamoru consumption of meat (Wiles et al., 1996). 

Colonization by the Spanish brought other foods to the Mariana Islands as well, such as papaya 

(Carica papaya), kamuti (Ipomea batatas), alageta (Persea americana), and laguana (Annona 

muricata). The CHamoru people incorporated these plants into their diets.  

The most influential food relating to the fadang story is the introduction of corn or mai’es 

(Zea mays). This starch is also used to prepare titiyas and does not require pre-processing, such 

as is the case for fadang. Although the CHamoru people used mai’es for titiyas, they kept 

making titiyas fadang. The låncho or ranch system was created by CHamoru people after the 

reducción. This practice involved part-time residence away from the village centers and close to 

the jungle where CHamoru people could still maintain their farms, growing food crops, raising 

farm animals, and practicing their rituals while being protected by the view of the hålomtåno’ or 

jungle, away from the Spanish priests and soldiers (Bevacqua, 2019). Although the Spaniards 

prohibited the traditional healers makåna and kakåhna from practicing, the traditional healing 

culture and use of herbs for overall health was sustained by suruhånas and suruhånus, a new 

name given by the Spanish (Lizama, 2014; Salas, 2018). In the 1770s, the Spanish introduced 

more meat into the CHamoru diet by bringing deer to Guåhan (Safford, 1905). Deer together 

with the introduced pigs had devastating effects on Guåhan’s native and endemic flora (Morton 

& Perry 1999). Ungulates (hoofed animals such as deer and pig) had never been present on 

Guåhan (Wiles et al., 1996).  

While the Spanish introduced meat, new starches, and tropical fruits, the CHamoru diet 

changed more drastically after WWII. Processed mass-manufactured industrialized foods with 

high concentrations of refined hyperprocessed carbohydrate and fat such as Spam®, corned beef, 

sausages, as well as sugar-loaded drinks became popular (Leon Guerrero et al., 2008). 

Traditional knowledge holders said the use of fadang for titiyas lessened substantially after the 

war. When housing and infrastructure development increased on the island towards the end of 

the twentieth century, the ungulate pressure on the vegetation increased. Because the pigs could 

not find sufficient food in the jungle, they started destroying local crops in people’s yards, 

further harming native and endemic plants and foods. A good example to illustrate the effect of 
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ungulate damage is the preparing of a traditional dish called gollai hågun suni, which is a dish 

made of the leaves of suni (taro) cooked in coconut milk. People used to grow suni, turmeric, 

lime, hot peppers, and coconut in their backyard to prepare gollai hågun suni. Nowadays people 

mostly replace the suni with imported frozen spinach and canned coconut milk because it is 

easier to use, but also because pigs dig up the roots of the suni. Despite these cultural changes, 

people still use locally sourced lime, turmeric, and hot peppers in this dish. The dish is still found 

at every fiesta or gupot. Yam used to be very popular to make boñelos dagu (donuts) but yam is 

another crop favored by the wild pigs. When I, (Else Demeulenaere) the interviewer and 

neighbor of Roselind, started a garden in southern Guåhan 15 years ago the vines of the yam 

Rosalind gave me covered my kids’ bamboo teepee. Several housing developments sprang up in 

the neighborhood in anticipation of the military build-up and have substantially increased the 

pressure from the pigs. Among the breadfruit trees available on the island, the endemic dokduk is 

not used as much compared to the introduced lemai. 

Niyok is still used in many traditional dishes, but the accidental introduction of the 

rhinoceros beetle (Oryctes rhinoceros) damaged or killed many coconut trees (Moore et al., 

2015). The yo’åmte (term used for today’s traditional healers) still preserve the dualistic function 

of preparing medicine and making åmot tininu, a wellness tea used for body cleansing and to 

improve overall health (personal communication, yo’åmte Mama Chai and S. Aguon, 2019). 

Lizama (2014) notes that people in Guåhan still value Indigenous healing, which is inclusive of 

the dualistic function of herbs to sustain an overall healthy lifestyle and provide nutrition. As 

many CHamoru people have pride in consuming traditional cultural foods with locally sourced 

ingredients, it is important to find ways to protect these plants.  
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7.4. Threatened with extinction: The practices and stories of taste and smell 

Pacific Island communities pass traditional knowledge on from generation to generation, 

embedded in the language, as the CHamoru language is spoken during food acquisition, 

preparation, and during eating occasions (Forsyth, 2012; Lee, 2014; Lizama, 2014). Island 

cultures modified traditional practices over time, which today may differ among island cultures, 

communities, and even families. Traditional relationships between generations are important in 

passing on this knowledge. Tangible and intangible aspects of traditional knowledge and value 

systems make these traditional relationships very strong and special (Lee, 2014). A shift from 

subsistence living to a cash-based economy disrupted many of these traditional ways. The 

Federated States of Micronesia for instance is experiencing a loss of knowledge retention (Lee et 

al., 2001). The current study about fadang and fanihi aims to illustrate the importance of 

traditional knowledge and value systems and how they can link to plant conservation. 

Participants shared the importance of passing on the knowledge of harvesting and cycad 

processing practices, and the ways CHamoru people share this food and use it as medicine.  

Ethnobotany and history books about the Mariana Islands list the use of fadang for food 

(McMakin, 1978; Safford, 1905, Pobutsky et al., 1991; Cunningham, 1992) and medicine. A 

topical medicine is made from the fadang to treat skin fungus and ringworms (Pobutsky et al., 

1991; Borenstein et al., 2007). “The fadang used to be very common. Viewing the limestone 

forest from the ocean along northwest Guåhan, one out of every four trees was fadang” (L. 

Cunningham, October 29, 2020: personal communication with F. Cruz). “The CHamoru people 

used the fadang pre-contact time” (personal communication, M. Ramirez, March 15, 2019) 

(McMakin, 1978; Pollock, 1986; Safford, 1905; Bayman et al. 2012). Archaeologists found 

pollen of fadang in earthen ovens (Horrocks, 2016). “The cycad microfossil remains were from 

earth ovens. Pollen rather than phytoliths was found, so not necessarily food remains but ambient 

windblown particles” (personal communication, B. Dixon, 2020). “Along with breadfruit, taro, 

and yam, fadang was a common staple likely before the introduction of corn” (personal 

communication, J. Tuquero, January 23, 2019; October 29, 2020).  
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7.4.1. Gathering and processing the fadang seeds 

CHamoru people gathered the fadang seeds in the forest. In CHamoru culture, family 

members collected and processed food together. The men would typically collect the fadang 

seeds and split them, while women processed them. The CHamoru people knew the fadang seeds 

contained toxins (cyanide). Different ways of leaching the seeds are documented to ensure the 

toxins were washed out and the seeds were safe to use by the CHamoru people. The first 

leaching technique occurred in the rivers and might be the oldest technique. Figure 7.1 

accompanies the first story told by Hope Cristobal.  

There are a lot of cycads at Mount Alutom, at Famha’ and Manenggon. After gathering 
mature seeds, our elders used the embedded basalt boulders at riverbanks to prepare the 
seeds by pounding them with a manu or hard grinding stone on a lusong (mortar) to crack 
them open. The cracked seeds are gathered and placed in a gunny sack secured to a tree 
root or rock and left in the rushing river to wash for a few weeks--until my aunts determine 
there are no more toxins in them. The leached cracked seeds were then spread out and dried 
a bit on a mat and placed in the sun. The dried seeds are then ground up usually in a 
manual cast-iron grinder (molino) that is attached to a solid table. The product is a fine 
starchy flour that is stored in an airtight container and placed in the icebox. (personal 
communication, H. Cristobal, October 27, 2020). 

Figure 7.1. The lusong (mortar) imprints at the riverbanks of Mount Alutom. These imprints are still 
visible in the basalt boulders at the riverbanks today (photos provided by Maria Cristobal). 

The Mayor of Agat told me that he collected fadang ‘nuts’ in the Fena area when he was a 
boy. He transported the fadang nuts in gunny sacks loaded on a carabao. He sold the 
fadang nuts to people in Sumay. Sumay was the second largest village in Guam before 
WWII. His customers processed the fadang nuts into flour to make titiyas. A man from Piti 
reported that he chopped up fadang nuts and then put them in a gunny sack. Next, he tied 
the gunny sack into a freshwater stream for two weeks. This leached the poison out of the 
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fadang nuts. Then the nuts could be processed into flour (personal communication, L. 
Cunningham, January 16, 2020; October 29, 2020). 

A second leaching technique, called “the soaking and rinsing technique” is practiced at 

home. People who still make the flour today mostly use this technique. “The women soak the 

seeds, process, and cook them. Because it was a lot of work, extended family members all 

worked together” (personal communication, R. Dydasco, December 1, 2018; October 26, 2020). 

The different stories below contain different nuances and recollections of this leaching 

technique.  

Artist Judy Flores describes the process and depicts the preparation of the titiyas fadang 

in Figure 7.2. The fadang flour was mixed with water or coconut milk to make titiyas. Typically, 

people cooked the titiyas on a heated kommat (cast-iron pan) over an open fire (Flores, 2020). 

The fadang trees were very abundant. Only adults would harvest the seeds because we tried 
to avoid children being exposed to the toxin in the seed and to the pollen of the male cones. 
We husked the seeds in the jungle. Then we cut them up in chips and soaked them. The 
water was changed every day for two to three weeks. We sun-dried them and put them in 
containers. We stored the seeds in these containers until we were planning to prepare the 
titiyas. Mostly they were stored and only used when a storm passed by and food was 
scarcer (personal communication, J. Quinata, August 16, 2020; October 26, 2020). 

When the seeds were ripe, we harvested a big tub full of them. Processing cycad seeds is 

time consuming. The brown seeds have a hard shell [seed coat] and are very difficult to open. 

We cut the seeds in half and take the soft part [the starchy cotyledons] out. Then, we soaked the 

seeds in water and put them outside under the porch. My mother changed the water in the 

morning and in the evening for a few weeks. The water needed to be changed until the water was 

clear. This process helped to get rid of the poison in the seeds. Then we dried the seeds. My 

aunts would come and help to grind the seeds. We use a handheld grinder fixed on the table to 

manually grind the seeds into flour. Then we put the flour in containers for later use to make 

titiyas (personal communication, R. Dydasco, December 1, 2018; October 26, 2020). 

As a young teenager I helped collect the seeds from the wild. Four to six people go into the 
bush and collect, and might represent three or four different families, usually the siblings. 
Everybody is related. We collect them a few times a year. I do not know what the trigger is 
when the elders say, ‘Let’s go’. We brought the seeds home. I helped, cleaning the seed, 
splitting the kernels, changing the water. We cleansed the water every day for at least a 
week, probably more than that. I do not remember rushing it. They most likely soaked them 
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longer, as long as you change the water all the time. They do not shorten the process. Some 
of it is stored as split kernels, some of it is ground up and stored temporarily that way. 
Usually that is used for titiyas. People usually do not let the grounded material sit around 
long (personal communication, F. Cruz, February 8, 2019; October 27, 2020). 

Figure 7.2. Drawing of a woman demonstrating the making of titiyas. When corn was scarce, they 
processed the cycad, called fadang. In the foreground (left-right) is the ripe seed which 
grows in clusters at the base of the fronds of the female cycad tree. Next is the round, flat 
meat (the starchy cotyledons, or embryonic leaves) released from its hard case. These are 
cut in half to form half-circles, or crescents. These are soaked in barrels or pots of water 
which are changed daily for two weeks. The discarded water emits a strong, sour smell. 
After two weeks the toxin is gone, and they dry the crescents in the sun until bone dry for 
storage. The plate in the middle has the dried crescent ready to grind on the metate (ground 
stone). She mixes the ground fadang flour with water, kneads it into a ball, then presses it 
flat onto a waxy banana leaf. From there it is baked on the flat, cast iron-pan (called 
kommat) over an open fire. This drawing from the 1970s is part of a series depicting 
traditional practices demonstrated at Lanchon Antigo, a cultural village prior to GefPa’go 
(Drawing and description provided by Judy Flores, 2020). 
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7.4.2. The cooking, sharing, flavor and smell of titiyas fadang 

What struck me, the most as the neighbor of Roselind and when interacting with 

traditional knowledge holders, are the stories about the titiyas fadang and the description of the 

taste and smell. CHamoru people prepare titiyas harina (made of flour and additionally 

sweetened), titiyas mai’es (made of corn), titiyas lemmai (made of breadfruit), and titiyas fadang 

(Flores, 2020). Nowadays titiyas månha are very popular and are made from young coconut. 

These types of titiyas are shared at a fiesta or a gupot. People described the texture, flavor, and 

smell of titiyas fadang. Some people really loved the taste of titiyas fadang, describing them as 

the best titiyas, while others did not like them, but would still eat them out of respect, and then 

eventually acquire a taste for them. Larry Cunningham (personal communication, January 16, 

2020; October 29, 2020) told me that the father of one of his friends liked the titiyas if they 

prepared the flour when it was still brown (not processed as long) because he thought it was 

more flavorful. CHamoru families oftentimes prepare food together and share meals. The 

Chamoru people also share food through the act of giving. Chenchule’ (reciprocity), is the core 

of a support and exchange system that traditionally exists between families, but also extends to 

neighbors and friends. Ka’lo yan fattoigue’ is referred to the making a lot of food and wanting to 

share it (Aguon, 2020). When you share food, a great opportunity arises to stay over for a 

conversation. Titiyas fadang would typically not be shared at the fiesta or gupot table because it 

was time consuming to make them and rather rare to have them available. Two participants said 

titiyas fadang would be shared in the back kitchen during a fiesta or a gupot and offered to the 

cooks.  

The titiyas fadang are so good because they are chewy and not soft. They are not sweet but 
surely have their own specific taste. When my mom would make titiyas, her sisters and 
sister-in-law would come and help make them. I could smell it in my room when my 
mother prepared the titiyas on the cast-iron skillet. I loved the smell. The smell of titiyas 
fadang is very soothing. We ate them with fish kelaguen or just by itself. Being together 
with my family to eat them was a feast. I loved it! (personal communication, R. Dydasco, 
December 1, 2018; October 26, 2020).  

I grew up with the taste of titiyas fadang or flat unleavened bread or tortilla made of 
fadang. We ate the food that was served on the table and were not allowed to refuse “i 
grasian Yu’os” (God’s grace). We understood the hardship and hard work it takes to 
prepare our foods. The process of collecting and preparing the titiyas fadang is time 
consuming. The titiyas and the pilota [dumplings] in kådu [soup] is a delicacy. The sharing 
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of this food at the family table was considered very special. The titiyas fadang had a unique 
taste and texture. Our family consisted of extended family members who lived together or 
nearby.  We shared food and other necessities. Our elders would make a big pot of kadu 
and share it with everybody. We all ate the same foods (personal communication, H. 
Cristobal, October 27, 2020). 

