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ABSTRACT  

 

Red-billed Tropicbirds (Phaethon aethereus) are cavity-nesting seabirds with important 

nesting colonies on Saba and Sint Eustatius in the Dutch Caribbean.  Breeding productivity 

has been steadily declining and nest failure is primarily attributed to the presence of 

invasive mammalian predators.  Camera traps were deployed to determine the extent of 

invasive species presence and impact.  Cats, rats, and goats as well as native land crabs and 

lizards were present on both islands and actively visiting nest sites.   The positive 

relationship between goat visitation and cat visitation suggests that goats may be 

facilitating cat predation by increasing visibility and accessibility to nests.  Disturbance 

from goats may be causing nest abandonment by breeding adults, which warrants further 

study.  A significant proportion of nests surveyed (n=106) were failures (n=71).  It can be 

inferred that invasive mammalian presence at those sites is contributing to nest failure.  

There is not enough evidence to draw any conclusions on the possible impact of native 

predators.  Further and more extensive monitoring is recommended to better quantify 

impacts and invasive species behaviour for eradication programme design. 
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INTRODUCTION 

1.1 PROBLEM STATEMENT 

Invasive alien species (IAS) are one of the top drivers of species population decline 

worldwide, particularly on islands (Reaser et al., 2007; Courchamp et al., 2003; O’Dowd et 

al., 2003; Vitousek et al., 1996).  Of 176 avian species extinctions, 93% of those were on 

islands; 42% of those extinctions can be primarily attributed to the presence of invasive 

mammals.  Invasive mammals are a major factor in the endangerment of 40% of threatened 

island avian fauna (King, 1985).  Feral cats (Felis catus) have invaded over 65 major island 

groups (Atkinson, 1989) and are partially responsible for the extinction of at least  14% of 

native lizards, mammals, and birds (Medina et al., 2011). 

Development of a successful eradication programme needs to consider IAS in a whole 

ecosystem context.  Before eradication is implemented, the trophic and ecological effects of 

species removal should be fully considered (Le Corre, 2008).  An example of indirect effects 

from eradication is mesopredator release, when the eradication of an apex predator allows 

the secondary predator population to increase, thereby increasing predation pressure on 

the native prey species (Courchamp et al., 2001; Crooks & Soule, 1999; Bergstrom et al., 

2009; Le Corre, 2008).  This result in exacerbation of native species declines through 

predation increase, despite removal of the original driver of decline. 

Previous studies suggest that IAS are the most likely drivers of avian nest failures on 

islands.  However, due to the lack of publications on the ecology and trophic relationships 

on Saba, it is worthwhile to consider the possibility of a native predator affecting nest 

productivity.  Little is known about the land crabs (Gecarcinus ruricola) specific to the Dutch 

Caribbean.  Many crabs are omnivores, such as the land crab Geograpsus severnsi of Hawaii, 

was known to be carnivorous and depredated nesting seabirds (Paulay and Starmer, 2011).  

Ghost crabs (Ocypode spp.) have also been suspected of being shorebird nest predators 

(Wolcott and Wolcott, 1999; Sabine et al., 2006).   

This study will investigate different possibilities of nest failure with a focus on IAS impacts 

through predation and disturbance.   
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1.2  CONSERVATION CONCERN: WHY RED-BILLED TROPICBIRDS? 

Red-billed tropicbirds (Phaethon aethereus, Fig 1.1; RBTR), known locally as Boatswain 

Birds, are restricted range seabirds that nest on islands throughout the Caribbean Sea.  

RBTR are listed under International Union on the Conservation of Nature (IUCN) guidelines 

as Least Concern, yet very little is known regarding their life history and populations have 

shown a downward trajectory in recent years (BirdLife, 2013).  Causes of the decline are 

still unknown, however, an ongoing nest productivity study on Saba and Sint Eustatius has 

shown annual nest failures, with zero chicks fledging (A Delnevo pers comm. 2013).  An 

exploratory cat control programme points to feral cats as the primary cause of nest failure 

through depredation of chicks.  Chicks that are not predated have exhibited slow growth 

rates, bringing feeding rates and quality of food into consideration as a possible cause of 

nest failure (Delnevo, 2013). 

 

 

 

 

 

 

  

Fig 1.1 Red-billed Tropicbird adult and chick in nesting cavity. (Credit: Michiel Boeken, 2013) 

 

Coupled with the decreasing nest productivity being observed in Saba and Sint Eustatius, 

two important breeding locations for RBTR, a future population crash is a strong possibility.  

In a typical RBTR colony, annual juvenile additions would be expected; however, it is 

impossible to discern what the demographics truly are simply from observation alone.  This 

is because once RBTR develop adult plumage at approximately three years of age, they 

become very difficult to age.  If the trend of nest failures continues, few juveniles will be 

recruited into the population, leaving the future of RBTR vulnerable once the mature birds 

in the colony are deceased, especially if there is a massive die-off due to either natural or 

unexpected events (Delnevo, 2013).   
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1.3  PREVIOUS STUDIES AND EXPLORATORY CAT CONTROL 

A long-term ongoing RBTR monitoring and breeding productivity study was started by the 

Dutch Caribbean Nature Alliance (DCNA) in 2012.  During visits to record biometric data, it 

was noted that previously occupied nests with eggs or chicks were increasingly being found 

empty several days afterwards. 

It has been recognised on both islands that invasive mammalian predators are a possible 

threat to the survival of their bird populations.  On Saba, a feral cat sterilisation programme 

was implemented by Saba Conservation Foundation (SCF) that has sterilised at least 200 

cats along with a government sponsored rodent control programme.  However, the effects 

of these programmes on seabird populations and invasive mammalian populations are 

unknown as no monitoring was carried out before or after implementation (Collier and 

Brown, 2008).   

In 2013, a cat trapping programme was initiated on Saba in order to find out more about 

the distribution, activity, and relative abundance of the feral cat population.  Camera traps 

were distributed around the island to determine areas of highest activity.  The Fort Bay 

landfill was found to harbour the largest feral cat population on the island.  Thirteen cats 

were trapped and killed.  There is anecdotal evidence that there has been an increase in 

breeding success post-cat control at the nesting colony adjacent to the landfill, Great Level, 

for the first time in two years (A Delnevo pers. comm. 2013).  This suggests that cat 

predation is a primary cause of nest failure. 

On Sint Eustatius, camera traps were placed around the island without any cat control 

attempts.  Prior to the pilot, Sint Eustatius National Parks (STENAPA) did not believe cats 

present on the island were depredating seabird nests.  The cameras provided evidence that 

cats were indeed present on the island and visiting RBTR nests (A Delnevo pers. comm. 

2013), which suggests cats may be contributing to nest failure in some capacity.  

 

1.4  STUDY AIM   

This study aims to identify the causes of RBTR nest failure and explore inter-species 

relationships that may be indirectly affecting nest success.  The results of this study will be 

used to inform nest site monitoring and invasive mammal eradication programmes.  The 

study aims are refined into objectives and hypotheses as outlined in Table 1.1. 
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1.5  OBJECTIVES AND HYPOTHESES 

 

Table 1.1 Table of objectives and hypotheses of this study 

Objectives Hypotheses 

O1: To determine if the effects of goat 

presence and disturbance at RBTR nest 

sites is contributing to increased cat 

visitation. 

