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Abstract 

Threatened Insular Vertebrates: A Global Assessment of Islands, Threats and 

Conservation Opportunities 

by 

Dena R. Spatz 

 

The loss of biodiversity is one of the most acute global problems. Nowhere in 

the world are species more at risk of extinction than on islands. Islands represent only 

3.2% of the earth’s land area, yet they contain a disproportionately higher amount of 

threatened and extinct biota compared to continents. The primary cause of extinction 

has been linked to introduced species, which occur on at least 80% of the world’s 

archipelagos. The compounding threats of habitat conversion, exploitation, pollution, 

and coastal hazards linked to climate change make conservation efforts appear 

complex and intangible. However, the eradication of invasive species from islands is 

an increasingly utilized conservation tool with a strong record of successes. 

Removing invasive species from islands has led to substantial conservation benefits 

and represents a key baseline activity to undertake to restore islands and increase 

resilience to global change. Consequently, national and local governments and 

conservation organizations are advancing eradication programs on islands, and there 

are ongoing developments in eradication technologies. Nonetheless, the global scale 

of threats to island biodiversity outweighs the resources available for conservation, 
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and data gaps in the distribution of threatened species, and where they co-occurrence 

with threats, is lacking for most of the world’s islands. 

In this dissertation, I fill major data gaps needed to address biodiversity loss 

on islands and identify islands where invasive species eradications can directly 

protect threatened species. I examine the distribution of globally threatened species, 

island characteristics, and threats from invasives, and analyze opportunities for 

conservation over short and long time frames in the context of invasive species 

management and global climate changes. Chapter one examines the global 

distribution of threatened island vertebrates, a well-studied group of taxa that are 

highly threatened, and whose conservation can subsequently benefit whole island 

ecosystems, including lesser known taxa. In Chapter 2, I further investigate the 

biogeography and conservation opportunities on islands for seabirds, one of the most 

threatened marine groups and one of the few groups that are almost completely reliant 

on islands to breed. Finally, in Chapter 3, I adapt existing methods in conservation 

priority setting to score and rank invasive mammal management opportunities on 

threatened seabird breeding islands, identifying where an eradication can be 

implemented and achieve the highest conservation benefits. In this chapter, I also 

examine the potential impact from climate change related coastal hazards and how 

flooding may impact the long-term success of conservation efforts. Together, these 

chapters provide insights into the biogeography of the most threatened island 

vertebrates and can be used to target conservation planning on the islands where 

biodiversity is in desperate need of conservation.  
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Introduction 

The loss of biodiversity is one of the most acute global problems that has severe 

negative consequences for people and the environment (Cardinale et al. 2012; Ceballos et 

al. 2015). Extinctions have great evolutionary importance, and has also led to altered 

ecosystem processes and cascading extinctions of other species (Temple 1977; Gill et al. 

2009; Aslan et al. 2013; Doughty et al. 2013). The primary causes of loss are widely 

known and are commonly documented: human-mediated proliferation of invasive 

species, habitat loss, exploitation, and pollution, particularly in the form of global CO2 

emissions (Salafsky et al. 2008; Laurance 2010; Lovejoy 2010; Peres 2010; Simberloff 

2010; Dirzo et al. 2014). These drivers of extinction are most pronounced on islands.  

Although islands make up only 3.2% of earth’s land area, they contain a 

disproportionately higher rate of native and threatened species compared to continents 

(Whittaker & Fernandez-Palacios 2007; Kier et al. 2009; Fordham & Brook 2010; Tershy 

et al. 2015a). Over 60% of all IUCN-Extinct species, including 95% percent of all bird 

extinctions and 53% of all mammal extinctions, have occurred on islands.  Meanwhile, 

37% of IUCN-Critically Endangered vertebrates are island breeders (Tershy et al. 2015a). 

The unique behaviors and life history traits of island life was fundamental for the 

development of the theory of evolution by A.R. Wallace and C. Darwin (Darwin 1859; 

Wallace 1876). These same traits make island species one of the most threatened groups. 

Islands vary from one another in their size, geological history, topography, climate, and 

distance from other islands or continents (Wallace 1887; Whittaker & Fernandez-Palacios 
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2007). These characteristics, combined with the inherent isolation of islands, have led to 

in situ evolution and low levels of exposure to immigrants, resulting in biota that are 

highly endemic and unique (Diamond 1969, 1977; Cowie & Holland 2006; Kier et al. 

2009), yet are also vulnerable to extinction (Steadman 1995; Alcover et al. 1998; Ricketts 

et al. 2005). These species, such as the extinct Dodo (Raphus cucullatus) from Mauritius 

or the Critically Endangered Galapagos Tortoise from Santiago Island (Chelonoidis 

darwini), have lost varying levels of vigilance and antipredator behavior, leaving them 

defenseless when exposed to new disturbances including competition or predation from 

introduced predators (Blumstein & Daniel 2005; Cheke & Hume 2010). According to 

Alcover et al. (1998), one-third of all island mammals have become extinct since the 

arrival of humans on islands. These extinctions were influenced by factors including the 

timing of human arrival, the presence of exotic species, island area, and island isolation. 

Species ecology and body size are among other variables that interact to influence the 

likelihood of extinction among some species (Steadman 1995; Alcover et al. 1998; Lee & 

Jetz 2011; Hanna & Cardillo 2014).  

Habitat loss and introduced species - specifically predators (e.g. rats, cats, foxes) 

and habitat modifiers (e.g. pigs, rabbits, goats) - are the leading drivers of extinction and 

endangerment on islands (Dirzo & Raven 2003; Blackburn et al. 2004; Jones et al. 2008; 

Simberloff et al. 2013; Tershy et al. 2015a). Today, over 80% of the world’s major island 

groups host at least one introduced rodent and these invasions are continuing (Atkinson 

1985; Russell et al. 2008).  The impacts from climate-induced sea level rise, storm 



 

3 
 

frequency, and storm intensity are likely to exacerbate these drivers of extinction 

(Lovejoy 2010; Bellard et al. 2012).  

Preventing the loss of biodiversity has been the focus of local and international 

discussion for over a century, and recent global targets are set to mitigate and prevent 

threats (CBD 2010, 2014).  The global extinction crisis has prompted nearly 200 

governments to commit to preventing “the extinction of known threatened species” and 

improving the conservation status, “particularly of those most in decline” by 2020 (COP 

10 2010).  Given that 22,000 species are known to be threatened with extinction (IUCN 

2014) and conservation resources are limited (Waldron et al. 2013), conservation 

planners must identify where they can prevent extinctions at the lowest costs (Myers et 

al. 2000; Margules & Pressey 2000; Wilson et al. 2006; Brooks et al. 2006).  This 

requires the understanding of what biodiversity is at risk, where risks are occurring, how 

threats interact with life-history strategies, and the ecological and socio-political 

characteristics of where conservation can be implemented.  This information is critical 

for site-based conservation decision making to prioritize conservation efforts effectively 

in areas that will protect threatened species (Myers 2003; Wilson et al. 2006; Brooks et 

al. 2006; Brooks 2010; Joppa et al. 2016).  

Islands bear a large burden of global species declines, which underscores the 

urgency to identify conservation opportunities on islands to prevent extinctions. Yet, 

although knowledge of the geographic distribution of species at a global scale is the 

underpinning of this framework, it is missing or incomplete for most of the world’s 

islands. Meanwhile, many conservation efforts are not meeting biodiversity targets, and 
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data available for conservation have not yet been put to scale (Mace et al. 2000; Jenkins 

et al. 2013; Rodrigues et al. 2014). Despite the fact that islands contain a disproportionate 

amount of unique and threatened biodiversity (Kier et al. 2009; Tershy et al. 2015a) and 

serve as a model system for the synthesis of modern evolutionary and ecological insights 

(e.g., Darwin 1859; Wallace 1869; MacArthur & Wilson 1967), they are 

underrepresented in well-known biogeographic and threat analysis (e.g. Myers et al. 

2000; Sanderson et al. 2002; Stuart et al. 2004; Grenyer et al. 2006; Böhm et al. 2013; 

Jenkins et al. 2013; Rodrigues et al. 2014) and have yet to become a spatial unit for 

global conservation priority targets (Brooks et al. 2006).  

Fortunately, because of their discrete size and isolation, conservation on islands 

can be feasibly implemented and have long lasting impacts. Indeed, many of the most 

remarkable conservation success stories have occurred on islands (e.g. Towns & Broome 

2003; Campbell & Donlan 2005; Aguirre-Muñoz et al. 2008; Miskelly et al. 2009; Keitt 

et al. 2011; Whitworth et al. 2012; Carlile et al. 2012; Newton et al. 2016), thanks to a 

combination of conservation actions such as habitat protections, predator control and 

eradication, and re-introductions (Hoffmann et al. 2010b; Rodrigues et al. 2014; Jones et 

al. 2016). For example, invasive species eradication can mitigate direct and indirect 

impacts (Veitch et al. 2011), while the establishment of legal protected areas can limit 

human disturbance and land conversion (Leverington et al. 2010).  To date, nearly 1,100 

successful eradications have removed invasive mammals from >750 islands globally 

(DIISE 2015). Likewise, between 1990 and 2010, the global proportion of terrestrial 

protected areas increased from 8.8% to 12.7% (IUCN & UNEP-WCMC 2016). 
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Collectively, these conservation actions have led to the successful recovery of many 

island species. To date, the eradication of invasive species from 181 islands have resulted 

in population increases or recovery of 236 native island fauna worldwide (Jones et al. 

2016), such as the island fox (Urocyon littoralis) from the Channel Islands in southern 

California. These actions can also aid in building resilience in island species to changing 

environmental conditions, such as those brought about by climate changes (Chapin et al. 

2000). Thus, islands are an ideal unit of conservation and have the capacity to recover 

island populations and meet biodiversity targets (Butchart et al. 2006).  

In this dissertation, I aim to meet global conservation targets and fill major data 

gaps by identifying which of the >400,000 islands worldwide (UNEP-WCMC 2015) 

contain threatened species and threats that can be removed.  The primary focus of my 

research is on the biogeography and conservation of threatened terrestrial vertebrates 

from islands. Vertebrates are highly threatened and have been lost from many parts of the 

world (Dirzo et al. 2014). Declines in vertebrates have often lead to mutualism 

disruptions and trophic cascades impacting herbivore abundance, plants, fire regimes, 

dynamics of freshwater systems, and other ecosystem processes (Gill et al. 2009; Aslan et 

al. 2013; Doughty et al. 2013; Karp et al. 2013; Whiles et al. 2013). Yet, vertebrates are 

also one of the best studied groups (Grenyer et al. 2006; Jenkins et al. 2013; IUCN 2014), 

which makes them a feasible target for island biodiversity protection and their 

conservation can be beneficial to whole island ecosystems and lesser known taxa 

(Sekercioglu et al. 2004; Smith et al. 2011; Aslan et al. 2014). My secondary focus is to 

examine biogeographic patterns in one of the most threatened vertebrate groups, seabirds, 
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and conduct a quantitative assessment of species and islands to determine important 

management opportunities for preventing seabird extinctions.  

To do this, I created a unique dataset, The Threatened Island Biodiversity (TIB) 

database, which documents the distribution of all Critically Endangered and Endangered 

island vertebrates assessed by the IUCN Red List and pairs each island with its physical 

and political characteristics, including where humans and non-native invasive animals are 

present. This process required intensive collaboration with scientists at BirdLife 

International, Island Conservation, the International Union for the Conservation of 

Nature, The United Nations Environmental Center – World Conservation Monitoring 

Center, and UC Santa Cruz.  With input from these groups, I created a systematic 

protocol for collecting biogeographical island data and linking it with threats from 

invasive animals. This dataset was further bolstered through expert solicitation and 

review. 

Dissertation Outline 

Chapter 1: Threatened Island Vertebrates: Global patterns, threats, and conservation 

I describe in detail the methods used for the TIB and attempt to answer  the 

following questions: What are the biogeographic patterns of highly threatened island 

vertebrates? 2) What are patterns in the physical and human socioeconomic 

characteristics of these breeding islands? 3) How do these patterns differ between 

vertebrate taxa? and 4) Where do invasive species overlap on islands with threatened 

vertebrates? 

Chapter 2: Globally Threatened Seabirds and Conservation Opportunities on Islands 
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I examine biogeographic patterns in seabird distribution and threat and then match 

these results with island attributes to highlight feasible conservation opportunities such as 

the eradication of threatening invasive species and/or the establishment of important legal 

habitat protection.  

Chapter 3: Managing Invasive Mammals on Islands to Conserve Globally Threatened 

Seabirds in a Changing Climate 

I used the results from Chapter 2 and assess each island for it’s potential for 

invasive mammal management through biosecurity, eradication, or alternative 

management (e.g. fencing, translocations). This analysis focuses primarily on the scoring 

and ranking of islands where eradication can be operationally feasible, given current 

eradication techniques, while simultaneously minimizing complexity and implementation 

time and maximizing benefits to seabirds. Across all management scenarios, I examine 

where future coastal flooding risks from sea level rise may impact conservation efforts 

and when these risks should be integrated into conservation planning and assessments. 
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Chapter 1. Globally threatened vertebrates on islands with invasive species 

 

Abstract 

Global biodiversity loss is disproportionately rapid on islands, where invasive 

species are a major driver of such extinctions. We determine the distribution of both 

threatened terrestrial vertebrate species and invasive vertebrates that threaten them on 

more than 465,000 islands worldwide by conducting a comprehensive literature review of 

over 2,000 documents and interviews with over 500 experts. Around 1,189 threatened 

species breed on 1,288 islands (0.3% of all islands worldwide). Invasive vertebrates were 

present on 60% of those islands, including all the islands on which 85% of threatened 

species breed. Mammals were the most common invasive vertebrates, occurring on 753 

(97%) of all islands with an invasive vertebrate. Human inhabitants were a strong 

predictor of the presence of invasives; 80% of islands with people supported invasive 

vertebrates. Management or eradication of invasive vertebrates on 779 islands would 

benefit 2,217 populations of 1,145 (96%) highly threatened terrestrial vertebrates, 

particularly birds and reptiles which tend to occur on smaller islands with minimal human 

habitation. Preventing invasions through biosecurity will be important on 251 islands 

where invasive vertebrates are currently absent. Our data are critical to underpin ongoing 

efforts to identify the most important subset of these islands to prioritize for invasive 

species eradication programs, enhance island restoration opportunities, and reduce 

biodiversity loss. Although there is still time to do it, the window of opportunity is short. 

Introduction 
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The loss of biodiversity is one of the most acute global problems that has severe 

negative consequences for people and the environment (Rockström et al. 2009; Mace et 

al. 2012; Ceballos et al. 2015). The decline of populations and species from islands and 

freshwater systems is disproportionately more rapid than anywhere else worldwide 

(Dudgeon et al. 2006; Tershy et al. 2015b). Islands in particular comprise only 1.5% of 

surface area (UNEP-WCMC 2015) yet are hotspots of biodiversity (Kreft et al. 2008; 

Kier et al. 2009; Tershy et al. 2015b) and loss, hosting 61% of known historical 

extinctions and 37% of Critically Endangered animals listed on the IUCN Red List 

(IUCN 2014; Tershy et al. 2015b). Urgent action is required to reduce biodiversity loss 

(Secretariat of the Convention on Biological Diversity 2010; United Nations 2015). Here, 

we examine the distribution of highly threatened vertebrates and the primary driver of 

their extinction, invasive species (Blackburn et al. 2004; Simberloff 2010; Medina et al. 

