

Chapter 5 – Conclusions

“He is most Haematopus-like in his motions, moving with great swiftness, and feeding on meat, which he holds down between his feet and tears into shreds. He is very fearless, and attacked the cats which came near him” – E.L. Layard, Crozet Islands, 1867
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Black-faced sheathbill (Chionis minor marionensis), with macaroni
penguin (Eudyptes chrysolophus) skull, Swartkops Point area, Marion Island



The combined effects of climate change and invasive species on the ecology of black-faced sheathbills (Chionis minor) on Marion Island

The interactive effects between global change drivers are being revealed with increasing frequency and there is growing evidence that these interactions may be almost as important as those of each driver alone (Didham et al., 2007; Mora et al., 2007; Brook et al., 2008; Crain et al., 2008).  For invasive species and climate change, it has been suggested that warming temperatures will exacerbate the effects of many invasive species, so further impacting both diversity and ecosystem functioning (Dukes and Mooney, 1999; Chown and Convey, 2007; Walther et al., 2009). However, while support for such interactions is accumulating (Stachowicz et al., 2002; Chown et al., 2007; Willis et al., 2010), empirical examples of native species responses are limited (Brook et al., 2008; Walther et al., 2009; Sorte et al., 2013) and much uncertainty remains (Didham et al., 2007; Hellmann et al., 2008; Bellard et al., 2012). A contributing factor may be that just as the interactions between drivers of change can be complex, so too are the interactions of organisms within a community. These biotic networks can be highly responsive to environmental disturbance (Gilman et al., 2010; Bellard et al., 2012; Wisz et al., 2013), yet difficult to quantify (McCann, 2007). This thesis thus adopted an integrated approach to demonstrate empirically the subtle, but significant changes to an island endemic’s demography and habitat use as a result of the combined effects of climate change and invasive species. 
Synthesis
The results of this study demonstrate that the observed changes in black-faced sheathbill demography and habitat use on Marion Island are the consequence of the interactions between invasive house mice (Mus musculus Linnaeus) and climate change. The form of these interactions is represented graphically in Fig 1, with each of the links discussed in a synthetic context below. Most of these links were explicitly investigated as part of this thesis, or are based on a review of the extant published information (such as climate change).   
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Figure 1: Flow chart of how climate change and invasive house mice on Marion Island interact to alter sheathbill ecology. 
(a)  Mean annual temperature has increased by more than 1° C and precipitation declined by more than 800 mm on Marion Island over the last half century as a result of the local effects of global climate change (Le Roux and McGeoch, 2008). 
(b) In turn, the total number of mice on the island at peak density has increased by 145.6 % over the past decade, due largely to an extended breeding season and the amelioration of formally marginal habitats (Chapter 2). 
(c) Mice continue to be primarily predators of terrestrial invertebrates. The subsequent increase in mouse predation pressure resulted in invertebrate biomass losses ranging between 82.8 % and 97.3 % in the two most important vegetation habitats for sheathbills, the biotic and mire habitats, respectively (Chapter 2).  
(d) The significant reduction in invertebrate biomass effectively displaced sheathbills from a formerly important food resource, as confirmed by energetic analysis (Chapter 3) estimated from metabolic rate measurements (Chapter 4). As a result, the body condition of sheathbill females overwintering outside of king penguin colonies has declined significantly (Chapter 3). 
(e) Further, up to 75.7 % of sheathbills that would traditionally forage for invertebrates in the winter have shifted into king penguin colonies (Chapter 3). 
(f) The increased number of sheathbills foraging in king penguin colonies has meant a decrease in the number of penguins available per sheathbill by 39.6 %, leading to poorer female body condition amongst sheathbills breeding in these areas (Chapter 3). 
(g) The number of rockhopper penguins on the island declined by up to 74 % between 1994-95 and 2008-09 (Crawford et al., 2009), part of a global decline largely attributed to climate change (Cunningham and Moors, 1994; Forcada and Trathan, 2009; Dehnhard et al., 2013).