H1A: Increased levels of goat visitation and 

disturbance at RBTR nest sites are 

positively correlated with increased levels 

of cat visitation.  

H1B: Increased levels of goat visitation and 

disturbance at RBTR nest sites are 

positively correlated with increased levels 

of cat and rat visitation.  

O2: To determine if and how levels of IAS 

visitation and predation vary between 

nest sites on Saba and Sint Eustatius. 

H2: There will be higher levels of cat and 

rodent visitation at nest sites on Saba due 

to the proximity of a rubbish tip to nesting 

colonies. 

O3: To determine if cats are affecting 

nesting success. 

H3: There is a positive relationship 

between observed predation by cats and 

number of recorded nest failures. 

O4: To determine if land crab and lizard 

visitation is having any effect on RBTR 

nesting success. 

H4: Native species visitation by land crabs 

and lizards are having negative effects on 

nest success in Sint Eustatius. 

O5: To inform conservation management decisions involving invasive mammal control 

and eradication and future study design. 
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BACKGROUND 

2.1 INVASIVES ON ISLANDS 

Island ecosystems are considered to be of high importance by conservation prioritization 

schemes including Conservation International’s hotspots (Myers et al., 2000), Durrell’s 

topspots (Funk and Fa, 2010), World Wildlife Fund’s Global 200 Ecoregions (Olson and 

Dinerstein, 1998), and BirdLife International’s Important Bird Areas (IBA) (BirdLife 

International Data Zone, 2013) among others, due to their vast numbers of endemic and 

range-restricted species.  The isolation and high topographic and microclimactic diversity 

are all factors in the evolution of island endemic organisms (Mueller-Dombois, 1981), and 

in particular, many of these endemics have evolved without adaptations to a mammalian or 

predatory presence. 

Due to the insular nature of islands, island taxa are able to evolve and speciate without 

predatory pressure (Courchamp, Champuis, & Pascal, 2003), allowing them to become 

centres of high levels of endemism and range-restricted species; however, they also have 

lower species richness than their mainland counterparts (Whittaker & Fernandez-Palacios, 

2007).   Because of their isolation and simple ecological structure, niches are available, 

particularly for predators, which facilitate the successful invasion and establishment of 

invasive alien species (IAS) (Simberloff, 1974).   

Through displacement and deterioration of native flora and fauna, invasive species are 

responsible for long-term ecological and evolutionary changes.  For example, it is possible 

for invasive species to become part of an ecosystem by assuming the functional role of an 

extinct native organism (Zavaleta, Hobbs, & Mooney, 2002).   

IAS are commonly viewed as primary causes of extinction, however, research shows that 

IAS are simply one of several factors affecting biodiversity decline.  Primary or additional 

drivers of extinction are human exploitation and habitat degradation, which provide 

opportunities for a non-native to establish.  When multiple factors act together to drive 

down populations, it can be difficult to disentangle the true magnitude of impact of the IAS 

(MacDougall & Turkington, 2005).  Non-natives that do not successfully invade may still 

establish themselves in intact ecosystems and manage to maintain small stable populations 

but have negligible effects on biodiversity.  However, the opportunity to become invasive 

may occur in the future if the habitat begins to decline, known as the ‘lag effect’ (Gurevitch 

& Padilla, 2004; Mooney & Cleland, 2001).  Competition and predation are the two main 
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interactions between native biota and IAS.  Predation is predominantly responsible for 

terrestrial faunal extinctions and competitive exclusion for plants and aquatic 

invertebrates.   

 

2.2 INVASIVE MAMMALS 

There are several species of invasive mammals that are found throughout islands 

worldwide, some being accidental introductions but many intentional.  Several species of 

rats, including Pacific rats (Rattus exulans), Norway rats (Rattus norvegicus ), black rats 

(Rattus rattus ), as well as the house mouse (Mus domesticus ) have followed humans 

wherever they have gone by stowing away onto ships.  The three rat species alone have 

established a presence on at least 82% of islands in the 123 major island groups (Atkinson 

1985).   Impacts of domestic and feral cats (Felis catus) have been recorded on at least 120 

islands, including effects on 45 taxa of seabird (Medina et al., 2011).  Goats (Capra hircus), 

pigs (Sus scrofa), and rabbits (Oryctolagus cuniculus) were all intentionally introduced as 

non-perishable and self-sustaining food sources for sailors on long journeys.  All of the 

aforementioned can be found on IUCN ISSG’s list of 100 worst invasive species (Lowe et al., 

2001). 

 

2.3 BIRD LOSSES ON ISLANDS 

Of all the species losses on islands, bird extinctions and population decline are the best 

documented, largely because they are the best known major taxon in terms of both extant 

and extinct species (Blackburn and Gaston, 2005).  Patterns of characteristics that made 

these birds particularly vulnerable were discernable based on the fossils of New Zealand 

avian extinctions.  Relatively large body size, flightlessness, ground-dwelling or nesting 

habits, high endemism, and small clutch size (Cassels, 1984) were all shared traits.  Some of 

these population losses can be attributed to hunting pressure by humans, but the high 

levels of impact indicated suggest that combined effects of IAS with hunting caused a 

number of extinction events. 

Impacts of invasive mammals on native species populations have been documented 

worldwide, but insular endemic birds tend to be most affected (Nogales et al., 2004).  The 

Guadalupe storm petrel (Oceanodrama macrodactyla) and Jamaica petrel (Pterodroma 

caribbaea) are both globally extinct due to predation by invasive mammals (BirdLife 
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International, 2000).   Invasive mammals responsible for the largest impact tend to be 

rodents and cats.  The strong impact of cats is due in part to their ability to depredate 

seabirds at all life stages, except for the very largest species (Atkinson, 1985).  On 

Henderson Islands, the Pacific rat was shown to be responsible for 100% nest failure of 

Murphy’s petrel, with 100% of chicks killed within four days of hatching (Lever, 1994).  

There are current efforts to restore petrel populations and their nesting habitat by the 

Royal Society for the Protection of Birds through rat eradication efforts (RSPB, 2013).  On 

Natividad Island, Mexico, feral cat predation is predicted to cause a 5% decline in annual 

growth rate for every 20 cats in a population of 150,000 birds (Keitt et al., 2002).  On 

Marion Island, it was estimated that cats depredated 455,119 seabirds annually (Van Aarde, 

1980). 

 

2.4   BIOLOGICAL CONTROL 

Biological control, or biocontrol, is one of the oldest and most commonly used forms of IAS 

control.  It is defined by deBach (1964) as “the action of parasites, predators and pathogens 

in maintaining another organism’s density at a lower average than would occur in their 

absence.” However, the potential for ecological disaster is very high as its effect on other 

ecosystem components is often unknown.   

 With such unexpected impact, our ability to predict what a control might do is 

questionable.  Notable examples include the release of the cane toad (Bufo marinus) in 

Australia (Boland, 2004) and the rosy wolf snail (Englandina rosea) across tropical islands 

(Hadfield et al., 1993), both of which have indiscriminately decimated populations of non-

target endemic native species and have had little to no effect on the target species.  Cats 

were originally introduced to islands in efforts to combat invasive rat populations. 