2011), on the world’s ~465,000 marine islands (UNEP-WCMC 2015). Islands are 

islolated land masses that often maintain simplified systems with highly adapted and 

unique species that have generally small population sizes and low reproductive rates, and 

lack predator defenses compared with continental counterparts (Robert H. MacArthur 

1967; Blumstein & Daniel 2005; Kier et al. 2009). These traits predispose island species 

to vulnerabilities brought about by the presence of people, with many examples of 

human-mediated extinction of island vertebrates such as the Dodo (Raphus cucullatus), 

which was extirpated by people and introduced predators (Courchamp et al. 2003; 

Steadman 2006; Cheke & Hume 2010).  
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Invasive species are a primary driver of island extinctions, and have caused 86% 

of historical extinctions since 1500 AD), particularly for island vertebrates (Blackburn et 

al. 2004; IUCN 2014; Bellard et al. 2015; Doherty et al. 2016), and endangerment of 

threatened island birds (90%), reptiles (91%), and mammals (55%; 10). The 

disappearance of native species from islands by invasive species has had ecological 

consequences as well (e.g. 10–12). Fortunately, island restoration activities can reverse 

this trend. For example, invasive mammal eradications (Simberloff 2001; Towns & 

Broome 2010; Keitt et al. 2011) have contributed to positive outcomes for ~6% of all 

Critically Endangered terrestrial vertebrates (e.g., 19–22). Managing invasive species was 

identified in the Aichi Biodiversity Targets as a means to meet strategic global 

conservation goals (Convention on Biological Diversity 2010).  However, few studies 

have elucidated the specific island locations of globally island endangered species and 

where they overlap with potentially threatening invasive species (Joppa et al. 2016). This 

congruency is necessary to pinpoint where conservation actions can prevent extinctions 

(Ricketts et al. 2005; Joppa et al. 2016). To address this gap we created a unique dataset 

(the Threatened Island Biodiversity Database) using a systematic protocol (Appendix 1.1, 

Table 1.1) to document which of the world’s marine islands support breeding populations 

of highly threatened terrestrial vertebrates (amphibians, mammals, birds, and reptiles) 

classified by the International Union for the Conservation of Nature (IUCN) as Critically 

Endangered or Endangered. Vertebrates are highly threatened, yet are one of the best 

studied groups (Grenyer et al. 2006; Jenkins et al. 2013; IUCN 2014). This makes them 

important targets for conservation, which can also benefit whole-island ecosystems and 
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lesser known taxa (Sekercioglu et al. 2004; Smith et al. 2011; Aslan et al. 2014).  In 

addition, we examine which islands with threatened vertebrates have been colonized by 

invasive vertebrates (Appendix 1.1, Table 1.2), the most widespread and damaging 

invasive group (Clout & Veitch 2002; Courchamp et al. 2003), but which has also been 

the most common target for removal (Keitt et al. 2011).  

In this paper, we asked the following questions: 1) What are the biogeographic 

patterns of highly threatened (Critically Endangered and Endangered; 41) island-breeding 

vertebrates? 2) What are the patterns in the physical and human socioeconomic 

characteristics of these breeding islands? 3) How do these patterns differ between 

vertebrate species? and, 4) Where do invasive vertebrates co-occur with threatened 

vertebrates on islands? This is the first comprehensive global synthesis of the 

biogeography of highly threatened island vertebrates and invasive species on islands. It 

underpins ongoing work to identify the most important islands for invasive vertebrate 

eradications, and can be used as a tool in systematic planning to conserve island biota and 

as a baseline to document future changes in the status of highly threatened insular 

vertebrate taxa. 

Methods 

Threatened Vertebrates on Islands 

We created the Threatened Island Biodiversity Database, containing data on the 

distribution of highly threatened species of amphibians, mammals, birds, reptiles 

recognized by the International Union for the Conservation of Nature (IUCN, Version 
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2013.2). Seabirds breeding on islands were included, but marine mammals and sea turtles 

were excluded. We downloaded all 2,919 species assessed as Critically Endangered or 

Endangered on the IUCN Red List (IUCN 2013), and identified 1,189 species that breed 

on islands, or on both islands and continents. We did not include continental ranges in 

our analysis. With this list, we conducted a systematic review of over 1,400 documents to 

identify each island with a breeding population of a threatened vertebrate, followed by a 

data validation by nearly 500 experts (Appendix 1.1). Each breeding population on an 

island received a present and historic breeding status (Table 1.1). Data were compiled in 

the Threatened Island Biodiversity (TIB) Database available at tib.islandconservation.org 

(TIB Partners 2015) 

Island Biogeography 

We linked each island with an extant breeding population of a threatened 

vertebrate to the Global Island Database (GID) (UNEP-WCMC 2015) via a unique 

identification number and spatial reference for each island. This dataset provides 

coordinates, island size (km2), and ISO3 country codes for each island. Islands ranged in 

size from 0.00001km2 (offshore rocks) to 773,848 km2 (New Guinea). We validated the 

area and placement of each island in our dataset by cross-referencing the spatial polygons 

in the GID with satellite imagery or literature accounts of islands. Island area was 

recalculated in an equal area Sinusoidal projection (Yildirim & Kaya 2008). To place 

these islands into a biogeographic context that could be applied to strategizing 

conservation of threatened island species, we supplemented the dataset with the following 
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metrics downloaded from global online databases: marine ecoregions (Spalding et al. 

2007), terrestrial biomes and realms(Olson & Dinersteing 2002), and gross domestic 

product (GDP) per capita (International Monitary Foundation 2015) and as income 

groups (The World Bank 2015). We subsequently compared the distributions of island 

attributes between the islands with and without threatened vertebrates using Kolmogorov-

Smirnov tests for continuous variables (e.g. island size) and Pearson chi square tests for 

ordinal data (e.g. ecoregion).  

People and Invasive Vertebrates on Islands 

The presence of human populations on islands plays a significant role in 

extirpation risk for native species (McCreless et al. 2016). Human settlements are 

associated with major drivers of extinctions and endangerment, including the transport 

and maintenance of invasive species on islands(Mack et al. 2000; Steadman 2006). The 

presence and relative density of people on islands, and the types of invasive species 

present, are an important determinant of the strategies available for managing invasive 

species (Parkes & Murphy 2003; Oppel et al. 2011). We conducted a systematic review 

of the literature and online databases to understand the distribution and number of 

invasive vertebrates and human inhabitants on islands. With this information we 

examined how many islands with invasives are either uninhabited or minimally inhabited 

by people to understand the potential scope of conservation opportunities on islands that 

would be most simple to achieve.  
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To identify the presence or absence of people on islands we referred to human 

censuses data (through 2014) in government reports, literature, and websites (e.g. 

Wikipedia, tourism websites, travel blogs). When this was not available we contacted 

local experts. Because not all islands had detailed data on the number of human 

inhabitants, we pooled human population sizes into ordinal categories of 0, 1 – 100, 101- 

1,000, 1,001 – 10,000, >10,000, or not found. 

To identify the presence or absence of terrestrial non-native alien vertebrates 

(hereafter, invasive vertebrates) on islands, we conducted a systematic review of the 

literature, websites, databases (e.g., 82), and expert advice (Appendix 1.2). We focused 

on invasive vertebrates, defined as some of the most damaging terrestrial invaders (Lowe 

et al. 2000) whose introduction or spread outside their natural range are documented as 

negatively impacting native terrestrial vertebrates on islands (IUCN/SSC Invasive 

Species Specialist Group (ISSG) 2011; Jones et al. 2016). We identified each invasive 

vertebrate to the species level when possible, or to the most specific taxonomic group 

possible, then grouped them as: Amphibian, Reptile (subgroup: snake, turtle, large 

reptile, small reptile), Mammal (subgroup: cat, dog, rat (rattus), mouse (mus), rabbit/hare, 

mongoose/weasel, primate, raccoon, ungulate, other), Bird (subgroup: raptor, non-raptor; 

Table 1.3). For each island, invasive vertebrate presence was defined as present, absent, 

or unknown. Islands were considered to have invasive vertebrates if they were confirmed 

or suspected to be present or if there was an on-going eradication (Table 1.2). We did not 

investigate impacts of these invasive groups, but we describe their co-occurrence on 

islands with threatened vertebrates.  
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Results 

Highly Threatened Vertebrates on Islands 

We identified 1,189 highly threatened terrestrial vertebrate species (hereafter, 

"threatened vertebrates") that breed exclusively on islands: 319 amphibians, 292 

mammals, 282 reptiles, and 296 birds (Table 1.4, Fig. 1.1). These taxa represent 5% of all 

assessed extant terrestrial vertebrates and a disproportionately higher percentage of all 

threatened terrestrial vertebrates when compared with species on continental land masses 

(41% of threatened vertebrates; 32, 33)). Of the threatened vertebrates in our dataset, 

1,094 (92%) were endemic to islands.  

We identified 1,288 islands with breeding populations of threatened vertebrates. 

These islands represented only 0.3% of 465,109 islands worldwide (UNEP-WCMC 

2015), but comprise 61% of global island area (mean [SD]= 3,684.8 km2 [37,871.8], 

median = 3.58 km2). Compared with islands without threatened vertebrates, these islands 

were larger and more variable in size (range = 5.5 x 10-04 km2 - 773,848.3 km2 vs. 4.4 

x10-07 – 508,007.9; Fig. 1.2A), occurred at lower latitudes (63% vs. 19% islands in the 

tropics; Fig. 1.2B), concentrated in the biogeographic region of the Central Indo-Pacific 

(32% vs. 5% of islands; Fig. 1.3A), particularly in Oceania (21% vs. 2% islands; Fig. 

1.3B), and were more likely to support tropical and subtropical moist broadleaf forest 

habitat (42% vs. 10% islands; Fig. 1.3C). Overall, islands with threatened vertebrates 

occurred in 102 countries, 51% considered high income (median GDP per capita = 

US$32,696.75), yet this was lower than expected (Fig. 1.2C) compared with other islands 
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globally (85% high income; median GDP per capita = US$42,337.63; Data File S2). 

Islands without threatened vertebrates were concentrated in Canada (24% of islands) 

compared with those with threatened vertebrates, which were more broadly distributed 

across countries, yet were particularly prevalent in Micronesia, New Zealand, and 

Indonesia (each with 7% of their islands supporting breeding populations of threatened 

vertebrates). 

Breeding Populations 

We identified 2,890 populations of threatened vertebrates breeding on these 1,288 

islands (Fig. 1.4). Islands with the largest concentrations of threatened vertebrates 

included Madagascar (156 species;16% of all vertebrates from Madagascar [4]), Sri 

Lanka (76 species,), Hispaniola (68 species), and Cuba (60 species). Cumulatively, these 

four islands were home to a total 360 threatened vertebrates: 56% of amphibian, 33% of 

reptile, 9% of bird, and 21% of mammal species. The number of threatened species on an 

island increased non-linearly with island size (R2 = 0.38, F = 823.4, df = 1, P<0.01).   

Threatened vertebrates were breeding on an average of 2.5 islands (median = 1; 

range = 1 – 77; Fig.2) and most species (829, 70%) were restricted to breeding on a 

single island: 87% of amphibian, 67% of reptile, 51% of bird, and 65% of mammal 

species were from one island (Table 1.5). Biogeographic patterns in threatened birds and 

reptiles tended to be different from amphibians and mammals. Threatened birds and 

reptiles occurred on more islands (mean [SD] islands = 3 [6], 3 [7] and maximum islands 

= 40, 77, respectively), that were overall smaller (median = 23.5 km2, 19.8 km2, 
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respectively), and in higher income countries (55% and 46%, respectively) than other 

threatened vertebrates. While threatened bird and reptiles overlapped in similar realms 

across the tropics, threatened reptiles were concentrated on tropical islands (734 

populations, 84%), particularly in Oceania (209 populations) and the Neotropics (206 

populations). Meanwhile, threatened bird populations were distributed across both 

tropical (499 populations, 49%) and temperate (465 populations, 46%) climates, 

primarily driven by the distribution of threatened seabirds (Table 1.5).  

Extirpations (Population Extinctions) 

Of the 1,189 extant threatened vertebrates, 99 (8%) experienced population 

extirpations (Supplemental Materials) from ≥1 island (mean [SD] = 2.7 [3.6], median = 2, 

range=1-28), representing 273 lost populations from 202 islands. The largest 

concentrations of extirpated populations occurred in French Polynesia (Tuamotus [36], 

Marquesas [12]) and the United States (Northern Marianas [16], Hawai’i [11]; Data 

Table S2). The island of Guam experienced the most extirpations (8 extirpations: 5 birds, 

1 mammal, 2 reptiles). Forty threatened vertebrates have become extirpated from ≥50% 

of their islands, with birds having lost more islands than other taxonomic groups (56 bird 

species with at least 1 island extirpation, islands lost: mean [SD] = 3 [4.5], median = 1, 

max = 28). The number of extirpations scaled non-linearly and was predictable based 

upon the number of islands from which a species was originally breeding (R2 = 0.3, F = 

2.1, P<0.01). 

People and Invasive Vertebrates on Islands 
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Nearly half of the 1,288 islands (597, 47%) were uninhabited, while 130 (10%) 

were minimally inhabited (1 - 100 people), and 220 (27%) were densely inhabited ( 

>10,000 people).  The number of human inhabitants on islands increased non-linearly 

with island size (R2 = 0.39, F = 163.58, P<0.01). 

The presence or absence of non-native invasive vertebrate species (hereafter, 

“invasive vertebrates”) was confirmed for 1,030 islands: 80% of those with threatened 

vertebrates; 779 of those islands (76%) had at least one invasive present (Fig. 5). Thirty-

seven islands with invasive vertebrates are subject to on-going eradication efforts where 

at least one invasive vertebrate was undergoing removal. Two-hundred and fifty-one 

islands had no invasive vertebrates present.  

We identified 4,178 populations of 320 species of invasive vertebrates. Mammals 

were found on 753 islands (97% of all islands with an invasive vertebrate) and were the 

most common invasive class (3,361 [80%] populations of 175 species). Invasive rats 

(Rattus sp.) occurred on 609 islands (47% of all islands, Table 1.3), representing 78% of 

islands with known invasive vertebrates. Other common invasive vertebrates included 

ungulates (446 islands) such as pigs (Suidae), cows (Bovidae), and goats (Cervidae), 

carnivores such as cats (Felidae; 419 islands) and dogs (Canidae; 350 islands), and 

rodents such as mice (Mus sp., 352 islands). Cuba contained the greatest number of 

invasive vertebrates of any single island (42 species), while invasive vertebrates were 

most commonly found within the archipelagos of the Northern Marianas, USA (15 

islands, 79%) and Fiji (55 islands, 12%).  
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In total, 77% of threatened vertebrate populations (2,217) co-occurred with an 

invasive vertebrate, representing at least one population of 1,145 species (96% of 

threatened island vertebrates). For 87% of all threatened vertebrates, invasive vertebrates 

occurred on all of the islands on which they breed (all islands of 97% of amphibian, 83% 

of reptile, 80% bird, and 89% of mammal species contained an invasive vertebrate). 

Human inhabitants were a strong predictor of the presence of invasive animals: 546 out 

of 685 islands with people (80%) supported invasive vertebrates (Pearson’s chi square : 

279, df = 1, p<0.0001). Uninhabited islands supported invasive vertebrates 38% of the 

time (230 islands) and an additional 90 islands were minimally inhabited (<100 

inhabitants, 41% of islands with invasive vertebrates are uninhabited or minimally 

inhabited). Invasive vertebrate management on these islands could potentially benefit up 

to 226 populations of 162 threatened vertebrate species, representing 3% of amphibian, 

18% of reptile, 26% of bird, and 9% of mammal species, including 27 single-island 

endemics (Appendix 1.3).   

Discussion  

Biogeographic patterns in highly threatened vertebrate species 

Islands with threatened vertebrates were different from those for islands without 

threatened vertebrates. The former were generally large, tropical habitats concentrated in 

the Central Indo-Pacific region, compared with other islands. While most islands with 

threatened vertebrates occurred in high or upper middle income countries (51%), islands 

without threatened vertebrates tended to occur in high income countries much more 
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frequently (85% of islands). While some threatened groups such as seabirds occur most 

frequently on islands within higher income countries (Spatz et al. 2014), for most 

threatened vertebrates, a diversity of funding strategies (e.g. national, international) and 

implementation plans will be necessary to invest in conservation. 

Larger islands tended to have more threatened vertebrates as well as more people 

and invasive vertebrates, which was expected based upon island biogeography theory 

(MacArthur & Wilson 1967) and recent studies showing area as a main link between the 

number of native species, humans, and invasive species (Jeschke & Genovesi 2011). 

While most threatened vertebrates were highly endemic (restricted to a single island) and 

most often found on these large islands, differences in biogeographic patterns between 

amphibians, birds, mammals and reptiles are consistent with their different life histories. 

Amphibians, which require access to freshwater and do not disperse easily across salt 

water (Duellman & Trueb 1994; Inger & Voris 2016), were highly endemic and 

concentrated on large islands such as Hispaniola and Sri Lanka (which collectively 

support 101 species of amphibians, 32% of threatened amphibians on islands). Islands 

with threatened amphibians were densely inhabited by people, with relatively low per 

capita income, and were almost always (95% of all populations) on islands with invasive 

vertebrates. These patterns were similar for mammals, except that these species were 

more often found on Madagascar (36 species, 12% of all threatened island mammals), 

and 53% of all populations were found in the Central Indo-Pacific region.  

Threatened birds and reptiles tended to have similar biogeographic patterns, 

occurring on more islands that were more often small and uninhabited or minimally 
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inhabited, than mammals or amphibians. These taxa also experienced more extirpations. 

Birds often lost a greater percentage of islands than any other taxa and were most often 

found in French Polynesia (e.g. Polynesian Ground-Dove, Gallicolumba erythroptera, 

80% of islands lost), an extinction hotspot (Steadman 2006; Szabo et al. 2012).  While 

extirpations are linked to susceptibility and timing of threats (Blackburn et al. 2004; 

Szabo et al. 2012), species that bred on many islands were more likely to experience 

extirpations than those that occurred on fewer islands.  

