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SUMMARY 
 
The policy on control of introduced plants and animals as set out in the current management 
plan for the Prince Edward Islands (PEIMPWG 1996, p. 48) states that: 
 
 “The control of introduced plants and animals aims to eradicate alien plants and animals as 
far as possible on the Islands (where this can be achieved without undue disturbance or 
damage to indigenous taxa or natural features).” 
 
This review addresses a sub-objective of the above policy: 
 
”To elucidate the ecological impacts arising from the introduction of the House Mouse Mus 
musculus population to Marion Island, and to make recommendations for its control”. 
 
The Prince Edward Islands are a sanctuary for breeding seabirds in the Southern Ocean where 
the populations of 29 seabird species breed, totalling close to 2.5 million birds.  The islands 
are an invaluable reservoir for plants and invertebrates endemic to the Kerguelen 
Biogeographical Province.  With over 40 years of continuous scientific research they provide 
an unparalleled understanding of Southern Ocean island ecosystems, particularly in today’s 
context of climate change.  Following the eradication of feral cats Felis catus in the early 
1990s, responsible for the death of hundreds of thousands of burrowing petrels, the House 
Mouse Mus musculus has become one of the most significant conservation concerns on the 
island. Numerous studies have documented the significant impact that House Mice have on 
seeds, plants and invertebrates, causing significant changes to species distributions, densities 
and species composition. Some of these impacts are likely to result in the extinction of 
impacted taxa and irreversible effects on ecosystem functioning by threatening the delicate 
balance between peat accumulation and decay that govern the island’s vegetation succession. 
Mice may also be having an indirect impact on the populations of Lesser Sheathbills Chionis 
minor by competing for food. Finally, an alarming discovery is recent evidence that mice are 
preying upon albatross chicks of at least two species, already in jeopardy due to high adult 
mortality at sea. The former added to the existing record of a burrowing petrel chick found 
with wounds probably inflicted by mice exposes the risk that the remaining burrowing petrels, 
still recovering from recent cat predation, may now be facing on Marion Island. The impacts 
of mice on Marion Island are a striking example of how insidious the effects of the House 
Mouse can be when it preys upon species that are poorly represented, such as invertebrates 
and plants, or large charismatic fauna, such as the many seabird species, which together are 
part of the island’s closely knit ecosystem. In recent years it appears that the population of 
House Mice has increased on Marion Island, at least during the summer months, owing both 
to an amelioration of the climate and probably as a result of the eradication of feral cats.  Thus 
the above-mentioned effects are likely to be compounded. 
 
We believe that based on current evidence summarised in this review there is a strong case for 
eradicating House Mice from Marion Island. This review provides the background 
information necessary to proceed to the preparation of a feasibility study for their eradication, 
a step that we recommend be undertaken within the next two years. 
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GENERAL INTRODUCTION 
 

Island Conservation and Alien Species 
Biological invasions have been considered the second most-important cause of biodiversity 
loss after habitat destruction and fragmentation (Vitousek et al. 1997, Butchart 2008).  Such 
invasions have increased by orders of magnitude over the last 30 years, due to increases in 
human trade, travel and tourism. Invasive species cause ecological homogenisation by 
breaking down geographical barriers and ending the isolation of ecosystems (di Castri 1989). 
They alter ecosystem processes, such as nutrient cycling, decrease native species abundance 
and richness, as well as change community structure and alter genetic diversity (McGeoch et 
al. 2010). 
 
Oceanic insular ecosystems, having evolved largely in isolation, have naturally vacant niches 
and relatively depauperate native species assemblages, making them particularly sensitive to 
the introduction of alien species (Williamson 1996).  The reasons for the high levels of impact 
of alien species on islands lie in their high adaptability, lack of or less efficient natural 
enemies (competitors, predators and pathogens), more or better resources and advantageous 
physical environments (Courchamp et al. 2003).  These traits are collectively referred to as 
the “invasive vigour” of alien species.  Alien species can impact islands on at least five 
different levels: individuals, genetics, population dynamics, community composition and 
functioning, and ecosystem processes (Courchamp et al. 2003). Island species are vulnerable 
because of their evolution in isolation from other species. They typically lack defensive traits, 
such as unpalatable substances against herbivory in plants, or the instinct to flee when faced 
with a predator in birds (Burger & Gochfeld 1994, Atkinson 2001).  The life-history traits of 
invasive species, such as high fecundity and early maturity, are also often lacking in island 
species (Dowding & Murphy 2001), making island species highly vulnerable to extinction. 
 
In general islands have the highest rates of extinctions due to their susceptibility to 
disturbance.  For instance, more than 90% of the 30 species of reptiles and amphibians, 93% 
of 176 bird species, and 81% of 65 mammal species that have gone extinct since the 17th 
century were island forms (Honnegger 1981, Ceballos & Brown 1995).  There are fewer data 
for plant and invertebrate extinctions; 219 of the 599 plant taxa that have become extinct 
since the 1600 are island taxa, however these numbers reflect only the number of studies 
conducted, and the actual number may be much greater (Courchamp et al. 2003). Predation 
by introduced animals, in particular rodents, has been the cause of 42% of bird extinctions on 
islands and is the main factor endangering another 40% of threatened insular bird species 
(Courchamp et al. 2003, Butchart 2008).  This is due in part to the invasive vigour of rodents 
and the general lack of naturally occurring terrestrial mammals on islands that could act as 
predators of the invasive species (Atkinson 2001, Atkinson & Towns 2001).  The 
consequences of invasive species for island biota are thus devastating and are a major cause of 
biodiversity loss.  The conservation and restoration of islands is not only amongst the most 
urgent of conservation objectives but are also among the most feasible; the former because of 
high levels of endemism and the fact that islands are the main breeding grounds for seabirds 
and marine mammals; the latter because they are closed systems that make invasive species 
management relatively easy (Brooke et al. 2007). 
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The Southern Ocean contains only a few isolated groups of islands, the majority of which are 
volcanic in origin (Hall 1990).  Within the region the sub-Antarctic islands are characterised 
by simple trophic webs, low diversity and high rates of endemism (Chapuis et al. 1994).  By 
far the most significant and greatest threat to sub-Antarctic island ecosystems stems from the 
invasion of alien species (Bergstrom & Chown 1999).  Prominent amongst these alien species 
are introduced mammal of which thirteen species currently persist on sub-Antarctic islands 
and cause more problems than any other vertebrate group (Convey & Lebouvier 2009). 
 
The only invasive mammal species remaining on Marion Island, Prince Edward Islands is the 
House Mouse Mus musculus. 
 
The policy on control of introduced plants and animals as set out in the current management 
plan for the Prince Edward Islands (PEIMPWG 1996, p. 48) states that: 
 
“The control of introduced plants and animals aims to eradicate alien plants and animals as far 
as possible on the Islands (where this can be achieved without undue disturbance or damage 
to indigenous taxa or natural features).” 
 
This review addresses a sub-objective of the above policy: 
 
”To elucidate the ecological impact arising from the introduction of the House-mouse Mus 
musculus population to Marion Island and to make recommendations for its control;…”. 
 
A workshop held in 1995 considered that the eradication of mice from Marion Island would 
be beneficial for the restoration of the island’s ecosystem (Chown & Cooper 1995).  The 
report of the workshop concluded that before the feasibility of eradicating the mice on Marion 
could be determined the following series of research objectives needed to be met: 
 
• Determine the extent of natural mouse population fluctuations and if overall mouse 

densities have increased; 
• Differentiate between the effects of climate change and mouse predation on the biota of 

Marion Island; 
• Determine the effects of climate change on mouse survival and digestion; 
• Obtain more knowledge of changes in density and composition of macro-invertebrate 

populations subject to mouse predation; and 
• Determine the effects of prey availability on mouse populations. 
 
A decade and a half later and with much of the research outlined above now undertaken, this 
review looks at the current situation of the impacts of House Mice on the biota of Marion 
Island.  It provides a conservation justification and the baseline information necessary for the 
undertaking of a feasibility study for the eradication of the species on the island. 
 

Objectives of the Review 

• Review all available information on the impacts of the introduced House Mouse on 
the biota of Marion Island; 

• Review the conclusions of the 1995 workshop research objectives; 
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• Assess the conservation value of dealing with mouse impacts, in particular to the 
breeding birds on the island; and 

• Assist with the evaluation of the feasibility of eradicating the House Mice of Marion 
Island. 
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MARION ISLAND 

 

Position and General Description 
The Prince Edward Island Group is made up of Marion Island (46º 54´S, 37º 45´E) and Prince 
Edward Island (46º 38´S, 37º 57´E).  The two islands are 19 km apart and are located in the 
southern Indian Ocean, south of the Subtropical Convergence at approximately 40°S.  They 
lie 2300 km south-east of Cape Town, South Africa, and 2300 km north of the Antarctic 
Continent.  The nearest landfall to both islands is Île aux Cochons of the French Crozet Island 
Group, which lies some 950 km to the east.  The Prince Edward Islands form part of a small 
number of cool temperate and sub-Antarctic island groups in the Southern Ocean, which 
include the Crozets, Kerguelen, Heard and McDonald, Macquarie, Snares, Auckland, 
Campbell, Antipodes, Bounty, Falklands, South Georgia and Gough (Shirihai 2002). 
 
The Prince Edward Islands are true oceanic islands of volcanic origin, thought to have 
originated about 500 000 years ago (Verwoerd 1971).  Marion is roughly circular with an area 
of 290 km² with the highest point (Mascarin Peak) rising to 1231 m above sea level. The 
island has a central highland plateau 1000 m above sea-level that slopes to a coastal plain 
(Verwoerd 1971).  Prince Edward is smaller, with an area of 45 km² and has a more rugged 
coastline than Marion Island’s. It rises to 672 m above sea level at van Zinderen Bakker Peak. 
 
The climate of Marion Island is temperate, characterized by wet, windy and cloudy weather 
and seasonality tempered by its maritime climate.  Meteorological data have been collected 
continuously on Marion Island since 1948, when a permanent meteorological station was 
established on the east coast at Transvaal Cove.  A detailed but now dated account of the 
island’s climatic regime is provided by Schulze (1971) from weather data collected on Marion 
between 1949 to 1969.  More recent accounts by Smith (2002) and le Roux & McGeoch 
(2008) indicate a general trend towards a warmer and drier climate.  Mean annual temperature 
has risen from approximately 5°C in 1949 to 6.5°C in 1998 (Smith 2002). Mean annual 
precipitation has dropped from nearly 3000 mm/year in the 1960s to a mean of 1975 mm/year 
in the 1990s (the driest decade on record), representing an overall decrease of 850 mm (le 
Roux & McGeoch 2008). Precipitation is mainly in the form of rain and although it may snow 
during any month of the year it is most frequent in winter. Marion’s high precipitation 
translates into near complete cloud cover of 75% of sky, reducing the amount of solar 
radiation penetrating through the cloud cover to 20% (winter) - 30% (summer); however, 
changes in precipitation regimes has meant a total annual radiation increase of 158.4 h 
(approx. 3.3 h/year) since the 1950s (Smith 2002).  The winds are predominantly north-
westerly, often reaching gale force (>55 km/h), blowing for more than an hour on 107 days a 
year (Schulze 1971). 
 

Human History and Research 
The Prince Edward Islands have been known to humans for over 300 years but the first 
known landing only took place more than 130 years after their discovery.  The following 
account is summarized from Hänel & Chown (1998a).  See also Cooper & Headland (1991) 
and Cooper (2008). 



 8 

 
 
The islands were first sighted on 4 March 1663 by a Dutch East India Company vessel, the 
Maerseveen, under Commander Barent Barentszoon Ham when he passed them en route to 
Java.  He named the more northerly island Dina and the more southerly one Maerseveen.  No 
landing was made at the time.  After that discovery, more than a century passed before they 
were next seen, ‘re-discovered’ in ignorance of the first discovery.  The French naval officer 
Marion du Fresne of the frigate Le Mascarin, on his way south in search of Antarctica, 
sighted the islands on 13 January 1772.  He named them Île des Froides (frigid islands) in his 
disappointment of the land not being the long-sought continent.  Almost five years later the 
islands were renamed again.  This time by Captain James Cook, who reached them on 12 
December 1776 on his voyage of exploration with the Resolution and Discovery.  Since his 
chart did not give the names bestowed by du Fresne, Cook called them both the Prince 
Edward Islands.  Like the mariners before him, he too made no landing and sailed on east.  
The earliest recorded date of a human landing on the Prince Edward Islands is either 
December 1803 or January 1804 when a party of sealers was dropped off from the Catherine 
under the command of Henry Fanning.  However, Fanning, in the narrative of his voyages, 
mentions that in 1802 there were already sealers’ establishments on both Marion and Prince 
Edward Islands. 
 
Marion Island was officially annexed on 29 December 1947 and Prince Edward Island on 4 
January 1948.  Marion Island has been continuously manned since annexation by 
meteorological teams of the South African Weather Bureau (now Service), as well as by 
teams of scientists since 1965.  Prince Edward Island has remained uninhabited since 
annexation, although it is occasionally visited by scientists for short periods (Cooper & Avery 
1986, Watkins & Cooper 1986). 
 
Substantial scientific literature on the islands, the surrounding ocean, and their interactions 
has been produced over the past half century.  Since the first scientific observations during the 
late 1800s from the visiting ships Challenger and Bougainville, and those ashore by AB 
Crawford and RW Rand during 1948 and 1951/52, respectively, scientific and later biological 
research has been regular and ongoing at the Prince Edward Islands (Cooper & Headland 
1991).  Terrestrial biological research was formalized in 1965 with the first biological and 
geological expedition led by Professor E.M. van Zinderen Bakker Sr (Cooper & Headland 
1991).  By 1999 well over 800 scientific publications had been produced as well as a 
substantial number of postgraduate degrees (Hänel & Chown 1999).  A Google Scholar 
search has revealed over 200 more publications since 2000.  This wealth of knowledge has 
resulted in a great understanding of the islands’ plants, animals and ecosystems.  Marine 
research in the vicinity of the Prince Edwards has been instrumental in understanding 
interactions between the marine and terrestrial systems at the islands (Hänel & Chown 1999, 
Pakhomov & Chown 2003, Anon. 2007, Chown & Froneman 2008).  The island group now 
has the potential to inform sub-Antarctic conservation policy as well as to contribute to 
studies of the responses of terrestrial and marine ecosystems to environmental change (Hänel 
& Chown 1998a, de Villiers et al. 2005, Lombard et al. 2007, Chown & Froneman 2008). 
The science emerging from the island group emphasizes South Africa’s leading role in 
Antarctic research. 
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Conservation Status and International Commitments 
The Prince Edward Islands form a unique ecosystem.  As such they have been afforded 
several degrees of protection under laws pertaining to the conservation of South Africa’s 
natural and historical heritage.  They were proclaimed a Special Nature Reserve in terms of 
the Environmental Conservation Act (Act 73 of 1989) on 3 November 1995.  As South 
Africa’s only Special Nature Reserve, now falling under the National Environmental 
Management: Protected Areas Act No. 57 of 2003, the Prince Edward Islands are reserved for 
scientific research and environmental monitoring.  Commercial tourism is specifically not 
allowed in terms of the NEMPA.  This status may not be withdrawn or the boundaries altered 
except by resolution of the National Assembly (Anon. 2007).  A draft management plan for 
the establishment of a Marine Protected Area around the Prince Edward Islands was produced 
in 2006 (Anon. 2007), and in May 2009 the Department of Environmental Affairs issued a 
Government Gazette Notice signalling the intention to declare a Marine Protected Area 
(MPA) around the Prince Edward Islands (Government Gazette 2009a,b).  The proposed 
MPA will include all of the islands’ territorial waters (out to 12 nautical miles) and extending 
in several directions to the boundary (200 nm) of the Exclusive Economic Zone (Lombard et 
al. 2007).  A draft management plan for the proposed MPA has been produced (Anon. 2007).  
However, at the time of writing this review, the MPA has not yet been promulgated. 
 