I like the titiyas fadang, but the only thing about the titiyas fadang it is only good when it is 
fresh. When you let it go old, by tomorrow, it would be hard, almost like leather, a little bit 
pliable. At that point, it is recycled and thrown into a soup to soften it up, boil it, usually in 
the soup. In my family it ended up with coconut milk in the soup, most likely with chicken 
or fresh beef (personal communication, F. Cruz, February 2, 2019; October 27, 2020). 

Participants who were young at the time they ate the titiyas fadang remembered the smell 

of processing the seeds. Some had mixed feelings about the taste of titiyas fadang and did not 

like the taste or smell. “The titiyas fadang tasted sour and fermented. I like the corn ones better. 

When I was growing up, it was a famine food, but people had learned to like it. I remember our 

neighbors processing fadang, how it smelled as they changed the water. When they poured out 

the water this horrible smell would come out” (personal communication, J. Flores, May 25, 

2019; October 27, 2020). Other younger people shared similar sentiments. But the youngest 

participant who ate titiyas fadang thought they were delicious. “Titiyas fadang had a very 

distinct taste. They taste better than the Spanish introduced corn and flour titiyas” (personal 

communication, J. Tuquero, January 23, 2019; October 29, 2020).  

7.4.3. The hunting, cooking, sharing, flavor and smell of fanihi 

While I was interviewing and during conversations about fadang and other plant species, 

participants would bring up the fanihi (fruit bat). Participants mentioned that the fanihi eats the 

seed coat (sarcotesta) of the fadang seeds (Figure 7.3). They would also share similar stories 

about the use of the fanihi as a traditional food and emphasized the taste and smell (Figure 7.3). 

Many people said they ate fanihi as a child and liked it. “Before the introduction of guns people 

would catch them with a net while they were sleeping in a tree. At night you would see a blanket 

of black bats, huge colonies starting to go out for the night” (personal communication, L. 

Cunningham, January 16, 2020; October 29, 2020). “My recollection is that in general, men 

would hunt for fanihi and the women would prepare it” (personal communication, D. Lujan, 

January 28, 2020; November 12, 2020). The fanihi would be shared at a fiesta. “Fanihi was a 

specialty at fiestas. People always tried to have as much variety as they could on the table. Fruit 
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bat soup was a delicacy. The taste was very distinct. It was really a man’s food. It smells like 

skunk” (personal communication, J. Flores, May 25, 2019; October 27, 2020). After it was 

becoming endangered in the 1980s people stopped eating fanihi in Guåhan and fanihi were not 

seen at the fiesta table anymore.  

We used to have fruit bats in our backyard. They would come to the dokduk tree in the 
season. Fruit bats were part of our diet. It was seasonal, but still regular. During those times 
of the year there was dokduk, my father did not have to go far to get fruit bat. Just go out of 
the backdoor and shoot it. Where I grew up there was jungle. There was nobody in the 
vicinity for a mile (personal communication, F. Cruz, February 8, 2019; October 27, 2020).  

Fanihi smells really good, especially when it is cooked in coconut milk. It would be a 
sweet smell. The taste is ok, but I only like the wing. It is soupy. I would break it up and 
suck the wing. When I was young there were a lot of fanihi, so we could share them at the 
fiesta table (personal communication, R. Dydasco, December 1, 2018; October 26, 2020).  

I like the fanihi. It became an acquired taste. As a child we would only eat the wings, 
because when we saw the bat in the pot it looked like a rat. Later as I got older, I started to 
appreciate everything, even the fur, intestines, and the head. I enjoyed the taste of it. We 
cooked it in three different ways. We prepared fanihi as a regular stew, with water and 
onions. Fanihi was also cooked with coconut milk, as a soup. Lastly, we ate fanihi in 
coconut milk soup with corn added (personal communication, J. Tuquero, January 23, 
2019; October 29, 2020). 

When I visit Palau and smell cooked fanihi, it brings back memories of the days with my 
grandpa and grandma. They all passed on. Even when I am in the jungle and the fruit bats 
show up (I know that sounds weird) my mouth waters. My mouth is watering right now 
talking about it" (personal communication, D. Lujan, January 28, 2020; November 12, 
2020). 

I recently had the special opportunity to enjoy the taste of fanihi in Palau. It was what I 
remember it to be. I did not see an abundance of fanihi at our dinner table; if we did, it is 
usually my mom who would enjoy it. We, kids, basically just had a taste or two. It never 
looked appetizing as the animal was cooked whole and you can imagine the creature’s teeth 
showing in the pot.  It is usually cooked in coconut milk and the sauce is quite delicious. 
Mom would place a small piece of flesh on our plate with our rice and the coconut milk 
sauce. It tasted like “corned beef” to me. I liked it. My mom usually ate the head part as 
well as the skin and wings (personal communication, H. Cristobal, October 27, 2020). 

Fanihi is delicious, especially with taro. When you smell it while they cook it, it does not 
matter how it looks, but you cannot help being attracted to it. Everything is eaten, including 
the fur and wings. There is not much taste on the wings. When you go to a fiesta it is 
usually gone by the time you get there. When you had fruit bat at a party you were the king 
(personal communication, L. Cunningham, January 16, 2020; October 29, 2018).  
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At the old fiesta, you have your normal food, and then you have your special food, that is 
kind of in the back kitchen. Obviously, it is always fanihi or turtle. You have your main 
plate, main spread up front on the table. But then someone would say “Hey in the back 
kitchen we have fanihi there”. It was highly prized (personal communication, D. Lujan, 
January 28, 2020; November 12, 2020). 

The fanihi has flown 
My story is known 
Catch it! 
And you can make yourself 
A furry pet or a delicious meal 

(poem by L. Cunningham) 

Figure 7.3. Fruit bat and preparations of fahini dishes. The picture on the left shows a fanihi eating a 
fadang seed (Merlin Tuttle). The picture on the top right is kå’du fanihi with coconut milk. 
The picture on right below is a fanihi dish in Palau (picture provided by Hope Cristobal). 

7.4.4. The Mariana Islands’ native breadfruit story 

We would like to tell one more story of taste. Dokduk is an endemic breadfruit and one of 

the favored foods for the fanihi (Wiles, 2005). The tree is currently still abundant, but 

recruitment has slowed down substantially because wild pigs and deer eat the fruits (Wiles, 

2005). Insect pests also plague the trees. People used to eat the fruit and seeds, but the non-native 
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seedless breadfruit lemai is preferred nowadays. Few people still eat the seeds of the dokduk, 

called hutu. The collection and preparation of the fruit and seed was also shared with family 

members. “It would be the same with breadfruit season. My aunts would come and help. They 

would dry the breadfruit in the outside oven, put them in big cans and make flour with it” 

(personal communication, R. Dydasco, December 1, 2018; October 26, 2020). The reason we tell 

this last story is because this endemic species is not threatened with extinction yet. When 

conservationists, scientists, and traditional knowledge holders work together this species can be 

saved and thrive in Guåhan’s forest and around people’s gardens. 

The seeds of the dokduk would take long to boil. They taste like chestnuts. We would bake 
the dokduk fruit. That is so good. It is sweeter than the lemai. People would mostly use the 
seeds. The seeds would be more for your own consumption, not to bring to the fiesta. But 
we often would cook more and then bring it to people (personal communication, R. 
Dydasco, December 1, 2018; October 26, 2020). 

We use both the dokduk fruit and the hutu (the seed). We would collect 50 pounds of hutu. 
We usually carried sacks. It is difficult to find ripe intact dokduk fruit because they are very 
delicate. We pick mature fruit. We collect ripe ones, but it is really hard to find ripe ones 
that are intact. They are very delicate. Where I grew up, there were a lot of trees in our 
vicinity. There were certain trees my father pointed out. Those were the trees we would 
collect the fruit from. We do not collect the fruit from just any tree. There are preferred 
ones. The hutu, we just boil. The dokduk fruit itself, primarily we boiled it, sometimes we 
had it with coconut milk. We boil the riper ones. The older ones we would hold until they 
start to soften. That is when they are really sweet. That one is really sweet. It is sweeter 
than lemai. The fruit is almost liquidy. We would eat the really ripe one fresh. When we get 
the ripe one, we pick it off the tree and eat the flesh fresh. We shared the dokduk and hutu 
on fiestas, but it was seasonal (personal communication, F. Cruz, February 8, 2019; 
October 27, 2020). 

I eat hutu (cooked dokduk seeds) occasionally. With or without salt, you boil them for like 
twenty minutes or roast them for about 20 to 30 minutes. You can find fallen fruits at 
places where there are no deer or pigs. At those places you can see recruitment of dokduk, 
but where there are high populations of deer and pigs there is little recruitment (personal 
communication, J. Tuquero, January 23, 2019; October 29, 2020). 
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7.5. A reflection on the uncertain etiology of Lytico-bodig: How did fadang and 

fanihi get involved? 

In the 1950s a disease known locally as Lytico-bodig (amyotrophic lateral sclerosis-

parkinsonism-dementia or ALS-PDC) was prevalent in Guåhan, especially in the village of 

Umatac (Steele, 2005; Weiner, 2005; Keck, 2011). Researchers proposed competing hypotheses 

in search for the cause of the disease. Several hypotheses were linked to the consumption of 

fadang and fanihi (Keck, 2011). As of today, the etiology of Guåhan’s ALS-PDC is still 

uncertain. This study does not aim to analyze this topic, as many have done so (Monson et al., 

2003, Keck, 2011). I rely mostly on the work of Verena Keck (2011) who used an 

anthropological approach to look at the causes of the disease. I used her work as a guide to the 

literature and to summarize the “search for a cause” as she states in her title. Although I did not 

gather information from participants in relation to the disease, some people mentioned Lytico-

bodig. 

The first hypothesis is the “genetic hypothesis”, suggesting the disease is heritable. Two 

other hypotheses suggested neurotoxins found in fadang and fanihi are causing Guåhan’s ALS-

PDC. The second hypothesis is the “fadang hypothesis”, which suggests that the flour produced 

from the cycads seeds contains the toxic beta-N-methylamino-L-alanine (BMAA), which causes 

the disease. This hypothesis was first posed by Whiting in the mid-1950s (1983) and later studied 

by other scientists. The third hypothesis suggests that people ingested BMAA when eating fruit 

bats who bioaccumulate the toxin in their tissues (Cox & Sacks, 2002). Later, a fourth hypothesis 

suggested the BMAA comes from cyanobacteria living in the roots of the cycad trees (Cox et al., 

2003). Lastly, the “aluminum toxicity hypothesis” suggests that low calcium and magnesium 

concentration in the soil and water lead to a higher accumulation of aluminum in the brain 

(Yanagihara et al., 1984).  

The CHamoru people have passed on the processing techniques of the cycad through 

generations, with the primary focus of removing the toxins through leaching. TEK holders who 

processed the fruits and ate the titiyas fadang emphasized the need to follow the protocols 

strictly to wash out the toxins. Most participants did not worry about the disease. TEK holders 

said it was one of their main staples and that they knew how to process the seeds. These few 
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statements align with the sentiment Keck (2011) gathered from the CHamoru people. The 

significance of traditional food and traditional ways of knowing how to leach the toxins 

conflicted with the fadang and fanihi hypotheses. Both TEK and SEK offered explanations and 

ways of relieving patients. In her concluding chapter Keck calls for a new agenda of Indigenous 

research, grounded in decolonization methodologies (Smith 2012), where Indigenous people 

themselves initiate the need for research and Indigenous participation. Although Lytico-Bodig is 

disappearing, new cases of parkinsonism, dementia and ALS arise and are clinically different 

from Lytico-Bodig. CHamoru people continue to be asked to partake in ALS research. 

7.6. Weaving together different ways of knowing and protecting: Science, 

traditional food knowledge, and activism 

The search for synergy between traditional and scientific ecological knowledge to advise 

natural resources practices, planning, education, and protection has found a legitimate place 

among academic Indigenous and non-Indigenous scholars (Kimmerer, 2015; Hoagland, 2017). 

To develop local sustainable conservation and policy strategies, TEK needs to be preserved in 

the island’s culture and Indigenous language (Maffi, 2005; Pretty et al., 2008, Hong et al., 2013). 

Activists also have an important voice in preserving ecosystems, species, and traditional 

knowledge, especially in the context of Guåhan. We first provide a short description of how SEK 

contributes to the recovery of fadang and fanihi. Secondly, we illustrate how activism is an 

important force for preserving a species. Lastly, we look how these ways of knowing and 

protecting can be woven together to advance biocultural heritage. 

Cycas micronesica is endemic to Micronesia (Figure 7.4). Cycads are the only native 

naked seed plant (gymnosperm) in Guåhan. Gymnosperms dominate temperate and boreal 

biomes in the form of conifers. Cycads are part of a group of plants that were once abundant 

during the times dinosaurs lived on the Earth. They are now much restricted in numbers, found 

solely in tropical and subtropical regions, and many cycads face extinction in the wild. 

Resembling palms in overall appearance because of their large, divided leaves and stout trunks, 

cycads are an attractive horticulture plant.  Many also are of cultural and religious significance, 

all contributing to their threatened status. The fadang used to be one of the most dominant tree 

species in Guåhan’s limestone forest (Donnegan et al., 2004). Over the past seven years the 

health of the cycad populations plummeted because of an invasive scale insect. Infestations with 
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the scale Aulacaspis yasumatsui have caused a lot of damage to adult trees (Moore et al., 2006; 

Marler & Lawrence, 2012). Similarly, the scale affects seedling recruitment, contributing to the 

further decline of fadang. The U.S. Fish and Wildlife Service listed the fadang as threatened 

under the ESA in 2015 (Department of the Interior, 2015). Cycas micronesica occurs on the 

Micronesian islands of Guåhan, Luta (Rota), Yap, and Palau in limestone forests, beach habitats, 

and riparian areas. The scale is only found on the islands of Guåhan and Luta. Researchers at the 

University of Guam follow population trends, developed conservation horticultural practices, and 

study pollination biology of the cycads. This scientific knowledge is important to battle insect 

pests and increase seed propagation success. 

Figure 7.4. Cycas micronesica or fadang (male cone on the left, female cone on the top right, ripe 
seeds on the bottom right). 