The overall island distributions of birds and reptiles were different. Birds disperse 

more easily and are a highly diverse class with many different life history strategies 

(BirdLife International 2013a). These factors likely contributed to the broad variability in 

island characteristics and endemicity patterns for threatened birds. Reptiles tended to be 

confined to specific islands or regions: 71 species (25% of all threatened island reptiles) 

were on Madagascar, yet almost all other reptile populations (48%) occurred in the 

Neotropics and Oceania (e.g. Fiji and Micronesia).  

Managing invasive vertebrates on islands 

For the 251 islands (19% of islands in our dataset) with threatened vertebrates that 

were free of invasive vertebrates, the management goal should be biosecurity to prevent 

invasions (Parkes & Murphy 2003), as this is the most cost-effective long-term strategy 

for managing invasive species on islands (Parkes & Murphy 2003; Moore et al. 2010). 

However, 67% of islands (779) had invasive vertebrates, most commonly invasive 

mammals, particularly rats; 78% of these islands supported invasive rats, close to the 
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proportion of island regions worldwide with invasive rats (80%;61, 62). Only 11% of 

previous invasive species eradications from islands have taken place on islands with 

highly threatened species (DIISE 2015), thus there is considerable scope to effectively 

expand the global scale of island eradications. Models based on our database suggest that 

controlling or eradicating rats and other damaging invasive mammals could prevent 41-

75% of predicted vertebrate extirpations (McCreless et al. 2016). While current rates of 

island invasive vertebrate eradications are ~30/year (Keitt et al. 2011), increasing these 

rates by focusing eradications on the most promising of the 1,288 islands with threatened 

island vertebrates can help meet many global biodiversity targets (Butchart et al. 2006) 

relatively quickly.  

The presence of people on an island is often associated with invasive species 

presence (here, 95% of all inhabited islands also contained an invasive vertebrate). Yet, 

of the 779 islands with highly threatened vertebrates and invasive vertebrates, 38% were 

uninhabited and an additional 12% of islands were minimally inhabited. These islands 

may offer the most unique invasive vertebrate management opportunities because the 

presence of people, which often complicate conservation efforts, is minimized (Oppel et 

al. 2011). Threatened birds (Procellariformes [20 species], Passeriformes [19 species]) 

and reptiles (Squamata [ 49 species]) most frequently occurred on these islands, yet the 

list included in total 3% of amphibian, 18% of reptile, 26% of bird, and 9% of mammal 

species, including 27 single-island endemics (Table S6). To further enhance this 

opportunity to conserve threatened vertebrates, a thorough assessment of socio-political 

and operational feasibility, and evaluation of the direct threat of invasives to these 
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threatened species, will help direct invasive vertebrate management towards preventing 

imminent vertebrate extinctions from islands.  

Knowledge gaps and moving forward 

Despite being identified as important habitats for biodiversity, islands are often 

underrepresented in specific global analyses of opportunities for biodiversity 

conservation (e.g. (Myers et al. 2000; Geldmann et al. 2014; Pimm et al. 2014). Islands 

make up a minimal amount of global land area, are often remote, and are not easily 

accessible (Whittaker & Fernandez-Palacios 2007), contributing to an overall lack of 

information. Indeed, the island attributes used in our analysis are coarse (e.g., presence 

and absence of threatened species, rather than their population sizes) and general 

knowledge on the presence or absence of invasive species is not complete at the global 

scale (20% of islands in our database lack information about invasive vertebrates). 

Moreover, while 58% of highly threatened reptiles are from islands, making them the 

most threatened island vertebrate class, less than 50% of known reptiles have been 

assessed on the IUCN Red List. Hence, our estimates of island biodiversity, threat, and 

co-occurrence of invasive vertebrates on these islands are likely underestimates. 

Similarly, the breeding status for 109 threatened vertebrates from 77 islands is still 

unconfirmed and 45 of these species could possibly be extinct because they have not been 

recorded on any breeding islands in over 20 years, despite searches. The enhancement of 

monitoring methods and genetic tools to find cryptic island species will no doubt help to 

elucidate these unknowns over time.  
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Conclusions 

To inform prioritization of limited conservation resources and guide national and 

international initiatives to protect threatened biodiversity (Secretariat of the Convention 

on Biological Diversity 2010; Genovesi et al. 2015), we created The Threatened Island 

Biodiversity Database (Threatened Island Biodiversity Database Partners 2015) which 

assembles, for the first time, distribution information on all Critically Endangered and 

Endangered threatened island vertebrates. This dataset includes information on which 

islands these species currently and historically bred on, and the physical characteristics 

and socioeconomic attributes of each island. In addition, it includes the distribution of 

threats from the primary driver of island vertebrate extinction and endangerment, 

invasive vertebrates. This database provides the ability to identify and prioritize 

conservation actions such as invasive vertebrate control and eradication, island 

biosecurity, or captive breeding programs, which could benefit the 41% of the world’s 

highly threatened terrestrial vertebrates.  

Given current technical constraints on successful eradications, eradication of 

invasives may not be a feasible intervention for some threatened vertebrates, particularly 

amphibians and mammals because they mostly occur on large and inhabited islands 

where invasions are more difficult manage (Howald et al. 2007; Oppel et al. 2011) than 

on smaller or uninhabited islands. For these and other threatened taxa on such islands, 

approaches such as local control and fencing out invasive species, translocating species to 

safe habitats, education programs, and policy for addressing invasions is critical (Parkes 

& Murphy 2003; Courchamp et al. 2003). These alternative actions may be sufficient to 
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tackle the threat of invasive species and facilitate partial or full long-term species 

recovery, or may be important short to medium-term measures that can maintain highly 

threatened species until improvements in eradication techniques make these more 

complex eradications possible (Campbell & Donlan 2005; Game et al. 2011; Bode et al. 

2015).  

The Aichi Targets 9 and 12 of the UN Strategic Plan for Biodiversity 2020 and 

the UN Sustainable Development Goals 15.5 and 15.8 call to reduce the rate of 

extinction, in particular by reducing the impact of invasive species (UN CBD 2010; 

United Nations 2015). However, a recent review of the progress towards international 

targets to prevent extinctions highlights the limited progress that governments and 

international bodies have made towards eliminating threats from invasive species (CBD 

2014). The Threatened Island Biodiversity Database is an important conservation tool for 

addressing this gap. The data we compiled and analyzed here are underpinning ongoing 

efforts to identify the most important islands globally and regionally for eradicating 

invasive species. Indeed, the data are already being used in global island conservation 

prioritizations, risk assessments of invasives on native species and human health, and 

measures of conservation successes (e.g., 37, 55, 69–71). Such interventions will likely 

also benefit less well-studied taxa such as plants and terrestrial invertebrates, many of 

which are concentrated on the same islands as threatened vertebrates and are susceptible 

to invasive species (Kier et al. 2009; Aslan et al. 2014).   
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Tables 

 

Table 1.1. Current and historic breeding status’ assigned to each threatened terrestrial 

vertebrate population on an island. 

 
Present 

Status 

(1990 - ) 

Historic 

Status 

(<1990) 

Final 

status 
Evidence Used 

Confirmed 

Confirmed 

OR 

Probable 

Extant 

Birds, Bats:  Leading expert or literature confirms breeding 

and/or species a single-island endemic and/or evidence 

described: e.g. "pairs", nests, colony, live/dead fledglings, 

eggs (whole or fragments), adults flying into crevices or 

burrows with fish/insects, female with egg in oviduct, 

adults flying with nesting materials in mouth, 

singing/calling male, holding territory, "colony". 

Amphibian, Mammal, Reptiles:  Species observed, 

recorded, surveyed; remains found on the island; reported 

in a publication within the last 20 years; expert confirms 

species on the island 

Probable 

Birds, Bats only: Breeding is suspected based on evidence: 

breeding adult in mist-nets; breeding adult fall-outs; radar, 

spot-light, or acoustic monitoring detects breeding adults; 

guano scents; remains; used/abandoned nests; expert or 

literature suspects species is present; species is endemic to 

the region; species is non-migratory. 

Potential 

Birds, Bats: status unclear due to inconclusive surveys, 

searches, or data; no survey but researcher found suitable 

breeding habitat; at-sea survey recorded breeders near a 

specific island; expert confirms past breeding but does not 

provide or know the record/account of evidence type or 

year of record) OR species is confirmed/potentially 

extirpated. 

Amphibian, Mammal, Reptiles: Species recorded as past 

breeder (21 - 200 years ago) but species is currently 

extirpated or status unclear. Most recent survey yielded no 

evidence of breeding; island or species has not been 

surveyed within the last 20 years or unclear if surveyed or 

observed; bones from species found on island but undated. 

All: “potentially” extirpated but details are not known. 
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Data 

Deficient 

All:  no record or history of the species on island in the last 

21 - 200 years; not enough data to extrapolate exact island 

location; data from the last 21 - 200 years is not available. 

Extirpated 

Confirmed 

OR 

Probable 

Extirpated 

Confirmed extirpation from the island. 

Potential Potential 

OR Data 

Deficient 

Removed 

from 

analysis 

see above definitions for “Potential” breeding definitions 

Data 

Deficient 

see above definitions for “Data Deficient” breeding 

definitions 

 

Table 1.2. Island status category definitions describing the presence or absence of 

invasive vertebrates on each island and the status applied to each invasive on each island 

 

Island 

Status 

Invasive 

Species 

Status 

Definition Evidence used 

Present 

 

Confirmed 

 

 

 

Suspected 

 

 

 

 

 

On-going 

Eradication 

 

The invasive vertebrate is on the 

island 

 

 

The invasive vertebrate is suspected to 

be on the island, even if not 

considered established or reproducing 

 

 

 

The invasive vertebrate is confirmed 

or suspected on the island and there is 

an on-going eradication program to 

remove it.  

rat observed, rodent 

dentation marks found, 

etc. 

 

No official documentation 

of species but they are 

suspected to be present by 

experts and/or the 

literature 

 

Verification from experts  

 

 

 

Absent None The invasive vertebrate is absent from 

the island 

Experts and/or literature 

confirms it is absent  

Unknown Unknown Deficient information about the 

presence or absence of invasive 

species on the island 

Inconclusive information, 

no data is available, or 

experts or literature cites 

invasive status as 

unknown 
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Table 1.3. The number and percent of each invasive vertebrate group on islands with 

highly threatened vertebrate taxa 

 

Invasive group  

classification 

# 

Islands 

% All 

islands 

% Islands with 

invasive vertebrates 

present 

Rat 609 47% 78% 

Ungulate 446 35% 57% 

Cat 419 33% 54% 

Mouse 352 27% 45% 

Dog 350 27% 45% 

Bird (Other) 153 12% 20% 

Mammal (Other) 125 10% 16% 

Amphibian 112 9% 14% 

Rabbit or Hare 99 8% 13% 

Weasel or Mongoose 107 8% 14% 

Reptile (Small) 76 6% 10% 

Reptile (Turtle) 50 4% 6% 

Reptile (Large) 45 3% 6% 

Reptile (Snake) 44 3% 6% 

Primate 42 3% 5% 

Possum 21 2% 3% 

Raccoon 14 1% 2% 

Bird (Raptor) 13 1% 2% 

 

 

 

 

 

 

 



 

30 
 

Table 1.4. Taxonomic comparisons of the (A) 2,919 highly threatened terrestrial 

vertebrates and the (B) 1,189 threatened terrestrial vertebrates on islands (CR: Critically 

Endangered, EN: Endangered).  

 

Taxonomic 

Class 

A. All terrestrial vertebrates 

Total Taxa             

(% described 

taxa) 

# CR, EN            

(% of total) 

Red List Category (% of 

total) 

    CR EN 

Amphibia 6106 (24%) 1255 (21%) 498 (8%) 757 (12%) 

Reptilia 4160 (17%) 486 (12%) 162 (4%) 324 (8%) 

Aves 9538 (38%) 566 (6%) 187 (2%) 379 (4%) 

Mammalia 5337 (21%) 612 (11%) 187 (4%) 425 (8%) 

Total 25,141 2919 (12%) 1034 (4%) 1885 (7%) 

 

Taxonomic 

Class 

B. All terrestrial vertebrates 

Total Taxa             

(% described 

taxa) 

# CR, EN            

(% of total) 

Red List Category (% of 

total) 

    CR EN 

Amphibia 6106 (24%) 1255 (21%) 498 (8%) 757 (12%) 

Reptilia 4160 (17%) 486 (12%) 162 (4%) 324 (8%) 

Aves 9538 (38%) 566 (6%) 187 (2%) 379 (4%) 

Mammalia 5337 (21%) 612 (11%) 187 (4%) 425 (8%) 

Total 25,141 2919 (12%) 1034 (4%) 1885 (7%) 
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Table 1.5. Biogeographic island patterns for the 2,890 breeding populations of highly 

threatened amphibian, reptile, bird, and mammal taxa  

 

Island Characteristic Amphibian Reptile Bird Mammal 

Latitude 

    Polar 0 (0%) 0 (0%) 58 (5.68%) 1 (0.16%) 

Temperate 56 (13.8%) 146 (15.6%) 464 (45.4%) 98 (16%) 

Tropical 

351 

(86.2%) 791 (84.4%) 499 (48.9%) 

513 

(83.8%) 

Biome* 

    Boreal Forests/Taiga 0 (0%) 0 (0%) 14 (1.4%) 0 (0%) 

Deserts & Xeric Shrublands 10 (2.5%) 70 (7.5%) 93 (9.1%) 15 (2.5%) 

Flooded Grasslands and Savannas 2 (0.5%) 7 (0.7%) 2 (0.2%) 4 (0.7%) 

Mangroves 48 (11.8%) 77 (8.2%) 24 (2.4%) 27 (4.4%) 

Mediterranean Forests, 

Woodlands & Scrub 

7 (1.7%) 92 (9.8%) 96 (9.4%) 18 (2.9%) 

Temperate Broadleaf & Mixed 

Forests 

14 (3.4%) 11 (1.2%) 188 (18.4%) 22 (3.6%) 

Temperate Conifer Forests 3 (0.7%) 2 (0.2%) 12 (1.2%) 5 (0.8%) 

Temperate Grasslands, Savannas 

& Shrublands 

0 (0%) 0 (0%) 30 (2.9%) 0 (0%) 

Tropical and Subtropical 

Coniferous Forests 

0 (0%) 46 (4.9%) 12 (1.2%) 3 (0.5%) 

Tropical and Subtropical Dry 

Broadleaf Forests 

74 (18.2%) 94 (10%) 113 (11.1%) 71 (11.6%) 

Tropical and Subtropical 

Grasslands, Savannas & 

Shrublands 

0 (0%) 0 (0%) 7 (0.7%) 15 (2.5%) 

Tropical & Subtropical Moist 

Broadleaf Forests 

211 

(51.8%) 

453 (48.3%) 297 (29.1%) 395 

(64.5%) 

Tundra 0 (0%) 0 (0%) 68 (6.7%) 1 (0.2%) 

Biogeographical Realm* 

    Afrotropic 61 (15%) 134 (14.3%) 209 (20.5%) 59 (9.6%) 

Antarctic 0 (0%) 0 (0%) 33 (3.2%) 0 (0%) 

Australasia 17 (4.2%) 54 (5.8%) 263 (25.8%) 

150 

(24.5%) 

Indo-Malay 

157 

(38.6%) 153 (16.3%) 97 (9.5%) 

248 

(40.5%) 

Nearctic 1 (0.2%) 14 (1.5%) 36 (3.5%) 7 (1.1%) 

Neotropic 

150 

(36.9%) 255 (27.2%) 109 (10.7%) 56 (9.2%) 

None 0 (0%) 13 (1.4%) 27 (2.6%) 0 (0%) 

Oceania 9 (2.2%) 209 (22.3%) 160 (15.7%) 61 (10%) 

Palearctic 12 (2.9%) 105 (11.2%) 87 (8.5%) 31 (5.1%) 
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Marine Realm** 

    Arctic 0 (0%) 0 (0%) 0 (0%) 1 (0.2%) 

Central Indo-Pacific 81 (19.9%) 362 (38.6%) 223 (21.8%) 

327 

(53.4%) 

Eastern Indo-Pacific 0 (0%) 25 (2.7%) 106 (10.4%) 2 (0.3%) 

Southern Ocean 0 (0%) 0 (0%) 58 (5.7%) 0 (0%) 

Temperate Australasia 12 (2.9%) 1 (0.1%) 160 (15.7%) 16 (2.6%) 

Temperate Northern Atlantic 6 (1.5%) 92 (9.8%) 39 (3.8%) 25 (4.1%) 

Temperate Northern Pacific 33 (8.1%) 50 (5.3%) 105 (10.3%) 52 (8.5%) 