The Prince Edward Islands were recognized as being of global significance by their 
designation as a Wetland of International Importance under the Ramsar Convention in May 
2007.  The islands are the world’s first sub-Antarctic Ramsar Site.  A nomination to the 
World Heritage Convention (DEAT 2007) was withdrawn following an unfavourable 
assessment by the World Conservation Union (IUCN) prior to it being assessed by the 31st 
Session of the World Heritage Committee in July 2007.  In 2010 a decision was made not to 
make a resubmission.  South Africa is a signatory to several other international agreements 
pertaining to biodiversity and its protection, many of which specifically address the sub-
Antarctic and Antarctic environments and their biota.  For a full list of the national and 
international laws applicable to the Prince Edward Islands refer to the draft Environmental 
Management Plan for the Prince Edward Islands (Chown et al. 2010; see also de Villiers & 
Cooper 2008). 
 

Biodiversity Values 
The islands of the Southern Ocean are of great conservation importance.  They contain a 
wealth of unique biotas that represent a continuum of increasing diversity, from the 
depauperate Antarctic to the relatively species-rich and vegetationally complex islands to the 
north (Bergstrom & Chown 1999).  Prince Edward Island was recently acknowledged as one 
of 15 islands that together support 90% of the higher plant, insect and bird species found on 
the Southern Ocean islands (Chown et al. 2001).  Marion and Prince Edward are perhaps best 
known for their diversity and abundance of seabirds, which use the islands as breeding 
platforms.  They support c. 2.5 million pairs of breeding seabirds of 28 species, some of 
which make up an important proportion of global breeding populations, such as the 
Wandering Diomedea exulans and the Sooty Phoebetria fusca Albatrosses which represent 
44% and 23%, respectively, of their estimated global populations (Ryan et al. 2009).  The 
Prince Edward Islands provide a major opportunity for highly relevant research at the only 
South African example of southern terrestrial ecosystems (Bergstrom & Chown 1999, Chown 
& Froneman 2008).  The species and ecosystems of the Prince Edward Islands are in many 
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ways unique and represent one of the few such systems globally.  Because of the remoteness 
of the Prince Edward Islands, the direct impact of humans has, for the most part, been 
minimal, and their ecosystems are largely intact (Chown et al. 2001). 
 

Terrestrial flora and vegetation 

In keeping with other sub-Antarctic islands of relatively recent origin and isolated from other 
land masses, the terrestrial vegetation on the Prince Edward Islands is extremely species poor 
(Smith & Lewis Smith 1987a).  Biogeographically, the origin of the flora shows strong 
affinity to the Kerguelen Biogeographical Province that consists of five island groups (Prince 
Edward, Crozet, Kerguelen, and Heard & McDonald) (Gremmen 1981, Smith & Lewis Smith 
1987b).  Around 300 indigenous plant species have been recorded for the Prince Edward 
Islands (Table 1).  Although there are no vascular (flowering plants and ferns) plant species 
endemic to the Prince Edwards (Turner et al. 2006), six (of the seven) vascular species 
endemic to the Kerguelen Biogeographical Province are found on Marion and Prince Edward 
Islands (Gremmen 1981).  There is a higher degree of endemism among liverworts but less so 
for lichens (Huntley 1971).  A comprehensive list and distribution of the plant species found 
on the islands is provided by Gremmen (1981).  Updates of introduced vascular plants are 
given by Bergstrom & Smith (1990), Gremmen & Smith (1999, 2004) and Ryan et al. (2003). 
 

Table 1 
Native and introduced plant species found on the Prince Edward Islands 

 
Taxonomic group Number of native species Number of introduced species 

Vascular plants 49 14 (Marion), 3 (Prince Edward) 

Mosses 100 Not recorded 

Liverworts 36 Not recorded 

Lichens 120 Not recorded 

 
One of the more noteworthy vascular plants on Marion is the Kerguelen Cabbage Pringlea 
antiscorbutica, a monotypic genus endemic to the Kerguelen Biogeographical Province 
(Huntley 1971).  It is edible, contains high levels of Vitamin C and (as its specific name 
suggests) was used by the sealers to prevent scurvy.  It is currently one of the last remaining 
relicts of a once extensive Antarctic flora.  The most common indigenous flowering plants are 
Agrostis magellanica (a grass common in mires) and Poa cookii (a tussock grass that 
surrounds penguin colonies and petrel nesting sites) (Hänel & Chown 1999).  The cushion-
like Azorella selago is very abundant in fellfield habitat (see description below) and is 
regarded as an important indicator of climatic change due to its widespread distribution 
among the islands of the sub-Antarctic (le Roux et al. 2005, Nyakatya & McGeoch 2008).  
Five species of ferns are found at the islands of which the fern Blechnum penna-marina is the 
most common in the lowland areas. 
 
Botanists have recognized 41 plant communities on Marion (Huntley 1971, Gremmen 1981).  
The most distinguishing factors affecting the distribution and occurrence of these 
communities are the soil-water regime, influence of salt-spray, exposure, and manuring and 
trampling by seabirds and seals (Smith & Lewis Smith 1987a).  Communities influenced by 
seabirds and seals are termed “biotic sites”, a terminology also used in this review.  The 41 
plant communities have been further refined into seven complexes that can be readily 
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identified (Box 1, after Smith & Steenkamp 2001).  These can serve as a framework against 
which to detect and evaluate ecological responses to the marked climatic change currently 
occurring in the sub-Antarctic (Smith et al. 2001). 
 
 

 
The vegetation on Prince Edward Island is generally thought to be broadly similar to that of 
Marion Island and what differences have been described are mainly thought due to differences 
in species composition and abundance related to invasive species (Crafford & Scholtz 1987, 
Cooper & Cody 1988). 

Box 1.  Brief description of the seven vegetation complexes on Marion Island 
 
The Coastal Salt-spray Complex is restricted to shore-zone areas strongly affected by wind-
blown sea spray.  It is characterised by the forb Crassula moschata. 
 
The Fellfield Complex forms on exposed ridges and plateaus at lower elevations.  Bare rock 
and scoria make up a substantial part of the surface.  It occupies 32% of Marion Island’s 
surface area below an altitude of 100 m.  This proportion increases with elevation but at 
higher elevations the surface is dominated by the Polar Desert Complex. 
 
The Slope Complex is dominated by the fern Blechnum penna-marina and the forb Acaena 
magellanica.  The complex covers about 26% of the surface area below 100 m.  Slopes are 
typically well-drained, but where there is surface or subsurface flow the vegetation is 
dominated by A. magellanica and various bryophytes. 
 
The Biotic Grassland Complex consists of a wide variety of communities, most of which 
occur on the coastal zone near seal and penguin colonies.  Inland the influence of 
surface-nesting and burrowing seabirds is also manifested by the presence of communities 
belonging to this complex.  It is overwhelmingly dominated by the tussock-forming grass Poa 
cookii. 
 
The Biotic Herbfield Complex is also influenced by seabirds and seals.  It includes three 
habitats, one dominated by Cotula plumosa, in which trampling by animals is not as intense 
as it is in other habitats, one that is essentially biotically enriched mud that is subject to heavy 
animal influence, and a final biotic lawn habitat that is dominated by the alien Poa annua and 
by P. cookii, and which tends to be drier and less organic than other animal-influenced 
habitats. 
 
The Mire Complex contains some of the wettest habitats and covers approximately 50% of 
Marion Island’s surface area below 300 m.  Mire grasses and their allies and bryophytes 
dominate the vegetation.  Mires vary from dry to very wet drainage line habitats. 
 
The Polar Desert Complex has not previously been recognised as a separate complex.   
However, it is very different to the other complexes and covers 120 km² on Marion Island.  It 
is the only complex found above 550 m, and it is dominated by physical, rather than by 
biological processes.  Occasional cushion plants and ball-forming and cushion-forming 
mosses occur and large areas consist of exposed rock.  In protected areas where there is 
substantial snow-melt, moss cover may reach up to 50%.  This complex is poorly studied, 
despite being so extensive. 
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Introduced plant species 

Although Prince Edward Island has remained virtually pristine, Marion Island has been 
altered as a consequence of human activities that include sealing in the past, and the presence 
of a South African permanent meteorological and research station since 1947 (Cooper & 
Avery 1986, Watkins & Cooper 1986, de Villiers & Cooper 2008).  As a direct result of these 
human activities, a relatively large number of alien plant species has been documented for 
Marion Island, but only three for Prince Edward (Watkins & Cooper 1986, Bergstrom & 
Smith 1990, Gremmen & Smith 1999, 2004, Ryan et al. 2003, Table 2). 
 

Table 2 
Species of alien vascular plants known from the Prince Edward Islands 

See text for explanation 
 

Marion Island 
 
Transient aliens 

• Plantago lanceolata • Hypochoeris radicata   
Naturalised aliens with restricted distribution 

• Agropyron repens  • Alopecurus australis • Festuca rubra 
• Rumex acetosella  • Agrostis gigantea • Agrostis castellana 
Naturalised aliens with widespread distribution 

• Stellaria media • Agrostis stolonifera  • Cerastium fontanum 
• Poa annua • Poa pratensis  • Sagina procumbens 
Not classified   

• Luzula cf. multiflora • Potamogeton sp. • Juncus cf. effusus 
 

Prince Edward Island 
 
Naturalised aliens with widespread distribution 

• Cerastium fontanum • Poa annua • Sagina procumbens 
 
Fourteen species of introduced plants have been recognized for Marion Island, two of which 
are considered “transient” (i.e. they no longer occur as established populations), another six 
are considered “naturalized with restricted distribution” (i.e. they are established), six are 
“naturalized with widespread distribution” and an additional five are “not classified” (i.e. the 
exact status of the species has not yet been determined) (Gremmen & Smith 1999, 2004).  
Three alien vascular species occur on Prince Edward Island (Gremmen & Smith 1999).  Two 
are recent introductions (Cerastium fontanum and Sagina procumbens), presumably 
transported to this island from neighbouring Marion Island by wind or birds whereas the third, 
Poa annua, may date back to early visits by sealers (Ryan et al. 2003). 
 
Of the six naturalized species with wide distribution two species, the grass Agrostis 
stolonifera and the forb S. procumbens, are particularly aggressive aliens.  A. stolonifera has 
invaded a wide range of habitats associated with drainage lines and other water bodies.  It 
replaces the native grass A. magellanica as the dominant species in these habitats and changes 
the moss-dominated vegetation to dense grassland, reducing native plant diversity (Gremmen 
et al. 1998).  Should all drainage lines become colonized by A. stolonifera, some 30% of the 
native species occurring there will disappear (Gremmen et al. 1998).  As a result of this 
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colonization the Slope-complex vegetation community (see description of vegetation 
complexes above) may cease to exist (Gremmen 1997).  Sagina procumbens, like A. 
stolonifera, is reaching high cover, mostly in communities where bare ground is available for 
colonization (notably along well-worn foot paths) although it is also able to germinate in 
compact mire vegetation.  Once established it dominates and can rapidly reach high cover 
value and smother the moss vegetation (Gremmen 1997).  Overall, the alien species on 
Marion are changing dominance structure, species composition and richness of not only the 
vegetation but also of the associated faunal components (Gremmen 1997, Gremmen et al. 
1998, Smith et al. 2001). 
 
Ameliorating climatic conditions are expected to influence the establishment and dispersal of 
alien plant species at the island group (Smith 2002).  This is becoming apparent as a number 
of introduced species, which were confined to the vicinity of the meteorological station in the 
1960s and 1970s have subsequently spread very rapidly (Gremmen & Smith 1999, 2008). 
 

Terrestrial invertebrates 

The invertebrate diversity of Marion and Prince Edward Islands is relatively low compared to 
similarly-sized islands in the Crozet Islands and has been attributed to Neocene glaciations 
(Chown 1990).  From a biogeographical perspective, the indigenous invertebrate fauna is 
most similar to that of other island groups of the Kerguelen (southern Indian Ocean) 
Biogeographical Province (such as Kerguelen and the Crozet Islands), but there are also 
affinities with more southerly sub-Antarctic islands, such as South Georgia (Crafford et al. 
1986). 
 
The invertebrate fauna of the Prince Edward Islands and particularly that of Marion is now 
well known, with recent work having been done on mites and springtails (Table 3, Crafford et 
al. 1986, Marshall et al. 1999, Chown et al. 2002, and references in Chown & Froneman 
2008).  However, knowledge of nematodes, rotifers and protists remains poor (Chown & 
Froneman 2008; but see Foissner 1996). 

 
Table 3 

Terrestrial invertebrate fauna of the Prince Edward Islands 
Numbers in parentheses represent introduced species that have not become established 

 

Phylum Taxonomic group  
Number of 

indigenous species  

Number of 

introduced species 

Platyhelminthes Earthworms 3 Not known 
Tardigrades  16 Not known 
Mollusca Land snail (Class Gastropoda) 1  
 Land slug (Class Gastropoda)  1 

Arthropods Mites and ticks (Order Acari) 54 5 
 Spiders ( Class Arachnida) 2 1 
 Woodlouse (Order Isopoda)   1 

 Insects (Class Insecta) 19 18 (9) 
 Springtails (Class Collembola) 11 5 
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The invertebrate fauna of sub-Antarctic islands is dominated by decomposer species that play 
a crucial role in ecosystem processes such as energy flow and nutrient cycling (Vernon et al. 
1998).  These species make nutrients available for primary producers (i.e. plants) by releasing 
organic nutrients held in the peat and litter layers through mineralization (Smith & Steenkamp 
1990, 1992, Vernon et al. 1998).  The detritus cycle is the main bottleneck in nutrient cycling 
and primary production at the island.  The most important detritivores at the Prince Edward 
Islands are earthworms, the larvae of the indigenous flightless moth Pringleophaga marioni 
and of the weevil Ectemorrhinus similis, that together account for 90% of the soil-invertebrate 
biomass in most vegetation types (Crafford et al. 1986). On Prince Edward Island the 
indigenous moth P. kerguelensis is also of major importance. 
 