(h) The majority of sheathbills on Marion Island are dependent on rockhopper penguins for breeding resources. Fewer breeding penguins equate to fewer egg predation and kleptoparasitism opportunities. A parallel decline in penguin food loads intended for offspring undoubtedly compounds the sheathbill resource shortage. 
The sum of these changes to sheathbill ecology is fewer resources throughout the year, specifically for females, and sheathbills of both sexes have responded in several ways. However, the most notable outcome is a skew towards females in the tertiary sex ratio, a response to poor adult body condition. This bias towards the production of female offspring is forecast to increasingly manifest in the adult sex ratio. Population models suggest that sheathbills are currently suffering from density-dependent effects and that there are too few breeding territories because of rockhopper penguin declines. However, the number of males is projected to eventually drop below the number of available breeding sites, at which time the reproductive population will be limited by the relative availability of partners rather than density dependence. With too few available males, the reproductive output of the population will continue to decrease, ultimately leading to further population declines (see Fig. 4, Chapter 3).
Broader implications of the research
Rodents and climate change
The findings of this study have several broad implications. From a conservation perspective, perhaps the most concerning outcome of this study, as examined in Chapter 2, is the confirmation that invasive rodents impacts are increasing in response to ameliorating conditions brought about by climate change. Given the presence of rodents on the majority of the world’s islands (Atkinson, 1985), and their proven ability to effect ecosystem change and species extinctions (Towns et al., 2006), such responses are likely to have substantial consequences for many insular species. The threat is especially evident for islands in more temperate regions such as the Southern Ocean, where most islands are showing a strong warming trend (Jones et al., 2003; Convey, 2006; Thost and Allison, 2006; le Roux and McGeoch, 2008; Cook et al., 2010; Lebouvier et al., 2011) and where the largest temperature changes are forecast to occur (Turner et al., 2007).  This study also highlights the mounting evidence that mice are capable of initiating whole-island ecosystem change. Especially on islands such as most of those in the Southern Ocean where nutrient cycling is highly reliant on invertebrates (Smith and Steenkamp, 1992), mice must be given equal consideration as other invasive mammals when considering eradication for island restoration.
Land-sea interactions
The effects of penguin declines on sheathbill ecology documented in Chapter 3 provide an example of how most ecosystems are not closed, but rather closely linked to other spatially-connected systems through energy and nutrient flow (Helfield and Naiman, 2001; Schindler and Scheuerell, 2002; Chapin et al., 2011). Some of the most compelling evidence of coupled habitats comes from the land-sea interactions found in insular systems, where a significant percentage of nutrients are introduced through the excrement, food scraps, and carrion of marine visitors, especially seabirds (Anderson and Polis, 1999; Stapp et al., 1999; Towns et al., 2009). Consequently, while in many regards island food webs are relatively simple (Elton, 1958; Holt, 1996; Takimoto et al., 2008), they are strongly influenced by the complex marine systems underlying them. 
The global decline in many penguin species, including rockhoppers, has been closely linked to widespread changes in the Southern Ocean brought on by climate change (Forcada and Trathan, 2009; Trivelpiece et al., 2011; Dehnhard et al., 2013). Thus while it has been demonstrated in this study that changes in sheathbill ecology are directly related to penguin declines, the relationship has been greatly simplified. In reality the observed changes in sheathbills are partially the outcome of numerous and highly complex factors interacting on several spatial and temporal scales beginning with climate change and its physical effects on the Southern Ocean (Rayner et al., 2003; Parkinson, 2004; Whitehouse et al., 2008), and extending to the subsequent impacts on primary productivity and the abundance and distribution of krill (Atkinson et al., 2004; Massom et al., 2006; Ross et al., 2008; Flores et al., 2012), which in turn dictates the breeding, survival, and interactions of many top predators including penguins (Trivelpiece et al., 2011; Trathan et al., 2012; Dehnhard et al., 2013). Thus, factors as far removed as sea surface temperature and winter ice coverage in Antarctica, which greatly determine the abundance and distribution of krill stocks which in turn influence all populations further up the trophic ladder such as penguins (Flores et al., 2012), ultimately help determine the size of the reproductive population in sheathbills on Marion Island.  Acknowledging that such far-reaching relationships are possible and accounting for the ability of global change to resonate across multiple ecosystems is therefore vital to understanding how species will respond to human impacts, on islands and in general. It also further reinforces the notion that ecosystems are highly integrated (Polis and Strong, 1996), and cannot be managed separately (Christensen et al., 1996; Chown and Froneman, 2008). 