Temperate South America 5 (1.2%) 3 (0.3%) 51 (5%) 5 (0.8%) 

Temperate Southern Africa 0 (0%) 0 (0%) 109 (10.7%) 0 (0%) 

Tropical Atlantic 

145 

(35.6%) 265 (28.3%) 69 (6.8%) 39 (6.4%) 

Tropical Eastern Pacific 3 (0.7%) 11 (1.2%) 35 (3.4%) 3 (0.5%) 

Western Indo-Pacific 122 (30%) 128 (13.7%) 66 (6.5%) 

142 

(23.2%) 

Island Area (km2) 

    mean (SD) 115,509.54 

(199904.4) 

21,460.626 

(88408.1) 

113,732.64 

(234734.2) 

61,533.661 

(173408.3) 

median 65,721.0 19.3 23.5 855.4 

Income (GDP) †     

High income 111 (28%) 558 (56%) 135 (24%) 453 (49%) 

Upper middle income 135 (34%) 223 (22%) 81 (14%) 175 (19%) 

Lower middle income 100 (25%) 184 (18%) 306 (54%) 214 (23%) 

Low income 48 (12%) 37 (4%) 45 (8%) 82 (9%) 

Human Inhabitants     

Absent 9 (2%) 427 (42%) 87 (14%) 296 (32%) 

Present 392 (96%) 571 (56%) 505 (83%) 617 (66%) 

Unknown 6 (1%) 23 (2%) 20 (3%) 24 (3%) 

Invasive Vertebrates     

Present 387 (95%) 666 (65%) 524 (89%) 640 (73%) 

Absent 5 (1%) 279 (27%) 23 (4%) 65 (7%) 

Unknown 15 (4%) 77 (8%) 43 (7%) 166 (19%) 

Endemism (#breeding islands)     

avg (sd) 1.3 (1.1) 3.5 (5.6) 1.9 (2.4) 3.1 (6.6) 

Minimum 1 1 1 1 

25% 1 1 1 1 

50% 1 1 1 1 

75% 1 3 2 2 

Maximum 13 40 26 77 

*(Olson et al. 2001) 

**(Spalding et al. 2007) 

†(The World Bank 2015) 
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Figures  

 

Figure 1.1. The number and percent of threatened species found on islands compared 

with the number of threatened species worldwide for each of four vertebrate classes 
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Figure 2.2. Comparisons of (A) island size (km2), (B) absolute latitude, and (C) GDP 

between islands with and without highly threatened terrestrial vertebrate species. 
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Figure 3.3. Comparisons across (A) marine realm, (B) biogeographic realm, and (C) 

terrestrial habitats between islands with and without highly threatened terrestrial 

vertebrate species. 
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Figure 1.4. Location of islands supporting populations of highly threatened species, and 

the number of islands with breeding populations per threatened species, for Amphibians, 

Reptiles, Birds, and Mammals. 
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Figure 1.5. The 1,030 islands with highly threatened native vertebrates and information 

on the presence or absence of invasive vertebrates. Of these, 779 (74%) had at least one 

invasive vertebrate species present. Mammals were the most common invader on these 

islands (753 islands, 97% of islands with threatened vertebrates). 
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Chapter 2. Globally Threatened Seabirds and Conservation Opportunities on Islands 

 

Abstract 

Seabirds are the most threatened group of marine animals; 29% of species are at 

some risk of extinction.  Significant threats to seabirds occur on islands where they breed, 

but in many cases, effective island conservation can mitigate these threats.  To guide 

island-based seabird conservation actions, we identified all islands with extant or 

extirpated populations of the 98 globally threatened seabird species, as recognized on the 

International Union for Conservation of Nature Red List, and quantified the presence of 

threatening invasive species, protected areas, and human populations.  We matched these 

results with island attributes to highlight feasible island conservation opportunities.  We 

identified 1,362 threatened breeding seabird populations on 968 islands.  On 803 (83%) 

of these islands, we identified threatening invasive species (20%), incomplete protected 

area coverage (23%), or both (40%).  Most islands with threatened seabirds are amenable 

to island-wide conservation action because they are small (57% were <1km2), 

uninhabited (74%), and occur in high or middle income countries (96%).  Collectively 

these attributes make islands with threatened seabirds a rare opportunity for effective 

conservation at scale. 

Introduction 

Seabirds are important to both marine and terrestrial ecosystems because they 

play key regulatory roles on islands (Anderson & Polis 1999; Croll et al. 2005; Smith et 

al. 2011), in nearshore marine systems (Kurle et al. 2008), and at sea, where they remove 
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comparable quantities of marine biomass as global commercial fisheries (Brooke 2004).  

They also provide important ecosystem services as indicators of fish schools for human 

fishers (Hebshi et al. 2008), food for indigenous harvesters (Klein et al. 2010), guano for 

fertilizer (Sekercioglu 2010), and attractions for eco-tourists  (Sanson 1994; Wilson & 

Tisdell 2002). 

Most of the 346 recognized species of seabird (BirdLife International 2012; 

Croxall et al. 2012) nest in colonies on islands (commonly referred to as “seabird islands” 

[Mulder et al. 2011]). The majority of these species evolved as island breeders without 

predation or disturbance from terrestrial predators or humans.  Unfortunately, these 

threats are now frequently found on even the most isolated islands and are linked to local 

seabird declines, extirpations, and global extinctions (Blackburn et al. 2004; Croxall et al. 

2012; BirdLife International 2014).  Indeed, seabirds account for 25% of all marine 

extinctions and are the most endangered of all marine groups; 101 species (29%) are 

currently listed as threatened on the International Union for the Conservation of Nature’s 

(IUCN) Red List of Threatened Species (Dulvy et al. 2003; IUCN 2013).  While all of 

these seabirds are exposed to threats across their at-sea foraging range, 98 of these 

threatened species breed on islands (Croxall et al. 2012; IUCN 2013), where threats may 

be particularly concentrated (Nettleship et al. 1995; Croxall et al. 2012; Lewison et al. 

2012).  

Fortunately, threats to seabirds can also be most easily identified and mitigated on 

islands (Simberloff 2010; Jones et al. 2011).  Conservation solutions such as invasive 

alien species eradication can mitigate their direct and indirect impacts, and the 
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establishment of legal protected areas can mitigate human threats such as disturbance and 

land conversion.  Collectively, these conservation actions have led to successful recovery 

of a number of seabird species, often for relatively low costs.  However, there are 

>400,000 islands globally (UNEP-WCMC 2015); thus, it is necessary to determine which 

islands should be targeted for conservation actions that protect threatened seabirds  Given 

the extraordinary extinction risk faced by many seabirds, the logical approach is for 

conservation planners to focus efforts on the islands where they can have the largest 

impacts at the lowest costs (e.g. Myers et al. 2000; Margules & Pressey 2000; Brooks et 

al. 2006).   

While seabirds are relatively well-studied and the general threats to them are 

known (Schreiber & Burger 2002; Vie et al. 2008; Croxall et al. 2012), effective 

conservation planning lacks consolidated information on which islands currently or 

historically held populations of the world’s most threatened seabirds and which of these 

islands harbor threats that can be mitigated.  We conducted a systematic review and 

generated a database of all known current and historical islands for the world’s 98 

threatened island-breeding seabird species as categorized on the IUCN Red List; the 

physical and political attributes of each island; and the presence and extent of invasive 

non-native species, human populations, and legal protected areas on these islands.  We 

then used these data to identify islands where conservation actions are likely to be most 

feasible.   

Methods 



 

41 
 

Identifying Species and Islands 

We used the taxonomy and threat status designations by BirdLife International 

(2013) and determined the island breeding locations of the 98 insular-breeding seabird 

species recognized as “threatened” by the IUCN Red List (critically endangered, 

endangered, and vulnerable).  Taxa reported in the literature but not treated at the species 

level by BirdLife International (2013) were considered subspecies of the relevant species 

(e.g. Eastern Rockhopper Penguin, Eudyptes [chrysocome] filholi). Three species, 

Saunder’s Gull (Larus saundersi), Relict Gull (L.relictus) and Black-bellied Tern (Sterna 

acuticauda), are not known to breed on islands and were excluded from the analyses.   

We identified islands with threatened breeding seabirds (hereafter, threatened 

seabird islands).  A species breeding on an island was considered one population, even if 

multiple sub-populations or colonies existed on the island.  To identify each insular 

breeding population for each species, we conducted a systematic review of the literature 

and online databases (see Chapter 1, Appendix 1.1).  Identified populations were grouped 

into 2 breeding status categories: extant (includes potentially extant), or extirpated (Table 

2.1, simplified from Table 1.1). Cases where data were insufficient to determine evidence 

of breeding or the island’s location were excluded from the analysis. We used the results 

to identify at least one expert for each species to review and determine the validity of data 

collected. We received reviews from 165 experts.  All data were compiled in the 

Threatened Island Biodiversity Database.  

Each threatened seabird island was linked to the Global Island Database (GID) 

(UNEP-WCMC 2015) via a unique identification number and spatial reference for each 
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island.  We examined  patterns of seabird distribution by calculating number of 

threatened seabird  islands by latitude and tested for significant latitudinal patterns with a 

Pearson’s chi-square test (JMP 10).  Our null model was an even distribution of 

threatened seabird breeding islands across latitudes.  

We determined sovereignty (United Nations 2013) and 2011 gross national 

income (GNI) per capita (in US$; categorized into high, upper middle, lower middle, and 

low income levels [The World Bank 2013]).  We included Taiwan and Antarctica as 

independent units with high income (The World Bank 2015).  Income level in Antarctica 

was based on the GNI of the seven claimant nations, which were all high income (CIA 

2013).  We examined the distribution of threatened seabird islands across income levels 

and used Pearson’s chi-square tests to determine whether patterns in income were 

different from the expected distribution of income levels across islands identified in the 

GID.   

Identifying Threatened Seabird Islands with and without Invasive Species and Legal 

Protection 

Invasive non-native species are one of the most important threats to breeding 

seabirds, and it is often feasible to address this problem through eradication (Clout & 

Veitch 2002; Simberloff et al. 2010; Croxall et al. 2012).  We focused on invasive non-

native vertebrate and invertebrate species (hereafter, invasive species) whose introduction 

or spread outside their natural distribution directly or indirectly affects seabirds.  We 

included carnivorous or omnivorous vertebrates (McChesney & Tershy 1998; Jones et al. 
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2008; Medina et al. 2011; New Zealand Department of Conservation 2013), "aggressive" 

carnivorous invertebrates (e.g. Solenopsis spp.; (Plentovich et al. 2008; Duffy 2010), and 

herbivorous mammals (Furness 1988; McChesney & Tershy 1998; Courchamp et al. 

2003; Platenberg et al. 2005; Russell & Le Corre 2009; Towns et al. 2011; New Zealand 

Department of Conservation 2013) and presumed if any were present on an island it was 

threatening a co-occurring seabird population.   

For each threatened seabird island, we conducted a systematic review of the 

literature, websites, and online databases (see Chapter 1, Appendix 1.2) to determine if 

the island contained invasive species. Threatened seabird islands were considered 

invasive-free if invasive species were completely absent or if an island-wide eradication 

was underway where all invasive species would be removed.  Threatened seabird islands 

were considered to have invasive species if invasive species were confirmed or suspected 

to be present or if there was an on-going eradication but not all would be removed (see 

Chapter 1, Table 1.2).  For islands where invasive species were unknown, we took a 

precautionary approach and considered invasive species were present.  Once data were 

collated, we asked experts to review their validity; we received usable reviews from 125 

experts.  Data were compiled into the Threatened Island Biodiversity Database.  

Legal protection can reduce threats from human disturbance or land conversion , 

both of which affect seabirds in breeding colonies (Croxall et al. 2012).  First, we 

determined which islands overlapped with important bird and biodiversity area (IBAs), 

identified nationally (with globally standardized criteria) as globally significant sites for 

avian conservation (BirdLife International 2013b).  Second, legally protected areas were 



 

44 
 

extracted from the (2013) World Database on Protected Areas (IUCN & UNEP-WCMC 

2016).  To assess coverage of threatened seabird islands by IBAs and protected areas, we 

conducted a spatial join in ArcGIS v. 10.1 (Esri).  Due to error associated with the spatial 

resolution of the two data sets, islands with >90% of their area designated as protected 

were considered completely covered.   We excluded protection that was strictly marine or 

given a status other than designated (such as proposed).  We included only protected 

areas designated with national, legally based protections.  We excluded international 

protections from the analysis because there is often no regulatory power to enforce 

protection at these sites (Dudley 2008; Jenkins & Joppa 2010).   

Identifying Threatened Seabird Islands with Opportunities for Conservation 

We examined which threatened seabird islands may be most feasible for island-

wide conservation given human populations on islands.  Previous studies show human 

population size plays a dominant role in the success and feasibility of conservation 

actions on islands (e.g. James et al. 1999; Ratcliffe et al. 2009; Oppel et al. 2011) ).  

Successful eradications have occurred on islands with few or no human inhabitants (Glen 

et al. 2013).  Protected area effectiveness (which is influenced by the attitudes and 

activities of local communities) and costs of establishment and management are also 

correlated with human population size (James et al. 1999; Andrade & Rhodes 2012).  

Thus, to identify the most feasible conservation targets, we used the most recent censuses 

data (through 2012) in government reports and websites to determine the number of 

human inhabitants on each threatened seabird island .  When this was not available we 
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reviewed the collected literature from our previous searches and contacted local experts.  

Because not all islands have an estimate of human inhabitants, we pooled human 

population sizes into ordinal categories of 0, 1 - 1,000, >1,000, or not found. We 

considered the first two categories most feasible for conservation actions, the 1 - 1,000 

category was a proxy for intensity of human impact on conservation efforts (e.g. James et 

al. 1999; Oppel et al. 2011; Andrade & Rhodes 2012)  

Results 

Globally Threatened Seabird Distribution 

For the 98 threatened insular seabird species, we identified 1,362 populations 

from 968 islands (Fig. 2.1). Of these, 1,266 were extant populations breeding on 890 

islands and 96 were extirpated populations from 90 islands (9.3% of threatened seabird 

islands contained extirpated populations, 31 species). Breeding locations remained 

unverified for two threatened seabird species, but there was sufficient anecdotal evidence 

to identify their most likely islands.   

Islands contained 1 - 9 extant threatened seabird species (mean [SD = 1.41 [1.02], 

median = 1).  Each species had extant populations on 1 - 90 (mean = 12.9 [18.3], median 

= 6) islands (Fig. 2.2). Twenty one species (21%) were extant on a single island; 4 of 

these species historically bred on >1 island.  

Threatened Seabird Island Attributes 
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Threatened seabird islands were 0.00001-149,955 km2 (ranging from the smallest 

rocks, Hangklip Rocks, South Africa, to the largest island South Island, New Zealand); 

57%  of islands were <1 km2 (median = 0.57 km2, mode = 0.0031 km2; Fig. 2.3).  The 

majority of islands were located in the southern hemisphere (Pearson χ2= 65.6, df= 1, p < 

0.0001; median = 34°S; mode = 52°) and were south of the tropics (Pearson χ2= 205.34, 

df= 2, p <0.0001). Threatened seabird islands occurred within 47 sovereign countries and 

were concentrated in countries designated as high and upper middle income (929 of 968; 

96%), which was similar to income patterns across islands globally.  However, 

significantly more islands were in high and upper middle vs. lower middle and low 

income countries than expected (Pearson χ2= 114.2723, df= 3, p<0.0001; Fig. 2.4a).  The 

majority of threatened seabird populations were also found in these high and middle-

income countries (Fig. 2.4b).   

Invasive Species and Lack of Legal Protection on Threatened Seabird Islands  

Of the 968 islands with extant or extirpated threatened seabird populations, 803 

(83%) were identified with either invasive species present (20%), incomplete legal 

protection (23%), or both (40%). At least one population of all 98 threatened seabird 

species breed on at least one of these islands.  Invasive species were absent from 388 

(40%) and present on 359 (37%) threatened seabird islands. Invasive species status on the 

remaining 221 (23%) islands was unknown.   

Ninety seabird species (92% of all island-breeding threatened seabird species) 

were breeding on at least one of the islands with invasive species present; 23 species had 
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100% of their population(s) on these islands.  The number of known invasive species on 

threatened seabird islands differed (range = 1 - 26, mean [SD] = 3.7 [3.9], median = 2) 

and was significantly positively correlated with island area (linear regression: r2
(362) = 

0.42, F = 264.1, p < 0.01) and human population (linear regression: r2
(311) = 0.48, F= 

288.6, p <0 .01). The most common invasive species were rodents (80%), cats (38%), and 

ungulates (35%; Table 2.2).  