Pteropus mariannus or Mariana fruit bat is endemic to the Mariana Islands. The fanihi’s 

diet comprises many native fruits and the sacrotesta (seed coat) of the fadang seeds (Wiles, 

1987). The fanihi is also threatened with extinction and has been listed since 1984 as endangered 

in Guåhan (U.S. Fish and Wildlife Service, 1984), and as threatened in 2005 throughout its range 
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in the Mariana Islands (U.S. Fish and Wildlife Service, 2005). The fanihi has been included in 

the Convention on International Trade in Endangered Species (CITES) list since 1990 as 

“threatened with extinction”. Researchers are monitoring the fruit bat populations in Guåhan and 

Luta and studying their behavior. 

In 2016, a social movement led by Prutehi Litekyan re-connected the CHamoru youth 

with the fanihi, as the construction of a firing range to accommodate the translocation of Marines 

from Okinawa to Guåhan is threatening the habitat of the fanihi at Litekyan and Tailålo, sacred 

places to the CHamoru people. During protests artists depicted the fanihi, illustrating the deep 

connection the fanihi has with its environment and its people (Figure 7.5). Memes on social 

media called for action to protect the fanihi (Figure 7.5). The strict regulations put forward by the 

ESA relating to Indigenous food stand in a sad contrast to the destruction of fanihi and fadang 

habitats, which has long-lasting effects for the island’s ecosystem and the cultural practices tied 

to these species.  

The fanihi in the Mariana Islands are known to display inter-island migration which may be 
highly influenced by typhoons, illegal hunting, and wildlife fires. As biologists continue to 
monitor the Mariana Islands’ population, we should all do our part and plant native trees, 
spay and neuter our pets, discourage invasive species, and refrain from illegal burning 
(personal communication, J. Quitugua, May 21, 2018; November 18, 2020). 
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Figure 7.5. Artwork Kaitlin Ngeremokt (left, top right), meme Prutehi Litekyan (bottom, right). 

The military will uproot thousands of cycads to construct the firing range. While the ESA 

is the mechanism in place to protect biological diversity, it fails to prevent this large habitat 

destruction. The ESA regulations also miss the chance to connect natural and cultural heritage, 

while incorporating sustainable biocultural protection.  

These stories are a call for action to incorporate these different ways of knowing (science, 

traditional food knowledge, activism) in endangered species regulations such as the ESA. 

Mildenstein (2016), a fruit bat biologist, recommends research on the impacts of hunting in 

Oceania because fruit bats are a culturally important food. To avoid unregulated hunting, 

recovery plans under the ESA should include clear guidelines concerning hunting practices, 

management, and outreach to facilitate biocultural diversity protection.  

Most participants would like to eat fanihi again once the populations are restored. 

Protection of limestone habitats, snake suppression, and restoration of limestone forests are 

important to recover the species and make sustainable harvest possible, led by scientists. The 
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goal of several natural resources managers is to allow for sustainable fanihi harvest once the 

populations are not threatened anymore. When people would be allowed to propagate fadang, 

grow them and take care of them, they can also harvest seeds and use some to augment recovery 

efforts (personal communication, R. Quitugua, 2019). Therefore, it is important that these 

regulations are incorporated in the endangered species recovery plans. A council of traditional 

knowledge holders and scientists can guide the development of the rules and regulation, and 

advise on implementation. 

It is nice to see the fruit bats in the wild, but the real goal, for most Indigenous people, is 

to have the fruit bats back so we can allow for sustainable harvest, like we did in the past. 

This has always been my personal goal (personal communication, D. Lujan, January 28, 

2020; November 12, 2020). 

The cultural harvesting of fruit bat may only occur after the recovery of fruit bat 
populations on Guåhan. It is imperative to maintain habitat (not one that is piecemeal rather 
continuous) for a fruit bat refuge. A system with established rules and regulations must be 
in place and effectively enforced. An acceptable harvest will be one away from a fruit bat 
colony. The harvest should be restricted to only traditional methods. The harvesting must 
perpetuate methods of our ancestors to truly identify this as “CHamoru” culture while 
maintaining conservation practices as our ancestors did during their time (personal 
communication, J. Quitugua, May 21, 2018; November 18, 2020). 

7.7. Conclusions 

The answer to the guiding question for our study, “Are the traditional practices tied to 

endangered species at risk of being lost?” is affirmative. The age-cohort analysis showed that 

only people above the age of 45 had eaten fadang or fanihi and remembered the taste. The 

manåmko’ (55 years and older) also remembered the practice of gathering, hunting, processing, 

preparing, and sharing of these foods. The participants in this cohort added other dimensions to 

the stories about the species’ existence. First, the description of the taste and smell and the joy in 

their voices when talking about this experience was extraordinary. Secondly, the manåmko’ 

talked with excitement about the way they prepared the fadang with family members and guests 

and shared the titiyas in small circles, while the fanihi was a prime dish at fiestas. People 

between the age of 45 and 55 years remembered the taste or smell of fanihi or titiyas, but their 

sentiment towards them was rather mixed. Many of them recalled the gathering, hunting, and 

processing practices. This age group stopped eating fanihi and titiyas at a young age. This cohort 
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only recalls sharing fanihi in a smaller family setting or in the back kitchen at a fiesta, as these 

foods were becoming rarer. It was noticeable that the younger people, between the age of 25 and 

45, who never prepared these foods nor ate them, nevertheless knew about the use and had a 

basic knowledge about the fadang seed processing technique, illustrating their fascination with 

the process and their desire to taste it. The manåmko’ emphasized how family members gathered 

to process seasonal foods such as breadfruit and food that can be stored for later use such as 

fadang. Food security was a necessity after WWII. Nowadays, although people still share 

endemic or native foods at their home and during a fiesta or a gupot, their inclusion in local diets 

is slowly disappearing because the use of traditional seasonally stored food is disappearing as 

modernization and globalizations make imported food items convenient, plentiful and available 

year-round. Today’s society is also threatened with food insecurity, increasing reliance on 

imported goods. Younger people recognize the urgency of food security and are engaged in 

growing their own food, learning local food recipes tied to the culture and local practices, 

illustrating the re-discovery of endemic and native foods, making their manåmko’ proud. They 

value local customs of gathering, processing, and preparing endemic and native foods. People’s 

desire to maintain these practices and knowledge is strong. Endemic foods have the potential to 

significantly contribute to food security and conservation on Pacific Islands. 

It is important to recognize that Pacific Islands in the twenty-first century have the 

challenging task to balance two contrasting world views concerning preservation of the land, its 

species, land sovereignty, and the perpetuation of TEK practices. While TEK knowledge is a 

holistic way of knowing and interacting with the natural world, SEK maintains a reductionistic 

and analytical viewpoint based on scientific facts (Kimmerer, 2015; Snively & Williams, 2016). 

Activism has a central role in protecting cultural practices and the natural environment. 

Interdisciplinary research has advanced conservation and biological diversity research by 

including linguistic, cultural, human rights, and policy components (ØStreng, 2010). Scientific-

led conservation can coincide with sustainable harvesting practices when incorporated in 

recovery plans. A council, guided by a co-production of knowledge of SEK, TEK, and activists 

can outline these harvesting practices and their implementation. The CHamoru value system can 

assist with outreach and sustainability by emphasizing the importance of sharing and knowledge 

transmission. These stories advocate for protecting and restoring TEK and making them part of 

the endangered species recovery. 
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We want to emphasize there is more at stake when dealing with endangered species than 

the species itself. The stories of the fadang and fanihi’s taste, smell, the sharing of the dishes 

prepared by the CHamoru people, and the knowledge transmission on how to prepare the dishes 

are a different way of knowing the Mariana Islands environment. The stories capture the 

CHamoru culture which connects with the islands’ unique flora and fauna. Telling these stories 

of food and recording recollections of taste and smell are part of CHamoru food heritage. The 

stories bring forward the sense of the environment as a different sense of loss, as compelling as 

the loss of a species in an ecosystem. Elders who hold these memories, fear this way of knowing 

a species will not be passed on to their children and grandchildren. Because the species are 

rapidly declining, the CHamoru people can no longer enjoy this sense of place, uniquely tied to 

the Mariana Islands. Therefore, it is important to acknowledge that once we protect the native 

and endemic fauna and flora of the Mariana Islands, stories can assist in preserving the 

knowledge on how to procure, process (and leach out the toxins), and prepare these foods safe 

for consumption. 
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Chapter 8. Whose policy? The need for improved fit between biocultural rights and the 

U.S. Endangered Species Act in the Mariana Islands1

Abstract 

The Mariana Islands archipelago harbors many endemic species which are part of the 

biocultural heritage of the CHamoru people. Guåhan (Guam) is an unincorporated territory, 

while the U.S. Commonwealth of the Northern Mariana Islands is a commonwealth of the United 

States. The U.S. Endangered Species Act (ESA) applies to the whole archipelago. Although the 

ESA takes island biogeography into account, the current rules and regulations do not align with 

the islands’ socio-cultural system. A new wave of military construction on Guåhan is 

heightening the threat to many endangered species and their habitats. Tension, stemming from 

the power asymmetry between the U.S. government and the local jurisdiction, has arisen in the 

last decade. This leads to the question, “Given the remote nature of the Mariana Islands, their 

Indigenous population, and imminent threat of further development, what form of governance 

can best protect the biocultural relations among native plants, animals, and people?” A 

qualitative mixed-method approach evaluated dimensions of ESA policy in relation to 

environmental justice and biocultural protection. We combine concepts of critical Indigenous 

and critical heritage theories to inform development of an analytical framework of “fit” to 

evaluate conservation policies. The research indicates institutional misfit across multiple aspects 

of the governance system. We conclude that a bottom-up co-management approach with 

polycentric networks best fits the social-cultural system of Guåhan. We propose Indigenous 

participation and the creation of a council, comprising traditional and scientific knowledge 

holders, to advise on biocultural diversity preservation in the Mariana Islands.  

1 Demeulenaere, Else; Amy Lauren Lovecraft, Sveta Yamin-Pasternak, Stefanie M Ickert-Bond. 2021 Whose policy? The need 
for improved fit between biocultural rights and the U.S. Endangered Species Act in the Mariana Islands. (to be submitted for 
publication to Critical Policy Studies) 
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8.1. Introduction 

For millennia, the CHamoru people have coexisted with the limestone forest at Tailalo’ in 

northern Guåhan (Guam), the southernmost island of the Mariana Islands. After World War II, 

the U.S. Department of Defense (DoD) constructed Guåhan’s Northwest Field to heighten 

national security in the region. This area together with other areas at the Andersen Air Force 

Base have been closed off to the CHamoru people now for over 50 years. The special 

relationships people and communities have with their environment was illustrated during my 

meeting in 2016 with a CHamoru activist, Sabina Flores Perez. Ms. Perez was gathering 

information about the last critically endangered Håyun Lågu tree (Serianthes nelsonii Merr.), 

which grows at Tailalo’. Luta (Rota) harbors about 35 trees of S. nelsonii, named Tronkon guåfi. 

Ms. Perez heard about my phylogenetic research which aims to clarify if the last adult Guåhan S. 

nelsonii tree and the Luta S. nelsonii populations are conspecific (i.e., belong to the same 

species). Ms. Perez’s interest stemmed from a close relationship to the land as she is a 

descendent of one of the original landowners before the military claimed the land of Tailalo’. 

She feels a special connection to the tree as her mother told her stories about that tree from her 

own mother’s childhood. However, she had never seen the tree because the CHamoru people and 

original landowners cannot access the limestone forest at Tailalo’ to connect spiritually with the 

tree, the forest, their villages, and ancestors, due to restricted public access to military 

installations. Two years later, in 2018, Sabina Flores Perez was elected a Senator in the Guam 

Legislature, after which she was able to visit the tree in her new capacity as a senator. The tree is 

part of Senator Perez’s Indigenous heritage. She believes the forest should stay intact, protected 

by the spirits of her ancestors (Demeulenaere et al., 2021b). This story is of acute importance 

because the DoD plans to bulldoze the limestone forest near the tree to build a Live Fire Training 

Range Complex (LFTRC) to facilitate training requirements for U.S. marines to be relocated 

from Okinawa to Guåhan (Department of Defense, 2015). The complex comprises five ranges, 

requiring the clearing of native limestone forest at Tailalo’ next to the last Håyun Lågu tree. 

Clearing of the forest will increase wind damage to the tree and the habitat of the last population, 

and disturb its pollinator, the fanihi (Mariana fruit bat). Senator Perez told me if the S. nelsonii 

populations on Guåhan and Luta would represent cryptic species (i.e., two different species), the 

Håyun Lågu tree on Guåhan would be the last tree of its kind. This could re-initiate the 

biological opinion prepared by U.S. Fish and Wildlife Service (USFWS) as part of the US 
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Council on Environmental Quality (CEQ)’s National Environmental Policy Act (NEPA) (40 

C.F.R. §1507.2) to determine if the federal action would jeopardize the existence of the species.

This LFTRC will have a Surface Danger Zone (SDZ) of land and submerged land which 

will be off-limits for the people of Guåhan, including strand vegetation and adjacent limestone 

forest with historical latte villages, ancestral burials, and caves at Litekyan (Department of 

Defense, 2015). When attending a community meeting concerning the LFTRC, I met a young 

CHamoru mother, Maria Hernandez. She is the third generation of activists and original 

landowner of Litekyan. Her stories described memories about protest campouts with her relatives 

at Litekyan (Demeulenaere, 2021). Their family also lost their land to the DoD. But when 

Litekyan was no longer of importance to the DoD, they transferred the land to the USFWS. 

Litekyan became a National Wildlife Refuge and was renamed Ritidian. Although Ms. 

Hernandez was no longer a landowner on paper, she would still visit Litekyan. The planned SDZ 

will change this again, and further diminish her families’ chances of reclaiming the land and 

restoring land sovereignty. Other stories came from the yo’åmte (traditional healers) who will not 

be able to collect the medicine needed to make åmot (traditional medicine). The proposed SDZ 

extends ten miles into the ocean and will also prevent fishermen from using these traditional 

deep-water fishing grounds, endangering their livelihoods and traditional fishing culture. 

Centuries of colonization has divided the CHamoru people of the Mariana Islands 

politically. The Organic Act of 1950 granted the unincorporated territory of Guåhan U.S. 

citizenship and self-governance, but with limited constitutional rights. The United Nations listed 

Guåhan in 1945 as one of seventeen non-self-governing territories. Therefore, Guåhan maintains 

the right to self-determination. Luta and the rest of the 14 islands north of Guåhan belong to the 

Commonwealth of the Northern Mariana Islands (CNMI). The CNMI is an insular area of the 

United States. Because of the current political affiliation with the United States, most U.S. 

domestic laws and regulations apply to Guåhan and the CNMI, including the U.S. Endangered 

Species Act (ESA) of 1973 (16 U.S.C. §1531 et seq.). The USFWS administers the ESA. As an 

endangered species specialist, I am required to obtain four permits to conduct Serianthes 

nelsonii recovery activities across islands: one each from the USFWS, the DoD, and the Guam 

and CNMI governments. Today, the U.S. military occupies over 27% of the land of Guåhan 

(Kuper, 2019). Historically and currently, social movements protested this land-taking and 
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threats to the natural and cultural environment because of military expansion projects (Figure 

8.1, Demeulenaere, 2021) which mean many sacred places are off-limits for the CHamoru 

people. The direct-action group, Prutehi Litekyan, was created in 2016 to protect natural and 

cultural resources in all sites identified for DoD live-fire training in Guåhan, and to nurture a 

wider social movement to protect Guåhan’s biocultural diversity and restore land sovereignty. 