Introduced invertebrate species 

As a direct result of human presence a large number of alien invertebrates has been introduced 
to Marion Island (Chown et al. 2002).  Prince Edward Island however, remains one of the 
most pristine islands in the Southern Ocean  with only three known alien vascular plants and 
very few alien invertebrates (Crafford et al. 1986, Ryan et al. 2003, Hugo et al. 2006).  Many 
of the alien species can be considered invasive and are having significant impacts on the 
island’s biota, either by changing or likely to change ecosystem functioning or by threatening 
indigenous species (Smith 2008).  The Kerguelen Cabbage is currently threatened by three 
introduced species, the Diamondback or Lesser Cabbage Moth Plutella xylostella, the Brown 
Field Slug Deroceras panormitanum and the fungus Botryotinia fuckeliana.  The larvae of the 
moth feed on the leaves and shoots of the cabbage, stunting growth and occasionally killing 
individual plants (Crafford et al. 1986).  It was first recorded in 1986 and without natural 
predators (except mice, which feed on it) its range is expanding (Crafford et al. 1986).  The 
cabbage is also the preferred food item of the introduced slug and the fungus is the causal 
organism of grey mould rot in crucifers, causing many plants to collapse into a black slimy 
residue (Smith 2002).  The Rough Woodlouse Porcellio scaber, an isopod, was first recorded 
on Marion in 2001 but has so far only been found in the vicinity of the old meteorological 
station at Transvaal Cove (Slabber & Chown 2002).  On Gough Island this species seems to 
have displaced an indigenous isopod from the lowlands to the highlands, where the introduced 
P. scaber is rare (Jones et al. 2003b).  On Gough this highly invasive species now makes up 
the greatest proportion of total invertebrate biomass, native and alien, found on the island 
(Jones et al. 2003b).  Another species also likely to influence nutrient cycling at Marion 
Island and possibly compete with the indigenous invertebrate fauna is the small midge fly 
Limnophyes minimus.  Its larvae are able to process large amounts of litter; in the mire 
community this amounts to an order of magnitude more than that consumed by 
Pringleophaga marioni (Hänel & Chown 1998a).  Recent work shows that in general 
introduced species on Marion have faster life cycles and tend to be more physiologically 
tolerant and more phenotypically plastic than indigenous species (Gabriel et al. 2001).  They 
also prefer warm, moist, and nutrient-rich habitats, conditions that are predicted to increase 
under present climate change scenarios; although the decrease in rainfall will reduce moist 
habitats and some alien species, such as the Brown Field Slug, are sensitive to dry conditions 
and high salinity levels (Lee et al. 2009).  Thus, the full implication alien invertebrate species 
on ecosystem functioning and for indigenous biota is at present not fully understood.  Climate 
change will in some cases facilitate or inhibit the further establishment of alien invertebrate 
species, and simple predictions of change are considered unrealistic (Chown et al. 2011). 

 Total  101 22 (15) 
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Marine mammals 

Three species of seals breed at the Prince Edward Islands: Southern Elephant Seal Mirounga 
leonina, Subantarctic Fur Seal Arctocephalus tropicalis and Antarctic Fur Seal A. gazella 
(Bester 2008).  Leopard Seals Hydrurga leptonyx occasionally occur as vagrants or as 
seasonal transients (Bester et al. 2006).  Both fur and elephant seals were exploited 
historically, resulting in severe population decreases (Cooper & Headland 1991, Richards 
1992, Rousset 2011).  The populations of fur seals have since recovered, possibly to pre-
exploitation levels (Hofmeyr et al. 1997). All three species of seals are currently categorized 
as Least Concern by the World Conservation Union (www.iucnredlist.org). 
 
Population numbers of the Subantarctic Fur Seal at Marion Island, determined from direct 
counts and mark-recapture experiments, initially showed little change from 1989; the 
estimated total population in 1995 was 49 523 (Hofmeyr et al. 1997).  However, since then 
the Marion Island population has increased at a mean annual rate of 5.3% to an estimated 77 
018 individuals in 2004 (Hofmeyr et al. 2006).  The population at Prince Edward Island was 
estimated to be 67 824 individuals in 2008 (Bester et al. 2009).  The total population for the 
islands is around 150 000 individuals.  The Marion Island population of Antarctic Fur Seals 
was estimated at 1205 individuals in 1995, increasing to an estimated 3644 individuals by 
2004 (Hofmeyr et al. 1997, 2006).  The population on Prince Edward Island was estimated at 
5280 individuals in 2008, an increase from the previous 2500 individuals in 2001 (Bester et 
al. 2003, 2009). 
 
The population sizes of elephant seals have decreased in the Indian and Pacific Sectors of the 
Southern Ocean between the 1950s and 1990s (Skinner & van Aarde 1983, Guinet et al. 1992, 
Bester et al. 2001).  The highest rates of decline (5.7 - 8% a year) have been reported for 
Crozet and Marion Islands (Skinner & van Aarde 1983, Guinet et al. 1999).  Whereas current 
population estimates suggest a recent recovery, some breeding populations have continued to 
decrease in recent years (e.g. at Macquarie and Prince Edward Islands) (Guinet et al. 1999, 
Bester & Hofmeyr 2005).  The reasons for the observed decrease is unknown although factors 
such as resource limitation, inter-specific competition and environmental change have been 
suggested (Guinet et al. 1999, McMahon et al. 2003, 2005).  Currently the population at the 
Prince Edward Islands is about 2500 individuals (Anon 2007). 
 
The breeding season of the Southern Elephant Seal commences in August with haul-out by 
bulls, which establish territories, followed in September by the cows that aggregate in harems 
and reproduce before returning to sea (Hindell & Burton 1988).  Sub-adults and females 
moult from mid-December to mid-March and bulls from late December to mid-April (Condy 
1977).  The fur seals have similar annual cycles, with pupping in December, and lactation 
lasting 10 months in Subantarctic Fur Seals but only four months in Antarctic Fur Seals 
(Kerley 1983). 
 
Marion Island’s terrestrial ecosystems are extensively influenced by the activities of marine 
mammals and birds during their terrestrial phases of breeding and moulting (Frost 1979).  In 
areas where seals or seabirds congregate the soil exhibits enhanced vitality and a different 
plant and invertebrate species composition compared to non-manured soils (Smith 1977, 
1978).  These “manured” or biotic sites form the major source of inorganic nitrogen and 
phosphorus in the island’s terrestrial ecosystem.  Elephant seals excreta contributed over six 
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tonnes of Nitrogen to these biotic sites in 1980/80 (Smith & Froneman 2008).  Elephant seals 
are therefore of importance in maintaining the nutrient status of the plants and soils in the 
Biotic Grassland Complex on the island (Smith 1978, Smith & Steenkamp 2001). 
 

Breeding seabirds and land bird species 

Twenty-nine indigenous bird species breed at the Prince Edward Islands, 28 of them seabirds 
(Table 4).  Only one, the Lesser (or Black-faced) Sheathbill Chionis minor marionensis, is 
restricted to land.  The Lesser Sheathbill is one of only two species in the family Chionididae 
and the population at the Prince Edward Islands is considered to be of an endemic subspecies 
(Marchant & Higgins 1993).  Sheathbills do not feed at sea but forage within seabird, 
especially penguin, colonies and along the shoreline (Burger 1996).  The population size at 
the Prince Edward Islands is estimated at 4000-5500, mostly at Marion Island (Huyser et al. 
2000, Table 5).  The remaining species are all seabird species that come to land to breed and 
some to moult.  The four species of penguins (King Aptenodytes patagonicus, Gentoo 
Pygoscelis papua, Macaroni Eudyptes chrysolophus and Southern Rockhopper Eudyptes 
chrysocome filholi) form the most abundant seabird assemblage on the islands in terms of 
biomass, with a combined annual breeding population of c. 850 000 breeding pairs (Crawford 
et al. 2003b; BirdLife International 2011, see Table 5).  Penguins return to land to breed and 
to moult and the annual cycles of all of the breeding species are well known, of which the 
most complex is that of the King Penguin (Shirihai 2002).  Overall, penguin numbers have 
been decreasing for the last 20 years at the Prince Edward Islands, possibly as a result of 
climate change and over-fishing altering food availability; avian cholera and other diseases 
have also contributed to the declines (Crawford & Cooper 2003; Crawford et al. 2008; Ainley 
& Blight 2009, Cooper et al. 2009).  Gentoo Penguins are IUCN-listed as globally Near 
Threatened: the Prince Edwards support some 0.5% of the world’s population. At Marion 
Island their numbers decreased by approximately 40% between the mid-1990s to 2005 (1400 
pairs to 800 pairs) after which their numbers have recovered to almost 1100 pairs in 2008 
(Crawford et al. 2003a, 2006, 2009a).  Macaroni and Southern Rockhopper Penguins are both 
listed as Vulnerable and represent 4% and 17% of the world’s population, respectively.  The 
breeding population of Macaroni Penguins on Marion Island has been decreasing steadily 
since the mid-1990s from 427 000 pairs to 290 000 pairs in 2009, representing a 32% 
decrease (Crawford et al. 2009a). This decline is mirrored on Prince Edward Island where the 
population is much smaller.  Southern Rockhopper Penguins have decreased even more 
markedly, by 74% over a similar period from 160 000 to 42 000 breeding pairs (Crawford et 
al. 2003a. 2009a).  Only the King Penguin has not decreased over the past 20 years (Crawford 
et al. 2003a, 2009a).  However, estimating the total population size is complicated by the long 
laying period of breeding birds and fact that c. 20% of birds do not breed every year.  The 
estimated population size on Marion Island is 165 000 pairs (Crawford et al. 2009a).  The 
King Penguin population at the islands make up 13% of the world population. 
 

Table 4 
Seabird and land bird species breeding at the Prince Edward Islands 

EN=Endangered, VU=Vulnerable, NT=Near Threatened, LC=Least Concern 
MI=Marion Island, PEI=Prince Edward Island 

Parentheses indicate species suspected of breeding 
 

Native seabird species Status1 Islands 
King Penguin Aptenodytes patagonicus LC MI & PEI 
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Gentoo Penguin Pygoscelis papua NT MI & PEI 
Macaroni Penguin Eudyptes chrysolophus VU MI & PEI 
Southern Rockhopper Penguin Eudyptes chrysocome filholi VU MI & PEI 
Wandering Albatross Diomedea exulans VU MI & PEI 
Grey-headed Albatross Thalassarche chrysostoma VU MI & PEI 
Indian Yellow-nosed Albatross  Thalassarche carteri EN PEI 
Light-mantled Albatross Phoebetria palpebrata NT MI & PEI 
Sooty Albatross Phoebetria fusca EN MI & PEI 
Southern Giant Petrel Macronectes giganteus VU MI & PEI 
Northern Giant Petrel Macronectes halli NT MI & PEI 
Fairy Prion Pachyptila turtur LC MI & PEI 
Salvin’s Prion Pachyptila salvini LC MI & PEI 
Blue Petrel Halobaena caerulea LC MI & PEI 
Great-winged Petrel Pterodroma macroptera LC MI & PEI 
Soft-plumaged Petrel Pterodroma mollis LC MI & PEI 
Kerguelen Petrel Lugensa brevirostris LC MI & PEI 
Grey Petrel Procellaria cinerea NT MI & PEI 
White-chinned Petrel Procellaria aequinoctialis VU MI & PEI 
Grey-backed Storm Petrel Garrodia nereis LC (MI) & (PEI) 
Black-bellied Storm Petrel Fregetta tropica LC (MI) & PEI 
South Georgia Diving Petrel Pelecanoides georgicus LC MI & (PEI) 
Common Diving Petrel Pelecanoides urinatrix LC (PEI) 
Crozet Shag Phalacrocorax melanogenis LC MI & PEI 
Subantarctic Skua Catharacta antarctica LC MI & PEI 
Kelp Gull Larus dominicanus LC MI & PEI 
Antarctic Tern Sterna vittata LC MI & PEI 
Kerguelen Tern Sterna virgata NT MI & PEI 

Native land species Status1 Islands 
Lesser Sheathbill Chionis minor marionensis LC MI & PEI 

1www.iucnredlist.org. (2007). 
 
Five species of albatrosses breed on the islands.  All except the Indian Yellow-nosed 
Albatross Thalassarche carteri breed only every second year if they are successful in fledging 
a chick.  The Wandering Albatross Diomedea exulans makes up 22% of the world population 
and breeds in loose colonies on the coastal plains.  The Grey-headed Albatross T. 
chrysostoma and the Indian Yellow-nosed Albatross breed in large, dense colonies on cliffs. 
The remaining two species, the Light-mantled Phoebetria palpebrata and Sooty P. fusca 
Albatrosses, are also cliff breeders and breed singly or in small, scattered colonies.  All five 
species have experienced fluctuations in their population numbers over the last 20 years.  
Population estimates at Prince Edward Island were conducted in the early 1980s and 2000 
with the most recent survey in 2008 (see Table 5 for recent population estimates).  Estimates 
on Marion Island have been more regular, in particular during the last decade (Crawford et al. 
2003a, Ryan et al. 2009a).  The numbers of Wandering Albatrosses at the islands increased 
between 1986 and the late 1990s when they underwent a slight decline until 2005, after which 
numbers recovered and have since remain stable (Ryan et al. 2009a).  Population numbers of 
Grey-headed albatrosses at Marion have remained relatively stable over the last decade; on 
Prince Edward Island, however, the population has decreased by 20% between 2001 and 2008 
(Ryan et al. 2009a).  The Indian Yellow-nosed Albatross only breeds on Prince Edward Island 
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in the group and its numbers have remained stable since last surveyed in 2001 (Ryan et al. 
2009a).  The numbers of Light-mantled and Sooty Albatrosses have on the other hand 
increased significantly on Prince Edward Island.  An increase of 40% from 2001 for the 
Light-mantled Albatross, and a doubling of the breeding population of the Albatross in 2008, 
compared to the 2001 survey, is partly related to improved survey coverage of these very 
inaccessible cliff-nesting birds (Ryan et al. 2009a).  On Marion, population numbers of the 
Light-mantled Albatross have also increased significantly over the last decade.  The opposite 
has occurred with the Sooty Albatross, where numbers have been declining since the early 
1980s when the population was estimated at over 2000 breeding birds (Crawford et al. 
2003a).  All of the albatross species are IUCN-listed as Endangered, Vulnerable or Near 
Threatened, mostly due to accidental mortality associated with longline fisheries caused by 
drowning as they try to scavenge baits (Nel et al. 2002b, Crawford & Cooper 2003). 
 