Invasive species status was unknown on 221 islands.  Under the precautionary 

assumption, we combined these islands with the 359 islands where invasive species status 

was known, increasing the number of islands considered to have invasive species present 

to 580 (60%).  Thus, the number of seabirds considered to co-occur with invasive species 

on an island was 91 species (93%); 29 of these species had 100% of their populations on 

an island with invasive species present (Fig. 2.5).   

Three hundred fifty-nine (37%) threatened seabird islands were completely 

protected (>90% of the site had legal protection).  Therefore, 609 threatened seabird 

islands (63%) represented potential targets for protected area establishment or expansion; 

534 had no legal protection and 75 islands were partially protected (legal protection 

existed but did not cover >90% of the island).  Ninety species (92% of all island-breeding 

threatened seabird species) were breeding on at least one of these 609 islands, including 

43 species with 100% of their breeding populations legally unprotected (Fig. 1.5). 

Finally, 1068 IBAs overlapped with 745 threatened seabird islands (77%).  Of 

these, 605 islands (81% of islands overlapping IBAs) either contained invasive species, 

lacked complete legal habitat protection, or both.  Many of the non-overlapping islands 
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presumably supported seabird populations that were either too small to trigger the criteria 

for global IBA identification or had not been assessed through the IBA process; these 

islands may be of national importance. 

Conservation Opportunities  

The majority of threatened seabird islands were uninhabited (74%) or had 1 - 

1,000 human inhabitants (14%; Fig. 1.6), making 854 threatened seabird breeding islands 

(88%) potentially feasible places for future or continued island-wide conservation efforts 

(Fig. 1.7).  Of the 803 islands considered to have invasive species present, to lack 

complete legal protection, or both, 690 (86%, or 71% of all seabird breeding islands) 

were potentially feasible for eradication, protected area establishment, or both.  Of the 

165 islands that were already legally protected and free of invasive species, 164 had few 

to no people (1 lacked human census data) and are thus important sites to maintain (or 

enhance) protected area effectiveness and to prevent invasive species establishment (Fig. 

1.7).  Combined, these 854 islands supported at least one population of 85 species (87% 

of all threatened seabird species), and 86% of these islands were also in relatively high 

income countries.  The 13 remaining species (13% of all threatened seabird species) had 

100% of their extant populations restricted to one or more islands with >1,000 people 

(Table 2.3); these islands were considered less feasible places for island-wide eradication 

or legal protection (despite invasive species presence and lack of complete protection of 

the island)   

Discussion 
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The impacts of invasive species (predation, competition, habitat degradation, etc.) 

and habitat conversion and degradation by people are the most significant threats on 

islands for seabirds, and conservation measures to address them, such as eradications and 

legal protection, are well-established (Jones et al. 2011; Croxall et al. 2012).  Invasive 

species eradications from islands are increasing in number and rate, and there are now 

about 20 new successful eradications each year (Keitt et al. 2011).  Likewise, between 

1990 and 2010, the global proportion of terrestrial protected areas increased from 8.8% to 

12.7% (IUCN & UNEP-WCMC 2016). Unfortunately, much of this protected land is of 

low biodiversity value (Rodrigues et al. 2004; Joppa & Pfaff 2010), and 60% of sites 

recognized as IBAs lack complete legal protection, highlighting an urgent global need for 

conservation priorities to be identified. 

We are the first to compile a comprehensive global database on the distribution 

and location of globally threatened seabird species on islands.  We documented the co-

occurrence of threats and seabirds at a moderately fine spatial scale and with discrete 

boundaries, emphasizing where legal protection and invasive species eradication may be 

most beneficial for threatened seabird species.  The fact that 1068 IBAs overlap with 745 

islands and are recognized by national experts also highlights realistic opportunities for 

conservation actions, especially because most of these islands either contain invasive 

species, lack complete legal protection, or both.  This, along with our Threatened Island 

Biodiversity Database, should further facilitate global recognition of important seabird 

islands to enable needed conservation efforts. 



 

50 
 

There is a range of factors that go into planning an eradication project or 

establishment of a protected area on islands that can affect mitigation effectiveness across 

sites (James et al. 1999; Donlan & Wilcox 2007).  However, prior studies have found that 

successful conservation actions at relatively low costs are directly related to human 

presence and compliance and country income levels for both eradication and legal 

protected area establishment and management plans (James et al. 1999; Andrade & 

Rhodes 2012; Glen et al. 2013).  For eradication projects, island size also influences cost 

and feasibility (Howald et al. 2007; Keitt et al. 2011).  Our results indicate there is clear 

opportunity for feasible and effective conservation action at scale on threatened seabird 

islands. The majority of globally threatened seabirds breed on islands with an area of 

<1km2 and few or no people.  Threatened seabird islands are also concentrated in high or 

upper middle income countries (significantly more than global islands combined), which 

suggests adequate capacity and resources to restore, protect, and manage threatened 

seabirds on these islands. 

However, 23 seabird species had >50% of their populations on islands with 

>1,000 people.  Such cases may represent significant challenges for seabird conservation, 

particularly those that are presently unrealistic for island-wide conservation actions due 

to both the size of the island and the very large human population living on it (e.g. 

Jamaica, New Zealand’s main islands).    The conservation of some of these species may 

be most practical on the subset of islands on which they breed with lesser (or no) human 

populations, although it will be important to consider the relative sizes of seabird 

populations on different islands.  For some of these 23 species, including the 13 restricted 
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to one or more of the 14 islands with >1,000 people, it may be most effective to 

undertake translocation, re-introduction, or social attraction of the species to nearby 

uninhabited islands or historic breeding islands.  An intermediate step may be to reduce 

predator impacts at a local scale (Jones et al. 2011), with predator-proof fences or 

localized efforts to reduce the population of invasive species (e.g. Burns et al. 2012; 

Carlile et al. 2012; Young et al. 2013). 

In total, 143 islands (15%) supporting threatened seabirds have undergone at least 

one successful eradication (DIISE 2015).  Of these islands, 42 are now free of invasive 

species and are legally protected (e.g. many of California’s Channel Islands, Mexico’s 

Midriff Islands, Ecuador’s Galapagos Islands, and New Zealand’s offshore islands).  The 

majority of threatened seabird islands that still maintain invasive species populations 

support invasive rodents, cats, or ungulates. These species have been the subject of 

numerous successful removals globally (Keitt et al. 2011) and are linked to seabird and 

ecosystem recovery (Croll et al. 2005; Towns 2008; Lavers et al. 2010). After 

eradications, some species have naturally expanded or colonized islands while others 

have not. Translocation or social attraction may be important restoration tools for these 

latter species (Jones et al. 2011; Jones & Kress 2012). 

Despite our efforts, we likely failed to record some threatened seabird 

populations.  Furthermore, some seabird populations are yet to be discovered and new 

cryptic species are emerging from known taxa , particularly for nocturnal, burrow-nesting 

species of Alcidae (auk), Hydrobatidae (storm-petrel), and Procellariidae (petrel) families 
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(Pyle et al. 2011; Birt et al. 2012; Harrison et al. 2013).  Additional research on the life 

histories, population trends, and breeding locations of these species will improve seabird 

conservation planning efforts. 

Identifying islands with known presences and absences of invasive species 

presented a challenge: greater than 20% of known seabird islands lack any data on 

invasive species.  While island size and human population were significantly correlated 

with number of threatening invasive species, determining accurate predictors of invasive 

species presence or absence requires a broader analysis of the ecology and history of each 

island and the region it occurs in, including the potential of both anthropogenic and 

natural invasion risk (Harris et al. 2011).  Our publicly accessible database can be used to 

build on the analysis presented here by facilitating further data compilation and 

underpinning efforts to set robust global and regional priorities for invasive species 

eradication and protected area formation. 
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Tables 

Table 2.1. Summarized definitions of the breeding status assigned to each seabird species 

breeding on each island (see Table 1.1 for complete definitions).   

 

Breeding Status Definition 

Extant Evidence of the species breeding on the island at least once 

since 1990 and no extirpation yet documented 

 

Potentially Extant Species extant before 1990 but current status is unclear: no 

breeding surveys conducted, monitoring outcome inconclusive, 

or unclear if monitored 

 

Extirpated Species currently absent from island but was historically extant 

and experts or literature verify extirpation 

 

Table 2.2. The most common invasive alien species (IAS) on islands with globally 

threatened seabirds. 

 

Invasive Type # islands (% of islands 

with known IAS 

present) 

# 

Archipelagos 

# 

Countries 

Rodent 290 (80%) 153 34 

Cat 138 (38.4%) 87 27 

Ungulate 127 (35.4%) 84 27 

All islands with IAS 359 (37.1% of all 

islands) 

173 36 
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Table 2.3. The 13 threatened seabird species that breed only on islands with invasive 

species, that lack complete legal protection, and house >1000 people 

 

Common Name 

IUCN 

Red 

List 

Statusa 

Breeding status 

(sub-status)b Island Country 

Christmas Island 

Frigatebird 

CR extant (confirmed) Christmas AU 

Black-billed Gull EN extant (confirmed) North Island NZ 

  extant (confirmed) South Island NZ 

Black-fronted Tern EN extant (confirmed) South Island NZ 

Westland Petrel VU extant (confirmed) South Island NZ 

Mascarene Petrel CR extant (probable) Reunion FR 

Beck's Petrel CR extant (probable) New-

Ireland 

PG 

Fiji Petrel CR extant (confirmed) Gau FJ 

Barau's Petrel EN extant (confirmed) Reunion FR 

  extirpated Rodrigues MU 

Jamaica Petrel CR extant (potentially 

extant) 

Jamaica JM 

Black-capped Petrel EN extant (confirmed) Dominica DO 

  extant (probable) Hispaniola DO 

  extirpated Guadeloupe FR 

  extant (potentially 

extant) 

Martinique FR 
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Zino's Petrel EN extant (confirmed) Madeira PT 

  extant (potentially 

extant) 

Porto Santo PT 

Hutton's Shearwater EN extant (confirmed) South Island NZ 

Abbott's Booby EN extant (confirmed) Christmas AU 

  extirpated Rodrigues MU 

aAbbreviations: VU, vulnerable; EN, endangered; CR, critically endangered 
bSee breeding status definitions (Table 2.1) 
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Figures 

 

Figure 2.1. Islands where seabirds are threatened or have been extirpated. (gray dots, 

populations scaled by number of species on each island; black dots, same scale as gray 

dots but islands have extirpated populations). 
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Figure 2.2. Relative endemism of threatened seabird species by IUCN Red List (2012) 

(CR, critically endangered; EN, endangered; VU, vulnerable).  
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Figure 2.3. Percentage of islands with threatened seabirds by size  (km2 log10 transformed 

+1). 
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Figure 2.4. Percentage of (a) islands with threatened seabirds and (b) threatened seabird 

populations (CR, critically endangered; EN, endangered; VU, vulnerable) relative to 

island gross national income (The World Bank 2015). 
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Figure 2.5. Number of threatened seabird species with 100%, 50-99%, 1-49%, or 0% of 

their total breeding populations on islands with invasive non-native species, on islands 

that lack complete legal protection, or both. 
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Figure 2.6. Percent of identified islands within human populations. 
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Figure 2.7. Conservation opportunities for seabirds on the 968 islands with threatened 

seabirds relative to human population as an indicator of conservation feasibility (INS; 

invasive non-native species). 
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Chapter 3. Managing Invasive Mammals on Islands to Conserve Globally Threatened 

Seabirds in a Changing Climate 

 

Abstract  

Invasive mammals on islands are the primary driver of seabird extinctions, but 

can be eradicated or effectively managed. We assessed 713 known breeding islands of 97 

threatened seabird species for conservation importance, potential for invasive mammal 

management (biosecurity, eradication, alternative management), and risk from sea-level 

rise. Eradication was recommended for 249 of the 316 islands with invasive mammals, 

benefitting 388 populations of 71 threatened seabirds. Coastal flooding risk was low on 

56% of islands that ranked high for eradication feasibility and on 77% that ranked high as 

important islands for threatened and unique seabirds. Alternative management was 

recommended on 67 islands benefitting 46 seabird species, 11 which were restricted to 

these islands. For most threatened seabirds, invasive mammal eradication is an important 

long-term conservation tool. Island eradications represent a rare opportunity to make a 

significant contribution to global biodiversity conservation, and planning should integrate 

biosecurity and coastal flooding risk. 

Introduction  

About 30% of all seabird species are threatened with extinction, primarily due to 

invasive species (Croxall et al. 2012). Most threatened seabirds rely on islands to breed 

and >90% breed on >1 island with a threatening invasive species (Chapter 2). Invasive 

species, especially mammals, impact seabirds when they are concentrated on islands 
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during breeding, and their impact can be exacerbated by other threats, such as fisheries 

bycatch, harvest, or climate related changes in food and breeding site availability (Towns 

et al. 2011). Invasive mammal eradication on islands is a widely used conservation tool 

(Keitt et al. 2011; Simberloff et al. 2013) that directly benefits seabirds and other native 

island biota (Jones et al. 2016). Eradications can also buffer seabird populations from 

other threats (Chambers et al. 2011), such as flooding from climate-change induced 

increases in storms and sea-level (Courchamp et al. 2014; Reynolds et al. 2015). 

In Chapter 2, we systematically identified the breeding islands of globally 

threatened seabird species and identified the status of invasive mammals on 77% of these 

islands. To direct limited conservation funding towards preventing seabird extinctions, 

we expand this analysis by ranking islands for their importance to threatened and 

evolutionarily distinct seabirds and for their feasibility of invasive mammal eradication. 

We identify alternative invasive mammal management where appropriate, such as 

biosecurity from reinvasions or local control of invasive species. We then overlay climate 

change-related coastal flooding risk and place it within the context of invasive mammal 

management for these globally threatened seabirds. 

To do this, we: 1) develop scores for each threatened seabird species and 

aggregate these to evaluate islands for conservation importance; 2) identify the most 

urgent conservation action for each island (biosecurity, invasive mammal eradication, or 

alternative management); 3) rank islands for invasive mammal eradication based on 

operational complexity of an eradication and importance for seabirds; and, 4) assess all 

islands for long-term restoration potential in the context of coastal flooding. This 
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approach addresses common goals of managers and funders to identify seabird 

conservation actions that are achievable, relatively simple (Coll et al. 2015), maximize 

conservation benefit, and incorporate potential flooding risks from sea level rise.  

Methods 

Islands 

The distribution of globally threatened seabird (hereafter, “seabird”) species and 

invasive mammal species on islands, and characteristics such as country, area, and human 

populations were extracted from Chapter 2. We included all islands with known presence 

or absence of invasive mammals on extant seabird breeding islands (713 islands). We 

used island elevation as a simple proxy for risk of coastal flooding hazards. To identify 

the elevation profile for each of the 713 islands used in our analysis, we downloaded the 

Shuttle Radar Topography mission (STRM) global elevation model dataset with 90 m 

resolution (Rabus et al. 2003). For the islands that had elevation data (603 [85%] islands), 

we calculated the percentage of islands below 5, 10, and 20 meters in elevation. Coastal 

areas are typically defined as within the first 10 m of elevation and these thresholds are 

often used in coastal impact analysis, representing low-lying zones at high risk of coastal 

hazards from climate change (Small & Nicholls 2003; Reguero et al. 2015a). Islands with 

more than 50% of their total area below 5m or 10 m was classified as high or medium 

risk for coastal flooding, respectively. These islands are more likely to experience 

flooding from storms, wave action, and sea level rise, and could be fully inundated in the 

future (Nicholls 2004; Courchamp et al. 2014). The remaining islands were classified as 
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low risk of coastal hazards from climate change. When no data was available (110 [15%] 

islands), we found the maximum elevation of each island from the literature, public 

reports, online maps and spatial databases, and Wikipedia.  We considered any islands 

where maximum elevation was 10, 11-20, or >20 as high, medium, and low risk, 

respectively, of coastal hazards from climate change. While sea level rise will be non-

uniformly distributed across the oceans and island risk will be dependent on a variety of 

physical attributes including elevation, tidal range, and/or wave action (Nicholls 2004; 

Slangen et al. 2014; Reguero et al. 2015b), this analysis still serves as a rough estimate of 

where climate change may have severe impacts on island coastlines and where these risks 

may interfere with conservation planning efforts.  