 

2.5  MANUAL ERADICATION 

Manual eradication methods include shooting, trapping, and poisoning.  While these are far 

more labour intensive methods, they are far less likely to inadvertently affect non-target 

species.  These methods are commonly targeted at cats and rodents.  Poisons such as 

sodium monofluoroacetate, more commonly referred to as 1080, have been used 

throughout New Zealand.  It is a humane and lethal mammal-targeted poison with primary 

effects of disorientation and lethargy.  Generally, poisoning can lead to secondary effects in 
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non-target species feeding on poisoned carcasses.  However, 1080 does not bioaccumulate 

as it degrades quickly into harmless components into the environment (Eason and 

Frampton, 1991).  1080 has been used successfully in cat eradications in the Galapagos 

(Phillips et al., 2005),  

In the 1970s, a goat eradication programme was implemented in Pinta Island, Galapagos 

employing conventional hunting methods.  There was no monitoring protocol put into place 

before or after eradication attempts, and the island was falsely declared as goat-free in 

1985.  The next eradication attempt was more directed and included use of Judas goats, 

which are goats  fitted with telemetry collars and trained to search for and associate with 

other goats (Taylor & Katahira, 1988).  Combined with trained hunters and a monitoring 

programme throughout the effort, eradication proved to be successful (Campbell et al., 

2011). 

 

2.6 CAMERA TRAPS 

Camera traps are increasingly used throughout conservation as their uses range from 

determining distributions or populations to discoveries of new species.  Their affordability 

and non-invasive nature makes them ideal for elusive animals with a potentially wide range 

(Tobler et al., 2008).  Camera trap studies have been successfully employed for elusive and 

cryptic animal population surveys, particularly tigers (Panthera tigris) (Karanth & ,Nichols 

1997; Karanth, 1995; Karanth, 2004), ocelots, (Leopardus pardalis) (Di Bitetti et al., 2006), 

and jaguars (Panthera onca) (Maffei et al., 2004).   

For control and eradication efforts to be successful, pre- and post- monitoring of the 

population in question is critical, especially for the prevention of potential reinvasions.  A 

great deal of detection effort is required when dealing with IAS eradication in order to 

ensure that the last remaining individuals have been eliminated.  Detection and monitoring 

are commonly overlooked during and after the eradication process, which can lead to re-

invasion shortly after efforts cease (Zavaleta et al., 2002; Towns & Broome, 2003).  For 

example, Korapuki Island has gone through at least five reinvasions of its inshore islands 

after eradication was thought to be complete (Towns & Broome, 2003). 

Prior to the advent of camera traps, methods such as hair snares, searches for footprints, 

scat, prey remains, and use of dogs were typically employed in monitoring feral cat 

populations (Campbell et al., 2011).  The use of camera traps in estimating and indexing 
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feral cat population abundance through capture-mark-recapture (CMR) has been proven to 

produce credible estimates of changes in population abundance, particularly statistically 

significant declines after trapping programmes were put in place.  This allows for 

monitoring of absolute population changes and evaluation of control and eradication 

programme effectiveness (Bengsen et al., 2011).  After a feral cat eradication campaign on 

San Nicolas Island, California, camera trap monitoring was implemented in conjunction 

with island-wide searches with dogs to prevent reinvasion (Ramsey et al., 2011).  The 

ability of camera traps to detect elusive and endangered animals make it ideal for post-

eradication monitoring, when populations are low. 

Detection using camera traps can be used in determining indices of abundance before 

eradication takes place, as eradication can create aversion behaviours, thereby affecting 

results.  This preliminary study can provide insight into the scale of eradication efforts 

necessary and assist in targeting efforts where they are most needed (Campbell et al. 2011).    

Camera traps may be used to determine the true impact that an invasive species may be 

having on particular native species.  On islands where ground-nesting birds have been 

suffering population declines, infrared cameras have been placed into nesting cavities to 

determine what the impacts of invasive predators might be.  Yellow-bellied slider 

(Trachemys scripta) nests were monitored with infrared cameras to determine cause of 

failure. An invasive ant was found establishing underground trails to the nests and would 

then monitor the eggs until hatching occurred, in order to depredate hatchlings (Buhlmann 

and Coffman, 2001).  Use of camera traps allowed for this discovery and was one of the first 

documented instances of invasive fire ants causing population decline. 

In another example, camera traps were placed in Tristan albatross (Diomeda dabbenena) 

nest cavities on Gough Island to monitor nest activity.  Mice were found to depredate chicks, 

where it was discovered they did not show any of the appropriate self-defence behaviours 

or attempts to flee, despite mice feeding through a cavity in the chick (Fig 2.1; Wanless et 

al., 2007). 
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Fig 2.1 Video captures of Tristan albatross chicks being depredated by ten mice, some of which are 

feeding at a hole eaten through the chick (Credit: Wanless et al., 2007) 

 

 

2.7 STUDY SITES 

Saba and Sint Eustatius are located in the Caribbean Sea and are part of the Windward 

Islands of the Dutch Caribbean, along with St Maarten (Fig 2.2).   The islands were formerly 

known as the Lesser Antilles of the Netherlands Antilles until 2010.   

 

 

 

 

 

 

 

 

Fig 2.2 Saba and Sint Eustatius in the Caribbean (Credit: www.royaltyyachtcharters.com) 

 

 

 



11 

 

Saba (SAB) 

Saba is an extinct volcanic peak reaching 887m above sea level with an area of 13 km2 and a 

population of 1,991 (Dan Haag & Heerlen, 2013). The coastline is dominated by 

agglomerate cliffs and vegetation in the interior of the island is comprised of scrub, 

grassland, transitional secondary rainforest, and elfin woodlands at the highest elevations.  

Saba is part of a single IBA of 20 km2, as defined by BirdLife International (Fig 2.3).  The IBA 

protects 87 bird species, eight of them being restricted-range species.  The IBA primarily 

protects the coastline cliffs that are critical nesting habitats for Red-billed Tropicbirds 

(Phaethon aethereus) and Audobon’s Shearwater (Puffinus lherminieri) (BirdLife 2011).   

 

 

 

 

 

  

 

 

 

Fig 2.3 Location of Important Bird Area on Saba (AN006) (Collier and Brown, 2008); Inset: Map of Sint 

Eustatius and its protected areas (DCNA, 2013) 
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Sint Eustatius (EUX) 

Sint Eustatius, also known as Statia, is a volcanic formation with a young volcano in the 

south-east and a dormant volcano at the north-west, with an area of 21 km2 and a 

population of 3,897 (Dan Haag & Heerlen, 2013).  Elevation peaks at 602 m above sea level.  

The coastline and vegetation is almost identical to that of Saba; Sint Eustatius has more 

xeric vegetation along the sloped coastline.  Sint Eustatius has two IBAs (Fig 2.3), totalling 

14.86 km2, protecting 54 bird species of which eight are restricted-range species (BirdLife 

2011).  

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2.3 Location of Important Bird Areas on Sint Eustatius (AN007 and AN008) (Collier and Brown 2008); 

Inset: Map of Sint Eustatius and its protected areas (DCNA, 2013) 
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METHODS 

3.1 PRELIMINARY EXPLORATORY STUDY 

A one week exploratory study was conducted to determine the effectiveness of camera 

traps as a monitoring method and how to maximise outputs.  Camera traps were placed on 

two sites at Great Level and five sites at Tent on Saba.   Each camera was programmed with 

a different setting to find the optimal specifications to maximise battery life and memory 

card space without compromising quality or quantity of the captures (A Delnevo & DCNA, 

pers comm. 2013).  Exploratory sites have been denoted in Fig 3.2 and Fig 3.3 along with 

the study sites used. 