Construction of four of the ranges is currently in progress, while the largest range, next to the 

Håyun Lågu tree, is awaiting construction funding. The relocation of the U.S. Marines may start 

as early as 2024. The trees’ roots grow on Indigenous land, yet a layer of federal and military 

bureaucracy prevents Senator S. Perez and Ms. M. Hernandez from honoring their Indigenous 

heritage and its connection with their ancestors. In this paper, we address the ways in which U.S. 

resource management policy is incommensurate with Indigenous needs and concerns. 
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Figure 8.1. General location of the Mariana Islands and details of the DoD installation and National 
Wildlife Refuge boundaries on Guam. The Mariana Islands (left), Guåhan (right) with the 
DoD installation boundaries, Litekyan (National Wildlife Refuge), Tailalo’, location of last 
Håyun Lågu or Serianthes nelsonii indicated. 

8.1.1. Biocultural diversity at risk from poor fit 

The ESA permit process, and its technocratic requirements, imposed on local people 

stands in stark contrast to the ease with which the DoD receives permission to remove listed 

species and clear the native limestone forest next to the last S. nelsonii tree to build the firing 

range, without the consent of the CHamoru people. Additionally, DoD ignores the 
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recommendations listed in the recovery plan to preserve this limestone forest, augment the 

current population, and establish a second population (U.S. Fish and Wildlife Service, 1994). 

Their authority stems directly from the National Environmental Policy Act. This power 

differential creates an environmental justice question of S. nelsonii in relation to the CHamoru 

peoples’ biocultural heritage and their civil rights in the U.S. policy. This institutionalized 

injustice demonstrates a poor fit between species preservation, Indigenous rights, and the U.S. 

government as a policymaker. We propose changes, based on the aims of the ESA itself, to 

improve the ESA process via the incorporation of Indigenous participation.  

The Mariana Islands archipelago is part of the Polynesia-Micronesia biodiversity hotspot, 

which is one of the twenty-five biodiversity hotspots around the world with exceptionally high 

endemism (Myers et al., 2000) and biocultural diversity (Loh & Harmon, 2005). “The term 

“endemism” refers to a taxon restricted to a particular geographical area of the world. Such taxon 

is said to be “endemic” to that area (Morrone, 2008, page 1254). Biocultural diversity refers to 

the specific Indigenous knowledge and value systems tied to a region’s biota, defined as 

biocultural diversity (Loh & Harmon, 2005; Maffi, 2005). The endemic species and the rich 

biocultural diversity in the Polynesia-Micronesia hotspot face many threats such as habitat loss, 

invasive species, migration, and foreign cultural influences, which increase their vulnerability to 

extinction (Kier et al., 2009; Hong, Wehi, & Matsuda, 2013). Because of these risks and their 

smaller land area, islands rank high on the priority list for global conservation. Many CHamoru 

people would like to assist with the recovery of endangered species. Although the USFWS can 

establish Safe Harbor Agreements with private and non-federal entities, Indigenous peoples 

consider these agreements and the ESA permit requirements unnatural because they never 

maintained their relationship with these plants or animals through a permit or an agreement in 

the past. The permitting process also does not align with ongoing behavioral practices relating to 

the culture of the CHamoru people. Values such as inafa’maolek to this day inform people’s 

relationships. In translation, it means the spirit of sharing and making things good for the 

common good of the community. Members of the community often ask for seeds so they can 

grow S. nelsonii and contribute to the recovery of these plants. The denial of seeds, because the 

tree is on federal land, is a prime example of the colonial disempowerment overriding species 

preservation within the ESA structure. 
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Federal actions such as the relocation of the U.S. Marines require an environment 

assessment through the NEPA process. When the CEQ identifies adverse effects, they require the 

federal agency to conduct an Environmental Impact Statement (EIS). This assessment includes 

compliance with federal regulations such as the ESA to ensure federal actions do not adversely 

affect any listed species. The USFWS prepares a biological opinion, which details the opinion of 

the USFWS as to whether the federal action will jeopardize the existence of the affected listed 

species and their critical habitat. While USFWS and DoD came to an agreement, the voices of 

the people, especially the CHamoru people, were not heard. Although the NEPA process entails 

a public comment period, preparing a biological opinion does not require public input. Prutehi 

Litekyan submitted documentation which advocated for a “jeopardy” determination for the 

Håyun Lågu tree. Many scientists and other non-Indigenous members of the community support 

the Prutehi Litekyan movement. Unfortunately, the ESA law prevented the inclusion of the 

voices of the people because no public input is required to formulate a biological opinion, 

furthering the archipelagoes’ biocultural diversity loss because of militarization. On March 31, 

2021, the United Nations affirmed violations of Human Rights mandates against the Indigenous 

CHamoru people in response to Blue Ocean Law’s attorney Julian Aguon’s submission on behalf 

of Prutehi Litekyan concerning the human rights violations relating to the increased 

militarization without the people’s consent.  

8.2. Theoretical orientation and method 

8.2.1. An intersectional approach to Indigenous conservation problems 

This work is a piece of a larger interdisciplinary project employing a mixed-method 

approach combining conservation genetics, ethnoecology, and social movement theory to 

suggest policy changes needed to protect endemic species and sacred spaces. Worldwide, plants 

and animals are disappearing from the wild at an alarming rate. Endangered species regulations 

aim to protect these species but often fail to consider the relationship Indigenous cultures have 

with these species and the spaces they occupy together. In general, U.S. federal regulations do 

not fit Indigenous cultures, because they separate people from nature, standing in stark contrast 

to traditional Indigenous worldviews, which maintain mutual beneficial relationships between 

people and their natural resources (Lute & Gore, 2014; Ramo, 2014). Ongoing colonization and 

militarization both continue to impose regulations which not only disrupt Indigenous peoples’ 
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stewardship role over their land and waters but also often prevent Indigenous peoples from being 

part of the decision-making process (Hokowhitu et al, 2020; Sajeva, 2015). Chen & Gilmore 

(2015) introduced the term “biocultural rights” as a set of substantive Indigenous resource rights 

that simultaneously protects Indigenous natural and cultural resources. Contemporary Indigenous 

societies recognize the social determinants to health and well-being including biocultural rights, 

self-determination, institutional participation rights, and land sovereignty where the qualities of 

these intersect and a just system of making policy must address this (Sajeva, 2015).  

We ground our research for the Mariana Islands in Indigenous epistemology (Smith, 

2012). The related literatures of Critical Indigenous Theory (CIT) (Lindberg, 2007; Hokowhitu 

et al, 2020) and Critical Heritage Theory (CHT) (Winter, 2013; Braid, 2017) draw the needed 

parallels between conservation and the urgency to incorporate an Indigenous perspective relating 

to preservation and policy. CIT aims to empower Indigenous voices and urge the incorporation 

of Indigenous knowledge systems into the laws and principles that guide their relationship with 

their land and resources, most especially in countries where colonial practices continue to 

involve decision-making relating to the social-political environment (Lindberg, 2007; Hokowhitu 

et al, 2020). CHT explains the significance of heritage and its relationships with the socio-

political complexities of modern society. The theory advocates for cross-disciplinary modes of 

engagements to preserve cultural heritage within science (Winter, 2013). It emphasizes the 

understanding that people are part of their social-ecological system; this system is a person’s 

heritage. The CHamoru people should be able to visit the Håyun Lågu and connect with the 

forest and their ancestors in that space. Therefore, our main research question asks: “Given the 

remote nature of the Mariana Islands, their Indigenous population, and imminent threat of further 

development, what form of governance can best protect the biocultural relationship between 

native plants, animals, and people?” 

The CIT and CHT guided the analysis of the lived experience of Indigenous peoples 

through open-ended interviews and participant observation with stakeholders within this ESA 

policy subsystem in Guåhan and the CNMI. Conducting research within a certain political space 

allowed us to study policy processes and the complex social-cultural networks related to them. 

For our research, we interviewed people who work in, have specific knowledge of, or care about 

any of these policy subsystems. We employed a qualitative, mixed method approach (Creswell & 
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Miller, 2000). A triangulation of different qualitative methods: (1) participation observation, (2) 

in-depth interviews, and (3) a literature review, ensured the validity of the data. As a biologist 

working with endangered species and as an interdisciplinary scholar, I could interact with all 

stakeholders in the ESA political space through participant observation and use this experience 

to understand the different processes and meanings of interactions (Bernard, 2017). Research 

indicates the importance of engaging with participants to contextualize observed data and 

understand the lived realities while maintaining the confidence of participants (della Porta, 

2014). Seventy in-depth interviews further explored the roles of the different federal and local 

agencies and how activist groups, cultural groups, and the public and their involvement with 

endangered species protection. Interviews complement participant observation to have a more in-

depth understanding and contextualization of the observed data (della Porta, 2014). The 

interviews highlighted the importance of the social-ecological system and how it relates to 

people who work, live, and interact with other people in the ESA political space. We categorized 

the participants per political subspace (Table 8.1.). In addition, an interdisciplinary literature 

review provided scholarship to evaluate the fit between the ESA and Indigenous peoples and 

environmental justice (Creswell & Miller, 2000).  

Table 8.1. Number of participants categorized per political subsystem. 

Type of Participant Number of Participants 
Natural resources managers, local government 8 (2 Luta, 3 Saipan, 3 Guåhan) 
Natural resources managers, federal agency 3 
Natural resources managers, military 3 
Academia in natural resources 8 (1 Luta, 7 Guåhan) 
Academia in cultural resources (social sciences, 
anthropology, political sciences, language) 

11 

Cultural resources managers, local government 1 
Cultural resources managers, federal government 1 
Cultural resources manager, NGO 1 
TEK holders 10 (1 Luta, 9 Guåhan) 
Activists 25 
Policy-makers 3 
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8.2.2. Problem of fit: ESA policies lack heritage and Indigenous peoples 

To move from the theoretical touchstones of CIT and CHT into the praxis of how one 

might change the sets of rules used by the U.S. in these islands one must compare the nature of 

the conservation institutional structure (i.e., the ESA) with the environmental systems it governs 

(i.e., the Mariana Islands). Scholars have explored this comparison process via the concept of 

institutional fit, whether policies created in society align with the need for and use of ecological 

systems (Ekstrom & Young, 2009). Brondizio, Ostrom, & Young (2009) emphasize the role of 

institutions in facilitating cross-level environmental governance to protect ecosystems and 

Indigenous resource-users. As traditional resource use by Indigenous peoples increasingly 

intersects with other resource-use systems and institutions at different levels and scales - how can 

institutions, defined as government rule sets in my research, equitably preserve key services of 

ecological systems while maximizing their use? On Guåhan, the westernized ESA permit 

requirements, the divide between federal and local land practices, the multitude of different 

resources users, and the lack of public input through NEPA complicates the local communities’ 

involvement and restricts the CHamoru people from taking part in decision-making about their 

Indigenous heritage and current environmental needs. The contrast between protecting 

endangered species and isolating the Indigenous peoples from their own critical heritage within a 

system of colonialization is unjust and does not provide a legitimate match between rules and the 

social-ecological system of the Mariana Islands. The research presented here examines the role 

of the ESA in relation to preserving a social-ecological system with the right fit, one where the 

CHamoru people can connect with their Indigenous heritage and take part in decision-making.  
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8.2.3. A framework of analysis appropriate to the region’s needs 

Drawing from the literature outlined in our methodology, we created an analytical 

framework to examine institutional fit of the ESA in the Mariana Islands and to propose new 

governance linkages at different levels and scales. In this context, it is important to address 

socio-political complexities of heritage and cultural and ecological sustainability (Winter, 2013). 

The three major components that intersect within the ESA and demonstrate the flawed nature of 

the current governance are social actors, government structures, and traditional and scientific 

ecological knowledge (Figure 8.2). In brief, we found a problem of fit, a mismatch between local 

needs and rules produced by people outside the region, that occurs across multiple levels of this 

social-environmental system and is largely attributable to the problem of core versus periphery 

decision-making (Simonazzi, 2020).  

Figure 8.2. Different parts of social-ecological systems and how they interact with the ESA. 
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8.3. Indigenous social-ecological systems and conservation policy 

The critical Indigenous and critical heritage theories (Lindberg, 2007; Winter, 2013; 

Hokowhitu et al, 2020; Braid, 2017) expose the institutional misalignment between the ESA and 

local social-ecological preferences. Both theories focus on Indigenous issues, land sovereignty, 

and cultural heritage to injustices concerning endangered species and Indigenous peoples. For 

our research, we draw on three lines of inquiry. First, we explore literature on how Indigenous 

peoples relate to plants and animals and how a holistic worldview clashes with western 

governance approaches such as the ESA. Second, we investigate the administrative role of the 

USFWS and the ESA implementation process and how it relates to Indigenous participation. 

Last, we examine the difference in interpretation of jeopardy of species between federal law and 

Indigenous culture relating to military developments. 

8.3.1. Conflicting worldviews: The divide between endangered species laws and CHamoru 

biocultural practices 

Indigenous peoples have a special relationship with nature, which is not shared across 

cultures, resulting in a unique social-ecological system. Indigenous worldviews are holistic and 

aim to protect ecological systems. Interspecies relationships between people, animals, and plants 

shape traditional knowledge (Schulthies, 2019). The CHamoru people of the Mariana Islands 

have sustained their traditional healing culture, sea navigation culture, and maintain rituals 

showing respect to the land and its spirits, across the Mariana Islands, as one culture and as one 

biogeographical entity (Demeulenaere et al., 2021a). “One culture” translates to the CHamoru 

people across the archipelago and their united spiritual and cultural connections with the land. 

The ‘One Marianas Movement’ aims to increase a dialogue between the two governments to 

unite the CHamoru people and restore historical injustices. The taotaomo’na, the CHamoru 

ancestral spirits, dwell in the roots of the trongkon nunu tree (Ficus prolixa) and halom tano’ 

(forest). CHamoru people still ask the spirits for permission before entering the halom tano’. 