Identifying islands for their conservation importance to seabirds 

Threatened Seabird Score 

We calculated a Threatened Seabird (TS) score for the 97 extant threatened 

seabird species. We excluded one threatened seabird species, Hydrobates  macrodactyla 

(Guadalupe storm-petrel), because searches for the species on its only known breeding 

island (Guadalupe) failed to find the species since 1912, and it is listed as Critically 

Endangered (Possibly Extinct) (BirdLife International 2013). We found the product of 

each species’ (s) probability of extinction (“extinction risk”; E), relative endemism 

(“irreplaceability”; I), and relative evolutionary distinctiveness (“distinctiveness”; D): 

TSs = E x I x D 
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Extinction risk (E) was scored as 0.005, 0.05 and 0.5 (Butchart et al. 2004), for the IUCN 

Red List categories of Vulnerable, Endangered, and Critically Endangered, respectively 

(Brooke et al. 2007; Dawson et al. 2014). Irreplaceability (I) is used to determine the 

degree to which options to conserve a species or area are lost (Margules & Pressey 2000) 

and here is used as a relative measure of endemism, calculated as 1/the number of extant 

populations (i.e. the number of breeding islands) for each species. Evolutionary 

distinctiveness (D) is a measure of contribution to global phylogenetic diversity (Isaac et 

al. 2007). We divided each species’ evolutionary distinctiveness (ED) score (see EDGE 

2014) by the greatest evolutionarily distinct score of all seabirds in our dataset (28.418ED 

for Peruvian Diving-petrel [Pelecanoides garnotii ]).  

Seabird Island Importance Score (SII) 

We calculated a Seabird Island Importance (SII) score as a metric of seabird conservation 

benefit on 713 islands with extant seabirds (as 1,078 populations, one population per 

species per island) and known information on invasive mammals (Chapter 2). Each 

seabird’s TS score was applied to each of their island breeding populations, then 

modified based upon that population’s breeding status (P; Table 2.1). We summed the 

modified TS scores for all the species (s) on each island (i): 

∑ 𝑇𝑆𝑠,𝑖×𝑃𝑠,𝑖 

𝑠

1

 

An extant breeding population received a full TS score. A potentially extant population 

received 0.75 of its TS score to reduce weighting of populations with uncertain 
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occurrence. Currently extirpated populations received 0.5 of its TS score and were only 

included if from an island with an extant population. This approach emphasized islands 

that supported extant seabirds but also recognized the potential for recovery of extirpated 

populations on these islands. We gave each island a relative rank based on SII score and 

tested variation in scores against island characteristics using nonparametric Wilcoxon 

chi-square tests. We conducted a correlation analysis of the TS scores to test for 

sensitivity of the overall score and its influence on the ranked order of species and 

ultimately seabird island priorities (i.e. on the Seabird Island Importance [SII] score). 

Island Conservation Management Portfolios 

We categorized the 713 islands into three invasive mammal management 

portfolios: Biosecurity, Eradication, and Alternative Management. We then examined 

island characteristics and SII scores within each portfolio and tested for variation between 

portfolios using nonparametric Wilcoxon chi-square tests. 

1. Biosecurity 

This comprised islands where invasive mammals were confirmed absent and 

biosecurity is important for preventing invasive mammals from invading or reinvading 

these islands (Broome 2007).We did not consider the magnitude of other threats 

impacting the island, and hence the need for other conservation actions. 

2. Eradication 

When >1 invasive mammal species was present, we examined three feasibility 

criteria that influence success rate of invasive mammal eradications: invasive mammal 
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type (e.g., cat, dog), island area, and human population size (Oppel et al. 2011; Dawson 

et al. 2014; DIISE 2015). We referenced successful eradications (DIISE 2015) and 

consulted with experts to establish area and human population thresholds for each 

invasive mammal type (Table 1). We considered an eradication if it was classified within 

the DIISE as a “whole island” eradication, “successful” with no reinvasions (as these may 

be confused with failures), and where data quality was classified as “good” or 

“satisfactory”. We also excluded events focused solely on domestic animals (see 

diise.islandconservation.org for data definitions). For possums and raccoons, area and 

human population size was considered across multiple islands reflecting the operation 

scale of the eradication (Harfenist et al. 1999; Griffiths et al. 2015). We excluded 

eradications that were in the planning stage or where eradications had been completed but 

not confirmed as successful. We did not include primates because we were only aware of 

one primate eradication underway.  

When an island area was <1km2 we rounded up to 1 km2, when an island area was 

1-100 km2 we rounded up to the nearest 10 km2, and when an island area was >100 km2 

we rounded up to the nearest 50 km2. Similarly, many islands in the world lack accurate 

census information or lack census data altogether. As a result, human population 

estimates were classified into ordinal categories of 0, 1-10, 11-100, 101-1,000, 1,001-

10,000 and >100,00 individuals. From these ordinal categories, we used the upper-most 

human habitation value linked to the invasive mammal type. For example, cats were 

eradicated from Ascension island (Ratcliffe et al. 2009), which has 101 – 1,000 people. 

Thus, we estimated that the maximum threshold for a cat eradication on islands with 
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people to be 1,000. We subsequently sent these values to eradication experts for 

confirmation. Finally, we lumped together data from islands that were completed together 

(e.g. Rangitoto and Motutapu Islands are linked via a causeway and were managed 

together for invasive mammal eradications [Griffiths et al. 2015]). 

Islands with ≥1 invasive mammal type that fell within the thresholds were 

subsequently scored on island characteristics influencing complexity of eradication 

operations (Eradication Complexity (EC) score). This score was the product of the 

proportion of all invasive mammal species that could be eradicated (ME), a weighted 

number of invasive mammal species remaining (MR) that exceeded eradication 

thresholds, the number of human inhabitants (log scale; HI), and island size relative to the 

smallest island (A). We emphasized islands with low operational complexity (Table 3.2): 

ECi = MEi x MRi x HIi x Ai 

Next, we ranked the 249 islands into two sets based upon complexity of 

eradication operations and presence of threatened and evolutionarily distinct seabirds. 

Within these sets we examined island size, human population, country, invasive 

mammals, and risk of coastal flooding. We highlighted top-scoring priority islands (the 

upper 75th percentile of island scores) in each list. 

3. Alternative Management 

This comprised islands with invasive mammals but basic eradication feasibility 

thresholds were exceeded for all invasive mammal types present. Management responses 

may include sustained local control or fencing (Parkes & Murphy 2003), or translocation 

of species to alternative suitable islands (Seddon et al. 2012). 
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Results 

Seabird and Island Scores 

 Threatened Seabird (TS) scores for the 97 seabird species ranged from 0.39 to 0.1-

5 (Table S3). Seabird Island Importance (SII) scores for the 713 islands ranged from 0.43 

to 0.1-11 (Fig. 3.1). Christmas Island Frigatebird (Fregata andrewsi) and New Zealand 

Storm-petrel (Oceanites maorianus) received the highest TS scores (see Supporting 

Information). The islands on which these species breed, Christmas (Australia) and Little 

Barrier (New Zealand), received the highest SII scores. Sixteen islands ranked within the 

upper 97th percentile of scores are listed in Table 3.3. 

The sensitivity analysis indicated that the TS score was influenced by Extinction 

Risk (IUCN Red List category). This result was strongly influenced by Critically 

Endangered species, which have inherently small ranges (Romeiras et al. 2015) and occur 

on few islands, therefore obtaining higher overall scores than endangered or vulnerable 

species. Indeed, there was a positive relationship between Red List categories (Extinction 

Risk) and endemism (“Irreplaceability”; R2=0.39): the Christmas Island Frigatebird 

(Fregata andrewsi) and New Zealand Storm-petrel (Oceanites maorianus), two single-

island-endemic and Critically Endangered seabird species, scored the highest. However, 

the relationship between Extinction Risk and Irreplaceability between endangered and 

vulnerable species were not significantly different from one another. There was also no 

correlation between the Evolutionary Distinctiveness (ED; EDGE 2014) score and 

Extinction Risk nor Irreplaceability (R2= 0.12, 0.06, respectively). When examined by 
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family, the Fregatidae and Hydrobatidae families scored slightly higher in Threatened 

Seabird (TS) scores than the other seabird families (Wilcoxon chi square = 17.4, df = 9, 

p-value = 0.043). However, this difference was influenced by the relative evolutionarily 

distinctiveness (D) score, which moved non-Critically Endangered, yet highly endemic 

and distinct species (e.g. the Endangered Abbott’s Booby Papasula abbotti), up in 

ranked-score. When the evolutionarily distinct score was removed for the sensitivity 

analysis, the distribution of scores across families showed no significant differences.  

Coastal Flooding Risk 

Coastal flooding risk was low on 490 islands (69%; Fig. 3.2) supporting 798 

populations (74%) of 92 (95%) seabird species (54 species occurred exclusively on these 

islands, including 13 [81%] Critically Endangered species). Low risk islands were larger 

(W=190.3456, DF = 2, p< 0.0001), contained more seabird species (W = 12.58, DF=2, p 

= 0.002), and received higher SII scores (W=10.67, DF = 2, p = 0.005) than high and 

medium risk islands. Forty-two seabird species (43%) as 280 populations (26%) occurred 

on ≥1 high (159, 15%) or medium (121, 11%) risk island. Seven species had ≥50% of 

their extant populations from these islands and 3 species were restricted to these islands 

(Table 3.4). 

Conservation Management Portfolios 

1. Biosecurity  

Invasive mammals were absent from 397 (56%) islands supporting 623 

populations of 72 (74%) seabird species (10 species were restricted to these islands). 
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Islands were in 31 countries, primarily New Zealand, the UK (Overseas Territories), the 

US, and Chile, and most were uninhabited (372 islands, 94%). Of these, 163 had high or 

medium coastal flooding risk (41%; Fig.3.2), representing 73% of all high and medium 

risk seabird islands and containing 3 species with ≥50% of their extant breeding 

populations on these islands: Ascension Frigatebird (F. Aquila), S. capensis, and Bank 

Cormorant (Phalacrocorax neglectus). 

2. Eradication 

We found 249 (35%) islands on which ≥1 invasive mammal met our basic 

eradication feasibility criteria; these supported 339 populations of 71 (73%) seabird 

species. Twenty-nine seabird species had >50% of their breeding islands in this portfolio, 

while and 7 had 100%. Islands were in 34 countries, primarily Italy, Japan, New Zealand, 

and the US and were lightly inhabited (148 [59%] uninhabited, 52 [21%] with 1 – 100 

and 32 [13%] with 101 – 1,000 people). Rattus sp. (rat) were the most common invasive 

mammal type (179 islands), followed by Mus sp. (mouse) and Felis sp. (cat), each on 87 

islands. Sixty islands (24%) had high and medium coastal flooding risk (Fig.3.2). The 

only seabird with most (80%) of its populations occurring on these islands was P. cahow. 

Islands were scored and ranked for operational Eradication Complexity (EC) and 

Seabird Island Importance (SII) (Fig.3.3). Only 4 islands in the top 25 scoring islands 

from each scored group and 13 islands in the upper 75th percentile of all scores 

overlapped (Table 3.5). The EC priorities included 63 islands (EC score >=0.0048) in 20 

countries and supported 63 populations of 23 seabird species. Islands were small 

(Mean[SD] = 0.053[0.054] km2), uninhabited (100%), and 43% were at low flooding risk 
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(33% of islands at high risk). All invasive mammals could be eradicated from these 

islands. On average, islands contained 1 invasive mammal species (median = 1, 

maximum = 4). 

The SII priorities included 64 islands (SII score >=0.001) in 16 countries and 

supported 124 populations of 51 seabird species; 8 species were restricted to these 

islands. Islands were large and variable in size (mean[SD] = 76.543 [150.7 km2), 54% 

uninhabited and 34% with 1-1,000 people, and had low flooding risk (77%). All invasive 

mammals could be eradicated from 51 (80%) islands. On average, islands contained 3 

invasive mammal species (median = 2, maximum = 12). 

3. Alternative Management  

Invasive mammals were on 67 (9%) islands that did not meet our eradication 

feasibility criteria. These islands supported 116 populations of 46 (47%) species; 11 

species from 12 islands were restricted to this portfolio. SII scores were higher in this 

portfolio (W = 21.519, df = 2, p < 0.0001). These islands were large (Mean[SD] = 9,561 

[26,903]) km2, inhabited (62 islands [93%]; 76% of which supported >1,000 people), 

with low coastal flooding risk (Fig.3.2). 

Discussion 

We used a global approach to identify management opportunities for globally 

threatened seabird breeding islands. We scored species using the IUCN Red List category 

of extinction risk (Butchart et al. 2004) and evolutionary distinctiveness (ED, from the 

EDGE database), to quantify both extinction risk and potential genetic diversity loss. The 
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Christmas Island Frigatebird and New Zealand Storm-petrel (Critically Endangered, 

single-island endemic, and evolutionarily distinct species) and their breeding islands, 

Christmas and Little Barrier islands, received the highest scores. Less threatened but 

more evolutionarily distinct species, like the Endangered Abbott's Booby and Vulnerable 

Ascension Frigatebird, also received high scores (Table 3.2). Scoring was most sensitive 

to IUCN Red List extinction risk categories, but conservation of the highly scored species 

also benefits global biodiversity preservation (Isaac et al. 2007). 

Our analysis of climate change vulnerability only considered climate-related 

flooding risk as it relates to seabird breeding islands. Total risk to climate change will 

ultimately depend on numerous biophysical factors across multiple scales (Nicholls & 

Cazenave 2010; Slangen et al. 2014). Using our approach, we found that most threatened 

seabirds breed on islands with sufficient elevation to be low risk for coastal flooding. 

This is encouraging for seabird conservation, suggesting that mitigating on-island threats 

will be a long-term solution for most threatened seabird populations. However, 25% of 

extant threatened seabird populations are on potentially high-risk islands and 7 species 

breed almost exclusively on high or medium risk islands. While most of these islands 

were either free of invasive mammals or ranked highly for eradication in our analysis, 

further analysis is needed to determine long-term strategies (e.g. invasive management 

combined with translocation) to prevent extinctions (Reynolds et al. 2015). 

Management Portfolios 
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Biosecurity: Through a combination of biogeographic good fortune, successful 

invasive mammal eradication efforts on 82 islands (DIISE 2015), and ongoing 

biosecurity programs (e.g. Little Barrier Island [DOC 2016]), 55% of islands supporting 

extant threatened seabird populations were free of invasive mammals. These islands have 

≥1 breeding population of 74% of threatened seabird species, and 10 species breed 

exclusively on these islands.  Biosecurity is a proactive approach to protecting islands 

from invasions (Broome 2007) and is critically important for conserving these islands, 

their breeding seabirds and endemic species. However, many of these islands (41%) are 

at risk of climate-related flooding; more than for any other portfolio of islands in our 

analysis. Management plans are needed that address long-term threats from coastal 

flooding by incorporating adaptive strategies such as reintroduction of extirpated 

populations or translocation. 

Invasive Mammal Eradication: Invasive mammals were on 316 islands (44%), 

and 249 of these islands (79%) met our basic eradication feasibility criteria. Eradications 

on these islands would protect 388 populations of 74 (76%) globally threatened seabird 

species; an unprecedented conservation opportunity (Ceballos et al. 2015). 

When complexity of eradication operations was scored, higher ranked islands 

tended to be small, low elevation, uninhabited, and contained only a few invasive 

mammals. However, this set of islands typically supported fewer threatened seabird 

species (22 species in total), and were at higher risk of flooding. Nevertheless, eradicating 

invasive mammals from these islands conserves some of the world’s most threatened 
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seabirds (e.g. Critically Endangered Chinese Crested Tern [Sterna bernsteini], 

Endangered Galapagos Penguin [Spheniscus mendiculus]).  

Our second set of islands for eradications maximized conservation benefit to 

threatened and evolutionarily distinct seabirds. Here, higher ranked islands were 

generally larger, had more invasive mammal species, and were more often inhabited by 

people compared with the first set, ranked for lowered eradication complexity.  However, 

they present significant conservation opportunities. For example, four top scoring islands, 

Gough, Amsterdam, Plata and Clarion collectively support nine globally threatened, 

evolutionarily distinct seabird species. Although these islands are large and contain 

several invasive mammals, all of them were at low risk of flooding and all invasive 

mammals can be feasibly eradicated. While the complexity of undertaking eradications 

on these islands may be greater, they offer unique opportunities for long-term 

conservation of seabirds and other threatened island biota (Jones et al. 2016). 

Our eradication feasibility criteria  (invasive mammal type present, island extent, 

and human inhabitants) directed us towards islands that may be feasible for an island-

wide invasive mammal eradication. These three variables are the most useful parameters 

available for global-scale analyses (e.g. Brooke et al. 2007; Dawson et al. 2014), and led 

to the identification of some islands that are already undergoing invasive mammal 

eradications (e.g. Lehua, islets of South Georgia) or incursions (e.g. Bermuda). We 

recognize that these metrics are not the sole determinants of eradication feasibility. Once 

important islands are identified, detailed assessments must be conducted at the island-

level, including biosecurity, socio-political considerations, operational costs, non-target 
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impacts, sequencing multi-species eradications, and other climate impacts (Courchamp et 

al. 2003; Griffiths 2011). 