Focus on island endemics
There is need for greater study of island species, as for even relatively well-studied taxa such as birds many aspects of ecology remain significantly less studied when compared to species occurring on continents (Brooks et al., 2008; de Lima et al., 2011). For example, as demonstrated in Chapter 4, basal metabolic rate is a fundamental characteristic of all endotherms, yet only a handful of island birds have had their BMR measured, and fewer still to a level that allows intraspecific analysis. Islands are noted for their role in promoting evolutionary change, with species often undergoing a number of changes in order to persist. Greater focus on the ecology of endemic species may reveal additional adaptations to island living.
Further, human-mediated global change is certain to influence many species in profound and complex ways. However, any measure of change in a system must be understood or evaluated against a well-defined benchmark. The long-term changes observed in sheathbills make clear the need for improved documentation and study of island species as many of the responses observed in this study are significant but subtle and would not have been evident without detailed knowledge of species ecology and vital rates. Giving greater focus to insular biota is imperative to understanding their current status and ecology as well as establishing a barometer against which further global change can be measured and mitigation measures evaluated.
Management implications
Invasive house mice	
Given the significant and increasing ecological impact of invasive house mice on Marion Island, eradication is the only management strategy with the ability to protect and restore the island’s ecosystem. Whilst mouse suppression through biological controls such as immunocontraceptive vaccines have been suggested (Jackson and van Aarde, 2003), such methods have thus far have proven highly problematic for wild mouse populations (Saunders et al., 2010). Further, control alone is unlikely to aid in ecosystem restoration, as even low rodent densities can inhibit the recovery of invertebrate populations (St Clair, 2011). 
	Eradication is an acceptable management option only if the adverse effects of such a program do not outweigh the benefits of pest removal (Myers et al., 2000; Courchamp et al., 2003) and environmental contamination and deleterious effects on non-target species are concerns for any eradication program. Large-scale rodent eradications employ the aerial broadcast of poison bait pellets, the most common of which is the second-generation (single dose required) anticoagulant brodifacoum (Howald et al., 2007), a highly lethal 4-hydroxycoumarin vitamin K antagonist poison.  The main advantages of brodifacoum are that while it is safe for human use (the antidote is vitamin K and easily obtained), it is extremely toxic to rodents (Fisher and Fairweather, 2006). The potential for groundwater and surface water contamination from the poison is low (Ogilvie et al., 1997) and unlikely to contaminate water systems. Brodifacoum binds to organic matter when released, becomes inert and is slowly degraded by soil microorganisms over a period of 3-6 months (Fisher and Fairweather, 2006). While a wide variety of terrestrial invertebrates have been shown to ingest brodifacoum pellets, there are no records of lethal impacts (Hoare and Hare, 2006) and they are considered to be of low risk considering they have blood clotting systems unlike vertebrates (Srimal, 1996).  However, brodifacoum poses a substantial risk to non-target vertebrates in the form of first and secondary poisoning. For example, non-target mortality from brodifacoum poisoning associated with the Macquarie Island Eradication Program included sub-Antarctic skuas (Catharacta antarctica lonnbergi Mathews), southern giant petrels (Macronectes giganteus Gmelin), and significant proportions of both the northern giant petrel (Macronectes halli Mathews) and kelp gull (Larus dominicanus Lichtenstein) populations (Anonymous, 2010). In this regard the use of brodifacoum could pose a serious barrier to mouse eradication on Marion Island. 