Table 5 
Population estimates of seabird species breeding at the Prince Edward Islands 

 
Seabird species  Breeding pairs 

Marion I. 
Breeding pairs 

Prince Edward I. Year of estimate 

King Penguin 165 000 6 000 20083 
Gentoo Penguin 1 100 40 20083 
Macaroni Penguin 290 000 12 100 20083 
Southern Rockhopper Penguin 42 000 38 000 20083 
Wandering Albatross 3 700 3 600 20082 
Grey-headed Albatross 7 500 2 000 20082 
Indian Yellow-nosed Albatross  0 7 000 20082 
Sooty Albatross 1 400 1 400 20082 
Light-mantled Albatross 600 200 20082 
Northern Giant Petrel 400 350 20082 
Southern Giant Petrel 1 433 1 350 20082 
Fairy Prion 2 000 2 000 in reference 6 
Salvin’s Prion 200 000 500 000 in reference 6 
Blue Petrel 100 000 200 000 in reference 6 
Great-winged Petrel 20 000 20 000 in reference 6 
Soft-plumaged Petrel 10 000 20 000 in reference 6 
Kerguelen Petrel 20 000 20 000 in reference 6 
Grey Petrel 2 000 10 000 in reference 6 
White-chinned Petrel 20 000 10 000 in reference 6 
Grey-backed Storm Petrel ? 2 000 in reference 6 
Black-bellied Storm Petrel ? 10 000 in reference 6 
South Georgia Diving Petrel 1 000 10 000 in reference 6 
Common Diving Petrel ? 20 000 in reference 6 
Crozet Shag 500 100 20091 
Sub-Antarctic Skua 300 300 20085 
Kelp Gull 59 30 20084 
Antarctic Tern 10 ? 20084 
Kerguelen Tern 24 1 20084 

1Crawford et al. 2009a, 2Ryan et al. 2009a, 3Crawford et al. 2009b, 4Whittington et al. 2009, 5Ryan et al. 2009b, 
6Ryan & Bester 2008  
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With the exception of the Southern Macronectes giganteus and Northern M. halli Giant 
Petrels (Cooper et al. 2001), the petrels of the Prince Edward Islands are all burrow-nesting 
species (see Table 5 for most recent population estimates).  The burrow-nesting species are 
only active ashore at night to avoid predation by Subantarctic Skuas Catharacta antarctica, 
and breed either singly or in loose colonies.  The giant petrels nest either in colonies on open 
ground (Southern), or in loose colonies or singly in the shelter of rocks (Northern) (Cooper et 
al. 2001)  All petrel species produce a single egg which they do not replace if the breeding 
attempt fails (Brooke 2004)  The Southern Giant Petrel is listed as Vulnerable and the 
Northern Giant Petrel as Near Threatened, primarily as a consequence of longline fishing, 
although the Southern Giant Petrel is also vulnerable to human disturbance (Nel et al. 2002a).  
Population numbers of Northern Giant Petrels have remained more or less stable over the last 
decade, with fluctuations more likely a result of greater search effort in certain years than 
actual population changes.  This species is difficult to count and the total estimated population 
size is probably an underestimate (Ryan et al. 2009a).  The Southern Giant Petrel is more 
easily detected and counts on Prince Edward Island show a population increase of 28% from 
2001.  Numbers on Marion Island have on the other hand halved between 1980 and the late 
1990s; they have since remained stable.  Population monitoring of the burrowing petrel 
species is more difficult owing to their nesting habits and no recent census data are publicly 
available for most birds or for birds breeding on Prince Edward Island (Cooper & Brown 
1990), although a census of White-chinned Petrels has been undertaken on both islands in the 
last few years. The population estimates given in Table 5 are conservative and taken from 
Ryan & Bester (2008) and references therein.  Schramm (1986) estimated burrow densities of 
eight burrowing petrel species on Marion and Prince Edward islands in six vegetation types.  
He found Salvin’s Prion Pachyptila salvini to be the most abundant species, which together 
with the Great-winged Petrel Pterodroma macroptera were found in most habitats.  Four 
species of petrels (Blue Halobaena caerulea, Kerguelen Lugensa brevirostris, Soft-plumaged 
Pterodroma mollis, Grey Procellaria cinerea and the South Georgia Diving Petrel 
Pelecanoides georgicus) were present in only one or two habitats and generally in very low 
numbers (Schramm 1986).  The White-chinned Petrel Procellaria aequinoctialis, although 
found in small numbers, was present in four of the six habitats sampled (Schramm 1986).  On 
Marion, breeding pairs in a White-chinned Petrel study colony declined by 34%, at an annual 
rate of 14% between 1997 and 1999, probably due to incidental mortality from longline 
fishing, which is believed to be the main cause of the global decline in the species elsewhere 
(Nel et al. 2002a).  The same is probably true of the Grey Petrel P. cinerea, although fewer 
birds are known to have been caught on longlines (Nel et al. 2002b).  The distribution of 
petrel burrows on Marion Island is thought to be very patchy and at least three species (Blue 
Petrel, Salvin’s Prion and White-chinned Petrel) breed at lower densities than those recorded 
on other sub-Antarctic islands in similar habitats (Schramm 1986).  Although differences in 
habitat cannot be discounted, the lower densities of breeding petrels on Marion is probably 
due to predation in the past by feral Domestic Cats Felis catus (van Aarde 1980, Schramm 
1986).  The Common Diving Petrel Pelecanoides urinatrix is thought to no longer breed on 
Marion Island due to cat predation (Watkins & Cooper 1986).  The South Georgia Diving 
Petrel P. georgicus was recently proven to be still breeding on Marion Island (McClelland et 
al. in press).  The Black-bellied Storm Petrel Fregetta tropica and Grey-backed Storm Petrel 
Garrodia nereis have never been proven to breed on Marion and the former species was only 
relatively recently proven to breed on Prince Edward Island (Cooper & Brooke 1984). 
 
Other breeding seabirds at the islands include the Subantarctic Skua, Crozet Shag or 
Cormorant Phalacrocorax melanogenis, Kelp Gull Larus dominicanus, Antarctic Tern Sterna 
vittata and Kerguelen Tern S. virgata.  Numbers of all of these species are relatively small 
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(see Table 5 for most recent population estimates) (Cooper & Brown 1990).  Numbers of 
Crozet Shag breeding pairs decreased by 70% from the 1980s to 2000.  The reasons for this 
remain unclear.  Recent population estimates however, show a 50% recovery in their numbers 
(Crawford et al. 2009b).  The populations of the Kelp Gull and Kerguelen Tern have 
remained stable on Marion Island. On Prince Edward Island, however, the population of the 
Kerguelen Tern is decreasing, attributed to predation by the sub-Antarctic Skua whose 
population may be increasing there (Ryan et al. 2009b).  The population of the Antarctic Tern 
remains stable at the islands, halting the decline from when cats were present (Crawford et al. 
2003b, Whittington et al. 2009).  The population of sub-Antarctic Skuas is declining on 
Marion but seem to be either stable or increasing on Prince Edward Island (Ryan et al. 
2009b).  They feed mainly on burrowing petrels and penguin eggs.  With the eradication of 
cats on Marion Island the population of the sub-Antarctic Skua should have increased, this 
has however not occurred for reasons unknown (Ryan et al. 2009b).  Research has been 
undertaken on this aspect in the last two years for an MSc degree. 
 

Introduced vertebrate species 

Several vertebrate species have been introduced to Marion Island, of which only the House 
Mouse is still present.  No vertebrate species are known to have been introduced to Prince 
Edward Island. 
 
Six domestic species (sheep Ovis aries; goats Capra hircus; pigs Sus scrofa; a single donkey 
Equus asinus, dogs Canis familiaris and cats Felis catus) were introduced between 1818 and 
1961 but no longer occur on the island after having been removed (donkey and dogs), or were 
killed or died out (sheep, goats, pigs and cats) (Watkins & Cooper 1986).  Two parrots, 
domestic chickens and (briefly) domestic geese have been kept at Marion Island in the past 
(Watkins & Cooper 1986).  There were two deliberate introductions of trout Salmo spp.; one 
in 1959 with the introduction of Rainbow Trout S. gairdneri and again in 1964 when Brown 
Trout S. trutta was introduced (Watkins & Cooper 1986, Cooper et al. 1992).  The Rainbow 
Trout was not known to have bred on the island and is now extinct (Watkins & Cooper 1986).  
Brown Trout on the other hand were reported to be “numerous” in the Van den Boogaard 
River by 1970.  Analysis of their stomach contents revealed earthworms, weevils, snails, 
spiders, larvae of the endemic flightless moth Pringleophaga marioni and House Mice 
(Watkins & Cooper 1986, Cooper et al. 1992).  Several attempts were made to net out the 
population and in 1984 a search was made for trout, but none was seen.  The species is now 
considered to be extinct on Marion Island Cooper et al. 1992). 
 
The House Mouse was inadvertently introduced by sealers in the early 1800s and is currently 
widespread on Marion (Watkins & Cooper 1986, Cooper 2008).  Its impact on the island’s 
biota is discussed in detail below.  The domestic cat was purposefully introduced in early 
1949 to control the mice and spread rapidly across the island (see below). 
 

Impacts and eradication of feral cats on Marion Island 

Populations of feral cats have become established on several sub-Antarctic islands and pose a 
greater threat to the indigenous avifauna than does any other introduced animal.  They have 
been the cause of severe reductions and local extinctions of many land bird and seabird 
colonies, populations and even species on Kerguelen, Macquarie and the Crozet islands 
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(Taylor 1979, Jouventin et al. 1984, Johnstone 1985).  The feral cat population on Marion 
Island originated from pets introduced in 1948 (van Aarde 1980).  The first feral cat was seen 
in 1951 12 km away from the meteorological station, and by 1965 cats were widespread on 
the island (van Aarde 1986, Cooper 2008).  In 1975 the population was estimated at 2139 
animals and occurred over most of the island up to 450 m a.s.l. (van Aarde 1986).  They 
consumed an estimated 450 000 burrowing petrels a year and consequently posed a serious 
threat to the remaining birds on the island (van Aarde 1980).  The distribution and density of 
the cats on Marion were influenced by prey availability.  Six species of burrowing petrels 
made up about 70% of the stomach contents (van Aarde 1980).  The breeding success and 
numbers of several species, in particular the winter-breeding populations of Great-winged 
Pterodroma macroptera and Grey Petrels, were low (Schramm 1986, van Rensburg & Bester 
1988). The Common Diving Petrel was heavily impacted as early as 1965 and is believed to 
have become locally extinct as a result of cat predation (Watkins & Cooper 1986).  Biological 
control of the population was attempted in 1977 using the infectious viral disease feline 
panleucopaenia (FPL).c This brought the population numbers down to an estimated 615 
individuals by 1982 (Bester et al. 2002).  At these reduced densities, full-scale nocturnal 
hunting was initiated in 1986 and continued for three years, when trapping was introduced 
and by 1991 92% of all cats had been removed (Bester et al. 2002).  During 1991 a 
combination of trapping, hunting and poison, injected into 12 000 day-old domestic chicks, 
was initiated, which finally succeeded in what was likely to be last cat on the island being 
killed in July 1991.  Despite intensive search effort, no further cats were seen between July 
1991 and 1993 when the programme ended.  None has since been seen to the present day and 
so the complete eradication of feral cats on Marion Island has definitely been achieved 
(Bester et al. 2000, 2002).  This still remains the largest successful cat eradication globally.  
Breeding success of several monitored species of burrowing petrels increased following the 
control and eventual removal of cats (Cooper & Fourie 1991, Cooper et al. 1995). 
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HISTORY AND ECOLOGY OF THE HOUSE MOUSE 
ON MARION ISLAND 

 
One of the most ubiquitous invasive mammals occurring on islands of the Southern Ocean is 
the House Mouse.  It has successfully colonised at least eight sub-Antarctic islands (Berry et 
al. 1978).  Mice have a highly opportunistic behaviour and physiology that enable them to 
colonize a wide range of habitats from cold stores (-20 C°) to hot deserts (Laurie 1946, 
Newsome & Corbett 1975).  The effects of introduced mice on an island’s ecosystem can be 
far-reaching, although difficult to predict, as effects are far less well-reported than for rats 
(Copson 1986, Chown & Smith 1993, Angel & Cooper 2006, Angel et al. 2009).  Mice are 
omnivorous generalists capable of eating a wide range of plant and animal foods.  They are 
known significantly to impact native plants, terrestrial invertebrates, reptiles and birds 
(Breytenbach 1986, Copson 1986, Ainley et al. 1990, Chown & Smith 1993, Campos & 
Granadeiro 1999, le Roux et al. 2002, Smith et al. 2002, Cuthbert 2004, Wanless et al. 2007, 
Angel et al. 2009, St. Clair 2011).  An island’s ecosystem can be permanently changed if 
some of the lost biota (plants, invertebrates or vertebrates) occupy key roles at functional 
levels, such as primary consumers, prey, detritivores, etc. or are critical links in major food 
chains and ecological processes, such as dispersal, pollination or nutrient cycling (Moors et 
al. 1989, Smith & Steenkamp 1990). The biology of mice on sub-Antarctic islands is 
regulated by a number of physiological and environmental factors (Pye 1993, le Roux et al. 
2002, Avenant & Smith 2004).  Under favourable conditions, House Mice breed throughout 
the year but under more harsh conditions breeding is seasonal (Avenant & Smith 2004).  Of 
environmental factors, temperature and food availability are generally the most important and 
the two often interact in controlling reproduction (Berry et al. 1978, Gleeson 1981).  
Furthermore, it has been speculated that high mortality and declining food availability in 
winter prevent expansion of mouse populations on sub-Antarctic islands (Gleeson & van 
Rensburg 1982, Matthewson et al. 1994, Ferreira et al. 2006). 
 