Alternative Management: Eight percent of islands that contained invasive 

mammals fell above our feasibility thresholds. Several of these islands are undergoing 

eradication feasibility assessment and planning (e.g. Robinson Crusoe, Marion), and will 

significantly benefit threatened seabird populations if successful. Other islands tended to 

be too big and with large human populations for whole-island approaches to be 

appropriate. Alternative actions will likely need to include localized control of invasive 

mammals at individual seabird colonies (e.g. sustained control, predator proof fencing) or 

translocation to areas that can be managed for threats, such as invasive-free offshore 

islands (Parkes & Murphy 2003). Identifying alternative management scenarios is 

critical, especially for the most threatened and evolutionarily distinct species and the 11 

species restricted to islands in this portfolio (e.g. Mascarene Petrel [Pseudobulweria 

aterrima] on Reunion Island or Beck’s Petrel [P.becki] on New Ireland Island).  

Conclusions 

Our global analysis identified 713 islands where targeted conservation actions to 

eradicate or control invasive mammals or maintain island biosecurity, can conserve 

populations of all Critically Endangered, Endangered, or Vulnerable seabird species. Our 

analysis also identified islands where coastal flooding hazards from increasing storms 

and sea-level rise under climate change could impact the long-term effectiveness of these 

conservation projects. While a few species are at grave risk of losing habitat from sea-
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level rise, it appears less important than other, more direct threats. Thus, even when 

accounting for coastal flooding, seabird conservation through invasive mammal 

management is achievable and reduces the chances of imminent seabird population 

extinctions. This represents a rare opportunity to make a significant contribution to global 

biodiversity conservation. 
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Tables 

Table 3.1. Area and human population size thresholds for invasive mammal eradications 

used in our analyses 

 

Invasive animal category 

Largest Island 

Area (km2, 

rounded up, 

nearest 100s place) 

Largest Human 

Pop (rounded up, 

nearest log-ordinal 

categories) 

Cats (Felid) 300 1000 

Dogs/Foxes (Canid) 900 1000 

Mink (Neovision) 700 10000 

Mouse (Mus) 150 1000 

Other Small Mammals 40 100 

Possums (Phalangeridae) 40 100 

Rabbits/Hares (Lagomorph) 150 100 

Raccoons (Procyonid) 1 0 

Rat (Rattus) 150 1000 

Ungulate 600 10000 

Weasels/Mongoose (excl Neovision) 40 100 

 

 

Table 3.2. Variables and metrics used in the Eradication Complexity (EC) score. 

 

Variable Metric used 

# of invasive mammal species present 

that can be eradicated (ME) 

1/ # of mammal species present that 

can be eradicated 

proportion of invasive mammal species 

remaining (MR) 

# of mammal species present that can 

be eradicated/ # mammal species 

present 

# of human inhabitants (HI) 

0 

1 – 100 

101 – 1000 

> 1,000 

 

1 

0.1 

0.01 

0.001 

Area (A) 1/smallest island with eradicable 

invasive mammal species 
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Table 3.3. Seabird Island Importance (SII) scores for the 16 top-scoring islands (upper 

97th percentile). These represent important islands for conserving globally threatened and 

evolutionarily distinct seabird species (Threatened Seabird [TS] score). IUCN Red List 

category is taken from BirdLife International (2013): Critically Endangered (CR), 

Endangered (EN), Vulnerable (VU). 

 

Island Country 
SII 

Score 
Common Name 

2013 

IUCN 

Red List 

Category 

TS score 

Christmas CX 0.432 Abbott's Booby EN 0.934 

  
 

Christmas Island Frigatebird CR 11.339 

Little Barrier NZ 0.314 Cook's Petrel VU 0.019 

   New Zealand Storm-petrel CR 8.882 

   Parkinson's Petrel VU 0.018 

Chatham 

(Rekohu) 

NZ 0.136 Antipodean Albatross VU 0.005 

   Chatham Islands Shag CR 0.701 

   Chatham Petrel EN 0.140 

   Erect-crested Penguin EN 0.031 

   Magenta Petrel CR 2.952 

   Pitt Island Shag EN 0.029 

New-Ireland PG 0.133 Beck's Petrel CR 3.788 

Gau FJ 0.125 Collared Petrel VU 0.003 

   Fiji Petrel CR 3.548 

Reunion RE 0.124 Barau's Petrel EN 0.299 

   Mascarene Petrel CR 3.222 

Amsterdam TF 0.124 Amsterdam Albatross CR 3.381 

   Indian Yellow-nosed Albatross EN 0.041 

   Northern Rockhopper Penguin EN 0.053 

   Sooty Albatross EN 0.039 

Jamaica JM 0.097 Jamaica Petrel CR 3.676 

Española  

(Hood) 

EC 0.096 Waved Albatross CR 2.717 

Plata EC 0.096 Waved Albatross CR 2.717 

Inaccessible SH 0.072 Atlantic Petrel EN 0.095 

   Atlantic Yellow-nosed 

Albatross 

EN 0.048 

   Northern Rockhopper Penguin EN 0.053 

   Sooty Albatross EN 0.039 

   Spectacled Petrel VU 0.045 

   Tristan Albatross CR 1.780 
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Gough SH 0.071 Atlantic Petrel EN 0.095 

   Atlantic Yellow-nosed 

Albatross 

EN 0.048 

   Northern Rockhopper Penguin EN 0.053 

   Sooty Albatross EN 0.039 

   Tristan Albatross CR 1.780 

Socorro MX 0.060 Townsend's Shearwater CR 1.693 

Clarion MX 0.060 Townsend's Shearwater CR 1.693 

Kodiak US 0.040 Kittlitz's Murrelet CR 1.102 

 US 0.040 Marbled Murrelet EN 0.034 

Adak US 0.040 Kittlitz's Murrelet CR 1.102 

   Marbled Murrelet EN 0.034 

 

Table 3.4. The 42 threatened seabird species on islands with high or medium risk of 

coastal flooding from climate change, including 3 Critically Endangered species and 7 

species found only on these islands. IUCN Red List category is taken from BirdLife 

International (2013): Critically Endangered (CR), Endangered (EN), Vulnerable (VU). 

 

Scientific Name Common Name 

IUCN 

Red List 

Category 

High 

Risk 

Medium 

Risk 

Total 

at 

Risk 

Puffinus mauretanicus Balearic Shearwater CR 17% 28% 44% 

Sterna bernsteini Chinese Crested Tern CR 29% 14% 43% 

Phalacrocorax onslowi Chatham Islands Shag CR 40% 0% 40% 

Pterodroma cahow Bermuda Petrel EN 80% 20% 100% 

Sterna lorata Peruvian Tern EN 100% 0% 100% 

Phalacrocorax neglectus Bank Cormorant EN 59% 15% 73% 

Spheniscus demersus African Penguin EN 44% 28% 72% 

Pterodroma alba Phoenix Petrel EN 47% 7% 53% 

Nesofregetta fuliginosa White-throated Storm-

petrel 

EN 38% 6% 44% 

Spheniscus mendiculus Galapagos Penguin EN 13% 25% 38% 

Oceanodroma 

homochroa 

Ashy Storm-petrel EN 6% 24% 30% 

Eudyptes sclateri Erect-crested Penguin EN 13% 13% 27% 

Phalacrocorax 

featherstoni 

Pitt Island Shag EN 25% 0% 25% 

Thalassarche 

melanophrys 

Black-browed Albatross EN 3% 3% 7% 

Pelecanoides garnotii Peruvian Diving-petrel EN 7% 0% 7% 

Megadyptes antipodes Yellow-eyed Penguin EN 0% 6% 6% 

Sula capensis Cape Gannet VU 50% 50% 100% 
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Fregata aquila Ascension Frigatebird VU 50% 0% 50% 

Phoebastria nigripes Black-footed Albatross VU 15% 24% 38% 

Procellaria aequinoctialis White-chinned Petrel VU 21% 16% 37% 

Sterna nereis Fairy Tern VU 24% 11% 35% 

Diomedea exulans Wandering Albatross VU 11% 22% 33% 

Leucocarbo ranfurlyi Bounty Islands Shag VU 15% 15% 31% 

Phoebastria albatrus Short-tailed Albatross VU 0% 29% 29% 

Larus fuliginosus Lava Gull VU 13% 13% 27% 

Rissa brevirostris Red-legged Kittiwake VU 7% 20% 27% 

Eudyptes robustus Snares Crested Penguin VU 0% 25% 25% 

Leucocarbo campbelli Campbell Island Shag VU 25% 0% 25% 

Leucocarbo carunculatus New Zealand King Shag VU 11% 11% 22% 

Oceanodroma monteiroi Monteiro's Storm-petrel VU 0% 20% 20% 

Synthliboramphus 

craveri 

Craveri's Murrelet VU 5% 14% 19% 

Synthliboramphus 

wumizusume 

Japanese Murrelet VU 10% 7% 17% 

Thalassarche salvini Salvin's Albatross VU 8% 8% 17% 

Spheniscus humboldti Humboldt Penguin VU 6% 10% 16% 

Thalassarche 

chrysostoma 

Grey-headed Albatross VU 9% 6% 16% 

Eudyptes chrysolophus Macaroni Penguin VU 7% 8% 15% 

Synthliboramphus 

hypoleucus 

Xantus's Murrelet VU 4% 11% 15% 

Puffinus yelkouan Yelkouan Shearwater VU 4% 7% 11% 

Phalacrocorax 

nigrogularis 

Socotra Cormorant VU 10% 0% 10% 

Leucocarbo chalconotus Stewart Island Shag VU 0% 8% 8% 

Eudyptes pachyrhynchus Fiordland Crested Penguin VU 7% 0% 7% 

Eudyptes chrysocome Southern Rockhopper 

Penguin 

VU 3% 4% 7% 
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Table 3.5. The 25 top-scoring islands in the Eradication Management Portfolio, ranked 

for minimized operational complexity for eradicating invasive mammals (Eradication 

Complexity (EC) score) or seabird conservation importance (Seabird Island Importance 

(SII) score). Each list includes the number of extant globally threatened seabirds present, 

the level of risk for coastal flooding, the number of known invasive mammal species 

(IMS) present, and the percent of known invasive mammal species (IMS) that can be 

eradicated from each island given basic eradication feasibility criteria (island size and 

human population). Ranks represent island scores and were duplicated for islands with 

the same score. Four islands from this list are top priorities within both ranked lists. 

Score 

Type 
Rank Island Name 

# 

Seabirds 

Coastal Flooding  

Risk 

# 

IMS 

 

% IMS that 

can be 

eradicated 

EC Score 1 Paryadin North 2 1 Low 1 100% 

2 Jongdao 2 1 High 1 100% 

3 Paryadin South 3 2 High 1 100% 

4 Paryadin North 3 1 Low 1 100% 

5 Ram 1 High 4 100% 

6 Green Rock 1 High 2 100% 

7 Lougie 1 High 2 100% 

8 Horn Rock 1 High 2 100% 

9 Tiejien Islet 1 Low 1 100% 

10 Sanbondake (South) 1 Low 1 100% 

11 Jongdao 1 1 Medium 1 100% 

12 Inner Pear Rock 1 High 2 100% 

13 Yaque shan 1 Low 1 100% 

14 Motone 1 Low 1 100% 

15 Long Rock 1 High 2 100% 

16 Veliki Rutvenjak 1 High 1 100% 

17 Eboshijima 1 Medium 1 100% 

18 Fungus Rock 1 Low 2 100% 

19 Makarac 1 High 1 100% 

20 Rolla 1 Low 3 100% 

20 Wharekakahu 1 Medium 1 100% 

21 Onohara 1 High 1 100% 

22 Atire 1 High 1 100% 

23 Minamitori 1 Low 1 100% 

24 Imotojima Torishima 1 Medium 1 100% 

SII Score 1 Chatham 6 Low 12 8% 

2 Gau 2 Low 7 29% 

3 Amsterdam 4 Low 5 100% 

4 Plata 1 Low 2 100% 

5 Gough 5 Low 1 100% 
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6 Clarión 1 Low 1 100% 

6 Socorro 1 Low 2 100% 

7 Tristan da Cunha 5 Low 6 100% 

8 Floreana 2 Low 6 67% 

9 San Cristobal 2 Low 10 50% 

10 Jongdao 2 1 High 1 100% 

10 Tiejien Islet 1 Low 1 100% 

10 Jongdao 1 1 Medium 1 100% 
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Figures 

Figure 3.1. The islands in the world with 97 threatened seabirds, scored by their IUCN 

Red List category, endemism and contribution to global evolutionary distinctiveness 

(Seabird Island Importance [SII]).  Dots are scaled by the quantile distribution of scores 

whereby the largest dots represent the upper 75th percentile of scores and the smallest 

dots represent the lower 25th percentile of scores. 
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Figure 3.2. The percent islands within each conservation management portfolio 

(Biosecurity, Eradication, Alternative Management), broken up by high, medium, or low 

coastal flooding risk. ‘All Islands’ represents the cumulative total of seabird islands 

analyzed (713) and the percent of islands within each flooding risk category.  
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Figure 3.3. The two ranked lists of islands for invasive mammal eradication on globally 

threatened seabird breeding islands. Dots are scaled by the quantile distribution of scores 

based on the (A) Eradication Complexity (EC) score, where higher scores represent lower 

complexity islands, and the (B) Seabird Island Importance (SII) score, which places 

priority on the conservation benefit of protecting the seabird species that are most 

threatened and evolutionarily unique.  

 

 

 

 

A 

B 
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Synthesis 

Islands bear a large burden of global species declines, which underscores the 

urgency to identify conservation opportunities on islands to prevent extinctions. One of 

the major outcomes of my research, the creation of the Threatened Island Biodiversity 

Database, addresses this need. The dataset brings together all the vertebrate species that 

are threatened on islands, their current and historic island distributions, and their co-

occurrence with people and invasive species, the primary drivers of island extinctions. 

The collation and synthesis of these data is the first of its kind, creating a spatial 

framework from which future studies that inform conservation planning and 

implementation can be built. By conserving these islands now, which constitute just 0.3% 

of the ~465,000 islands worldwide, we can prevent the extinction of 41% of all 

threatened vertebrates worldwide. Conservation actions such as invasive species 

management (eradications, biosecurity, fencing, etc.)  or the establishment of habitat 

protections will aid in the recovery of many of these species, and can build resilience in 

populations that are likely to be impacted by climate change, particularly in seabirds.  

The majority of threatened taxa were highly endemic, occurring on just a single 

island, and many were concentrated on just a handful of islands such as on Hispaniola, 

Cuba, Madagascar, and Sri Lanka (304 threatened species occurred on these 4 islands). 

This trend was most common for amphibians, which cannot disperse well between 

islands due to their intolerance to salt water and which require freshwater that is common 

on larger islands with topography and rainfall. Indeed, these islands are large, and have 
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diverse habitats and resources. Large islands like these contain more biological diversity 

than smaller islands(MacArthur & Wilson 1967) and contain refugia where native species 

can avoid predation or competition (Blackburn et al. 2004) and species that are adapted to 

avoid predation and competition compared to species from smaller islands. Despite this, 

these islands are densely inhabited, experience a multitude of impacts from habitat 

conversion, exploitation of resources, pollution, and the many invasive species that are 

present, and are hotspots of both biodiversity and biodiversity loss. This highlights the 

importance of locally-based conservation efforts that identify site-specific threats and 

conservation opportunities to prevent extinctions on these islands.  

While island vertebrates today may be threatened by more complex factors than in 

the past (Balmford 1996; Blackburn et al. 2004) and impact varies by complex 

combinations of life history traits, interactions between native vertebrates, interactions 

between invasive species, and island conditions (McCreless et al. 2016), the removal of 

invasive species from islands is still an effective conservation tool that has led to 

substantial conservation benefits in island systems worldwide (Jones et al. 2016). To 

date, nearly 1,100 successful eradications have removed invasive mammals from >750 

islands globally (DIISE 2015). This rate is steadily increasing as eradications of non-

mammalian invasive species becomes more common (Wingate 2011; Hoffmann et al. 

2016), eradication technologies expand, and practitioners strive to meet global targets 

(e.g. Secretariat of the Convention on Biological Diversity 2010). Over 60% of islands in 

our dataset contained an invasive animal, most commonly rats from the genus Rattus, 

which are implicated in both extinctions and the decline of extant biodiversity through 
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direct predation and trophic alterations in island ecosystems worldwide (Fukami et al. 