3.2 SAMPLING DESIGN 

Nest sites from known nesting colonies were chosen according to a set of specific 

parameters.  RBTR are cavity nesters commonly found nesting on cliff and rock faces by the 

sea.  As they are much more adept at flying than walking, RBTR prefer nesting sites at 

higher elevations that allow them to take flight immediately.  Thus, a number of nest sites 

were not suitable for this study as they pose practical and logistical concerns.  On Sint 

Eustatius, the nesting colonies on Signal Hill, Pilot Hill, and Pilot Ridge were selected as 

previous research was conducted there and better knowledge of nest site locations existed.  

Only one nest colony was selected on Saba, Great Level.  Two nest colonies were used in the 

one week exploratory study, Great Level and Tent, but for logistical reasons only Great 

Level nest sites were deemed suitable for this study.   

Due to the nature of the terrain and RBTR nesting habits, the primary factors involved in 

determination of nest study sites were practicality and safety.  The study site needs to be 

safely accessible by field workers which limited the study to nests at varying elevations 

between 60 to 80m on Saba and 40 to 60m on Sint Eustatius.  The second consideration was 

nest status, in order to obtain a representative sample of how different stages of nesting 

may be affected by IAS.  Nest status can be divided into four categories: Apparently 

Occupied Nest, with a possible but undetermined adult presence; Adult present; Egg 

present; and Chick present.  When an egg or chick was present, an adult was generally 

present incubating at the nest.   

After selecting nests that fit the above criteria, the remaining nests and surrounding areas 

were inspected for camera trap placement suitability.  The most important factor in the 

final determination of nest sites was to ensure that the presence of the camera trap did not 



14 

 

in any way disturb the birds, deter prospective birds or bias nesting attempts, with 

sufficient space at the nest entrance to allow for unrestricted movement.  A small metal 

frame was inserted into the ground and used to mount the camera in situations where there 

was no natural substrate to mount the camera (Fig 3.1). 

 

 

 

 

 

 

 

 

 

Fig 3.1 Camera trap set up with metal framework in front of a nest entrance at one of the study sites on 

Saba 

 

Due to funding complications, not all cameras were deployed for the entire study period.  

Cameras were first placed at nest sites that were most easily accessible and surveyed 

during the exploratory study, GL, Saba and SH, Sint Eustatius.   
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Camera Trap Study Sites on Saba 

3.3 CAMERA TRAP STUDY SITES 

 

 

 

Fig 3.2 Topographic map of Saba denoting exploratory nest sites, study sites, and human settled areas.  

Five exploratory cameras were placed at Tent and two at Great Level for a one-week period.  Six study 

sites were located in Great Level throughout the entire study period. 
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Camera Trap Study Sites on Sint Eustatius 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3.3 Topographic map of Sint Eustatius denoting study sites, and human settled areas.  Two study sites 

were located in Signal Hill, six in Pilot Ridge, and three in Pilot Hill.  Sites were densely located and not 

distinguishable on a map-scale. 

 

 

 

 

 

 

 



17 

 

3.4 CAMERA TRAPS 

Cameras were placed at these nest sites between 18th February and May 23rd 2013, which 

encompassed the peak laying season for RBTR.  Cameras were deployed for the duration of 

the entire study at Signal Hill in Sint Eustatius and Great Level in Saba.  As more cameras 

became available, they were deployed at Pilot Hill and Pilot Ridge for the remaining time 

period.   

 

Table 3.1 Trapping efforts measured by camera trap days at each nest site 

Island Colony Nest site Dates 

Trap 

days 

Saba 

Great 

Level 

44 18Feb-20May 91 

45 18Feb-19May 90 

910 17Feb-19May 91 

935 17Feb-22May 94 

938 18Feb-22May 93 

973 17Feb-20May 92 

974 18Feb-20May 91 

Total: 642 

Sint 

Eustatius 

Pilot Hill 

17 2May-24May 22 

34 2May-24May 22 

72 2May-24May 16 

Pilot 

Ridge 

10 15May-23May 8 

19 15May-23May 8 

20 15May-23May 8 

26 15May-23May 8 

8 15May-23May 8 

Signal 

Hill 

894 21Feb-23May 81 

900 21Feb-23May 74 

Total: 897 

Total for Saba and Sint Eustatius:  904 

 

The cameras used were equipped with a built-in infrared motion sensor with a range of fifty 

feet and built-in flash.  Camera trap specifications were chosen in order to maximise battery 

life and memory card space while capturing as much activity as possible.  Cameras operated 

24 hours a day and photographs were in colour and monochrome, for day and night, 

respectively.  Staff members from SCF and STENAPA were responsible for programming 

and maintaining camera traps.  Cameras were checked approximately every ten days 

(Table 3.2).  At each check, batteries were changed and a new memory card inserted.   
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Table 3.2 Camera trap configuration derived from exploratory study results.  Same settings were used 

across all study sites. 

Camera trap specifications and settings 

Camera Model Reconyx Hyperfire HC500 

Trigger Settings 3 pictures  

Sensitivity High  

Quiet Period No delay 

Time Lapse 24 hours, every 5 minutes 

Resolution 3.1 Megapixels 

Night Mode Balanced 

 

3.5 NESTING PRODUCTIVITY 

Nesting productivity data was collected from January to May 2013 by SCF and STENAPA 

staff.  At each check, presence of egg or chick was noted.  Incubation time for RBTR is 

approximately 43 days and chicks typically fledge around 80 days (A Delnevo pers. comm.., 

2013).  Based on this information, if chicks were recorded as present for approximately 80 

days, the nest was categorised as a success.  If the egg disappeared or did not hatch, then it 

was categorised as a failure. 

3.6 DATABASE DEVELOPMENT 

Each photograph recorded date, time, ambient temperature, moon phase, and type of 

capture (Fig 3.4).  Photographs was viewed individually and all photographs capturing 

occurrences of goats, lizards, cats, rats, and land crabs were recorded binomially in a 

presence absence manner, including date, time, ambient temperature, moon phase, and 

type of capture.   
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Fig 3.4 Example of a time-lapse photograph taken every five minutes (Nest site GL974 Saba) 

 

Because three photos were taken for each instance an animal moved in front of the infrared 

sensor (Fig 3.5), it was necessary to combine these photos into singular events in order to 

reduce self-dependence and pseudoreplication of results.  Some species, particularly land 

crabs or lizards, were prone to spending a long period of time in front of cameras which the 

threshold accounts for as well.  A minimum threshold of thirty minutes between captures of 

the same species was used to determine independence, which has been established in 

earlier literature (Thapa et al. 2013; Silver et al. 2004; Di Bitteti et al. 2006) though it can be 

up to one hour, depending on the nature of the study species (Tobler et al. 2008).  If the 

capture of a different species occurs but is not thirty minutes after the previous capture, it is 

considered an independent event.  If it was clear that it was the same individual even after a 

half hour had elapsed, it was considered a single event.  Capture events are defined as 

independent photos or series of photos.  Null photographs were not included in the dataset 

but were calculated as null capture events based on number of camera trap days. 