The House Mouse on Marion Island is thought to have been introduced by sealers in the early 
1800s (Watkins & Cooper 1986).  Although the population exists close to the physiological 
limits for the species, they were already abundant and widespread by August 1818, when 
according to the sealer William Phelps mice were found on the beaches, in coves and on 
mountains covered in snow ("Webfoot" 1871, Watkins & Cooper 1986, Cooper 2008).  
Genetic evidence suggests that the House Mouse on Marion Island is Mus musculus 
domesticus and is most closely related to populations in Denmark, Sweden, Finland, and 
northern Germany (Jansen van Vuuren & Chown 2006).  Marion Island House Mice have 
been extensively studied since the early 1980s and there is now a large body of information 
on aspects of their ecology and impacts on the island’s biota (e.g. Anderson & Cody 1974, 
Gleeson 1981, Gleeson & van Rensburg 1982, Rowe-Rowe et al. 1989, Crafford 1990, 
Matthewson 1993, Matthewson et al. 1994, Avenant 1999, Huyser et al. 2000, Smith et al. 
2002, Avenant & Smith 2004, van Aarde et al. 2004, Ferreira et al. 2006, van Aarde & 
Jackson 2006). 
 
The breeding biology of the House Mouse on Marion Island has incurred some debate with 
Berry et al. (1978) suggesting that breeding was continuous, but this has been shown to be 
incorrect (Matthewson et al. 1994).  The population breeds seasonally and intense 
reproductive activity lasts for eight months (October-May) with a mean litter size of 7.3 
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(Matthewson et al. 1994, Avenant & Smith 2004).  Reproductive activity has been shown to 
be strongly correlated with day length and mean temperatures (measured at one centimetre 
above ground level) (Avenant & Smith 2004).  The breeding season in 1991/92 and 1992/93 
was at least two months longer than in 1979/80, and Avenant & Smith (2004) suggested this 
could be a response to ameliorating temperatures on the island. 
 
Comprehensive studies on mouse distribution and density were undertaken during 1979/80 
and 1991/93 (Gleeson 1981, Gleeson & van Rensburg 1982, Matthewson 1993, Matthewson 
et al. 1994, Avenant 1999, Avenant & Smith 2004).  Population numbers were shown to 
change seasonally (as much as 10-fold) and differ between habitats in relation to invertebrate 
biomass (their main food item) and refuge availability (Gleeson 1981, Avenant & Smith 
2004).  Mouse density was highest in biotic sites where seals and seabirds breed and in areas 
that are highly vegetated (Gleeson 1981, Matthewson et al. 1994).  Numbers peak at the end 
of summer (May) by as much as 300 mice/hectare, most of which (93-97%) die during the 
winter (van Aarde et al. 1996).  Invertebrate densities on the other hand show an inverse 
relationship during winter.  Invertebrate availability for mice decreases nine-fold in biotic 
sites and 18-fold in mires in winter (Avenant & Smith 2004).  This means that from May 
competition for food increases dramatically and by late summer cannibalism is at its highest 
(Avenant & Smith 2004). 
 
Population numbers were found to be higher in the 1990s than in the late 1970s, suggesting 
elevated mouse population densities, at least during summer (Matthewson et al. 1994, Smith 
et al. 2002).  Resent research has found that both temperature and density limit the increase in 
mouse numbers during the summer breeding season (Ferreira et al. 2006).  However, major 
die-offs during winter probably limit population size and explain the relative stability in 
mouse population numbers between 1991 and 2001 (Ferreira et al. 2006).  Mice have become 
firmly established within the Marion Island ecosystem and, with the removal of cats, are 
considered an important mammalian predator on the island (Matthewson et al. 1994). 
 

Impacts of mice on the plants on Southern Ocean islands 
Although the House Mouse is one of the most readily introduced mammal species on oceanic 
islands it is seldom the only one (Berry et al. 1978).  Its impact on island biota is thus difficult 
to separate from that of other introduced mammal species that are often also found on islands.  
Antipodes and Gough Islands are cold-temperate Southern Ocean islands that have mice as 
the only introduced mammal (King 1990, Jones et al. 2003a).  On Antipodes Island mice 
seem to be having a considerable impact on both invertebrates and plants (Patrick 1994, 
McIntosh 1995).  Sedge species, in particular the native Carex appressa, seem to attract large 
concentrations of mice that feed extensively on inflorescences and seeds (Godley 1989).  A 
more recent diet study found a large percentage of mouse diet on the Antipodes to consist of 
native sedges and plants in general (McIntosh 1995).  On Gough Island at least 15 species of 
endemic or native as well as seven introduced plant species are consumed by mice (Jones et 
al. 2003a).  The flower heads and fruiting bodies of the native tussock grass Spartina 
arundinacea are extensively eaten by mice as are the seeds of the native flowering plant 
Acaena sarmentosa and the endemic sedges Carex spp. and Scirpus spp. (Wace 1986, Jones 
et al. 2003a).  Gough mice also consume the fruiting spikes of three introduced plants: Broad-
leaf Dock Rumex obtusifolius, Plantago major and the Farm Grass Holcus lanatus (Wace 
1986).  On Macquarie Island mice consumed a range of native plant species, some of which 
are available throughout the year, such as Stilbocarpa polaris, Acaena magellanica, A. minor, 
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Festuca contracta and Agrostis magellanica (Copson 1986).  On Guillou Island in the 
Kerguelen Islands the seeds and flowers of A. magellanica were among the main plant items 
consumed during summer (le Roux et al. 2002).  These studies indicate a clear preference by 
the mice to consume native plants.  This may relate to a loss of defence mechanisms, such as 
the production of secondary compounds, common among native island plants (Bowen & van 
Vuren 1997).  There is, however, no evidence of plant species having gone extinct on any of 
these islands due to mice (Wace & Dickson 1965, Godley 1989, Copson & Whinam 1998).  
Similarly there are no studies on the possible population-level impacts that mouse predation 
has on the plants on any of these islands.  It is therefore difficult to draw conclusions as to the 
likely future effects of mouse predation on plants if left unchecked. 

Impacts of mice on the vegetation of Marion Island 

Studies on Marion Island are to date the most comprehensive with regards to the possible 
impacts that mice have on Southern Ocean island ecosystems.  Comparisons between mouse-
free Prince Edward Island and Marion Island have been of particular importance in deducing 
the effects of mice on Marion’s biota. 
 
The mice on Marion are known to feed on the seeds and young shoots of at least five native 
and one introduced plant species (Table 6).  In the late 1960s the native sedge Uncinia 
compacta was abundant in mire vegetation (Huntley 1971) but has now been almost 
extirpated on Marion due to seed harvesting by mice (Smith & Steenkamp 1990). Mice 
remove up to 75% of all the seed heads of this native plant, significantly reducing the 
population compared to the neighbouring mouse-free island of Prince Edward (Chown & 
Smith 1993). Mice are also thought to be having a similar impact on Acaena magellanica 
(Avenant 1999).  They also cause significant damage to the peat-forming Azorella selago, due 
to their predilection for burrowing into this disturbance-sensitive cushion plant (Chown & 
Cooper 1995).  Azorella selago is a key-stone species in the Fellfield vegetation complex by 
acting as a nursery plant for many epiphyte species and by housing high densities of 
invertebrates (McGeoch et al. 2008).  It is also a prime initiator of vegetation succession and 
soil formation on the island through accumulation of organic material, which is consumed by 
invertebrates (Smith 2008).  Mice are capable of destroying a cushion plant, which are on 
average 30 to 80 years old, and whose population dynamics are currently poorly understood 
(Phiri et al. 2009). 
 

Table 6 
Plant species consumed by House Mice on Marion Island and their status 

N = native; I = introduced 
 

Plant species 
• Acaena magellanica (N) • Poa annua (I) 
• Agrostis magellanica (N) • P. cookii (N) 
• Pringlea antiscorbutica (N) • Uncinia compacta (N) 

Sources: Smith 1977, Gleeson & van Rensburg 1982, Avenant 1999 
 
The importance of plant material compared to invertebrates in mouse diet has increased since 
the late 1970s, from occurring in an overall of 36% of the stomachs to making up 49-78% of 
the stomach samples in 1993, particularly during mid to late-summer (Avenant 1999, Smith et 
al. 2002). A seasonal analysis of stomach contents shows that in some areas plants make up 
close to 50% of mouse diet during mid- to late summer (December - March) (Smith et al. 
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2002). This suggests that a decrease in the availability of invertebrate prey is to some extent 
compensated for by increasing the intake of plant material (Avenant & Smith 2004).  
Although there is no evidence of a similar overall trend by the mice on Guillou or Gough 
Islands, where invertebrates make up the bulk of the diets, it is nonetheless interesting to note 
that a similar prey switch occurs during summer (le Roux et al. 2002, Jones et al. 2003b). 
 
There is at present no evidence of plant species having gone extinct on Marion Island since 
the first comprehensive study of the flora was carried out by Huntley (1971).  However, the 
plant community composition of an island can be profoundly altered in favour of introduced 
species due to native plants being ill-adapted to herbivory relative to introduced plants 
(Bowen & van Vuren 1997).  On Marion mice show a predilection for native plants and are 
directly impacting the native vegetation via seed predation and physical disturbance (Chown 
& Cooper 1995, Phiri et al. 2008). The populations of two native sedges have already been 
reduced as a direct result of mouse impacts (Avenant 1999).  Mice can therefore be held 
responsible for current changes in plant species composition and plant community structure 
on Marion Island. This may be affecting ecosystem processes such as nutrient cycling and 
energy flow. 
 

Anticipated outcomes of continued mice impacts on flora 

Based on the evidence of House Mouse impacts on the plants on Marion and on other islands 
we can infer the following outcomes of leaving mouse impacts to go unchecked: 
 

• the populations of native and endemic plant species currently consumed by mice could 
continue to decrease and become extirpated from Marion; 

• mice could, by preferring native species over introduced ones, continue to cause 
alterations to plant species composition and favour the spread of introduced species; 
and 

• increased mouse populations would increase current impacts on plant communities 
and ecological processes within them. 

 

Impacts of mice on invertebrates on Southern Ocean islands 
Although mice are omnivorous they can also be highly selective and on islands such as, 
Guillou, Antipodes and Macquarie Islands they have been shown to prefer invertebrate prey 
(Copson 1986, McIntosh 1995, le Roux et al. 2002)  Invertebrate sampling on the mouse-free 
Bollons Islet and mouse-infested Antipodes Island during 1995 strongly suggested that mice 
have had, and continued to have, major impacts on species composition, abundance and size 
distribution of native invertebrates on Antipodes Island (Marris 1996).  Antipodes Island and 
its offlier Bollons Islet are apparently similar in age, geology, climate and vegetation, and the 
dramatic differences in invertebrate abundance between the islands is almost certainly 
attributable to mouse predation on Antipodes (Marris 2000).  The native ground beetle 
Loxomerus n. sp. is thought to have become extinct on Antipodes Island, where only dead 
remains were collected in 1969 and no live specimens have been found since, whereas on 
Bollons the species is relatively common (Marris 2000).  Similarly, an unidentified weta 
species and the native beetle Tormissus guanicola have also only been seen on Bollons.  
Altitudinal differences in abundance of invertebrate taxa on Antipodes Island (with some taxa 
virtually absent below 100 m, but common above 250 m; (McIntosh 1995, Marris 2000) have 
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also been recorded and could be explained by differences in mouse abundance.  A 
predilection by mice to eat large to medium-sized flightless moths may also account for the 
lack of these on Antipodes Island compared to their presence on nearby Bounty Island where 
mice are also absent (Patrick 1994). 
 
On Macquarie Island invertebrates formed the major part of mouse diet with species of 
spiders and moth larvae found in 84% of stomachs (Copson 1986).  On Guillou Island 
invertebrates are consumed all year and make up the bulk of the stomach contents in winter, 
when between 71% to 98% of the dietary items were of invertebrate origin (le Roux et al. 
2002).  The moth larvae Pringleophaga kerguelensis and weevil larvae are the most important 
prey items in terms of biomass contribution to mouse diet during winter (le Roux et al. 2002). 
 
On Gough Island the impact of mice on the island’s invertebrate species has only recently 
been addressed (Jones et al. 2002).  The diets of lowland mice, found below 500 m a.s.l., were 
compared to highland mice found between 500 m a.s.l. and the highest peak at 910 m a.s.l. 
(Rowe-Rowe & Crafford 1992).  Introduced earthworms constituted the bulk of invertebrates 
in the diet of lowland mice as well as other common introduced invertebrate species such as 
the centipede Lithobius melanops (Jones et al. 2002).  It therefore appears that the lowland 
mouse population does not at present pose any significant threat to the native invertebrate 
fauna on Gough (Jones et al. 2003a).  However, there is no way of knowing whether the 
native invertebrate fauna has already been impacted so strongly that it no longer makes up the 
bulk of mouse diet.  In the highlands however, the larvae of the two endemic brachypterous 
noctuid moths Dimorphinoctua goughensis and Peridroma goughi were found to form major 
components of mouse diets (Jones et al. 2003a).  This may reflect the lower abundance of 
mice in the highlands, similar to the situation on Antipodes Island.  The role that endemic 
moth larvae play in nutrient cycling and peat formation on Gough Island is currently 
unknown.  Indigenous moth larvae are clearly also a preferred prey item to mice on several 
other southern hemisphere islands where dietary studies have been carried out (Newman 
1994, Miller & Miller 1995, Fitzgerald et al. 1996). 
 

Impacts of mice on the invertebrates of Marion Island 

The degree of impact that mice have on invertebrates at Marion Island has received much 
attention (Crafford & Scholtz 1987, Rowe-Rowe et al. 1989, Chown & Smith 1993, Smith et 
al. 2002, van Aarde et al. 2004, Janse Van Rensburg 2006).  The ongoing research on mouse 
impacts on Marion invertebrates is again one of the most comprehensive for the Southern 
Ocean islands. 
 
Dietary studies carried out on Marion Island between 1979 and 1980 showed mice preferred 
invertebrate prey (Gleeson 1981).  They favoured at least nine species of invertebrates 
belonging to three main taxonomic groups (Table 7).  These were found to contribute from 
70-90% to the overall diet, with plant material making up for the remainder (Gleeson & van 
Rensburg 1982).  In the 1970s the larvae of the endemic flightless moth Pringleophaga 
marioni represented the greatest percentage contribution by mass to the diet of the mice, 
around 55% and 35% in winter and summer, respectively, with weevils, mainly 
Ectemnorrhinus similis, contributing between 10 and 15% to the diet throughout the year 
(Gleeson & van Rensburg 1982).  Dietary studies carried out during the 1990s, however, 
showed that the relative importance of the main invertebrate species in the mouse diet had 
changed since the late 1970s (Chown & Smith 1993).  The endemic moth larvae were no 
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longer the main dietary item (contributing only 20% to the diet) and in its place native weevil 
adults, in particular E. similis and Bothrometopus randi, had become the main prey 
(contributing 44% to the diet).  This prey shift suggested elevated mice densities and a 
marked impact on their previously preferred prey (Chown & Smith 1993). 
 