	Sheathbills, in addition to giant petrels, kelp gulls, and sub-Antarctic skuas, would assuredly be susceptible to poisoning. Preliminary captive trials have suggested primary poisoning poses low risk to sheathbills (Wanless et al., 2010). However, sheathbills are opportunistic hunters and consumers of mice and scavengers of any species, including other sheathbills (G.T.W. McClelland, personal observation). Brodifacoum persists in organs and tissue for up to six months (Eason et al., 2002), which strongly suggests that without proper management, mouse eradication would be synonymous with sheathbill eradication. Few viable alternatives to brodifacoum currently exist. Other second-generation anticoagulants hold no significant advantage over brodifacoum (Eason and Ogilvie, 2009) and first-generation (multiple dose required) anticoagulants, while less toxic,  have been found ineffective against mice (Fisher, 2005). Also problematic are non-anticoagulant poisons such as zinc phosphide (less effective when wet and more toxic to avifauna than mammals; Eason and Ogilvie, 2009) and sodium monofluoroacetate (also known as 1080, detected and avoided by mice, highly soluble in water; Kaukeinen et al., 2000). A promising alternative poison may be cholecalciferol (vitamin D3), which has low toxicity to birds (Eason et al., 2000) and been proven effective against mice in preliminary field trials in New Zealand (Hix et al., 2012). However, it has yet to be tested for aerial application or used independently in large-scale eradication efforts.
	In lieu of a practical alternative to brodifacoum, an uncommon but feasible solution to poisoning concerns is live capturing and temporarily holding species at risk (Merton et al., 2002; Howald et al., 2007). With sheathbills, such an operation may be successful, as they have proven to be adaptable to captivity (Kidder, 1875; Wanless et al., 2010). However, the number of captured individuals required to maintain the genetic integrity of the population must first be determined. Also, considering sheathbills must be housed solitarily or as breeding pairs (Kidder, 1875), and for up to several months, such an operation may be a significant undertaking. 
	Though a mouse eradication program on Marion Island is not without its challenges, few logistical barriers appear insurmountable. Further, the strict quarantine regulations already in place on the island (Anonymous, 1996) suggest that the risk of reinvasion would be minimal. While removing a species from an ecosystem may have unanticipated and unwanted consequences (D’Antonio and Vitousek, 1992; Courchamp et al., 1999; Bergstrom et al., 2009), mice are not known to control or compete with other alien species present on Marion Island and the risk of negative cascading effects from their removal would appear minimal. However, despite a previous highly successful cat eradication program on the island (Bester et al., 2000), the prospect of eliminating mice has gained little traction. This may be due to several factors including the failure up until this study to empirically demonstrate the ecosystem-level impacts of mice and the prospect for increasing damage. However, the foremost reason is undoubtedly the anticipated high financial cost and considerable risk of failure of such a program. In general the costs of eradication programs increase with island size and isolation (Martins et al., 2006), but accurate cost estimates are a complex process that can be influenced by a number of factors (Donlan and Wilcox, 2007) and therefore only expert opinion can give an accurate estimate for Marion Island. However, considering the island’s considerable size and isolation (29 035 ha, 2 300 km from the nearest airport) the cost will almost certainly be higher than the $6.2 - $7.6M USD estimated for eradicating mice on Gough Island (6 500 ha, 2 400 km from nearest airport, McCarthy, 2013), and could conceivably reach or exceed the $25.7M budgeted for the multi-species eradication on Macquarie Island (12 780 ha, 1 500 km from nearest airport, Springer, 2011).
Further, despite an ever-increasing success rate of island eradications in general, at least one quarter of all attempted mouse eradications have failed (MacKay et al., 2007; Keitt et al., 2011), with a global failure rate considerably higher than that of other commensal rodent species such as Norway (Rattus norvegicus Berkenhout) and ship rats (Rattus rattus Linnaeus; Howald et al., 2007). Marion Island is considerably larger than the largest confirmed mouse eradication (Enderby Island, 710 ha; Torr, 2002), and still twice as large as Macquarie Island  should that eradication effort prove successful. The probability of failure increases with island size (Howald et al., 2007), presumably making Marion Island one of the most challenging eradications to date. 