“One biogeographical entity” refers to the archipelago which comprises oceanic islands in the 

form of an arc. Island biogeographical principles with regards to evolution and speciation apply 

to these islands and differ substantially from the mainland biogeography. Islands have more 

endemic species but are also experiencing high extinction rates (Kier et al., 2009). Species can 

occur on one or different islands within an archipelago. The holistic worldview of the CHamoru 



261 

people coupled with interspecies relationships protects an entire ecosystem, which is in contrast 

with the species focus of the ESA. The ESA recognizes the importance of documenting TEK 

knowledge (U.S. Fish and Wildlife Service, 2011), but does not incorporate the traditional 

practices. The ESA requires that anyone handling endangered species applies for a permit which 

hampers the public’s involvement in recovery programs because the regulations do not address 

the cultural use of these species by Indigenous peoples such as subsistence, medicinal, or 

spiritual use.  

8.3.2. Top-down governance hinders local user management of biocultural heritage 

Indigenous spirituality and the use of native plants for subsistence preexisted colonization 

for thousands of years. Federal agencies regulate the ESA top down and do not fit the social-

ecological system of the Mariana Islands, creating problems for the people who live and work 

within the system. More so, the Mariana Islands have a military national security focus further 

hampering the connection with its Indigenous social-ecological system. Implementing the ESA is 

therefore problematic. The USFWS administers the ESA and issues internal guidance and 

national policies to implement the ESA to conserve and recover listed species of land and 

freshwater species, native to the United States and its territories. The unit responsible for 

administering the ESA in Guåhan, the CNMI, Hawai‘i , and American Samoa is the Pacific 

Islands Fish and Wildlife Office (PIFWO). The USFWS is responsible for determining species at 

risk of extinction based on the best available science. When the USFWS list a species as 

threatened or endangered, the service provides the steps needed to restore a species to ecological 

health.  

Scholars have studied the ESA and proposed improvements to the law since its 

enactment. A minority of studies cover environmental justice and the inclusion of Indigenous 

peoples’ biocultural rights pertaining to decision-making processes of endangered species 

(Meek, 2013; Ohlson et al., 2008; Robards & Lovecraft, 2010; Vickery & Hunter, 2016). Federal 

power over the ESA implementation often causes frustration because top-down governance can 

cause conflict over decision-making in natural resources management, often ignoring local 

knowledge and demands for involvement (Lute & Gore, 2014). ESA policies continue to hinder 

Indigenous peoples’ self-determination as top-down governance guides their implementation 

(Schmidt & Peterson, 2009). The consequences of listing species under the ESA have been a 
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challenge for Indigenous communities in the United States, as their livelihoods and value 

systems rely on these species, either spiritually or for subsistence (Schmidt & Peterson, 2009; 

Suagee, 2006). Adding governance linkages can improve the ESA implementation processes and 

Indigenous decision-making. An example is the listing of the polar bear in Alaska (listed as 

threatened in 2008) (Meek, 2013) and the Idaho gray wolf (listed as endangered since 1974, but 

delisted in 2020) (Ohlson et al., 2008), and the mandates for the Pacific Walrus (identified as a 

candidate for listing under the ESA) (Robards & Lovecraft, 2010). These scholars emphasize the 

need for co-management strategies and bottom-up governance to increase Indigenous 

participation and decision-making relating to listed species.  

8.3.3. The ESA and tribal rights: A case of continuing environmental colonialism 

Environmental colonialism refers to the diverse ways in which colonial practices have 

affected the natural environments of Indigenous peoples (Stoll, 2018, page 1155). Researchers 

use the term eco-colonialism interchangeably where Indigenous and western conservation 

paradigms clash (Cox & Thomas, 1997; Crowe et al., 2006). Indigenous movements all over the 

world now rightfully reclaim their steward role over the land, restoring the interconnectedness 

with the land and their ancestors. Environmental justice cases such as Standing Rock (Gilio-

Whitaker, 2019) and Mauna Kea (LaPier, 2019) are examples of environmental colonialism. In 

the Mariana Islands, most especially on Guåhan, there is an ecological colonization of space. 

This is not just about the species itself, but also about the fact that colonization is altering the 

most fundamental environment which the CHamoru society has been built upon. Colonialism has 

disrupted ownership of CHamoru ancestral lands since the Spanish arrived 500 years ago. Based 

on data from 2004, land ownership on Guåhan is divided between private owners (approximately 

45%), the federal (U.S.) government (approximately 30%), and the Guam government 

(approximately 25%) (Corona, 2004). 

The United States has established a process of formal recognition for its different 

Indigenous peoples. Not all people under U.S. governance who consider themselves a tribe have 

recognition. Recognized tribes can use specific allowances outlined under the 1997 secretarial 

order #3206 subject to Native American Tribal Rights specifically pertaining to the Endangered 

Species Act (U.S. Fish and Wildlife Service, 1997). The order contains language pertaining to 

traditional use “avoids or minimizes adverse effects upon the noncommercial use of listed 
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species in medicinal treatments and in the expression of cultural and religious beliefs by Indian 

Tribes” and the right to manage their lands and tribal trust resources. Indigenous peoples in the 

Pacific Ocean, such as the Native Hawai’ian and CHamoru people cannot draw from provisions 

stated in this order because the United States recognizes neither as having tribal status within the 

U.S. legal framework. However, the CHamoru people, Indigenous to the Mariana Islands, for 

over half a century, are internationally recognized by the United Nations under the Nations 

Declaration on the Rights of Indigenous Peoples (UNDRIP) (G.A. Res. 61/295, U.N. Doc 

A/Res/61/295), adopted in 2007. But the United States has only accepted the UNDRIP as a non-

legally binding document. Although the native Hawai’ians could seek tribal recognition with the 

Indian Affairs authority, they have chosen not to do so. While native Hawai’ians differ, there is a 

strong sovereignty movement that fears this federal recognition would hinder the independence 

movement which could lead to an actual political separation from the United States. Since 

Guåhan is still on the United Nations list of self-governance nations, tribal recognition could 

hinder Guåhan’s path to self-determination, and is therefore not a preferred option. Although we 

set aside tribal recognition as a viable path, it is still important to note why this status matters 

with regards to the ESA. Since the CHamoru people are not recognized as Indigenous on a 

federal level, they cannot use the special allowances in the ESA pertaining to tribes, leaving 

them disempowered from their own identity and are disempowered politically. The fact that the 

CHamoru people cannot exercise this right without giving up their right to self-determination is 

disincentivizing and demonstrates the ESA is yet another colonial instrument feeding into 

environmental colonialism. 

8.3.4. The ESA and the military: Jurisdictional complexity discourages local involvement 

Local resistance against military base expansion and the exclusion of Indigenous peoples’ 

input under U.S. law raises questions of environmental justice because the policies in this case 

only provide environmental considerations in the decision-making process and do not protect 

biocultural diversity (Na‘puti and Bevacqua, 2015; Ramo, 2014). For decades now, the U.S. 

military has affected the landscape both ecologically and socially, as they do not involve the 

communities in conservation on military lands. Examples of environmental justice in Okinawa 

(Ramo, 2014) and Hawai’i (McKenzie, Serrano, & Kaulukukui, 2013) demonstrate that the 
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current U.S. environmental protection framework fails to incorporate Indigenous relationships to 

the land and its resources.  

The interagency cooperation and partnership between the DoD and the USFWS aims to 

protect and manage federally listed species. Our analysis splits the military’s efforts in protecting 

endangered species into two parts: the ESA related recovery actions under the Integrated Natural 

Resources Management Plan (INRMP) and the ESA related mitigation actions. The INRMP 

outlines recovery actions guided by the Sikes Act of 1960 and 1997. Although analyzing the 

INRMP in relation to fit is beyond the scope of this paper it is important to note that although the 

INRMP supports substantial recovery actions, the community and TEK holders remain excluded. 

The goal of the ESA related mitigation actions under Section 7 (16 U.S.C. §1531 et seq. (1973) 

Sec. 7) is to ensure federal actions are not jeopardizing listed species or their critical habitat. 

Whenever a federal action affects a listed species, the DoD consults with the USFWS. There are 

informal and formal consultations. When the USFWS decides the federal action does not have 

any adverse effects on listed species, they conduct an informal consultation. An incidental take 

statement will detail the allowed amount of take of a certain species. When the USFWS 

identifies adverse effects on listed species, the USFWS proceeds with a formal consultation and 

prepares a biological opinion, outlining the effects of the actions and conservation 

recommendations. If the effects are jeopardizing the species or its critical habitat, DoD must 

consider alternatives. There is however an exemption for reasons of national security, detailed in 

section 7(j), and can only be granted by an Endangered Species Commission. DoD typically does 

not claim this exemption provision because of its complexity (Corn, Cody, & Wyatt, 2017). The 

already species-focused approach of the ESA is a further detriment to protecting the species 

themselves because the USFWS did not assign critical habitat to protect certain species in the 

Mariana Islands, especially plants, such as the S. nelsonii. On July 20, the Center for Biological 

Diversity and Blue Ocean Law’s attorney Julian Aguon sued the USFWS because it failed to 

protect critical habitat for the 23 species listed in 2015 on Guåhan and the CNMI. The EIS 

(Department of Defense, 2015) therefore can easily check the “critical habitat box” with “not 

applicable” for this species. For certain bird species and the fruit bat, important seed dispersers, 

the impacts of the military expansion on critical habitat are checked off as, “may affect, not 

likely to adversely affect”. Like other Indigenous peoples, the CHamoru people have tried to use 

the ESA as a tool to protect their Indigenous heritage, but the institutionalized decision-making 
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treats the military as a preferred actor in the system, while local, overwhelmingly CHamoru 

people, remain excluded during the entire biological opinion process. This is not because of their 

Indigenous identity, but the ESA rules do not incorporate different epistemologies or traditional 

relationships. 

The preceding literature review on the ESA and Indigenous peoples contextualized the 

complexity of the ESA and the layers of bureaucracy involved during its implementation. But the 

context of this research rests not only with the perspectives of other researchers (i.e. outsiders). 

Working for over seven years with traditional knowledge holders, local and federal (USFWS and 

DoD) agencies and conducting interviews gave me a unique perspective that enabled me to make 

policy recommendations grounded within the community. As the correct lenses matter, the 

mixed methods demonstrate that the employed theoretical orientation addressed the right 

concerns.  

8.4. Qualitative interview and observation results: Revealing layers of bureaucracy 

8.4.1. Biocultural diversity and archipelago species’ conservation 

The CHamoru people of the Mariana Islands hold a holistic worldview, connected with 

the land, plants, animals, and the spiritual world. While the ESA enhances the protection of the 

Mariana Islands’ biodiversity, the law does not address threats to the cultural and spiritual 

connection the CHamoru people have with these species (Demeulenaere 2021; Demeulenaere et 

al., 2021a). Biocultural diversity is both locally (Guåhan) and regionally (CNMI) important. One 

cannot disentangle the recovery of species on Guåhan, and the accessibility to them from the 

larger archipelago, and from the peoples’ social well-being. The ‘One Marianas Movement’ 

emphasizes this deep connectedness to the environment.  

8.4.1.1. Aligning social-ecological systems with ESA: Barriers and solutions 

ESA policies guide on-the-ground recovery actions for listed species, but is there a “good 

fit” between the policy and the species? To implement these policies, the government needs 

support from the community because a legitimate fit connects the local knowledge about the 

landscape and the plants with the people. This is the foundation of biocultural heritage, allowing 

for transfer of knowledge through community engagement as a vital component of conservation. 
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Therefore, social-ecological systems need to align with conservation practices and local policies. 

From the stakeholders interviewed it became clear there were several identified barriers and 

potential solutions on how to align social-ecological systems and the ESA. First, the strict 

permitting process (16 U.S.C. §1531 et seq. (1973) Sec. 10) does not allow traditional 

knowledge holders and members of the community with traditional horticultural and ecological 

experience to participate in endangered species conservation because of the strict ESA permitting 

guidelines. Only a handful of people hold permits. Stakeholders mentioned that it is difficult to 

get a permit, even for someone with a lot of experience. Second, natural resources managers 

regard reporting as rather difficult. Because of these two major barriers, community involvement 

is low. A separate permitting process for TEK holders and the community, aligning with their 

worldview, can promote implementation of ESA laws. As for the reporting, the community can 

monitor recovery actions and receive training from scientists and TEK holders. Stakeholders 

mentioned the system should be more inclusive instead of exclusive. Third, the plants used for 

medicine, food, or other traditional uses are difficult to obtain for the CHamoru people. TEK 

holders mentioned they fear certain traditional practices will be lost if government policies do 

not align with cultural practices. For instance, healers in the CNMI use Pao dedu or Hedyotis 

megalantha Merr. medicinally. Healers can harvest the needed plant parts sustainably as the 

healers hold a deep traditional knowledge, not only of the medicinal properties of plants but are 

also knowledgeable about the ecosystems and sustainable harvesting practices. Stakeholders 

stressed the federal government needs to trust local knowledge holders and invest in 

collaborating with them. Restoring their involvement can also facilitate their stewardship. 

Fourth, Indigenous participants value the endangered species as part of their ndigenous heritage, 

which is different from how the national government sees it. The CHamoru people feel these 

plants and animals are part of their cultural identity and wish to connect with them in their 

natural habitat. This especially relates to the last Håyun Lågu tree.  
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8.4.1.2. Aligning biogeographical principles with ESA: Impracticalities and solutions 

From an island biogeographical and species conservation perspective, the ESA aims to 

protect species across the archipelago. Although this is in line with the biogeographical 

approach, impracticalities and contradictions arise in regional management at the archipelago 

level. First, the status of the listed species differs on each island. In many cases, a species is rare 

on one island but not on the other island. Maesa walkerii is a very common limestone forest 

plant on Luta, while it is extremely rare in Guåhan. Conservation managers and TEK holders 

need a different approach on how to manage these species depending on how common a certain 

plant is. Healers in Luta can easily use the plant without endangering the plant and population in 

Guåhan. Similarly, fruit bats are currently listed as threatened mostly because of Guåhan’s small 

population size. Sustainable fruit bat hunting could occur in Luta when healthy population levels 

are sustained (Demeulenaere et al., 2021a). Second, although a biogeographical approach is 

taken for endangered species conservation, too often federal and local government land 

protection efforts are evaluated separately. Stakeholders emphasized population status of a 

species and conservation efforts should occur island-wide, across local and federal lands and 

institutions. Conservation genetics can guide conservation programs by maintaining the 

biogeographical relationships. Third, stakeholders stressed the need to allow the local 

government and the community to engage in decision-making of the species occurring on federal 

land. Last, this also leads to another contradiction to the biogeographical approach. Agencies 

have not clearly developed an overall long-term vision for each island and for the whole 

archipelago.  
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8.4.2. Administrative issues and implementation processes of the ESA in the Mariana 

Islands 

We identified problems to fit relating to the administrative roles and implementation 

processes which exist in the political space of the ESA in the Mariana Islands. In our case, the 

top-down governance weighs too much on the local people as a result of a core-periphery 

problem (Simonazzi, 2020) relating to species recovery in the islands, but decision-making 

processes designed a world away.  