Mice have also been found to be strongly size-selective feeders on Marion, preferring the 
larger individuals of moth larvae and weevils (Crafford & Scholtz 1987).  This was concluded 
after comparative studies between the invertebrate fauna of Marion and that of mouse-free 
Prince Edward Island with samples taken at various intervals over the past 20 years and 
including 4000-year-old peat cores, which found quantitative differences in invertebrate body 
size and biomass between the islands (Crafford & Scholtz 1987, Chown & Smith 1993, 
Jansen van Rensburg 2006).  The body sizes of the weevils E. similis and B. randi on Marion 
were significantly smaller than individuals of the same species on Prince Edward Island 
(Chown & Smith 1993, Jansen van Rensburg 2006).  The biomass of both the moth larvae and 
weevils on Prince Edward Island was found to be between two and 11 times greater than in 
similar habitats on Marion.  Further quantitative and robust analyses of population trends of 
both moth larvae and weevil larvae on Marion Island showed that densities declined 
significantly, by approximately an order of magnitude, between 1976/77 and 1996/97 (Chown 
et al. 2002).  For example, in grasslands dominated by Poa cookii, the moth larvae occurred at 
a biomass of 802 mg/m2 in 1977, whereas by 1997 it had declined to 47 mg/m2 (Chown et al. 
2002 and references therein). 
 
In contrast van Aarde et al. (2004), using mouse-free exclosures, found no significant 
predatory effect of mice on the abundance or biomass of eight prey groups and the study 
questioned the extent of impacts on the invertebrate fauna by mice at Marion.  The authors 
however concluded that their results might be confounded by low statistical power and 
possibly also by a short study period.  Earlier studies had found the larger-sized flightless 
moth P. kerguelensis occurring alongside the smaller P. marioni on mouse-free Prince 
Edward Island, but not on Marion Island (Vari 1971).  Crafford & Scholtz (1987) 
hypothesized that if P. kerguelensis did occur on Marion then predation by mice may have 
caused its local extirpation. 
 
In 1987 a study of the predation pressure of mice on the invertebrates on Marion estimated the 
removal of invertebrate biomass to be 39.4 kg per hectare in a year, of which 60% 
corresponded solely to the larvae of P. marioni (Rowe-Rowe et al. 1989).  The removal of 
invertebrates by mice at this magnitude represents between 0.7–1% of the daily standing crop 
of macro-invertebrates (Crafford 1990).  Although this may not initially appear to be 
significant, the preference of larger-size prey by mice (e.g. flightless species such as P. 
marioni), is significant due to the particular life-history traits of these invertebrates (Peters 
1983, Brown et al. 1993).  Pringleophaga marioni adults are known to be short-lived (10-14 
days) with very low dispersal abilities (Rowe-Rowe et al. 1989).  Each female lays up to 200 
eggs within a few days of mating which then produce moth larvae that take two to three years 
to mature into adults (Crafford 1990).  The strong size selection by mice of this very slow-
growing species means that the most ecologically active individuals of the larval population 
are removed, thus reducing nutrient cycling and the species’ reproductive output.  The latter 
effect would imply a decrease in population size, which indeed has been confirmed for both 
the moth larvae and weevil species (Chown et al. 2002). 
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Table 7 
Invertebrate prey taxa consumed by House Mice at Marion Island 

N = native; E = endemic 
 
Common invertebrate prey taxa (80% contribution to the diet*) 
Lepidoptera larvae Spiders  
Pringleophaga marioni (E) Myro paucispinosus (N)   
Weevils M. kerguelensis (N)  
Ectemnorrhinus similis (E) Erigone vagans (N)   
Ectemnorrhinus marioni (E) Porrhomma antarctica (N)  
Bothrometopus randi (N)   
Bothrometopus parvulus (N)   
   
Occasional prey taxa 
Lepidoptera larvae Earthworms Aphids 
Mites Marine amphipods Slugs 
Kelp flies Ticks  
Sources: Gleeson & van Rensburg 1982; *Chown & Smith 1993. 
 
It is clear from Table 7 that mice prefer native and endemic prey species which are largely 
responsible for and constitute the bottleneck in the nutrient cycle on Marion.  Mice are 
therefore not only having a pronounced effect on the composition and abundance of 
invertebrate species, but also indirectly on ecosystem functioning at Marion Island. 
 

Anticipated outcomes of continued mice impacts on invertebrates 

Based on the evidence of House Mouse impacts on the invertebrates on Marion and on other 
islands we can infer the following outcomes of leaving mouse impacts to go unchecked: 
 

• Possible extirpation of the endemic moth and weevil species as well as of other slow-
growing indigenous invertebrate species; 

• Changes in invertebrate species composition and community structure; 
• Increased predominance of alien invertebrate species; and 
• Decrease in the overall rate of nutrient cycling and primary productivity. 

 

Impacts of mice on birds 
The direct impact of the House Mouse on island bird populations was until recently 
considered negligible and restricted to predation of eggs and chicks of very small seabirds, 
such as storm petrels (of which newly hatched chicks may weigh only 10 g).  For example, 
mice have been reported to prey upon eggs of the Grey-backed Storm Petrel on Antipodes 
Island (Burger & Gochfeld 1994) and the White-faced Storm Petrel Pelagodroma marina on 
Selvagem Grande Island (Campos & Granadeiro 1999) and on eggs and small chicks of the 
Ashy Oceanodroma homochroa and Leach’s O. leucorhoa Storm Petrels on the Farallon 
Islands (Ainley et al. 1990).  The Gough Bunting Rowettia goughensis is endemic to Gough 
and possibly also threatened by the House Mouse (Cooper & Ryan 1994, Cuthbert & Hilton 
2004).  In a study using artificial nests 90% of the nests were depredated of which 51% were 
certainly depredated by mice (Cuthbert & Hilton 2004).  Mouse predation of birds has also 
been inferred from bird remains found in stomach samples from introduced mice e.g. on 
Macquarie and Antipodes islands (Copson 1986, McIntosh 1995).  More recently the use of 
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isotope techniques to detect marine-derived Nitrogen, in tissue samples of the native Keen’s 
Mouse on Triangle Island, British Columbia, found the consumption of seabird eggs 
(probably abandoned), chick and adult carcasses to be a regular occurrence (Drever et al. 
2000 and references therein).  All of the above reported incidents of predation were, however, 
inferred from post hoc observations of bite marks on eggshells and of mice observed eating 
carcasses.  None have been of direct observations of mice depredating nests or killing chicks. 

Factors influencing island bird vulnerability to mice 

There are, as far as we know, no studies that look into this question specifically for mice.  
However, research has been carried out on avian vulnerability to rats.  Moors & Atkinson 
(1984) looked into this question in detail and more recent updates include Moors et al. (1992) 
and Jones et al. (2008).  It is probable that being a small rodent, most of the factors also apply 
to mice.  Below follows a list of factors that make birds on islands vulnerable to rats. 
 
• Accessibility of nests – Seabirds are either surface- or burrow-nesters and although rats 

and particularly mice can reach any nest due to their size, they are less likely to visit 
exposed and poorly defined nests.  Burrow-nesting birds seek safety by nesting below 
ground and out of the reach of predatory birds.  They are thus particularly vulnerable to 
predation by rats and mice which, can gain access to nest cavities where they are not 
recognized as predators (Moors & Atkinson 1984, Cuthbert 2004, Wanless et al. 2007).  
Mouse holes are regularly found within the mound nests of great albatrosses Diomedea 
spp. breeding on Gough and Marion Islands where mice may obtain a thermal 
advantage during winter (Sinclair & Chown 2006).  Several hours of recording with 
infra-red light cameras in petrel and shearwater burrows on Gough Island revealed that 
the presence of mice within burrows is common (Wanless 2007). 

•  Lack of anti-predatory behaviour – most natural predators of seabirds are other 
birds.  For instance on sub-Antarctic islands the most important indigenous predator is 
the Subantarctic Skua which prey mainly on petrels, penguin chicks (Schramm 1983, 
Ryan et al. 2009b, Anderson et al. 2009), and even Wandering Albatross chicks (Clarke 
1905, Swales 1965).  Island seabirds have as a result evolved anti-predatory behaviours 
such as regurgitating stomach oil.  However, they are unable to recognize mice or rats 
as predators and have no anti-predatory response to them.  The more aggressive 
behaviour displayed by adult Black-footed Albatrosses Phoebastria nigripes, relative to 
that of Laysan Albatrosses P. immutabilis, is thought to explain why the former is not 
attacked by the Polynesian Rats or Kiore R. exulans on Kure Atoll (Atkinson 1985). 

• Chick behaviour – precocious chicks and the formation of crèches, by penguins, are 
anti-predatory strategies that could prevent mouse predation. 

• Breeding season – late summer and winter-breeding species are more exposed to 
predation than are summer breeders, due to the general lack of alternative food sources 
by then, but with rat and mice population densities still high after the summer breeding 
season. 

• Size - smaller birds are more vulnerable to predation than are larger birds. 
• Life history traits – small clutch size, late reproductive maturity, one clutch a year, a 

long chick-rearing period and a long rearing period where the chick is left unattended 
all predispose higher risks of predation.  The life-history traits of seabirds and most 
endemic island birds generally include: 1) low adult mortality; 2) late reproductive 
maturity; 3) small clutch sizes; 4) only one clutch a year and; 5) a long chick-rearing 
period.  The last four traits lead to low annual productivity and result in island birds 
being especially vulnerable to increased levels of predation, particularly if adults are 
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preyed upon in addition to eggs and chicks (Moors & Atkinson 1984, Cuthbert & Hilton 
2004, Angel et al. 2005). 

 
Rats and mice can prey upon eggs, chicks, and sometimes incubating/brooding adults 
(Atkinson 1985, Angel et al. 2005).  Rat predation on birds has been shown to affect adult 
survival, cause low reproductive output, and lead to long-term population declines in island 
bird species (Traveset et al. 2009 and references therein).  There is mounting evidence that 
House Mice are capable of similar impacts (Angel et al. 2009, Jones & Ryan 2010)  
 

Indirect effects of House Mice on birds on Southern Ocean islands 

Mouse predation on invertebrates is hypothesized to have a strong indirect influence on the 
population of Lesser Sheathbills on Marion Island.  The population on the Prince Edward 
Islands has been surveyed since the early 1970s, and whereas numbers on Prince Edward 
Island have remained relatively constant, the opposite is occurring on Marion Island where 
numbers have decreased by 20% since the 1970s (3500) and in 1996 the population was 
estimated as 2800 birds (Burger 1978, Huyser et al. 2000).  Observations on Marion over the 
last 20 years indicate that Lesser Sheathbills now forage mostly on the coast during winter 
and not inland, as do the birds on Prince Edward (Huyser et al. 2000).  The reason behind this 
change in foraging behaviour may be found in the direct effect of mouse predation on 
invertebrates which have reduced invertebrate densities on Marion (Crafford & Scholtz 1987, 
Rowe-Rowe et al. 1989).  The sheathbill population relies heavily on invertebrates to survive 
during the winter when other, preferred food is not available in the penguin and seal colonies 
(Burger 1982).  Sheathbills spend 88% of their time foraging even in high prey-density areas, 
suggesting that low prey-density areas would not be able to sustain them during winter 
(Burger 1982).  As with mice the sheathbills preferred prey items are Pringleophaga marioni 
larvae and adult weevils, which together make up 38% of the gizzard content (Burger 1978).  
The sheathbills are, like the mice, size-selective and prefer larger prey items, further 
overlapping their niches.  Samples from areas where flocks of sheathbills have been foraging 
have significantly lower prey densities compared to unexploited areas of similar vegetation 
type; the lepidopteran larvae densities in particular being completely depleted (Burger 1982).  
Kelp Gulls Larus dominicanus also foraged more on invertebrates during winter and 
consumed mainly lepidopteran larvae and earthworms.  Mice predation may therefore impact 
this species in the same manner as it is thought to do the Lesser Sheathbill (Burger 1978).  
The population size of Lesser Sheathbills has not only declined on Marion but the birds have 
changed their breeding biology and commence breeding at a lower body mass and lay smaller 
clutches (Huyser et al. 2000).  No four-egg clutches and few three-egg clutches were recorded 
in 1994/5 compared to 1974/6.  However, the mean number of chicks fledged per pair was not 
significantly different between the two study periods (Huyser et al. 2000). 
 
The Antipodes Island Snipe Coenocorypha aucklandica meinertzhagena is thought to be 
affected by mice consuming invertebrates in a manner similarly to the Lesser Sheathbills of 
Marion Island.  A comparative study of the abundance of the Antipodes Island Snipe 
compared to that of the Auckland Island Snipe C. a. aucklandica found the abundance of the 
former to be much lower than expected (Miskelly et al. 2006).  These authors suggest that the 
most probable reason behind the lower abundance of snipe on Antipodes Island was mice 
predation on the invertebrate population, the snipe’s main food supply (Miskelly et al. 2006). 
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Direct effects of House Mice on birds on Southern Ocean islands 

There were until recently no direct observations of mice depredating active seabird nests or 
killing live healthy seabird chicks.  Research conducted on Gough Island during 2003/4 was 
the first to show conclusive evidence that three species of seabirds were being preyed upon by 
mice (Wanless 2007, Wanless et al. 2007).  Previously healthy chicks, of the burrow-nesting 
Atlantic Petrel Pterodroma incerta (ranging from 30 g to 300 g) and Great Shearwater 
Puffinus gravis (ranging from c. 30 g to 300 g), and of the surface-nesting Tristan Albatross 
Diomedea dabbenena (ranging from 100 g to 3 kg) were being preyed upon by mice (Wanless 
2007, Wanless et al. 2007). In 2004, large albatross chicks were filmed being repeatedly 
attacked by groups of mice over several nights, leading to massive wounds, with large 
numbers of chick deaths recorded in several areas (Wanless et al 2005, Wanless 2007).  
During the 2000 and 2001 breeding seasons of the Atlantic Petrel, R. Cuthbert observed a 
pattern where previously healthy chicks would be found dead within the nest, and mostly 
consumed, between burrow checks undertaken every three to five days.  One live chick was 
found with wounds on the lower rump and back, suggesting that House Mice were 
responsible (Cuthbert 2004).  Further studies during 2003, 2004 and 2006 breeding seasons 
confirmed the predatory behaviour of House Mice by using infra-red time-lapse burrow 
cameras to film nests from incubation to fledging (Wanless 2007).  During the 2004 breeding 
season a Great Shearwater chick close to fledging, out of three being monitored with burrow 
cameras, was attacked by mice, killed and consumed within three days (Wanless 2007).  A 
previous study of 60 nests of this species in 2000/1 had not found any wounded chicks and 
mice were not thought to be implicated in chick mortality (Cuthbert & Hilton 2004). 
 