Clearly the cost and risks of mouse eradication on Marion Island are difficult to predict, but have the potential to be considerable.  Such obstacles are forecast to improve over time. In addition to the aforementioned islands, large-scale rodent eradication campaigns are currently underway or in the planning stages for the Aleutian Islands (Alaska), South Georgia, Ascension, and Tristan da Cunha islands (UK Overseas Territories), Lord Howe Island (Australia), the Queen Charlotte Islands (Canada), and the Antipodes Islands (New Zealand), among others. The knowledge gained from such efforts will undoubtedly improve the efficiency of such programs. However, even with the risks and costs associated with island eradications lowered they are likely to remain substantial. With limited fiscal resources, political and social obstacles are likely to remain as it may prove difficult to demonstrate to the South African public the cost-benefit of eradicating mice from an island many may have little awareness of and fewer still will have the privilege to visit. Increased awareness through the continued research of mouse effects may be beneficial towards this end. Greater support may also be garnered if mouse attacks on more charismatic fauna such as albatross continue to increase (Jones and Ryan, 2009). While such a turn of events would be unfortunate, a silver lining may be increased public awareness and support as well as improved prospects for enrolling the help of non-governmental organizations and/or subsidizing an eradication through private donations. However, barring the substantial financial assistance from such sources, it is likely mice will continue to persist on Marion Island for the foreseeable future. 
Black-faced sheathbills
One of the primary goals of conservation is to promote the long-term survival of species and populations. Population persistence relies to a great extent on the number of breeding individuals therein, which must be large enough to maintain the population under various stochasticities and calamities (Shaffer, 1981). Thus, any decline in a small population increases its risk of extinction (Pimm et al., 1988; Purvis et al., 2000; Traill et al., 2010) and efforts should be made to sustain species numbers if possible. For sheathbills on Marion Island, population models indicate that the species is currently in decline. Moreover, the population will decline further under the likely scenario of increased rockhopper penguin losses.  Management options for the sheathbill population appear limited as reversing or preventing further penguin declines are beyond the scope of anything less than a global conservation effort (Boersma, 2008). The eradication of mice from the island in the near future appears unlikely, and it is also unclear to what extent such an effort would benefit sheathbills. Increases in invertebrate biomass following the removal of mice may provide more sheathbill foraging options and improve winter body condition. However, the time frame required for such improvements to become significant for sheathbills, and the size of the impact on vital rates are difficult to predict. Additionally, any benefit of increased invertebrate biomass may be outweighed by further penguin declines. 
Offspring sex ratio manipulation through supplemental feeding to increase the size of the reproductive population has proven to be an effective conservation tool for very small populations (Robertson et al., 2006; Lenz et al., 2007). However, its feasibility for a population as large as that of sheathbills on Marion Island is highly questionable. Such programs also carry some risk and have high potential for unforeseen problems (Powlesland and Lloyd, 1994; Clout et al., 2002; Wedekind, 2002). For example, in territorial birds such as sheathbills supplementary feeding may increase territorial confrontations, the negative effects of which may offset any benefits of feeding (Schoech et al., 2007). Regulating individual intake may also be problematic and lead to problems such as obesity (Powlesland and Lloyd, 1994). While skuas rarely kill sheathbills under current conditions, this could also change as predators may exploit fixed feeding stations (Dunn and Tessaglia, 1994). Further, at least on Marion Island, it is unclear how the large-scale supplemental feeding needed to have population-level effects could avoid also feeding house mice, skuas, kelp gulls, and giant petrels and influencing these populations. 