In further efforts to reduce pseudoreplication and to control for sampling effort, individual 

study sites were used as replicates as opposed to events.  
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Fig 3.5 Example of a motion-sensor triggered series of photos capturing the 

occurrence of Capra hircus (Nest site 900, Signal Hill, Sint Eustatius) 
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3.7 STATISTICAL ANALYSIS 

Analyses were conducted using the R statistical environment and Microsoft Excel.  Data was 

aggregated by species and camera trap site then summed to generate count data (see 

Appendix A).   Histograms were plotted in order to look at distributions in order to select 

the family of generalised linear model (GLM) to correct for any distributional anomalies.  

Due to small sample size and high levels of zero counts, resulting in overdispersion of data, 

GLMs were fitted using quasipoisson assumptions.   

Using GLMs, species events at different nests were compared to determine if a relationship 

existed and what the strength of it was.  A p-value of 0.05 or less was utilised to establish 

the presence and significance of a relationship between the response and explanatory 

variables.  A log transformed offset was included in each function to account for the fixed 

parameter of total possible events. 

As nest productivity data was not collected across all sites where camera traps were placed, 

direct comparisons could not be used for some hypotheses.  In order to robustly draw 

conclusions on the effects of IAS on nest productivity, RBTR nest productivity was analysed 

using proportional tests.  Conclusions were inferred from comparison of proportional test 

results and coefficients of GLMs for levels of invasive species visitation across colonies and 

islands.    
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RESULTS 

4.1 CAMERA TRAP EFFORT 

A total of 897 camera trap days and 23,232 individual captures are recorded of cats, goats, 

land crabs, rats, and various lizard species across both islands.  Following the 30 minute 

threshold, there were 1,255 independent events.  A breakdown of capture rates and camera 

trap days per colony are recorded in Table 4.1.  The highest number of captures 

(n=15,265) and events (n=236) were recorded at SH900, Sint Eustatius.   

There were a minimal number of camera trap days that resulted in failure due to inclement 

weather or displacement of the camera but are included in the final analysis as it comprised 

a negligible percentage of overall captures.  Days that no photos were captured because 

batteries were not changed accordingly are not included in the final dataset. 

 

Table 4.1 Capture and event rates across nest sites on Saba and Sint Eustatius with camera trap 

deployment dates and number of camera trap days per site. 

Capture and Event Rates across Nest Sites 

Nest Sites Island 

Trap 

Days 

Number of 

Captures 

Capture 

Rate 

Number 

of Events 

Event 

Rate 

GL44 SABA 91 134 1.47 41 0.45 

GL45 SABA 90 755 8.39 164 1.82 

GL910 SABA 91 279 3.07 115 1.26 

GL935 SABA 94 437 4.65 92 0.98 

GL938 SABA 93 2432 26.15 197 2.12 

GL973 SABA 92 875 9.51 53 0.58 

GL974 SABA 91 400 4.40 116 1.27 

PH17 EUX 22 64 2.91 18 0.82 

PH34 EUX 22 5 0.23 2 0.09 

PH72 EUX 16 11 0.69 5 0.31 

PR10 EUX 8 17 2.13 4 0.50 

PR19 EUX 8 13 1.63 4 0.50 

PR20 EUX 8 22 2.75 4 0.50 

PR26 EUX 8 10 1.25 5 0.63 

PR8 EUX 8 458 57.25 24 3.00 

SH894 EUX 81 2055 25.37 175 2.16 

SH900 EUX 74 15265 206.28 236 3.19 
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4.2 VISITATION FREQUENCY  

Land crab visits show a steady increase, particularly from March to April.  In April, there is a 

strong increase in lizard visitation but this decreases again in May.  Cat visitation is 

relatively unaffected over time as is rat visitation.  There is a small increase in rat visitation 

in April but decreases in May, similar to the pattern of lizard visitation.  Frequency of goat 

visitation experiences a sharp increase from March to April, and continues to increase (Fig 

4.1). 

 

Fig 4.1 Total frequency of species visits on Saba and Sint Eustatius each month (February to May) 
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Fig 4.2 shows that land crabs are the most common visitor on Saba (n= 398) and lizards on 

Sint Eustatius (n=254), both of which are native to the Dutch Caribbean.  Goats were the 

predominant IAS at RBTR nests on Sint Eustatius (n=145).  Rats were the most frequently 

recorded IAS visitor to nests on Saba (n=77). 

Fig 4.2 Total number of species visits to RBTR nest sites on Sint Eustatius and Saba 

 

Visitation frequency was examined on a finer scale at individual colonies (Fig 4.3).  Highest 

overall levels of visitation were found at Signal Hill, which was expected as the highest 

number of captures occurred there.   The low numbers of events (n= 25) recorded at Pilot 

Hill over three different study sites suggests that there was not enough camera trap effort.  

It is a possibility that it is a less visited site, but there is not enough evidence to state this. 
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Fig 4.3 Frequency of species at individual colonies of Pilot Hill, Pilot Ridge, and Signal Hill, Sint Eustatius and Great Level, Saba 
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Mean trap rates (MTR) calculated for each species across islands (Fig 4.4) show the same 

trend in abundance as shown in Fig 4.2.  Land crabs have the highest MTR on Saba followed 

by lizards then rats, making rats the most abundant IAS on Saba.  Lizards have the highest 

MTR on Sint Eustatius.  Goats are the most abundant IAS on Sint Eustatius, followed by rats.  

Cats are relatively scarce based on both absolute counts and MTR. 

 

 

 

Fig 4.4 Mean trap rates of cats, rats, goats, lizards, and land crabs across Sint Eustatius and Saba.  Mean 

trap rates were calculated by dividing number of events by total possible events derived from camera 

trap days on the island.  (Note: Different scale used for each graph.) 

 

Mean Trap Rates across Islands 
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4.3 INVASIVE MAMMALIAN PREDATOR VISITATION BY ISLAND 

Island differences have little to no effect on the visitation frequency of invasive mammalian 

predators at RBTR nests.  While there is no significance, cat visitation against island does 

suggest a weakly negative relationship (p-value 0.0609, Table 4.2) with lower frequencies 

of visitation found on Saba.  Rat visitation is highly unlikely to be dependent on island 

variation (p-value 0.683).  Combined invasive mammalian predator visitation frequency is 

completely unaffected by island variation (p-value 0.998).   

 

Table 4.2 Quasipoisson GLM results summary for H2.  Island variation has no effect on combined cat and 

rat presence at nest sites nor on general rat presence.  There is a possible significant difference in cat 

visitation due to island differences, with higher visitation on Sint Eustatius. 

H2: There will be higher levels of cat and rat visitation at nest sites on 

Saba than Sint Eustatius. 

Cats + Rats ~ Island 

Coefficients: Estimate Std. Error t value P value 

Sint Eustatius 

(Intercept) -5.915957 0.354111 -16.707 4.20E-11 

Saba -0.0009917 0.4186291 -0.002 0.998 

Dispersion = 4.278         

Cats ~ Island 

Coefficients: Estimate Std. Error t value P value 

Sint Eustatius 

(Intercept) -7.333 0.3912 -18.743 8.06E-12 

Saba  -1.211 0.5976 -2.026 0.0609 

Dispersion = 1.224         

Rats ~ Island 

Coefficients: Estimate Std. Error t value P value 

Sint Eustatius 

(Intercept) -6.1936 0.4209 -14.715 2.54E-10 

Saba 0.2016 0.4844 0.416 0.683 

Dispersion = 4.429         
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4.4 GOATS AND CATS 

Quasipoisson GLMs are suggestive of a positive relationship between the presence of goats 

and the presence of cats at nest sites, with a causal link between higher numbers of goat 

visitation events and higher numbers of cat visitation events.  When combined visitation of 

rats and cats is considered, there is no evidence of a relationship with goat visitation (Table 

4.3).  This may be because there were higher levels of rat visitation biasing the results. 