Impacts of mice on Marion Island birds 

The Mice on Marion were mainly thought to affect bird populations in an indirect manner.  
However, a few studies have mentioned bird remains in mouse stomach samples (Gleeson 
1981, Gleeson & van Rensburg 1982, Smith et al. 2002).  Gleeson & van Rensburg (1982) 
found bird muscle remains in only three mouse stomachs of 405 analysed.  Gleeson (1981) 
and Smith (2002) found feathers in mouse stomachs samples at biotic sites.  Gleeson (1981) 
considered it unlikely that a mouse would be able to kill a chick weighing more than 30 g and 
attributed bird remains in mouse stomachs to scavenging. There is also evidence of mice 
scavenging from Great-winged and Kerguelen Petrel corpses (M. Schramm in litt.).  Mice 
have been caught in areas with high procellariid densities but no evidence of their preying 
upon adults, chicks or eggs was found (Gleeson & van Rensburg 1982).  Obtaining such 
evidence however requires the use of burrow cameras or instant photography (Major 1991, 
Wanless et al. 2005), none of which were used by these authors.  Up until very recently there 
was only one report of a mouse possibly preying upon a Blue Petrel chick (c. 30 g), which 
was found with deep wounds on its back and neck (Fugler et al. 1987).  Similar wounds are 
commonly found on Atlantic Petrel chicks on Gough Island (Wanless 2007). 
 
Surface-nesting birds and in particular albatrosses and giant petrels have been monitored on 
Marion on a yearly basis since the early 1980s (Cooper et al. 2001, Nel et al. 2003, Ryan et 
al. 2009a).  In 2003 Marion the first mention of a wounded Wandering Albatross chick was 
reported and by 2008 a further 11 had been found (Jones & Ryan 2010).  Clokie & Peters 
(2005) mention “a hole, which looked very similar to a mouse burrow, running into the flesh” 
on a Wandering Albatross chick (weighing c. 7 kg).  Of the 11 reported chicks, six were 
found within the study colonies along the island’s east coast, one on the island’s west coast, 
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and the rest close to the meteorological station, indicating that attacks are widespread on the 
island, albeit apparently not very common (Jones & Ryan 2010).  In 2009 eight Dark-mantled 
Sooty Albatross chicks were recorded with open wounds on the back of their heads and necks, 
similar to wounds observed on Tristan Albatrosses on Gough Island (Jones & Ryan 2010).  
Seven of the chicks attacked came from a single colony, making it the first instance of 
multiple attacks within one colony in this species. The other attacked chick came from a 
colony on the east coast (Jones & Ryan 2010).  These recent incidents are cause for alarm, 
given the threatened status of the albatross species breeding on Marion Island, coupled with 
an expected increase in mouse populations linked to global warming (see discussion below). 
 
Wanless et al. (2007) have suggested that this behaviour by mice may not be just an unusual 
occurrence first recorded on Gough and now Marion Island but rather that it may have been 
overlooked at other islands where mice are part of a complex of invasive mammals.  In these 
instances, the effects of dominance, competition and predation by larger species render them 
less of a threat to native vertebrates (Courchamp et al. 1999).  It is important to note that 
among 385 islands with bird species known to be sensitive to invasive species only six, 
including Marion Island, have mice as the only introduced rodent species (Brooke & Hilton 
2002, Brooke et al. 2007).  Mouse impacts on birds may thus have been overlooked to some 
extent, but as Gough and Marion Islands testify, rat-like behaviour and impacts can be 
expected, on islands where mice are or have become the only introduced mammal.  Antipodes 
Island is one such island and there the presence of bird remains in mouse diet samples may 
suggest that predation is occurring.  Interestingly, Warham & Bell (1979) mention dead and 
dying Antipodean Albatross D. antipodensis chicks found during an expedition in 1969: “it 
was not unusual to find chicks dying on their nests towards the end of season, often in full 
feather – suggesting that normally many young well-developed birds die; two such chicks 
weighed close to 3 kg”.  However, to date there has been no direct evidence of mice predation 
on Antipodean Albatrosses since more regular monitoring started in 1991 although visits are 
spaced in time and predation events may thus be missed (K Walker in litt.). 
 
On islands where mice are or have recently become the sole introduced mammal species, as is 
the case on Marion Island, factors such as the absence of other predators, severe food-stress 
and strong intra-specific competition are possible mechanisms driving mice to become 
predators of birds (Wanless 2007).  Mice have shown increased likelihood of attacking chicks 
and depredating eggs when hungry as opposed to when they are sated (Bradley & Marzluff 
2003).  Avenant & Smith (2004) argue that the mice on Marion Island face not only a 
decrease in the availability of invertebrate prey as densities increase towards the end of 
summer, but also sharply dropping temperatures at the start of winter when population 
densities are highest.  An increase in conspecific scavenging and cannibalism in late summer 
testifies to this (Avenant & Smith 2004).  Although it is only recently that cats were 
eradicated on Marion it is possible that mesopredator-release behaviour, such as that 
described by Courchamp et al. (1999) and Caut et al. (2007), has occurred and mice are now 
free from the effects of dominance and predation by cats.  Therefore, although the evidence 
for mouse predation on the avifauna of Marion is recent and as yet scant, it merits full 
attention and direct study, particularly due to the presence of many breeding species of 
burrowing petrels which have only recently been freed from predation by cats, and for which 
population estimates are poor. 
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Level of threat to breeding seabirds posed by mouse predation on Marion 
Island 

Of the 29 breeding seabird species (including sheathbills) on Marion Island, none has been 
specifically studied with mouse predation in mind until very recently (Jones & Ryan 2010).  
However, long-term monitoring of most surface-nesting species, often involving direct 
handling of the birds, would mean that any predation by mice would probably have been 
detected in the past.  Given the paucity of studies or monitoring of burrowing species, the 
extent of the risk posed by mice can only be inferred, based on previously discussed factors 
that influence seabird’s vulnerability to mice predation, evidence from other islands, as well 
as current knowledge of mouse ecology on Marion.  Here we attempt an assessment of 
Marion’s seabird population’s vulnerability to mouse predation.  
 
Evidence from seabird vulnerability to rat predation indicates that surface-nesting birds are 
less likely to be attacked compared to burrow-nesting birds. Of the 29 breeding seabird 
species (including sheathbills) breeding on Marion, 16 species are surface nesters: four 
penguins, four albatrosses, two giant petrels, the Lesser Sheathbill nests in natural cavities and 
hollows, the Crozet Shag, Antarctic and Kerguelen Terns, the Subantarctic Skua and the Kelp 
Gull.  The adults of these species range from large to medium size, mainly commence 
breeding in summer with most chicks having fledged by March, with the notable exception of 
the Wandering Albatross chicks which remain on their nests throughout the winter (Table 8).  
These surface-nesting species also display some form of anti-predatory behaviour such as 
aggressive nest defence, poorly defined nests, and the formation of crèches or precocious 
chick behaviour, all of which render them less likely to be attacked by mice.  However, recent 
evidence shows that large albatross chicks are targeted by mice on Marion (Jones & Ryan 
2010). Six of the Wandering Albatross chicks attacked by mice subsequently died, most 
probably as a result of their wounds.  All of the wounded chicks were found during winter 
when mouse attacks would be expected (Wanless et al. 2007). 
 
Although large surface-nesting birds are deemed less vulnerable to mouse attacks, the 
presence of albatross chicks on nests during the harsh winter months seems to render them as 
vulnerable as burrow-nesting birds.  Wandering and Sooty Albatrosses are listed as 
Vulnerable and Endangered respectively, due to mortality associated with longline fisheries, 
and ongoing mouse predation would further threaten these species’ conservation status.   
Grey-headed and Light-mantled Albatrosses might be similarly threatened by mouse 
predation on Marion Island, despite the lack of any evidence so far, due to the many months 
the chicks spend on their nests.  Special attention should thus be paid to sudden chick deaths 
and wounds during the whole breeding season of these species.  There is clearly a need to 
conduct the same type of study as has been carried out on Gough’s Tristan Albatrosses with 
video cameras at night (Wanless 2007) in an attempt to confirm predation by mice on chicks. 
 
At the other extreme are the medium to small, burrow-nesting, winter-breeding petrels which 
would be the most vulnerable to predation by winter-stressed mice.  The Great-winged and 
Grey Petrels would be the most vulnerable species breeding on Marion by these criteria and 
so should be closely monitored and their population status assessed. The remaining burrow- 
and cavity-nesting species breed during summer, when other foods for mice are more readily 
available.  However, one record of a Blue Petrel chick found with wounds similar to those 
observed in burrow-nesting chicks on Gough Island could be an indication of opportunistic 
predation by mice.  As mice populations continue to increase with the warming of the climate 
on Marion, these events may increase and should be monitored.  Soft-plumaged and White-
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chinned Petrels fledge in April on Marion and may be more vulnerable to predation by mice 
than the remaining petrel and prion species that fledge earlier in summer (i.e. Kerguelen 
Petrel, South Georgia Diving Petrel, and Fairy and Salvin’s Prions). 
 

Table 8 
Breeding seasons of the birds on Marion Island 

The risk factor is an estimate of the likelihood of chick predation by House Mice, see 
text 

L=Laying, H=hatching, F=Fledging where information is available 
 

Common name Month Risk factor 
J F M A M J J A S O N D 

Surface nesters                 

King Penguin* F H          L Unlikely 
Gentoo Penguin  F     L H     Unlikely 
Macaroni Penguin  F         L  Unlikely 
Southern Rockhopper Penguin     F              L  H Unlikely  

Wandering Albatross    F H                 L Confirmed  

Grey-headed Albatross    F      L  H Probable 

Sooty Albatross     F     L  H Confirmed  

Light-mantled Albatross H         F    L   Probable 

Northern Giant Petrel  F      L  H   Unlikely 

Southern Giant Petrel   F      L  H  Unlikely 

Lesser Sheathbill H           L Unlikely 

Crozet Shag   F       L H  Unlikely 

Antarctic Tern**            L Unlikely 

Kerguelen Tern** F          L H Unlikely 

Subantarctic Skua  F        L H  Unlikely 

Kelp Gull H  F         L Unlikely 
Burrow nesters              
Fairy Prion***  F         L  Opportunistic 

Salvin’s Prion H  F        L  Opportunistic 

Blue Petrel  F        L  H Opportunistic 

Great-winged Petrel     L  H    F  Probable 

Kerguelen Petrel F         L  H Opportunistic 

Soft-plumaged Petrel  H  F        L Probable 

Grey Petrel    L H     F   Probable 

White-chinned Storm Petrel H   F       L  Probable 

South Georgia Diving Petrel*** H  F        L  Opportunistic 
*the breeding season for the King Penguin spans an overall of 13.4 months, for details see du Plessis et al. 
(1994). **breeding information from Kerguelen Island (Sagar 1991).  ***Breeding records for the Fairy Prion 
and South Georgia Diving Petrel are taken from South Georgia and Stephen Island (Walls 1978, Prince & 
Copestake 1990, Reid et al. 1997), time of breeding of the Fairy Prion may be similar on Marion, judging from 
two almost fully-fledged chicks found in February nesting in rock crevices (van Zinderen Bakker Jr 1971). 
Breeding information table modified from Cooper & Brown (1990). 
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IMPORTANCE OF CLIMATE CHANGE FOR THE 
ISLAND BIOTA AND MOUSE IMPACTS 

Climatic change is a reality for Southern Ocean islands, from where there is abundant 
evidence that temperatures are increasing (Gille 2008, Stern et al. 2010).  The effects, such as 
range shifts and changes in abundance of species at various trophic levels, are increasingly 
apparent at sea and on a number of Southern Ocean islands (Budd 2000, Whitehouse et al. 
2008, le Roux & McGeoch 2008, Peron et al. 2010).  At the sub-Antarctic Prince Edward 
Islands temperatures have increased by 1.2° C over the past 40 years (Smith & Steenkamp 
1990, Smith 2002).  Precipitation on Marion has decreased since the 1960s and the average 
annual total for the 1990s was nearly 700 mm (25%) lower than the average annual total for 
the 1960s.  The 1990s was the driest decade of the five that precipitation has been measured at 
the island (Smith 2002).  The annual total sunshine hours have also increased by an average 
of 3.3 hours each year since the 1960s (Smith 2002).  Similar changes have been reported 
from Macquarie, Kerguelen and Heard Islands (Allison & Keague 1986, Smith & Steenkamp 
1990).  The overall increase in temperatures across the sub-Antarctic since the 1960s seems to 
be linked to changing atmospheric circulation and oceanic circulation patterns (Smith & 
Steenkamp 1990, le Roux 2008).  As a result the Prince Edward Islands are getting warmer, 
their terrestrial systems are becoming drier and there are more cloud-free days, favouring 
more extreme temperatures and increased solar radiation. The combined effect of these factors 
seems to have driven the loss of Marion Island’s permanent snowline, present in the 1960s (le 
Roux 2008).  Finally, wind patterns have also changed, with winds becoming stronger and 
more northerly (le Roux 2008).  
 
A series of interrelated ecological changes, across the following trophic levels, affecting the 
ecosystem as a whole are expected as a result: 
 

• primary productivity by plants; 
• nutrient input by seabirds and seals; 
• herbivory and detritivory by invertebrates; 
• increased biological invasion; and 
• carnivory and mouse numbers. 

 
The full implication, direction and consequence of changes within these trophic levels on the 
biota of sub-Antarctic islands, and Marion in particular, are at present unknown given the 
multitude of ecological interactions in any system (le Roux et al. 2005, Chown & Froneman 
2008).  Some predictions for each trophic level are given below. 
 