8.4.2.1. Species recovery implementation 

We found a problem of fit at the jurisdictional level across the spatial and temporal level 

because although knowledge is collected and management occurs at a local level, governance 

occurs on a national level. Stakeholders in Guåhan and the CNMI shared that the top-down 

governance and national standardized rules and regulations pertaining to the ESA are designed 

for mainland species, not for island species, and island cultures. While stakeholders emphasize 

the need to base the listing and implementation of the ESA on island biogeography and island 

social-ecological systems, they recognized that top-down governance complicated 

implementation because different governance systems are in place in Guåhan and the CNMI. 

Stakeholders suggested a bottom-up approach where local governments lay out recovery actions 

while the local USFWS provide guidance. Stakeholders from federal and local agencies 

suggested that the Guåhan’s own Department of Agriculture Division of Aquatic and Wildlife 

Resources (DAWR) and Division of Forestry and Soil Resources, as well as the CNMI’s own 

Department of Lands and Natural Resources (DLNR) Division of Fish and Wildlife can work 

together with scientists and traditional knowledge holders and set up recovery programs such as 

seed exchange to ensure genetic diversity. While the totality of the effects of the ESA are beyond 

the scope of this paper it is important to note there are also problems with listed species funding 

and listing mechanisms in relation to top-down governance. During interviews with activists, the 

‘One Marianas Movement’ was brought up several times. This movement would not only unify 

its people but also set the stage for endemic species and habitat protection for the whole 

archipelago. In the meantime, because of my interdisciplinary research, I am part of an inter-

island recovery action to use Serianthes nelsonii seeds from Luta for recovery on Guåhan, setting 

up the suggested bottom-up approach, asking first permission at the local level based on my 
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phylogenetic research reaffirming the conspecificity of the Guåhan and Luta Serianthes 

populations. Although the results of the phylogenetic study confirmed its conspecificity, through 

the use of museomics we were able to distinguish two unique genotypes (Demeulenaere et al., 

2021c). Both Serianthes populations can be used to increase the genetic diversity on each island 

because increased genetic variation enables a population to adapt to changing environments, 

making it less prone to extinction. The recognition of geographic, unique genotypes through 

ESA policies could increase the protection of the different habitats and use them as conservation 

unities to protect the species and prevent further decline and extinction.  

8.4.2.2. Regulatory actions pertaining to listed species 

Besides recovery actions, the USFWS regulates development in relation to the effect of 

these actions on listed species. Concerning development (and research) on non-federal land, the 

CNMI has a robust permitting process in place to allow development to occur. The permitting 

process is currently not streamlined in Guåhan, but the development of a Habitat Conservation 

Plan (HCP) is under way for non-federal land. The HCP will guide the permit process involving 

listed species for development on non-federal land in Guåhan. This process will allow for 

outreach and stakeholder meetings and an island-scale approach.  

In relation to development on federal land, although federal regulations are well defined 

and the local office oversees consultations, the Serianthes nelsonii environmental justice case is 

another top-down governance misfit which causes conflict between military development and the 

local community. In this case, the local USFWS offices do not sign regulatory documents such 

as the biological opinion. The higher management of the USFWS and the DoD decide on the 

language of the biological opinion without consent of the local communities. In summary, the 

Guåhan office has a regulatory function and a statue which is very specific to certain species yet 

has no decision-making power. Policy-makers and the public often put pressure on the local 

office, which does not have the power to enact change.  

8.4.3. ESA and military rules 

The biological opinion for the marine relocation included eleven listed species, along 

with mitigation efforts to prevent jeopardy of these species. TEK holders, activists, and scientists 

highlight the following problems regarding mitigation. First, activists and TEK holders shared 
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that the CHamoru people believe you cannot mitigate a primary limestone forest such as 

Tailålo’. Mitigation measures are not commensurate for the biocultural loss. Second, scientists 

shared there is no scientific evidence to support the listed survival percentages and the one-year 

maintenance and monitoring requirements will prevent further decline of the species. For 

example, the biological opinion allows for the removal and translocation of 3,191 Cycas 

micronesica K.D. Hill, with a survival rate of 50%, and only requires one year of monitoring. 

Studies revealed that survival rates of endangered trees outplanting is rather low, at about 34% 

(Cordell et al., 2008). An additional problem is that many tropical plant species have recalcitrant 

seed (meaning they cannot survive long term storage) (Corbineau and Côme, 1989). Seed storage 

is not scientifically tested for most of the Mariana Islands species. Third, although the DoD 

documents the mitigation actions for listed species, such as collection of seeds and salvage of 

plants, the public, TEK holders, and conservation managers do not receive this data, while they 

should stay informed on mitigation actions and the status of each species to protect their 

biocultural heritage and have a clear overall long-term vision on the recovery of each species. 

Fourth, the DoD should base the mitigation actions on scientific research concerning large-scale 

salvage and translocation. Once scientists develop a good salvage and translocation method, the 

DoD ought to monitor these populations for about 5 to 10 years to determine how long it takes to 

establish these translocated populations. They can then incorporate this data in a long-term vision 

for the Mariana Islands, as these populations should receive permanent protection. 

8.5. Bottom-up approaches tying into a polycentric network 

Decentralization and bottom-up approaches are most fit for island cultures as they 

strengthen livelihood strategies of local communities, incorporate culturally relevant aspects of 

the society, and promote local participation (Llambi & Lindemann, 2017). This governance type 

also provides a path to self-governance, as the CHamoru people hold their right to self-

determination. A polycentric governance system offers a balance between bottom-up and top-

down governance, using influences at all levels, while keeping the capacity of actors to self-

organize (Pahl-Wostl, 2015). Although the original intent of polycentric governance proposed by 

Ostrom (2010) is to push for collective actions at different governance scales, the power 

dynamics of polycentric governance remain a point of discussion because often the power is 

diffused rather than guided from bottom-up (Morrison et al., 2019). The original idea of Ostrom 
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was to provide local people with self-governance because local resource users can govern their 

resources better than the state or marketplace (Ostrom, 1990). Carlisle and Gruby (2019) stress to 

incorporate Ostrom’s principles relating to ‘governance of the commons’, meaning that to have a 

well-performing governance, the quality and degree of autonomy needs to be ensured by 

managing the cross-linkages and coordination mechanisms at all levels (p 947 - 948). We 

recommend changes that will help decentralize decisions and bring forward the voices at a local 

scale drawing from designed principles of polycentricity. One suggestion has been to strengthen 

the local Guåhan ESA and the role of the Guåhan’s own local government and collaborate with 

the CNMI’s own local government. This would be one way to work towards polycentricity, but 

this idea has to be further developed. Even though polycentric governance systems can 

incorporate management practices at multiple levels, for example in a forest (Nagendra & 

Ostrom, 2012), the management of the endangered species of the Mariana Islands is place-

specific because these plants do not occur anywhere else in the world. The TEK and SEC 

knowledge and practices are all grounded in the Mariana Islands. Although setting common 

goals at different levels is recommended for forest-related preservation to combat climate 

change, ESA principles should be interpreted differently in the Mariana Islands because core-

peripheries come into play with large distances and different epistemological backgrounds. In the 

case of the Mariana Islands, applying the polycentric system as such would be impractical and 

mean an almost status quo of the current situation.  

Our results show that the acknowledgment of shared natural resource protection interest 

between the groups, and the opportunity to bring forward a shared TEK and SEK, and decision-

making processes would be powerful and effective. The Mariana Islands would benefit from a 

better institutional design build-up for Guåhan - a bottom-up approach geared towards the island 

level, and co-managed by island people. Guåhan could add a cross-level and cross-scale 

interaction internationally, such as the International Union of Conservation for Nature (IUCN) 

which promotes the protection of internationally red-listed species. 

To integrate TEK and SEC a local knowledge body can oversee the listing process, 

traditional practices relating to listed species, resources uses and their users, and how these fit 

with the Mariana Islands’ social-ecological system (Figure 8.3). The council, made up of 

scientists and TEK holders, can facilitate a co-production of knowledge. The spatial scale ranges 
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from the globe towards Micronesia and the Mariana Islands. When looking at the temporal scale, 

the extinction rates on islands are higher than the mainland. Currently, the jurisdictional and 

institutional scales only incorporate the international governance institutions and international 

organizations, and local governance institutions. Communities and TEK holders are completely 

lacking within the jurisdictional and institutional scale. The knowledge scale so far only took 

SEK into account and was based on insufficient survey data. The lack of TEK documenting the 

populations’ abundance is a loss of valuable information that needs to be considered for recovery 

efforts. This knowledge cannot only provide information about previous locations, but also 

traditional ways of recovering and managing certain species. Interviews with traditional 

ecological knowledge holders could help inform the council, who can become the gatekeepers of 

TEK. 

Figure 8.3. Co-management bottom-up governance model with polycentric networks for the Mariana 
Islands. 
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8.6. Conclusion 

The Endangered Species Act can be a useful tool for species protection, since the law has 

local and global relevance in protecting biodiversity, but the inability of the ESA to represent 

varied interest groups differently hampers its implementation. The research question asked: 

“Given the remote nature of the Mariana Islands, their Indigenous population, and imminent 

threat of further development, what form of governance can best protect the biocultural 

relationship between native plants, animals, and people?” We found institutional misfit occurs at 

the jurisdictional level, the spatial and temporal levels, and the knowledge and management 

level. The interviews and participant observations demonstrated that to respect the biocultural 

heritage of the Indigenous peoples of the Mariana Islands, fit must be legitimate. After analyzing 

fit relating to the ESA and the different governance types, creating good fit can be accomplished 

by a bottom-up guided co-management approach within a polycentric network. 

Endangered species laws need to integrate Indigenous perspectives and benefit the 

Indigenous peoples and their biocultural heritage to ensure institutional fit. Therefore, the laws 

need to bridge species-specific laws with land and heritage laws to ensure not only the species 

are protected but also the Indigenous peoples’ traditions and lands because these laws will create 

an institutional fit that is legitimate. Protests and arguments from activists to respect their lands 

and biocultural rights have not been heard. Integrating Indigenous perspectives will restore, 

preserve, and continue the important connection people have with plants, animals, and the tano’ 

(land). The bottom-up guided co-management model seems fit for on an island level since the 

local community could drive the decision-making and would have a role in the leadership choice 

and vision building (Figure 8.3). When more social actors can be involved, and each have an 

equal power at the negotiation table co-management will be a more sustainable choice for 

managing natural resources at the local level. Different resource users exploit Guåhan’s natural 

resources, one more than the other. If co-management would occur, all resource users would 

have a seat at the table with shared decision-making power. Co-management also considers a co-

production of knowledge (TEK and SEK), and traditional and scientific management 

partnerships. The establishment of a council would advance Indigenous rights and environmental 

justice. This co-management body needs to be central but should drive natural resources 

management and decision-making on local and federal lands, including military lands. 
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Establishing the agreement will take time and needs financial resources. Operation costs should 

sustain its existence. Setting up the co-management at a political level, incorporating all 

institutions as a polycentric network and communities will be an important step which will 

increase accountability and transparency.  

A last important aspect will be the governing system’s level of responsiveness and its 

effectiveness and efficiency to protect island endemics, which are pressed for time receiving 

protection. After establishing an agreement and council, the cross-level and cross-scale 

interactions need to enhance the protection of the species. The council will also be responsible to 

establish relationships with private landowners, since a lot of the endangered species occur on 

private land. Community-based conservation can link NGO’s, cultural groups, government 

agencies, and people in the community with the council to ensure governance, knowledge and 

management is addressed at all local levels and scales. Co-management networks that start from 

a central node, like the proposed council, can make connections with different stakeholders, 

necessary to protect the species, traditional knowledge, and practices. 

8.7. Acknowledgements 

Si Yu'os Ma'åse to all participants for sharing your knowledge and wisdom. I would like to 

acknowledge the islands of Luta, Saipan, and Guåhan for their hospitality.  

8.8. References 

Bernard, Russell. H. 2017. Research Methods in Anthropology: Qualitative and Quantitative 
Approaches, 6th edition. Lanham, MD: Rowman & Littefield Publishers. 

Braid, Melissa. F. 2017. Critical Theory and the Anthropology of Heritage Landscapes. Florida: 
University Press of Florida. 

Brondizio, Eduardo S., Elinor Ostrom, and Oran R. Young. 2009. “Connectivity and the 
Governance of Multilevel Social-ecological Systems: The Role of Social Capital.” Annual 
Review of Environment and Resources 34: 253–278. 
https://doi.org/10.1146/annurev.environ.020708.100707 

https://doi.org/10.1146/annurev.environ.020708.100707


275 

Carlisle, Keith, and Rebecca L. Gruby. 2019. “Polycentric Systems of Governance: A 
Theoretical Model for the Commons.” Policy Studies Journal 47(4): 921–946. 
https://onlinelibrary.wiley.com/doi/full/10.1111/psj.12212 

Chen, Cher Weixia, and Michael Gilmore. 2015. “Biocultural Rights: A New Paradigm for 
Protecting Natural and Cultural Resources of Indigenous Communities.” International 
Indigenous Policy Journal 6(3). https://doi.org/10.18584/iipj.2015.6.3.3 

Corbineau, F., and D. Côme. 1989. “Germination and Storage of Recalcitrant Seeds of some 
Tropical Forest Tree Species.” Annales Des Sciences Forestières 46 supl.: 89s–91s. 
https://doi.org/10.1051/forest:19890516 

Cordell, Susan, Moana Mcclellan, Yvonne Yarber Carter, and Lisa J. Hadway. 2008. “Towards 
Restoration of Hawaiian Tropical Dry Forests: The Kaupulehu Outplanting Programme.” 
Pacific Conservation Biology 14(4): 279–284. https://doi.org/10.1071/PC080279 

Corn, M. Lynne, Betsy A. Cody, and Alexandra M. Wyatt. 2017. Endangered Species Act (ESA). 
The Exemption Process. CRS Report RL31654. Congressional Research Service. 
https://www.everycrsreport.com/reports/R40787.html 

Corona, Craig. 2004. Private Lands Conservation in Guam. Colorado: Natural Resources Law 
Center, University of Colorado, School of Law. 
https://scholar.law.colorado.edu/cgi/viewcontent.cgi?referer=&httpsredir=1&article=1164&
context=books_reports_studies 

Cox, Paul A., and Thomas Elmqvist. 1997. “Ecocolonialism and Indigenous-Controlled 
Rainforest Preserves in Samoa”. Royal Swedish Academy of Sciences 26(2): 84–89. 
https://doi.org/10.2307/4314557 

Creswell, John W., and Dana L. Miller. 2000. “Determining Validity in Qualitative Inquiry.” 
Theory Into Practice 39(3): 124–130. https://doi.org/10.1207/s15430421tip3903_2 

Crowe, Douglas M., and Jeff Shryer. 2006. “Eco-colonialism.” Wildlife Society Bulletin 23(1): 
26–30. https://www.jstor.org/stable/i292233 

della Porta, Donatella. 2014. Methodological Practices in Social Movement Research. Oxford: 
Oxford University Press. 

https://doi.org/10.18584/iipj.2015.6.3.3
https://doi.org/10.1051/forest:19890516
https://doi.org/10.1071/PC080279
https://doi.org/10.1207/s15430421tip3903_2


276 

Demeulenaere, Else. 2021. “Prutehi Litekyan: A Social Movement to Protect Biocultural 
Diversity and Restore Indigenous Land Sovereignty on Guåhan.” In Indigenous Peoples, 
Heritage and Landscape in the Asia Pacific: Knowledge Co-Production and Empowerment, 
ed. Stephen Acabado, and Da-wei Kuan. New York and Milton Park: Routledge, 54–71. 