 

Table 4.3 Quasipoisson GLM results summary for H1A and H1B.  There is a positive and significant 

relationship+ relating presence of cats to the presence of goats at RBTR nests.  

H1A: Increased levels of goat visitation and disturbance at RBTR nest 

sites are positively correlated with increased levels of cat visitation. 

Cats ~ Goats 

Coefficients: Estimate Std. Error t value P value 

Cats (Intercept) -8.533029 0.426802 -19.993 3.17E-12 

Goats * 0.020043 0.008255 2.428 0.0282 

Dispersion = 1.28434         

H1B: Increased levels of goat visitation and disturbance at RBTR nest 

sites are positively correlated with increased levels of invasive 

mammalian predator visitation. 

Cats + Rats ~ Goats 

Coefficients: Estimate Std. Error t value P value 

Cats (Intercept) -6.08327 0.235776 -25.801 7.66E-14 

Goats 0.007065 0.06353 1.112 0.346 

Dispersion = 4.057         
+Significance codes: * indicates significance to 0.05; ** indicates significance to 0.01; *** indicates 

significance to 0.001 
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4.5 NESTING PRODUCTIVITY 

A total of 106 nests were surveyed across five colonies on Sint Eustatius over a five month 

period: 4 at Crooks Castle, 52 at Pilot Hill, 27 at Pilot Ridge, 11 at Signal Hill, and 12 at 

Zeelandia.  Five of the nest sites surveyed on Signal Hill and Pilot Hill were also camera trap 

study sites: SH900, SH894, PH17, PH34, and PH72.  There were 20 successes, 71 failures, 

and 15 fates unknown.  Nests designated as fates unknown were surveyed less frequently 

and over a shorter period.  Proportional tests show that nest failure comprises a significant 

portion of the nests surveyed (p-value 3.98e-12) on Sint Eustatius (Table 4.4).   

High levels of land crab and lizard visitation were expected on both islands because of their 

native status.  Significantly higher levels of lizards were recorded on Sint Eustatius (p-value 

0.0178).  There is a weak significant increase in levels of land crab visitation (p-value 0.068) 

on Saba.  Camera trap footage shows land crabs entering nests but no predation was 

directly observed (pers. obs. 2013; Fig 4.5).  There is overall not enough evidence to 

conclude whether or not presence of either land crabs or lizards at nests is negatively 

affecting nest productivity.   

 

 

 

 

 

 

 

 

Fig 4.5 Camera trap footage of land crab entering nest GL44, Saba 

Increased cat visitation frequency (Table 4.3) in conjunction with the high levels of nest 

failure on Sint Eustatius suggests that there is a positive correlation between frequency of 

cat visits and RBTR nest failure.  Camera trap footage of cats entering and depredating nests 

support this correlation (pers. obs .2013; Fig 4.6).     
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Fig 4.6 Camera trap footage of cat visits (left: GL974, Saba; right: SH894, Sint Eustatius) 

 

SH has a significantly higher frequency of invasive mammal visitation (p-value 9.26E-06) 

compared to other colonies.  It can be inferred that these increased levels are having a 

negative impact as expressed through high proportion of nest failures.  There is no 

significant difference in frequency of invasive mammal visitation at PH and PR, potentially 

due to lower camera trap effort.  However, this does not exclude it from contributing to nest 

failure.   

 

Table 4.4 Proportion of nest failures and successes on Sint Eustatius.  A significant proportion+ (71, 

n=106) of nests surveyed were failures. 

Nest Productivity Proportional Test: 

Successes 20 

Failures 71 

Total surveyed 106 

X2 48.1337 

Degrees of freedom 1 

p-value *** 3.98E-12 
+Significance codes: * indicates significance to 0.05; ** indicates significance to 0.01; *** indicates 

significance to 0.001 
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Table 4.5 Quasipoisson GLM results summary for H3.  Frequency of invasive mammals (goats, rats, cats) 

is significantly higher+ at Signal Hill, Sint Eustatius than Pilot Hill, Sint Eustatius, Pilot Ridge, Sint 

Eustatius or Great Level, Saba. 

H3: There is a positively correlated relationship between frequency of 

cat visitation and number of recorded nest failures. 

cats+rats+goats ~ colony 

Coefficients: Estimate Std. Error t value P value 

Great Level (Intercept) -5.51551 0.18498 -29.817 2.35E-13 

Pilot Hill -8.40600 0.93958 -0.895 0.387 

Pilot Ridge -0.09866 0.80022 -0.123 0.904 

Signal Hill *** 1.71287 0.24449 7.006 9.26E-06 

Dispersion = 4.2429         
+Significance codes: * indicates significance to 0.05; ** indicates significance to 0.01; *** indicates 

significance to 0.001 

 

 

 

Table 4.6 Quasipoisson GLM results summary for H4. There is a weak relationship between frequency of 

land crab visits and island variation.  There are significantly fewer lizards on Saba.  

H4: Native species visitation by land crabs and lizards are having 

negative effects on nest success in Sint Eustatius. 

land crabs ~ island 

Coefficients: Estimate Std. Error t value P value 

Sint Eustatius (Intercept) -5.6058 0.5991 -9.357 1.19E-07 

Saba 1.2438 0.6325 1.967 0.068 

Dispersion = 16.1522         

     lizards ~ island 

Coefficients: Estimate Std. Error t value P value 

Sint Eustatius (Intercept) -3.8751 0.2398 -16.162 6.74E-11 

Saba * -0.8961 0.3368 -2.661 0.0178 

Dispersion = 14.6019         
+Significance codes: * indicates significance to 0.05; ** indicates significance to 0.01; *** indicates 

significance to 0.001 
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DISCUSSION 

5.1 IMPACT OF GOAT VISITATION ON CAT VISITATION 

Invasive herbivores are thought to cause destruction of endemic flora and responsible for 

rapid, widescale landscape modification (Courchamp, Chapuis, & Pascal, 2003; Daly, 1987).  

Goats are not typically considered threats to seabird nesting viability; however, the results 

of this study challenge that idea.  Results show that goats have indirect effects on nesting 

productivity when cats are also present.  In colonies where presence of goats is more 

prevalent, an increase in cat presence is also found.  It is possible that the combination of 

overgrazing and goats’ ability to climb up rocky cliff faces where RBTR typically nest results 

in paths being cleared suggests that nest entrances become more accessible and noticeable 

to predators.  This draws upon studies that have found that humans and investigators can 

attract avian nest predators with their presence (Major, 1990) and increased nest predation 

with respect to distance to trails and paths (Miller and Hobbs, 2000).  Animals that have 

exhibited preference for trail use include coyotes (Forman, 1995; Miller & Hobbs, 1999) and 

tigers (Karanth, 1995). 