One simple management option that may ameliorate declines in the sheathbill population is the introduction of artificial nesting sites, as suitable breeding habitat is the limiting factor in king penguin colonies (Burger, 1979). Though the number of king penguins breeding on the island in any given year is approximately 65 000 (Crawford et al., 2009), only c. 200 sheathbill pairs breed amongst them. Nest boxes are an effective conservation measure for many cavity-nesting species where suitable nesting sites are the limiting factor (Newton, 1994; Bolton et al., 2004; Libois et al., 2012) and their use in king penguin colonies has the potential to greatly increase the number of breeding sheathbill pairs.  For example, the ability of nest boxes to aid in sheathbill population recovery after a 75 % decline in breeding sites within rockhopper penguin colonies was tested using the population matrix model developed in Chapter 3. Introducing a total of 200 nest boxes into king penguin colonies was predicted to eventually increase the number of adult males by 99.6 % above that predicted without nest boxes (Fig. 2), with the strong caveat that vital rates did not  change.
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Figure 2: Sheathbill projected breeding population sizes over a 300-year time period on Marion Island under a 75 % reduction in breeding sites within rockhopper colonies. The dotted line represents the population without any form of management, and the dashed line represents the population with the addition of 200 nest boxes into king penguin colonies.  Black lines refer to the absolute population size which includes juveniles, subadults, and adults. Red and blue lines refer to the number of adult females and males, respectively.

Nest boxes have the potential for negative impacts linked to density-dependent processes such as food limitation, and alteration of breeding behaviour (Møller, 1989; Pöysä and Pöysä, 2002; Mänd et al., 2005) and the ecology of the species must be considered carefully when designing such a program (Klein et al., 2007). Any management actions involving nest boxes for sheathbills should therefore proceed cautiously and be well-monitored. However, the high number of penguins suggests the risk of food limitation would be minimal, while the large size of the colonies would allow for adequate spacing to minimize adverse behavioural changes. Introducing sheathbill nest boxes is also unlikely to have a significantly negative impact on king penguins. A substantial floating population is already present in the colonies and the increased energy demand associated with more breeders is unlikely to have a significant impact considering sheathbill kleptoparasitism has a negligible effect on penguins (Burger, 1981) and sheathbill predation on king penguin nestlings was not recorded during this study. Thus, nest boxes may be a viable option for increasing sheathbill numbers in the event of a decline. 
Future work
Invasive house mice
In the absence of a mouse eradication program, several recommendations for future study are made.
· Though of great value, the sporadic nature of previous trapping efforts leaves many questions concerning mouse population dynamics on Marion Island unanswered. The one-year trapping programs in the 1980s and 1990s failed to document a complete annual cycle of population growth and decline, as the scheduled relief of personnel ensured that one-year trapping programs would begin in the middle of one population growth cycle and end before another could be completed. While this was less of an issue in 2008-11, only two full annual population cycles could be documented. Some small mammal populations, including house mice, show multiannual cyclic fluctuations in density, while others remain relatively stable (Korpimäki et al., 2004). It is yet unclear if the peak densities observed in this study represent typical years or fall somewhere on a fluctuating multiannual scale of high and low years. In a related matter, how factors such as weather and density dependence interact to regulate mouse populations is also poorly understood. It would thus be beneficial to continue the mouse capture-mark-recapture study for several consecutive years to explore the intrinsic and extrinsic factors that regulate Marion Island mouse population dynamics. Such a trapping program would ideally occur on a monthly basis and incorporate several replicates in the major habitat types. 
· It would also be beneficial to improve our knowledge of mouse ecology from a whole-island perspective.  Thus, any study program should incorporate fellfield habitat which was not considered in this study. Though mouse densities are likely to be the lowest of any of the major habitats (Gleeson, 1981), fellfield represents a considerable portion of the island (Gremmen and Smith, 2008) and mice have been demonstrated to have significant landscape-level impacts in these areas (Phiri et al., 2008).  Additionally, all knowledge of mouse densities on Marion Island is limited to coastal areas. Densities undoubtedly vary attitudinally and higher elevations may be under a greater rate of change as the island continues to warm. Including additional elevations would therefore greatly expand our knowledge of mouse impacts on the island as a whole and how they are changing under a warming climate.