Demeulenaere, Else, Sveta Yamin-Pasternak, Donald H. Rubinstein, Amy Lauren Lovecraft, and 
Stefanie M. Ickert-Bond. 2021a. “Indigenous Spirituality Surrounding Serianthes Trees in 
Micronesia: Traditional Practice, Conservation and Resistance.” Social Compass 1–14. 
https://doi.org/10.1177/00377686211032769 

Demeulenaere, Else, Donald H. Rubinstein, Sveta Yamin-Pasternak, Amy Lauren Lovecraft, and 
Stefanie M. Ickert-Bond. 2021b. “Recollections of fadang and fanihi: The Taste and Smell 
of CHamoru Bygone Foods and the Challenge of Endangered Island Species.” Pacific Asia 
Inquiry 11: 80-105. https://www.uog.edu/_resources/files/schools-and-colleges/college-of-
liberal-arts-and-social-sciences/pai/v11/09_pai11_demeulenaere.pdf 

Demeulenaere, Else; Schils Tom; Burleigh, Gordon J.; Ickert-Bond, Stefanie M. 2021c. 
Phylogenomic inference in Serianthes (Fabaceae) informs taxonomy, biogeography and 
macroevolution (prepared for submission to Journal of Biogeography) 

Department of Defense. 2015. Record of Decision for the Final Supplemental Environmental 
Impact Statement for Guam Department and Commonwealth of the Northern Mariana 
Islands Military Relocation. Proclamation No. 180 Fed. Reg. 80 (2015). 
https://www.govinfo.gov/content/pkg/FR-2015-09-17/pdf/2015-23244.pdf 

Ekstrom, Julia A., and Young Oran R. 2009. “Evaluating Functional Fit between a Set of 
Institutions and an Ecosystem.” Ecology and Society 14(2): 16. 
http://www.ecologyandsociety.org/vol14/iss2/art16/ 

Gilio-Whitaker, Dina. 2019. As Long as Grass Grows: The Indigenous Fight for Environmental 
Justice from Colonization to Standing Rock. Boston: Beacon Press. 

Hokowhitu, Brendan, Aileen Moreton-Robinson, Linda Tuhiwai-Smith, and Steve Larkin. 2020. 
The Routledge Handbook of Critical Indigenous Studies. London, United Kingdom: 
Routledge. 

Hong, Sun-Kee, Priscilla Wehi, and Hiroyuki Matsuda. 2013. “Island biocultural diversity and 
traditional ecological knowledge.” Journal of Marine and Island Cultures 2(2): 57–58. 
https://www.sciencedirect.com/journal/journal-of-marine-and-island-cultures/vol/2/issue/2 

https://www.uog.edu/_resources/files/schools-and-colleges/college-of-liberal-arts-and-social-sciences/pai/v11/09_pai11_demeulenaere.pdf
https://www.uog.edu/_resources/files/schools-and-colleges/college-of-liberal-arts-and-social-sciences/pai/v11/09_pai11_demeulenaere.pdf
https://www.govinfo.gov/content/pkg/FR-2015-09-17/pdf/2015-23244.pdf
https://www.sciencedirect.com/journal/journal-of-marine-and-island-cultures/vol/2/issue/2


277 

Kier, Gerold, Holger Kreft, Tien Ming L., Walter Jetz, Pierre L. Ibisch, Christoph Nowicki, Jens 
Mutke, and Wilhelm Barthlott. 2009. “A Global Assessment of Endemism and Species 
Richness across Island and Mainland Regions.” Proceedings of the National Academy of 
Sciences of the United States of America. 106(23): 9322–9327. 
https://doi.org/10.1073/pnas.0810306106 

Kuper, Ken Gofigan. 2019. “Kontra I Peligru, Na'FansÅfo' Ham: The Production of Military 
(In)Security in Guåhan.” PhD diss. Honolulu: University of Hawai’i at Mãnoa. 
https://scholarspace.manoa.hawaii.edu/handle/10125/63246 

LaPier, Rosalyn. 2019. “The Legacy of Colonialism on Public Lands Created the Mauna Kea 
Conflict.” High Country News [Website], August, 6. 
https://www.hcn.org/issues/51.15/tribal-affairs-the-legacy-of-colonialism-on-public-lands-
created-the-mauna-kea-conflict  

Lindberg, Tracey. 2007. “Critical Indigenous Legal Theory.”  PhD diss. Ottawa, Canada: 
University of Ottawa. https://ruor.uottawa.ca/handle/10393/29478 

Llambi, Luis, and Lindemann, Thomás. 2017. “Policy Brief 9. Top-Down and Bottom-Up 
Approaches: How can Synergies be Created between Local Policies and Institutions with 
Central Government Initiatives to Strengthen Rural Communities Sustainable Development 
Processes?” Food and Agriculture Organization of the United Nations [Website], June, 7, 
2021. http://www.fao.org/3/az776e/az776e.pdf 

Loh, Jonathan, and David Harmon. 2005. “A Global Index of Biocultural Diversity.” Ecological 
Indicators 5(3): 231–241. https://doi.org/10.1016/j.ecolind.2005.02.005 

Lute, Michelle L., and Meredith L. Gore. 2014. “Knowledge and Power in Wildlife 
Management.” Journal of Wildlife Management 78(6): 1060–1068. 
https://doi.org/10.1002/jwmg.754 

Maffi, Luisa. 2005. “Linguistic, Cultural, and Biological Diversity.” Annual Review of 
Anthropology. 34: 599–617. https://doi.org/10.1146/annurev.anthro.34.081804.120437 

McKenzie, Melody Kapilialoha, Susan K. Serrano, and Koalani Laura Kaulukukui. 2013. 
“Environmental Justice for Indigenous Hawaiians: Reclaiming Land and Resources.” 
Natural Resources and Environment 21: 37–42. 
https://scholarspace.manoa.hawaii.edu/bitstream/10125/35205/MacKenzie_21NatResources
Envt37.pdf 

https://doi.org/10.1073/pnas.0810306106
https://www.hcn.org/issues/51.15/tribal-affairs-the-legacy-of-colonialism-on-public-lands-created-the-mauna-kea-conflict
https://www.hcn.org/issues/51.15/tribal-affairs-the-legacy-of-colonialism-on-public-lands-created-the-mauna-kea-conflict
https://doi.org/10.1016/j.ecolind.2005.02.005
https://doi.org/10.1002/jwmg.754
https://doi.org/10.1146/annurev.anthro.34.081804.120437


278 

Meek, Chanda L. 2013. “Forms of Collaboration and Social Fit in Wildlife Management: A 
Comparison of Policy Networks in Alaska.” Global Environmental Change 23(1): 217–228. 
https://doi.org/10.1016/j.gloenvcha.2012.10.003 

Morrison, T. H., W.N. Adger, K. Brown, M.C. Lemos, D. Huitema, J. Phelps, L. Evans, P. 
Cohen, A.M. Song, R. Turner, T. Quinn, and T.P. Hughes. 2019. “The Black Box of Power 
in Polycentric Environmental Governance.” Global Environmental Change 57: 101934. 
https://doi.org/10.1016/j.gloenvcha.2019.101934. 

Morrone, Juan J. 2008. “Endemism.” In Encyclopedia of Ecology. ed. Sven E. Jørgensen, and 
Brian D. Fath. Oxford: Elsevier, 1254–1259. 

Myers, Norman, Russell A. Mittermeier, Cristina G. Mittermeier, Gustavo A.B. da Fonseca, and 
Jennifer Kent. 2000. “Biodiversity Hotspots for Conservation Priorities.” Nature 403: 853–
858. https://doi.org/10.1038/35002501

Nagendra, Harini, and Ostrom, Elinor. 2012. “Polycentric Governance of Multifunctional 
Forested Landscapes.” International Journal of the Commons 6(2): 104–133. 
http://doi.org/10.18352/ijc.321 

Na‘puti, Tiara R., and Michael L. Bevacqua. 2015. “Militarization and Resistance from Guåhan: 
Protecting and Defending Pågat.” American Quarterly 67(3): 837–858. 
https://doi.org/10.1353/aq.2015.0040 

Ohlson, Davinna, Katherine Cushing, Lynne Trulio, and Alan Leventhal. 2008. “Advancing 
Indigenous Self-determination through Endangered Species Protection: Idaho gray wolf 
Recovery.” Environmental Science and Policy 11(5): 430–440. 
https://doi.org/10.1016/j.envsci.2008.02.003 

Pahl-Wostl, Claudia. 2015. Water Governance in the Face of Global Change. New York: 
Springer. 

Ramo, Alan. 2014. “U.S. Military Accountability for Extraterritorial Environmental Impacts: An 
Examination of Okinawa, Environmental Justice, and Judicial Militarism.” Tulane 
Environmental Law Journal 28(1): 53–94. 
https://www.jstor.org/stable/43294176?seq=1#metadata_info_tab_contents 

Robards, Martin D., and Amy L. Lovecraft. 2010. “Evaluating Comanagement for Social-
Ecological fit: Indigenous Priorities and Agency Mandates for Pacific Walrus.” Policy 
Studies Journal 38: 257–279. https://doi.org/10.1111/j.1541-0072.2010.00361.x 

https://doi.org/10.1016/j.gloenvcha.2012.10.003
https://doi.org/10.1038/35002501
http://doi.org/10.18352/ijc.321
https://doi.org/10.1353/aq.2015.0040
https://doi.org/10.1016/j.envsci.2008.02.003
https://doi.org/10.1111/j.1541-0072.2010.00361.x


279 

Sajeva, Giulia. 2015. “Rights with Limits: Biocultural Rights – between Self-determination and 
Conservation of the Environment.” Journal of Human Rights and the Environment 6(1): 30–
54. https://doi.org/10.4337/jhre.2015.01.02

Schmidt, Paige M., and Markus J. Peterson. 2009. “Biodiversity Conservation and Indigenous 
Land Management in the Era of Self-determination.” Conservation Biology 23(6): 1458–
1466. https://doi.org/10.1111/j.1523-1739.2009.01262.x 

Schulthies, Becky. 2019. “Partitioning, Phytocommunicability and Plant Pieties.” Anthropology 
Today 35(2): 8–12. https://doi.org/10.1111/1467-8322.12493 

Simonazzi, Annamaria. 2020. “The Embeddedness of Core-periphery Relations in Time and 
Space.” Revista de Economia Contemporanea 24(1): 1-20. 
https://www.scielo.br/j/rec/a/bc6cDPRxyFgJv8fT7dLRsWK/?format=pdf&lang=en 

Smith, Linda Tuhiwai. 2012. Decolonizing Methodologies. Research and Indigenous Peoples. 
New York: Zed Books. London: Otago University Press. 

Stoll, Mary Lyn. 2018. “Environmental colonialism.” In The SAGE Encyclopedia of Business 
Ethics and Society, 2nd edition. ed. Robert W. Kolb. London, United Kingdom: SAGE 
Publications.  

Suagee, Dean B. B. 2006. “Indian Tribes and the Endangered Species Act.” American Resources 
and Environment 21(1): 70–72. https://www.jstor.org/stable/40924795 

Ostrom, Elinor. 1990. Governing the Commons: The Evolution of Institutions for Collective 
Action. Cambridge: Cambridge University Press. 

Ostrom, Elinor. 2010. “Polycentric Systems for Coping with Collective Action and Global 
Environmental Change.” Global Environmental Change 20(4): 550–557. 
https://doi.org/10.1016/j.gloenvcha.2010.07.004 

U.S. Fish and Wildlife Service. 1994. Recovery Plan for Serianthes nelsonii. Portland, Oregon: 
U.S. Fish & Wildlife. 

U.S. Fish and Wildlife Service. 1997. Secretarial Order: American Indian Tribal Rights, Federal-
Tribal Trust Responsibilities, and the Endangered Species Act. Portland, Oregon: U.S. Fish 
& Wildlife. 

https://doi.org/10.4337/jhre.2015.01.02
https://doi.org/10.1111/j.1523-1739.2009.01262.x
https://doi.org/10.1111/1467-8322.12493


280 

U.S. Fish and Wildlife Service. 2011. Traditional Ecological Knowledge for Application by 
Service Scientists. Portland, Oregon: U.S. Fish & Wildlife. 

Vickery, Jamie, and Hunter, Lori M. 2016. “Native Americans: Where in Environmental Justice 
Research?” Society and Natural Resources. 29(1): 36–52. 
https://doi.org/10.1080/08941920.2015.1045644 

Winter, Tim. 2013. “Clarifying the Critical in Critical Heritage Studies.” International Journal of 
Heritage Studies 19(6): 532–545. https://doi.org/10.1080/13527258.2012.720997 

https://doi.org/10.1080/08941920.2015.1045644
https://doi.org/10.1080/13527258.2012.720997


281 

Chapter 9. General conclusions 

The primary goal of my dissertation was to explore the biogeography and ethnoecology 

of Serianthes and show how these disciplines intersect with the biocultural rights of the 

CHamoru people to ensure that their biocultural Indigenous heritage is protected for future 

generations. I investigated how island biogeography, the Mariana Islands’ socio-cultural and 

traditional knowledge system, activism, and environmental justice intersect. I also discussed how 

these disciplines contribute to policy changes needed to protect plant endemics and sacred places 

in Guåhan (Guam) and in the Commonwealth of the Northern Mariana Islands (CNMI). The 

mixed-method approach used biological principles, and social and political theories to study the 

inherently interdisciplinary topic of biogeography, biocultural diversity and the laws that are 

protecting endangered plants. I used Serianthes as a model species to test an interdisciplinary 

approach to protecting endemic species by exploring the biogeographic history and its relation to 

Indigenous spirituality, culture, activism, conservation, and policy. This dissertation bridges 

these disciplines using a holistic approach, bringing biology, social and political sciences closer, 

making knowledge more applicable and tailored to society (Østreng 2010).  