Goats are also responsible for creating disturbance around nests while grazing, which may 

be another potential indirect cause of failure.  Camera trap footage showed multiple goats 

lingering at nests for extended periods during day and night time.  At Signal Hill, Sint 

Eustatius a pair of young goats were captured approaching a nest entrance before settling 

down inside it, whereupon they appeared to go to sleep (pers. obs. 2013).  This sort of 

disturbance may cause adults to abandon nests contributing to already high nest failure 

from predation.  Their presence may deter breeding birds from selecting these nests which 

appear highly disturbed.  The effects of human disturbance on Leach’s storm-petrel 

(Oceanodroma leucorhoa), another long-lived seabird, have resulted in reduced hatching 

success by over 50% and37% nest site desertion, despite the species proclivity towards 

nest fidelity.  The long lifespan of these birds makes them more susceptible to disruption to 

breeding.  When breeding conditions are unfavourable, they may choose not to breed until 

the following season (Blackmer, Ackerman, & Nevitt, 2002).  Regardless of the differing 

sources of disturbance between Leach’s storm-petrel and RBTR, it is possible for the same 

effects to be felt as disruptions to the breeding process.  Continued disturbance either by 

goats or investigators at RBTR nests may lead to fewer eggs being laid (Blackmer et al., 

2002).     
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Results show that while goats are having an impact on cat visitation, it has almost no effect 

on rat visitation or combined cat and rat visitation.  Rat visits are likely unaffected by goats 

due to the fact that larger, predatory animals are more likely to use paths (Karanth, 

Chundawat, Nichols, & Kumar, 2004).   

The relationship between invasive cat and goat visitation at seabird nesting sites has not 

been previously studied.  The findings here warrant future studies to determine the extent 

of the relationship. 

 

5.2 ISLAND VARIATION 

There was no difference in levels of IAS or native species due to island variation.  The 

results suggest that there is a strong possibility that cat visitation is higher on Sint Eustatius 

than Saba, which can be determined more conclusively with increased trapping effort.  Feral 

cats are easier to trap near human settlements particularly around rubbish tips (Lee, 1994).  

Feral cats are commonly found at rubbish tips where they may scavenge but will hunt 

vertebrates opportunistically (Hutchings, 2003).   It was originally expected that there 

would be more cats present on Saba because of GL's proximity to a rubbish tip.  Sint 

Eustatius harbours a larger human population, which may contribute to its larger cat 

population.   

 

5.3 INVASIVE MAMMALIAN PREDATORS AND NEST FAILURE 

A positive correlation can be made between invasive mammalian visitation and nest failure 

on an island and colony level.  SH shows higher frequency of invasive mammal visitation 

than PH, PR, and GL.  This suggests that disturbance or predation by invasive mammals is 

greatly contributing to nest failure in SH, but does not exclude the possibility that it is also a 

factor in failures in other colonies.  It is possible that the primary cause of failure varies at 

each colony, but it is unlikely considering the small size of both islands. 

Anecdotally, there appears to be a link between cats and nest failure.  An exploratory cat 

control programme was undertaken on Saba (see Section 1.3) that resulted in the trapping 

and killing of 13 cats.  Post-cat control, the first successful chick fledging was recorded in 

two years (A Delnevo pers comm. 2013).  The implementation of cat eradication 

programmes has successfully led to decreased mortality for shearwaters on Natividad 
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Island (Keitt and Tershy, 2003), sooty terns on Isla Isabel, Mexico (Rodriguez, Torres, and 

Drummond 2006), and recolonisation of Ascension Island by the brown noddy (Ratcliffe et 

al., 2010) to name several examples. 

 

5.4 NATIVE PREDATORS 

Lizards and land crabs are native to the Dutch Caribbean and found in abundant quantities 

on both islands.  Higher levels of land crab activity were found on Saba whereas the same 

could be said for lizards on Sint Eustatius.  These differences could be attributed to island 

variations; for example, land crabs may be more abundant on Saba because it is almost half 

the land area of Sint Eustatius, which increases accessibility to water.  Despite being 

terrestrial crabs, they still have a need for proximity to water such as egg release (Little, 

1990).   

Even though both are native species, they may also be negatively impacting RBTR nests.  

Camera traps in other seabird nests have shown lizards deliberately breaking eggs open 

through head-butting or use of their snout, after which the contents are eaten (A Delnevo 

pers comm. 2013).  While statistical tests have shown the different levels in visitation by 

each, it cannot be definitively said if either is having any impact on nesting productivity.  A 

tenuous link could be drawn between lizards contributing to nest failure on Sint Eustatius, 

but there is not enough evidence to draw any conclusions on the extent of their effects on 

nest productivity. 

 

5.5 STUDY LIMITIATIONS 

The primary limitation of the study design was safety and practicality.  Majority of nest sites 

were inaccessible on a regular basis, without special equipment or training, due to high 

elevations or difficult terrain.  Secondly, there was not enough manpower to carry out the 

necessary tasks, including weekly camera checks.  Study sites did not represent the 

different habitats found on Saba and Sint Eustatius.  Study sites were also in close proximity 

to each other. 

Nest productivity data was only available for Sint Eustatius and was not consistently 

collected at all nests.   There is a disproportionate amount of camera trap effort between 

colonies and islands; however, this was unintentional as a result of a funding issue.   
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Statistical analyses could have been improved with model comparisons using quasi Akaike 

information constants (qAIC) to find the best fit quasipoisson GLMs.  Testing using a lower 

threshold time more specific to this study would possibly provide more significant results. 

 

5.6 RECOMMENDATIONS 

5.6.1 STUDY DESIGN  

The sampling design of this study could be improved in several ways to maximise outputs.  

Camera traps were placed within 1-2m of nest entrances in an attempt to learn about 

predation and nest biology simultaneously, but was unsuccessful.   A camera inside the nest 

cavity would provide more direct observations on predation and nest biology, as seen by 

the Tristan albatross study on Gough Island (Wanless et al., 2007). 

For visitation studies, it is not necessary to have such fine-scale resolution.  Moving the 

camera farther back covers a wider area around the nest and the activity around it.  One of 

the primary concerns in study design was safety and practicality which Tobler (2008) offers 

a solution to.   Tobler et al. (2008) found that camera spacing and area covered had little 

impact on the results.  Cameras can be densely placed in a smaller area to achieve the 

required camera trap days which will produce results of a similar quality.  This absolves the 

need to place cameras around nests in inaccessible areas.  However, sampling across a 

gradient of environments across the island is recommended, if possible. 

Camera trap effort should be roughly equal between colonies.  Additional cameras can be 

deployed for a shorter period or fewer cameras over a longer period of time, as long as the 

target number of camera trap days is reached.  This allows for some flexibility based on 

funding availability without compromising results. 

For a more accurate estimation of cat abundance, CMR may be used.  Ideally, two cameras 

would be setup per site in order to capture either side of the cat to record all fur markings.  

This method is used to study abundance of elusive and endangered large cats, such as tigers 

(Karanth and Nichols, 1997; Karanth, 1995; Karanth, 2004), ocelots (Di Bitetti et al., 2006), 

and jaguars (Maffei et al., 2004).    
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For a more accurate population estimate, traps can be placed in areas away from RBTR 

nests and baited to capture any cats that may not be currently visiting nests.  However, this 

comes at the loss of nest predation data. 

An intermission time or delay of at least one minute between consecutive photos taken will 

help reduce self-dependence of conspecific captures as suggested by Yasuda’s study of 

medium and large mammal diversity and abundance through camera trap monitoring 

(2004).  This may eliminate the need for an arbitrary threshold during analysis of captures. 