Expected changes to primary productivity 
Vegetation production and nutrient-cycling in the Marion Island ecosystem have been 
extensively studied ( Smith 1977, Gremmen 1981, Smith et al. 2001, le Roux et al. 2005, 
Gremmen & Smith 2008 and references therein).  Primary productivity (i.e. by plants) on 
Marion Island is high and consequently the vegetation has a large annual requirement for 
nutrients (Smith 1993).  However, the plants are not particularly efficient in conserving 
nutrients, which means that substantial amounts of nutrients are required annually.  With no 
macro-herbivores, and invertebrates playing only a small role as micro-herbivores, most of 
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the energy and nutrients trapped by primary production pass through a detritus, rather than 
through a grazing, cycle (Smith 1977).  Soil macro-invertebrates, by feeding on plant litter, 
are thus the major bottleneck for the bulk of energy flow and nutrient cycling on the island 
(Crafford 1990, Smith & Steenkamp 1992).  They make nutrients available for the plants by 
releasing the organic nutrients held in the peat and litter layers through mineralization (Smith 
& Steenkamp 1990, 1992, Vernon et al. 1998).  The predicted climatic changes on Marion are 
expected to increase primary productivity and nutrient demands (Smith & Steenkamp 1990).  
If these demands are not met, primary productivity will decrease, and plants will have lower 
nutrient concentrations.  They will then decompose more slowly, altering the balance between 
the processes of peat accumulation and decay, which are the most important factors governing 
vegetation succession on the island (Smith et al. 2001, Smith 2008). 

Expected changes to nutrient input by seabirds and seals 
The seabirds and seals that breed on the Prince Edward Islands by feeding in the sea and 
depositing guano on land represent an important source of marine-derived nutrients and 
energy (Smith 1976).  They are therefore a major driving force in vegetation succession in 
penguin and seal colonies and inland in the vicinity of burrowing and surface-nesting birds 
(Burger et al. 1978, Smith & Steenkamp 2001).  The birds and seals use atmospheric frontal 
systems or oceanic circulation patterns to move between the island and their feeding areas. 
There is mounting evidence that these are changing and that birds may not be able to reach 
their usual feeding grounds or their feeding grounds could move to other localities 
(Mendelsohn 1981, Smith & Steenkamp 1990, Smith 2002, Peron et al. 2010, Ryan & Bester 
2008).  In addition, research into longline fishing practices has shown that increased albatross 
and petrel mortality is already affecting seabird population numbers (Nel et al. 2002a, Ryan et 
al. 2002, Nel et al. 2003).  These factors are expected to influence the breeding success and 
population densities of such species, which would mean a reduction in the input of nutrients 
to the terrestrial environment, with obvious implication for nutrient cycling and vegetation 
succession on the island (Smith 2002). 
 

Expected changes to invertebrate fauna and herbivory 
Several recent studies have addressed the implications of more extreme temperatures and a 
drier environment for the survival of both indigenous and alien invertebrate fauna on Marion 
Island (Klok & Chown 1997, Deere et al. 2006, Slabber et al. 2007, Chown & Froneman 
2008 and references therein).  These show that in general that alien or introduced species will 
be favoured over indigenous species under current conditions and future climate change 
scenarios.  Indigenous species tend to be less tolerant of high temperatures but more tolerant 
of low temperatures.  Indigenous species are also less tolerant to desiccation, in response to a 
drier environment than are introduced species (Klok & Chown 1997, McGeoch et al. 2006, 
Slabber et al. 2007).  The endemic moth larvae Pringleophaga marioni is particularly 
intolerant to desiccation and extreme upper ambient temperatures, suggesting that this 
important invertebrate could undergo major population decreases with ongoing climate 
change (Klok & Chown 1997).  Another study on the island’s six weevil species found that 
upper lethal temperatures corresponded closely to the maximum microclimate temperatures 
found in the their habitats, suggesting that current temperature trends might be deleterious to 
their survival (van der Merwe et al. 1997).  However, while on a broad scale it may be 
possible to make generalizations regarding invertebrate species’ responses to climate change; 
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these may not translate into predictable effects at the community level, due to complex 
species interactions and varying habitats (McGeoch et al. 2006, Chown & Froneman 2008).   
 

Expected changes due to increased and current alien plant 
invasions 
Another consequence of climate change on the island’s biota is that a warmer climate may 
increase the ease with which the island can be invaded by alien plants as well as increasing 
the rate of spread and distribution of the already established alien species (Bergstrom & 
Chown 1999, Chown et al. 2011).  The two most widespread alien species on Marion (other 
than mice) are the introduced forb Procumbent Pearlwort Sagina procumbens and the grass 
Agrostis stolonifera, the latter capable of altering species composition, abundance and 
diversity in the habitats it invades. A further 16 introduced vascular species occur on Marion 
Island, some such as two species of gasses, Festuca rubra and Agropyron repens form dense 
stands that smother native plants while others such as Common Mouse-Ear Cerastium 
fontanum have little or no impact (Gremmen & Smith 2008).  Predicting the effects of climate 
change on individual plant species has proven difficult, due in part to human dispersal of the 
species precluding the observation of natural dispersion, and the difficulty in teasing apart 
long-term climate change effects on plants that respond differently to localized microclimates 
and environmental conditions Gremmen & Smith 2008).  Ongoing research and funding is 
required to overcome this (Chown & Froneman 2008). 
 

Expected changes to mouse population biology and carnivory 
The House Mouse population of Marion Island is thought to be temperature-stressed with 
major die-offs occurring during winter (Crafford & Scholtz 1987, Crafford 1990).  However, 
several studies have warned of the potential of an increased mouse population and the impact 
it is already having on the biota and ecosystem of Marion Island (Chown & Smith 1993, 
Ferreira et al. 2006, van Aarde & Jackson 2006, Jones & Ryan 2010).  An increasing mouse 
population, through enhanced predation pressure on soil invertebrates, will decrease rates of 
nutrient cycling (nutrient availability and mineralization) and ultimately lead to a decrease in 
primary productivity (Crafford 1990, Chown & Smith 1993, Smith et al. 2002).  Mice also 
have a direct impact on plant abundance and distribution through granivory, and indirectly 
impact the population of Lesser Sheathbills and probably Kelp Gulls through competition for 
food (Chown & Smith 1993, Huyser et al. 2000).  A larger mouse population would also 
mean even stronger competition for food during late summer and early winter which is 
already affecting some of the islands bird species through predation (Clokie & Peters 2005, 
Jones & Ryan 2010). 
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OPTIONS AND RECOMMENDATIONS FOR THE 
MANAGEMENT OF HOUSE MICE ON MARION 

ISLAND 
 
The House Mouse is currently the most significant conservation concern for the native biota 
of Marion Island.  Much work has gone into describing their biology, their impacts on flora, 
invertebrates and more recently on seabirds.  Recent work has described how carnivorous 
mice are driving seabird population decreases on Gough Island and how this may also happen 
on Marion (Wanless 2007; Wanless et al. 2007, Jones & Ryan 2010).  Albeit with some 
discussion in terms of the scale and in some cases direction, most of the studies looking at the 
consequences of climate change on Marion point to an increase in the impacts of invasive 
species in general and of the House Mice in particular.  As a result of the above we present 
options and recommendations for the management of the House Mouse on Marion Island.  
 

Management options 
There are three options for managing mouse impacts on Marion Island: 
 
• Do nothing – This is the easiest option because it requires no action, and it incurs no cost.  

It means all of the direct and indirect impacts mice currently have on the ecosystem of 
Marion will continue.  Some of these impacts will be compounded by climate change and 
although exact predictions of the outcomes are difficult to determine, they all indicate 
substantial changes to current ecosystem functioning, as detailed in this review.  To do 
nothing would fail to me the objectives of the islands’ current management plan. 

 
• Control – This option requires the definition of clear management priorities and 

objectives around which parts of the island’s biota and ecosystems require protection from 
mice.  By definition, control will need to be maintained in perpetuity or at least until better 
alternative strategies become available and are implemented.  There are many examples 
where control is the only option available.  For example, due to monetary constraints 
which preclude a more costly once-off eradication operation or where reinvasion risks 
cannot be managed adequately.  However, medium- to long-term costs of control accrue 
annually and will ultimately cost more than an eradication exercise, without long-term 
benefits.  Alternatively, control will accrue uncertain benefits over a short-term before it is 
terminated.  Furthermore, deciding on what to protect and over what scale (spatial and 
temporal) presents great challenges to justifying the costs without certainty that the 
actions will achieve the desired outcomes. Further, control techniques using poison bait 
can create toxicant resistance in rodents, which may place a future eradication attempt at 
risk (Howald et al. 2007, MacKay et al. 2007). 

 
• Eradication – This is usually a costly once-off exercise, but if successful will eliminate 

all direct mouse impacts (current and future) as long as reintroduction does not occur.  
Eradication of mice is the first step towards achieving management objectives, namely the 
ecological restoration of the island, although restoration to pre-invasion conditions is not 
guaranteed given the changes already wrought by mice to the structure and functioning of 
the ecosystem.  The current management plan for the Prince Edward Islands states: “The 
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control of introduced plants and animals aims to eradicate alien plants and animals as far 
as possible on the Islands (where this can be achieved without undue disturbance or 
damage to indigenous taxa or natural features)” (PEIMPWG 1996, p. 48).  Eradicating 
mice is the recommended option for Marion Island. 

 

Recommendations for the successful eradication of mice from 
islands 
The eradication of invasive rodents from islands is now routinely recommended as the best 
conservation measure (Towns & Broome 2003, Towns et al. 2006, Howald et al. 2007).  
However, a recent review concluded that although many islands have been cleared of mice, 
they are harder to eradicate than are rats (Howald et al. 2007).  The first reported mouse 
eradication took place on Flatey Island in Iceland in 1971 with over 50 other attempts 
worldwide, on islands ranging from 0.7-ha Crusoe Island in New Zealand to 800-ha St. Paul 
Island in the French Sub-Antarctic (MacKay et al. 2007) and recently on larger islands in 
New Zealand (see below).  Different toxicants and broadcasting methods have been used and 
in total over 3600 ha of island habitats have been cleared of mice (MacKay et al. 2007).  Of 
the 45 islands worldwide where mouse eradication operations had then been completed, 38% 
(17) compared to an 8% failure rate for rat eradications (MacKay et al. 2007).  Mackay et al. 
(2007) has reviewed all the successful and failed mice eradication attempts carried out up till 
then but found no consistent operational explanation for the failures. 
 
All eradication attempts require that all individuals of the target species are exposed to poison 
bait. A second requirement is that all individuals are susceptible to the chosen toxicant.  
Achieving this will depend on the following factors. 
 
Operational factors that appear to aid in successful attempts 
 
• Ensuring that the bait-delivery method(s) used will allow complete coverage of the 

island, taking into account different habitat types where mice concentrations may be 
high. 

o aerial broadcasting is currently the preferred method but may need to be 
supplemented with hand broadcasting in areas where helicopter access is 
difficult, in caves (Cuthbert et al. 2011b) and around and in buildings and 
other structures. 

 
• All mice should be susceptible to the type of poison bait(s) used.  

o genetic sampling of mice should be made to determine the presence of 
potential sub-species, with varying resistance to particular poisons. 

o bait uptake trials should be carried out to check for bait and poison palatability 
or aversion. 

 
• Potential competitors for the poison bait should be investigated and bait quantities 

adjusted accordingly. 
 
Research activities recommended before an eradication attempt is made 
 

• Biological, ecological and behavioural information of the target species. 
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o mouse home range sizes and ranging behaviour, which may differ between 
genders and during the breeding season. 

o seasonal mouse densities, which on sub-Antarctic islands fluctuate and will 
allow a suitable time window for an eradication operation to be identified. 

o The availability of alternate foods and whether mice will be motivated to eat 
bait. 

 
Until very recently, no island larger than 710 ha has been successfully cleared of mice. 
Enderby and Rose Island in New Zealand’s Auckland Islands were cleared of rabbits and 
mice in 1993, with mouse eradication being incidental to the planned eradication of rabbits 
(Torr 2002).  The larger 800-ha Ile St. Paul, French Southern Territories attempted a multi-
species eradication of rabbits, rats and mice.  The operation was successful for rabbits and rats 
but not for mice (Lorverec & Pascal 2005).  The main reasons thought to be behind the failure 
were the lack of complete bait coverage and the presence of other invasive mammal species.  
These are known to alter the behaviour of mice rendering them less likely to come into 
contact with the poison bait (Lorvelec & Pascal 2005, MacKay et al. 2007).  However, in 
2011 it was announced that the New Zealand islands of Motutapo and Rangitoto, joined by a 
sand spit and totalling 3800 ha, were now clear of House Mice (and other introduced 
mammals) following an eradication programme (http://www.doc.govt.nz/about-
doc/news/media-releases/motutapu-and-rangitoto-declared-pest-free/). 
 
At the time of writing the close to 12 900-ha Macquarie Island is attempting the world’s 
largest multi-species eradication yet, of European Rabbits Oryctolagus cuniculus, Black or 
Ship Rats Rattus rattus and House Mice (Springer 2010, 2011).  So far (December 2011), no 
rodents have been seen since the completion of the poison bait drop in July 2011 
(http://www.acap.aq/latest-news/macquarie-island-alien-mammal-eradication-programme-
going-well-nearly-two-thirds-of-the-island-baited).  The outcomes if successful, of the 
Macquarie Island Pest Eradication Project (Springer 2010, 2011) and of an intended House 
Mouse eradication effort on Gough Island’s 6 500 ha (see Angel & Cooper 2006, Parkes 
2008, Wanless et al. 2009, Torr et al. 2010, Wanless et al. 2010, Cuthbert et al. 2011a,b), 
would go a long way to providing the necessary confidence to carry out such a large-scale 
eradication operation as would be required for 29 000-ha Marion Island.  Such confidence is 
deemed an essential preliminary, given that Marion is more than twice the size of the largest 
island (Macquarie) on which the eradication of mice has so far been attempted, adding 
significantly to the logistic difficulties as well as to the financial costs. 
 
A failure in either of the Macquarie and Gough eradication attempts would nevertheless 
provide valuable insights into what can go wrong and where similar eradication attempts 
should focus their research and planning.  One main advantage to an eradication attempt on 
Marion Island is the relatively large amount of research that has already been carried out on 
the island’s mice, some directly directed at a potential eradication (e.g., Chown & Cooper 
1995, Cooper 1995, Cooper et al. 1994, Jackson & van Aarde 2003, Wanless et al. 2010). 
 
We recommend that the Prince Edward Islands Management Committee awaits the outcomes 
of the above operations before considering proposing the eradication of Marion Island’s mice.  
However, a feasibility study (modelled on similar documents, e.g., Brown 2007, Parkes 2008) 
should first be undertaken to help inform further the decision-making process.  We further 
recommend that an expert in designing and/or managing rodent eradication programmes on 
islands be invited to accompany a Marion Island relief voyage within the next two years to 
research and produce a feasibility study.  Depending on the outcome of such a study, the next 
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step would be to follow similar documents (e.g. Department of Environment Parks Heritage 
and Arts (2008) for Macquarie Island and Torr et al. (2010) for Gough Island) with the 
production of an operational plan for eradicating the House Mice of Marion Island. 
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