2006; Jones et al. 2008; Caut et al. 2008; Mulder et al. 2008). Many of these islands were 

small (range = 773,848.3 - 0.0006 km2, median area = 3.58 km2), and contained limited 

human populations, which are the two most important variables used to determine 

feasibility and potential for success of an eradication. Furthermore, my research revealed 

that of the 1,331 islands with highly threatened vertebrates, 11% had previously 

undergone an eradication (52), 3% were undergoing an eradication, yet up to 33% were 

potentially feasible for invasive animal eradication. Thus, there is considerable scope to 

effectively expand the global scale of island eradications and prevent imminent island 

extinctions. This opportunity can benefit some threatened amphibian and mammal 

species, yet threatened birds and reptiles, which occur most frequently on small, 

uninhabited or minimally inhabited islands, that are also invaded by at least one invasive 

animal, will benefit most from the eradication of invasive species from their breeding 

islands. This is particularly true for seabirds, which occur most often on small and 

uninhabited islands (Chapter 2), that tend to occur in high income countries where 

funding is available for biodiversity conservation, and are most impacted by invasive 

mammal predation (e.g. by cats, rats, mongoose) and habitat alterations (e.g. by goats, 

rabbits, or pigs). By ranking and scoring 249 threatened seabird islands that met my basic 

eradication feasibility criteria (Chapter 3), I found that 339 populations of 71 seabird 

species (73% of extant threatened seabird species) could be conserved if invasive 

mammals were eradicated from their breeding islands. Of these islands, 86% were at low 

risk of coastal flooding from climate-induced changes in sea levels and increased storms, 
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signaling that removing invasive mammals from these islands will have both short and 

long term effects, and will provide refugia for breeding seabirds into the future.  

Concluding Remarks 

As we enhance eradication tools and work more often with local communities to 

gain support and resources for conservation efforts, we can gain traction to expand 

eradication efforts to islands where threatened biodiversity needs it the most. Further 

studies on the distribution of important invasive species, especially rats, and their impacts 

on native-species survival and population viability, will be critical for scaling up efforts 

to prevent imminent extinctions.  While many islands with globally threatened seabirds 

are potentially feasible for eradication and are safe from coastal flooding hazards linked 

to climate change, further analysis is needed to determine short and long-term strategies 

(e.g. invasive management combined with translocation) to protect species that are 

threatened by invasive species and occur almost exclusively on high or medium risk 

islands. This, combined with biosecurity plans that prevent reinvasions and respond to 

incursion events, will undoubtedly by critical for the long-term restoration of islands and 

protection of threatened species. 

Finally, this research would not be possible without the critical support of experts. 

The amount of expert solicitation to conduct this study was unprecedented. I interviewed 

over 600 people from all 111 countries in our dataset. Global-data sharing and 

consolidation are relatively new in science and in conservation and increased efforts in 

maintaining global data repositories and participation of experts in updating these 
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repositories, will undoubtedly increase our understanding of the ecology of endangered 

species and ecosystems and our ability to act quickly to protect biodiversity (Hammond 

et al. 2008; Kowalczyk & Shankar 2011). Given the clear evidence of invasive species 

impacts on native island species and the ecological benefit of their removal, efforts to 

identify and prioritize island conservation opportunities is important, and can be guided 

by the information presented in this dissertation.  
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Appendices 

 

Appendix 1.1. Flowchart describing the systematic review process for identifying islands 

with highly threatened breeding populations of highly threatened vertebrates 

 



 

95 
 

Appendix 1.2. Flowchart describing the systematic review process for identifying islands 

with invasive vertebrates on islands with highly threatened native vertebrate species 
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Appendix 1.3. The threatened vertebrate species on islands with invasive vertebrates and 

minimal human population 

Class Order Family Scientific Name 
# of 

populations 

% of 

populations 

Amphibia Anura Bufonidae Atelopus elegans 1 100% 

Amphibia Anura Eleutherodactylidae 
Eleutherodactylus 

alcoae 
1 50% 

Amphibia Anura Eleutherodactylidae 
Eleutherodactylus 

schwartzi 
2 33% 

Amphibia Anura Hylidae Litoria raniformis 1 13% 

Amphibia Anura Mantellidae 
Gephyromantis 

silvanus 
1 50% 

Amphibia Anura Mantellidae Gephyromantis webbi 1 50% 

Amphibia Anura Mantellidae Mantella viridis 1 50% 

Amphibia Caudata Salamandridae Cynops ensicauda 1 8% 

Amphibia Caudata Salamandridae 
Lyciasalamandra 

fazilae 
1 50% 

Aves Anseriformes Anatidae Anas chlorotis 2 29% 

Aves Anseriformes Anatidae Anas laysanensis 1 33% 

Aves Anseriformes Anatidae Melanitta fusca 13 93% 

Aves Apodiformes Apodidae Collocalia bartschi 1 25% 

Aves Charadriiformes Alcidae 
Brachyramphus 

brevirostris 
1 25% 

Aves Charadriiformes Alcidae 
Brachyramphus 

marmoratus 
4 31% 

Aves Charadriiformes Charadriidae Charadrius obscurus 6 32% 

Aves Charadriiformes Charadriidae 
Thinornis 

novaeseelandiae 
3 50% 

Aves Charadriiformes Haematopodidae 
Haematopus 

chathamensis 
1 25% 

Aves Charadriiformes Laridae Sterna bernsteini 4 50% 

Aves Charadriiformes Laridae Sterna lorata 1 100% 

Aves Charadriiformes Scolopacidae Prosobonia cancellata 1 17% 

Aves Ciconiiformes Ardeidae Ardeola idae 3 60% 

Aves Ciconiiformes Threskiornithidae Threskiornis bernieri 1 50% 

Aves Columbiformes Columbidae 
Didunculus 

strigirostris 
1 33% 

Aves Columbiformes Columbidae Ducula aurorae 1 100% 

Aves Columbiformes Columbidae 
Gallicolumba 

erythroptera 
2 40% 

Aves Columbiformes Columbidae Nesoenas mayeri 1 50% 

Aves Columbiformes Columbidae Ptilinopus roseicapilla 2 40% 
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Aves Coraciiformes Bucerotidae Aceros narcondami 1 100% 

Aves Falconiformes Accipitridae 
Haliaeetus 

vociferoides 
10 67% 

Aves Falconiformes Accipitridae 
Neophron 

percnopterus 
1 8% 

Aves Galliformes Megapodiidae Megapodius laperouse 19 68% 

Aves Galliformes Megapodiidae 
Megapodius 

pritchardii 
1 33% 

Aves Gruiformes Rallidae Porphyrio hochstetteri 1 13% 

Aves Passeriformes Acanthizidae Mohoua ochrocephala 4 33% 

Aves Passeriformes Callaeatidae Callaeas cinereus 1 20% 

Aves Passeriformes Emberizidae Rowettia goughensis 1 100% 

Aves Passeriformes Emberizidae Torreornis inexpectata 1 33% 

Aves Passeriformes Furnariidae 
Aphrastura 

masafuerae 
1 100% 

Aves Passeriformes Hirundinidae Progne modesta 5 42% 

Aves Passeriformes Icteridae Agelaius xanthomus 1 33% 

Aves Passeriformes Mimidae Mimus graysoni 1 100% 

Aves Passeriformes Mimidae Mimus trifasciatus 2 100% 

Aves Passeriformes Monarchidae Pomarea mendozae 1 100% 

Aves Passeriformes Muscicapidae 
Copsychus 

sechellarum 
2 50% 

Aves Passeriformes Pardalotidae 
Pardalotus 

quadragintus 
1 20% 

Aves Passeriformes Ploceidae Foudia rubra 1 50% 

Aves Passeriformes Sylviidae Acrocephalus luscinius 1 50% 

Aves Passeriformes Sylviidae 
Acrocephalus 

vaughani 
1 100% 

Aves Passeriformes Zosteropidae Cleptornis marchei 2 67% 

Aves Passeriformes Zosteropidae 
Zosterops 

chloronothus 
1 50% 

Aves Passeriformes Zosteropidae 
Zosterops 

conspicillatus 
2 50% 

Aves Passeriformes Zosteropidae Zosterops modestus 1 20% 

Aves Pelecaniformes Phalacrocoracidae 
Phalacrocorax 

capensis 
10 25% 

Aves Pelecaniformes Phalacrocoracidae 
Phalacrocorax 

featherstoni 
1 9% 

Aves Pelecaniformes Phalacrocoracidae 
Phalacrocorax 

neglectus 
6 15% 

Aves Pelecaniformes Phalacrocoracidae Phalacrocorax onslowi 1 20% 

Aves Procellariiformes Diomedeidae 
Diomedea 

amsterdamensis 
1 100% 



 

98 
 

Aves Procellariiformes Diomedeidae Diomedea dabbenena 1 50% 

Aves Procellariiformes Diomedeidae Diomedea sanfordi 1 17% 

Aves Procellariiformes Diomedeidae Phoebastria irrorata 1 50% 

Aves Procellariiformes Diomedeidae Phoebetria fusca 7 47% 

Aves Procellariiformes Diomedeidae Thalassarche carteri 2 29% 

Aves Procellariiformes Diomedeidae 
Thalassarche 

chlororhynchos 
1 17% 

Aves Procellariiformes Diomedeidae 
Thalassarche 

chrysostoma 
7 22% 

Aves Procellariiformes Hydrobatidae Nesofregetta fuliginosa 5 31% 

Aves Procellariiformes Hydrobatidae 
Oceanodroma 

homochroa 
5 15% 

Aves Procellariiformes Pelecanoididae Pelecanoides garnotii 5 33% 

Aves Procellariiformes Procellariidae Pterodroma alba 8 50% 

Aves Procellariiformes Procellariidae Pterodroma atrata 3 60% 

Aves Procellariiformes Procellariidae Pterodroma axillaris 1 25% 

Aves Procellariiformes Procellariidae Pterodroma cahow 6 100% 

Aves Procellariiformes Procellariidae Pterodroma incerta 1 33% 

Aves Procellariiformes Procellariidae 
Pterodroma 

phaeopygia 
1 20% 

Aves Procellariiformes Procellariidae Puffinus auricularis 1 100% 

Aves Procellariiformes Procellariidae Puffinus mauretanicus 6 33% 

Aves Procellariiformes Procellariidae Puffinus newelli 1 17% 

Aves Psittaciformes Psittacidae Cacatua sulphurea 1 8% 

Aves Psittaciformes Psittacidae Lathamus discolor 1 33% 

Aves Psittaciformes Psittacidae Nestor meridionalis 3 17% 

Aves Sphenisciformes Spheniscidae Eudyptes moseleyi 3 43% 

Aves Sphenisciformes Spheniscidae Eudyptes sclateri 2 13% 

Aves Sphenisciformes Spheniscidae Megadyptes antipodes 6 38% 

Aves Sphenisciformes Spheniscidae Spheniscus demersus 7 30% 

Aves Sphenisciformes Spheniscidae Spheniscus mendiculus 3 38% 

Aves Struthioniformes Apterygidae Apteryx mantelli 2 50% 

Mammalia Chiroptera Emballonuridae 
Emballonura 

semicaudata 
7 29% 

Mammalia Chiroptera Pteropodidae Pteropus mariannus 21 81% 

Mammalia Chiroptera Pteropodidae Pteropus pselaphon 1 20% 

Mammalia Chiroptera Rhinolophidae Rhinolophus cognatus 4 57% 

Mammalia Chiroptera Vespertilionidae Myotis findleyi 2 67% 

Mammalia Dasyuromorphia Dasyuridae Dasyurus hallucatus 2 20% 

Mammalia Dasyuromorphia Dasyuridae Parantechinus apicalis 2 67% 
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Mammalia Dasyuromorphia Dasyuridae 
Pseudantechinus 

mimulus 
4 100% 

Mammalia Dasyuromorphia Dasyuridae Sarcophilus harrisii 1 25% 

Mammalia Diprotodontia Macropodidae Petrogale persephone 1 50% 

Mammalia Diprotodontia Potoroidae Bettongia penicillata 1 100% 

Mammalia Eulipotyphla Soricidae Crocidura canariensis 2 50% 

Mammalia Lagomorpha Leporidae Sylvilagus graysoni 2 50% 

Mammalia Lagomorpha Leporidae Sylvilagus mansuetus 1 100% 

Mammalia Proboscidea Elephantidae Elephas maximus 2 29% 

Mammalia Rodentia Capromyidae Capromys garridoi 1 100% 

Mammalia Rodentia Capromyidae 
Mesocapromys 

angelcabrerai 
1 100% 

Mammalia Rodentia Capromyidae Mesocapromys auritus 4 100% 

Mammalia Rodentia Capromyidae 
Mesocapromys 

sanfelipensis 
1 100% 

Mammalia Rodentia Cricetidae Peromyscus guardia 2 100% 

Mammalia Rodentia Cricetidae Peromyscus madrensis 2 50% 

Mammalia Rodentia Cricetidae Peromyscus sejugis 1 50% 

Mammalia Rodentia Cricetidae Peromyscus stephani 1 100% 

Mammalia Rodentia Heteromyidae Dipodomys insularis 1 100% 

Mammalia Rodentia Muridae Melomys rubicola 1 100% 

Reptilia Squamata Boidae Epicrates monensis 6 43% 

Reptilia Squamata Colubridae Masticophis anthonyi 1 100% 

Reptilia Squamata Colubridae Tantilla oolitica 1 25% 

Reptilia Squamata Dipsadidae Alsophis antiguae 2 50% 

Reptilia Squamata Dipsadidae Alsophis rijgersmaei 1 25% 

Reptilia Squamata Dipsadidae Liophis cursor 1 100% 

Reptilia Squamata Gekkonidae Hemidactylus bouvieri 1 14% 

Reptilia Squamata Gekkonidae Perochirus ateles 4 5% 

Reptilia Squamata Gekkonidae Phelsuma guentheri 1 50% 

Reptilia Squamata Gymnophthalmidae Gymnophthalmus pleii 2 29% 

Reptilia Squamata Iguanidae Brachylophus bulabula 2 17% 

Reptilia Squamata Iguanidae Brachylophus fasciatus 9 33% 

Reptilia Squamata Iguanidae Brachylophus vitiensis 3 30% 

Reptilia Squamata Iguanidae 
Ctenosaura 

melanosterna 
1 50% 

Reptilia Squamata Iguanidae Ctenosaura oedirhina 1 50% 

Reptilia Squamata Iguanidae Cyclura carinata 34 100% 

Reptilia Squamata Iguanidae Cyclura pinguis 5 83% 

Reptilia Squamata Iguanidae Cyclura ricordii 1 50% 
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Reptilia Squamata Iguanidae Cyclura rileyi 13 100% 

Reptilia Squamata Iguanidae Cyclura stejnegeri 1 100% 

Reptilia Squamata Iguanidae Iguana delicatissima 3 19% 

Reptilia Squamata Lacertidae Podarcis carbonelli 1 20% 

Reptilia Squamata Lacertidae Podarcis cretensis 17 81% 

Reptilia Squamata Lacertidae Podarcis lilfordi 5 12% 

Reptilia Squamata Natricidae 
Lycognathophis 

seychellensis 
1 17% 

Reptilia Squamata Phrynosomatidae Urosaurus auriculatus 1 100% 

Reptilia Squamata Phyllodactylidae Tarentola gigas 1 50% 

Reptilia Squamata Scincidae Chalcides parallelus 1 100% 

Reptilia Squamata Scincidae Chioninia vaillantii 1 25% 

Reptilia Squamata Scincidae Emoia adspersa 1 11% 

Reptilia Squamata Scincidae Emoia boettgeri 5 14% 

Reptilia Squamata Scincidae 
Emoia 

mokosariniveikau 
1 33% 

Reptilia Squamata Scincidae Emoia samoensis 1 20% 

Reptilia Squamata Scincidae Emoia slevini 5 83% 

Reptilia Squamata Scincidae Emoia trossula 5 20% 

Reptilia Squamata Scincidae 
Janetaescincus 

veseyfitzgeraldi 
1 17% 

Reptilia Squamata Scincidae Leiolopisma alazon 1 33% 

Reptilia Squamata Scincidae Phoboscincus bocourti 1 100% 

Reptilia Squamata Scincidae Plestiodon longirostris 7 70% 

Reptilia Squamata Scincidae Spondylurus culebrae 1 50% 

Reptilia Squamata Scincidae 
Spondylurus 

magnacruzae 
1 50% 

Reptilia Squamata Scincidae Spondylurus monae 1 100% 

Reptilia Squamata Scincidae Spondylurus nitidus 4 67% 

Reptilia Squamata Scincidae 
Spondylurus 

semitaeniatus 
6 43% 

Reptilia Squamata Scincidae Spondylurus sloanii 5 63% 

Reptilia Squamata Sphaerodactylidae 
Sphaerodactylus 

storeyae 
2 50% 

Reptilia Squamata Teiidae Ameiva polops 2 50% 

Reptilia Squamata Typhlopidae Typhlops monensis 1 100% 

Reptilia Squamata Viperidae 
Macrovipera 

schweizeri 
1 25% 

Reptilia Testudines Geoemydidae Geoemyda japonica 1 20% 

Reptilia Testudines Geoemydidae Heosemys spinosa 1 7% 
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