I used a latte house, an important symbol for the CHamoru people, to depict how the 

different chapters of my dissertation work together and how the different chapters inform the 

needed policy change to protect endemic species, biocultural diversity, and sacred places (Figure 

9.1). The latte house plays an important symbolic role in CHamoru culture and as such can be 

used to metaphorically describe the process of building a successful Indigenous governance 

process that results from the integration of traditional and scientific knowledge systems to 

produce a co-production of knowledge that ultimately will guide policy change (Figure 8.3).  

The foundation of the latte house consists of CHamoru traditional knowledge and beliefs. 

One very important foundational aspect of latte is governance. While the CHamoru worldview 

should be imbedded in policies supporting CHamoru traditional knowledge and beliefs, 

colonization unbalanced this important foundational aspect, causing the latte to lose structural 

soundness. For the latte house to stand strong, all aspects need to fit together to drive the policy 

change needed to rebalance the latte house on its foundations. The roof of the latte house 

incorporates solutions to improve the structure of the latte house and protect it. Scientific 
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knowledge concerning the natural world (particularly inferring phylogenetic relationships to 

determine the basic units of conservation management) can assist in designing conservation 

strategies, while traditional ecological knowledge holistically ties the cultural and natural world 

together, protecting CHamoru cultural identity and biocultural diversity. Both traditional and 

scientific knowledge foster the process of a co-production of knowledge, which can identify 

evolutionarily significant cultural units. These units can inform and decolonize the policy and 

restore the latte house, and let environmental justice prevail. 

Figure 9.1. Interdisciplinary approach using the latte as a metaphor to depict how the chapters of the 
dissertation fit together. 

Chapters 2, 3, and 4 highlight the use of systematic biogeography to infer the inter- and 

intraspecific relationships of Serianthes within the Archidendron clade, identified by Koenen et 

al. (2020) in the larger mimosoids of the legume family (Fabaceae). These chapters contribute to 
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the scientific knowledge needed to develop conservation strategies based on evolutionarily 

significant conservation units (Figure 9.1). Both the social science chapters 6 and 7, and policy 

chapters 5 and 8 used a mixed-method approach that includes a triangulation design composed of 

participant observation, structured interviews, open-ended interviews, and archival document 

analysis. In addition, using participatory action research further provided solution-based 

stakeholder input. All participants were part of the Endangered Species Act political space, 

allowing me to study the social-ecological system surrounding Serianthes. 

Because the Live Fire Training Range Complex (LFTRC) planned by the military at 

Tailalo’ requires a large surface danger zone reaching over Litekyan, the latte village, only 

discovered in recent years, will be closed off to the CHamoru people. Despite hundreds of years 

of colonization, CHamoru families have maintained the very important cultural values connected 

to people, the land and the ocean. Chapter 6 gathered the stories from Guåhan’s manåmko’1 

about how the fadang (an endemic cycad used to make titiyas) and fanihi (an endemic fruit bat) 

taste and smell, two Indigenous foods people in Guam cannot consume anymore; both species 

are now included on the Endangered Species List due to the threat by invasive species and 

military and housing development. These Indigenous foods were part of the daily life of 

CHamoru people. Families worked together to gather the fadang seeds, process them, and eat the 

titiyas fadang in family circles (Demeulenaere et al., 2021a, Chapter 6). Chenchule’ or social 

reciprocity is a central value to CHamoru families, closely connected to food, culture, and nature. 

The Indigenous worldview (Figure 9.1) also underpins the respectful ways that people in 

Micronesia value the spiritual world. Each island society has their own rituals to connect with 

their ancestors and nature spirits (Demeulenaere et al., 2021b, Chapter 7).  

Serianthes occurs throughout the Indo-Pacific region and its use by Indigenous people for 

canoes and connecting seafaring cultures is visible across the region (Demeulenaere et al., 

2021b, Chapter 7). Indigenous people co-evolved with their natural environments in the Indo-

Pacific region and this shared history created mutually beneficial relationships between people 

and Serianthes. Serianthes kanehirae, Ukall (Indigenous name in Belau) and Gumor (Indigenous 

1 Manåmko’ is the CHamoru word for elder. 
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name in Wa’ab), are seen in prominent places in villages and along ancient stone paths in Belau 

and Wa’ab. The Palauan and Yapese people still use the trunk of the trees for canoes and 

traditional houses. The spirituality surrounding the felling of a tree (or as traditional knowledge 

holders in Belau say, “gradually taking it down”) instills respect and connects the people with the 

spiritual world.  

After felling mature trees, Palauans and Yapese plant new ones for future generations. 

They weave this worldview of interconnectedness with nature and a belief system honoring the 

tree and forest spirits into their daily practices and livelihood. Carving the canoe is a skill that 

requires deep traditional knowledge and many of the words related to carving carry very specific 

cultural connotations. These practices in Belau and Wa’ab continue to be part of Palauan and 

Yapese culture. A carver from Belau told me that using the resources is a natural part of 

conservation and therefore integrated into the traditional cultural setting. Identifying significant 

cultural conservation units in unity with evolutionarily significant conservation units is crucial to 

a holistic conservation approach.  

Another very important aspect of conservation in Belau and Wa’ab is the guidance and 

protection by councils of traditional chiefs. My dissertation discusses the practical policy 

implications of Guåhan’s status as an unincorporated territory of the United States, without a 

traditional council to ensure protection of Indigenous biocultural heritage. Chapter 4 shows that, 

despite the long suppression of Indigenous worldviews by Eurocentric worldviews, the CHamoru 

people of the Mariana Islands upheld their values and beliefs, and their sacred relationship to the 

land. Although cultural revitalization promotes traditional knowledge and practices in daily life, 

Western policies such as the National Environmental Policy Act (NEPA) and the Endangered 

Species Act (ESA) continue to exclude Indigenous ways of understanding the world, especially 

Indigenous spirituality and connectedness with the natural world (Chapters 5, 6, 7). The 

reclaiming of their cultural identity was essential to the social movement of Litekyan, restoring 

land sovereignty, protecting Indigenous biocultural heritage and traditional practices 

(Demeulenaere, 2021; Chapter 5). 

In order to design conservation strategies based on evolutionarily significant conservation 

and cultural units to protect endemic species, it was first important to understand species-area 
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relationships and their biogeographical history. In Chapter 2 (Demeulenaere & Ickert-Bond 

2021), I explored the biogeographical processes which played a role in the current biotic 

composition of the Indo-Pacific region and Micronesia with an emphasis on plants. I identified 

the source areas of the Micronesian flora, determined the main dispersal scenarios towards 

Micronesia, dispersal modes used, and the temporal context through comparison of divergent 

times. These processes were all key to further understand the biogeography of Serianthes. Thus 

far, Serianthes had only been incorporated in a larger study of leguminous plants, using one 

sample from Guåhan (Koenen et al. 2020). My research was able to gather phylogenomic data on 

the whole Serianthes genus, confirming its monophyly (Demeulenaere et al. 2021c, Chapter 3) 

and clarifying its phylogeny and biogeographic history in the region (Demeulenaere et al. 2021d, 

Chapter 4). The phylogeny and biogeographic hypothesis of Serianthes supports a Pacific 

lineage which originated in New Caledonia and an Indo-Pacific lineage which originated in New 

Guinea. An interesting finding was that the Mariana Islands and Caroline Island taxa belong to 

different lineages, the subgenus Hayunia clade and subgenus Serianthes clade respectively 

(Figure 4.1). Investigating the conspecificity of Serianthes nelsonii was crucial to develop 

evolutionarily significant conservation units. Through the use of museomics, I was able to 

identify clear historical and geographic Guåhan and Luta clades. The gained knowledge about 

the unique genotype of the last Håyun Lågu tree is not only crucial in designing recovery 

strategies, but is also an important tool for activists to advocate for the protection of the habitat 

of the last Håyun Lågu tree in Guåhan. Conservation biogeography is an interdisciplinary science 

that aims to use genetic methods to conserve and restore threatened and endangered plants. 

Phylogenetic diversity (PD) is one of the necessary tools for activists and decision-makers to 

determine reintroduction, conservation, and management of threatened and endangered species 

(Escudero et al. 2003; Finkelday et al. 2007; Maschinski and Haskins 2012). Forest et al. (2007) 

recognize the importance of phylogenetics as compared to species richness to prioritize 

conservation management efforts and identify evolutionarily important conservation units.   

The genetic distinctiveness of Serianthes can inform traditional knowledge holders and 

communities about current species distribution patterns in Micronesia and through geological 

time. Phylogenetics can provide activists with important information to engage with regulatory 

agencies or lawmakers. For example, in the Litekyan site, if the Serianthes trees in Luta (Rota) 

and Guåhan had been cryptic species (distinct genetically), that would mean that the Guåhan tree 
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was the last of its kind, making the species even more endangered, at the brink of extinction. 

Hence activists could have asked the U.S. Fish and Wildlife Service to re-initiate the biological 

opinion for the LFTRC. Our results, however, show that the Serianthes populations in Luta and 

Guåhan belong to the same species. Despite being conspecific, there are still ample biological, 

cultural, and spiritual reasons for protecting the last tree on Guåhan.  

The social movement paper (Demeulenaere, 2021; Chapter 5) explored the NEPA 

process, and how endangered species laws and cultural preservation intersect, and where they are 

distinct. Although the Prutehi Litekyan movement was unprecedented in bringing people 

together and providing co-production of knowledge advocating for the protection of the Håyun 

Lågu, Tailalo’, and Litekyan, the voices of the people were not heard by the regulatory officials, 

because spirituality and connections to cultural identity are not incorporated into the NEPA and 

ESA process (Demeulenaere, 2021; Demeulenaere et al. 2021e, Chapters 5, 8). Although the 

recovery plan of Serianthes nelsonii recommended protecting the habitat of the last tree, 

augmenting the population, and establishing additional populations in the same area, these 

measures were neglected in the official biological opinion because recovery plans only guide 

conservation plans. Even though the last Serianthes is part of the CHamoru Indigenous 

biocultural heritage, the spiritual aspect was of no importance to the formulation of these laws 

(Demeulenaere, 2021; Demeulenaere et al. 2021e, Chapters 5, 8). On March 31, 2021, the 

environmental justice case received even more attention when the United Nations affirmed 

violations of Human Rights mandates against the Indigenous CHamoru people, in response to 

Blue Ocean Law attorney Julian Aguon’s submission on behalf of Prutehi Litekyan concerning 

the human rights violations (Demeulenaere et al. 2021e, Chapter 8). Decolonization is important 

when designing governance to fit an island culture, as these laws do not incorporate Indigenous 

worldviews or voices, and thereby violate the human rights of the CHamoru people. 

My ethnoecological research showed that, beyond the Mariana Islands, the relationship 

among cultural knowledge, spirituality, and plant conservation is important in Micronesia. Other 

studies also stress the importance of developing local conservation and policy strategies, based 

on traditional ecological knowledge, island culture, and Indigenous language (Huntington and 

River, 2000; Maffi, 2005; Pretty et al., 2008; Shackeroff and Campbell, 2009; Hong et al., 2013). 

Traditional knowledge has been identified as a collaborative concept used cross-culturally and 
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cross-institutionally among Indigenous and non-indigenous institutions of environmental 

governance (Whyte, 2013). In Chapter 8, I looked at examples from Alaska, and how bottom-up 

governance and co-management strategies increased Indigenous participation and decision-

making in relation to polar bears (Meek, 2013) and the Pacific Walrus (Robards and Lovecraft, 

2010). We suggested the establishment of an advisory council composed of traditional and 

scientific knowledge holders to guide conservation from the bottom-up, while maintaining a 

polycentric network of governance entities such as the local and regional USFWS offices, as 

well as linkages with the IUCN community internationally, since the IUCN Red List includes 12 

of the 18 recognized Serianthes species. International attention could trigger a region-wide effort 

to protect this endangered genus. The council will be able to use the basic principles of the 

traditional knowledge systems: protecting traditional knowledge and practices, respecting 

Indigenous worldviews and values, and incorporating Indigenous voices and respecting 

Indigenous biocultural rights (Figure 9.1; Chapters 5, 6, 7, 8).  

Isao-ña i tumungo’ ya ha sedi; ki ayu i mismo umisague hao2 (Hope Cristobal). 

In summary, current laws and regulations such as the Endangered Species Act are 

complex and impractical for conservation managers and fail to protect sacred lands with high 

biocultural value. A bottom-up regional governance process is needed when dealing with 

endangered and endemic species management, ensuring inclusion of social mechanisms and 

Traditional Ecological Knowledge of island communities needed for endemic plant protection. 

The increasing demand to decentralize policies shows that shaping local policies in a globalized 

world is necessary to address local needs and incorporate local perceptions to make global and 

local policies more relevant for island communities.  

Looking back at my work, I am excited about the increased understanding of the 

phylogeny of Serianthes. While resolving the phylogeny for Micronesia, new questions emerged 

concerning Serianthes clades elsewhere in the region, as well as details about the evolutionary 

significance of inflorescence development in the genus, which is closely tied to both pollination 

and dispersal. Given that 12 of the 18 species are included on the IUCN Red List of Endangered 

Species, conservation and protection of Serianthes is an urgent matter. I look forward to delving 

2 You are more at fault who knows and allows the injustice against you. 
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deeper into studying the phylogeny of Serianthes. While conducting policy research relating to 

traditional knowledge and the use of biogeography, I realized more participatory action research 

is needed to chart the details of the bottom-up governance systems linkages, especially 

concerning the role, position, and composition of the proposed advisory council made up of 

traditional knowledge holders and scientists.  

In conclusion, policies to protect endemic plants and sacred places will benefit endemic 

species when the laws incorporate systematic biogeography as a basis for managing endangered 

species. These laws also must protect traditional knowledge, spirituality, and sacred places such 

as Litekyan, because they are part of the CHamoru Indigenous heritage, are important to 

CHamoru cultural identity, and are integral to the CHamoru socio-ecological traditional 

knowledge system. Lastly, laws and regulations need to reflect the communities’ voices. Laws 

that incorporate these voices will be easier to implement, and stewardship will follow. 
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