 

5.6.2 FUTURE RESEARCH 

In addition to the above recommendations, other amendments may be made to study 

design to gain a better idea of long-term IAS impacts on not only RBTR, but island ecology 

as a whole.  Camera traps can be deployed for longer periods of time to determine if there 

are any seasonal variations in IAS visitation, as RBTR are asynchronous nesters.  By 

monitoring over longer seasons, adaptations or behavioural changes in response to IAS 

presence may be discovered.   

Video cameras placed deeper inside nest cavities will provide clearer information on RBTR 

nesting behaviour and general biology.  Monitoring of chick fate will be improved and 

causes of nest failure can be directly observed.  There may be other factors causing nest 

failure that have not yet been detected. 

Cameras should be placed throughout the island to determine if cats are predating on other 

native fauna, as they are opportunistic predators that have depredated and caused 

extinctions of native mammals (Mellink, 1992; Tershy et al., 2002), birds (Jehl and Parks, 

1983; Dowding and Murphy, 2001; Veitch, 2001), reptiles (Iverson, 1978; Mitchell et al., 

2002), and insects around the world (Konecny, 1987; Fitzgerald, 1988; Fitzgerald and 

Turner, 2000). 

 

5.6.3 ERADICATION AND MANAGEMENT 

Effectively protecting the ecosystems of Saba and Sint Eustatius requires the creation of an 

eradication programme that targets all IAS.  Targeting goats as part of the eradication study 

preserves the landscape and vegetation of the islands; even though it does not contain flora 

or habitats of critical conservation concern, it is still an integral part of the functioning of 
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the island ecosystem.  In order to fully protect the future of RBTR and other seabirds, the 

natural order of the island should be maintained as much as possible.   

One of the most effective methods of goat removal is through use of radiotelemetry and 

Judas goats.  This method is useful when populations are low and remaining individuals are 

difficult to locate (Taylor and Katahira, 1988).  If all invasive mammals are to be eradicated, 

the use of 1080 would be sufficient to reduce populations, but not full eradication, due to 

administration methods.  A compound 1080 gel is applied to heavily-browsed vegetation 

within the reach of goats.  The technique becomes inefficient as goat populations decrease 

allowing regeneration of vegetation (Daly, 1987).  At this point, manual eradication with 

Judas goats can be used to remove the last remaining individuals.   

1080 can be administered to rats through hand or aerial broadcasting and bait stations.  

Bait stations allow for self-monitoring of poison uptake in conjunction with tracking boards 

as detection devices to monitor population levels while reducing exposure to non-target 

species (ie granivorous birds) (Howald et al., 2007).  1080 is ideal as it is humane and 

effective, biodegrades after consumption, and will not affect non-target species such as land 

crabs (Pain et al., 2008) or birds (Miller and Anderson, 1992). 

The use of poison poses a risk for any companion animals owned by island inhabitants.  A 

full assessment of possible effects on non-target species needs to be undertaken prior to 

implementation.  There is also the risk of accidental human or companion animal primary 

and secondary poisoning that needs to be addressed through extensive awareness 

campaigns and appropriate precautions taken (Nogales et al., 2004). 

For maximum effectiveness of eradication programmes, social impacts must be considered 

and all stakeholders consulted before and during the decision-making process.  Cat 

eradication can be a sensitive issue, particularly if domestic cats are at risk of being 

accidentally targeted.  On Ascension Island, 38% of domestic cats were accidentally 

poisoned or killed during the two year eradication campaign (Ratcliffe et al., 2009).  This 

can result in negative attitudes and behaviours towards conservation practitioners, perhaps 

making future conservation endeavours more difficult.  Cultural attitudes and 

socioeconomic concern need to be examined and considered when designing education and 

awareness campaigns.    

Regardless of methods chosen, it is absolutely critical to continue monitoring IAS 

populations both before and after eradication.  Without extensive monitoring, it will be 
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difficult to gauge effectiveness of eradication efforts and is far more likely to result in re-

invasion (Zavaleta et al., 2001; Courchamp et al., 2003).  RBTR nest productivity can be 

monitored simultaneously if using camera traps in nest cavities.  Indigenous species 

recovery should be monitored to determine that IAS eradication is having the intended 

effects.  Aside from camera traps, there are other low-tech methods available for IAS 

population monitoring. 

Dummy nests that replicate nest conditions can be set up in accessible areas that to monitor 

predation and visitation rates more effectively.  Previous studies on nest predation have 

used dummy eggs modelled from clay (Matthews et al., 1998) or chicken eggs (eg Picman, 

1988; Picozzi, 1975; Hammond & Forward, 1956; Loiselle & Hoppes, 1983) made to 

resemble study species’ eggs in artificial nests.  An additional set up that has a substrate 

placed outside the nest where the predator must pass and leave footprints can be used to 

monitor abundance (Angelstam, 1986).   Time-lapse filming with infrared video cameras or 

camera traps should be used in conjunction with these methods for improved accuracy 

(Brown, Moller, Innes, & Jansen, 1993).  Cameras are recommended as recent studies have 

suggested that inferences about predation of natural nests from artificial nests are not 

always reliable as different predators than expected may be attracted (Zanette, 2002; Pärt & 

Wretenberg, 2002). 

  

5.6.4 CONSERVATION IMPLICATIONS 

As RBTR are not currently listed as endangered by the IUCN, there is still time for a long-

term wide-scale study on IAS impacts and what best eradication practices might be.  

Before control or eradication plans are designed, it is critical to study all possible effects the 

removal of one species may have.  While in this case, removal of cats would be unlikely to 

change the effects of goats on the environment, but goats may still be having an effect on 

nest failure.  The dynamics of ecosystems and species interactions are rarely 

straightforward and IAS are not exempt; the effects felt by IAS presence can be long-

reaching with unseen consequences.  Primary causes of indigenous species decimation 

should not be attributed to a single IAS without complete assessment of species interactions 

and other possible causes, such as low resource availability, for the most effective 

conservation action. 
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APPENDIX A: GLM COUNT DATA 

Generalised Linear Model Count Data 

Island Colony Nest ID Events Cats Goats Rats Crabs Lizards 

SABA Great Level 44 4368 0 0 9 5 27 

SABA Great Level 45 4320 2 14 13 50 85 

SABA Great Level 910 4368 0 2 17 80 16 

SABA Great Level 935 4512 1 6 0 58 27 

SABA Great Level 938 4464 0 2 17 116 62 

SABA Great Level 973 4416 0 17 0 10 26 

SABA Great Level 974 4368 3 0 21 74 18 

EUX Pilot Hill 17 1056 0 0 5 6 7 

EUX Pilot Hill 34 1056 0 0 0 2 0 

EUX Pilot Hill 72 768 0 0 0 5 0 

EUX Pilot Ridge 8 384 0 0 0 2 2 

EUX Pilot Ridge 10 384 0 4 0 0 0 

EUX Pilot Ridge 19 384 0 1 0 0 3 

EUX Pilot Ridge 20 384 0 1 0 0 4 

EUX Pilot Ridge 26 384 0 1 0 11 12 

EUX Signal Hill 894 3888 6 50 3 15 101 

EUX Signal Hill 900 3552 2 88 17 4 125 

 