· While this study documented increased mouse populations as a result of earlier breeding, other changes are likely and should be explored. Foremost among these is field metabolic rate (FMR). Marion Island is unique amongst Southern Ocean islands with invasive rodents, in that FMR has previously been quantified (Rowe-Rowe et al., 1989). Ameliorating temperatures are likely to depress the metabolic costs of thermoregulation in mice and other rodents on Southern Ocean islands. However, this remains unexplored and may be offset by declining prey resources. Increased survival and greater reproductive effort are also potential responses to ameliorating conditions, but remain unquantified. 
Black-faced sheathbills
As sheathbills are a long-lived species, a long-term research program following the demographic monitoring in this study would be the most effective way to ensure their conservation (Wooller et al., 1992). Doing so would allow the examination of environmental and demographic stochasticity, as well as the ability to address age-specific questions. In the absence of such a program, several recommendations are made. 
· Annual sheathbill surveys which include the recording of habitat use should continue, using multiple independent observers. On a long-term basis, attempts should also be made to estimate the adult sex ratio at regular intervals, allowing for the estimation of the reproductive population.
· It would be useful to further examine the relationship between sheathbill body condition and offspring sex ratio as this study was not designed to determine at which stage the bias occurred. Testing the primary sex ratio of sheathbills would yield greater insight into how birds regulate breeding in response to reduced habitat quality. Further, supplemental feeding experiments could address where sheathbills fall on the scale of income and capital breeders (Stephens et al., 2009). In addition to contributing to life history theory, such an experiment could determine sheathbill reliance on body stores for egg production, and thus the degree to which changes in offspring sex ratio are driven by the loss of terrestrial invertebrates in winter and rockhopper penguins during the breeding season. Such an experiment could be conducted on a small scale, focussing on individuals, and thus avoid many of the aforementioned problems associated with larger scale supplemental feeding.   
· [bookmark: _GoBack]Knowledge of sheathbill genetic diversity should be made a priority. Such small and isolated populations are susceptible to a number of genetic risks. Limited mating opportunities may lead to an increased frequency of matings between relatives, reducing the population’s mean fitness through inbreeding depression (Briskie and Mackintosh, 2004). Moreover, the loss or fixation of alleles as a result of genetic drift reduces genetic variation and therefore the population’s evolutionary potential (Keller and Waller, 2002) and this may have a significant effect on future adaptability to environmental change (Spielman et al., 2004; Allendorf et al., 2013).  The genetic diversity of both Prince Edward Islands sheathbill populations should therefore be a matter of concern. Further, in the event of a mouse eradication campaign on Marion Island, a founder population of sheathbills may have to be taken into temporary captivity to be used for restocking the island (Wanless et al., 2010). Such an undertaking would require a detailed knowledge of sheathbill genetics to calculate the number of individuals necessary for the maintenance of genetic diversity within the population.  Failure to account for both genetic diversity and gene flow could result in both founding (Groombridge et al., 2000; Briskie and Mackintosh, 2004; Jamieson, 2010) and sequential bottleneck events (Pruett and Winker, 2005; Taylor and Jamieson, 2008) that can erode genetic diversity. The genetic differences between Prince Edward Island and Marion Island should also be quantified. Doing so could answer a number of questions including the level of movement, if any, between the populations and if they should be considered separate conservation units. It could also determine the potential for the two populations to supplement one another as a management option in the event of a significant population loss, either through a natural catastrophe or induced by a mouse eradication effort on Marion Island. Finally, a growing body of  evidence suggests that intraspecific variation in basal metabolic rate (BMR) has a strong genetic component (Ksiazek et al., 2004; Rønning et al., 2007; Tieleman et al., 2009; Konarzewski and Książek, 2012). Considering this study observed significant variation in BMR between two sympatric groups of sheathbills, knowledge of sheathbill genetics would be of great value in determining to what extent intraspecific variation in BMR reflects adaptation and phenotypic plasticity, respectively.
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