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Challenges and opportunities for lethal and non-lethal management 
of non-native ungulates on islands: feral pigs, goats and cows

D. Parrott, G. Massei, R. Ridley, J. Sandon, M. Lambert, D. Cowan and M. Sutton-Croft
National Wildlife Management Centre, Animal & Plant Health Agency, Sand Hutton, 

York, YO41 1LZ, UK. <dave.parrott@apha.gsi.gov.uk>
The National Wildlife Management Centre (NWMC), which is part of the UK Government’s Animal and Plant Health 
Agency (APHA), has supported and delivered the management of non-native species including commensal rodents and 
ungulates on a variety of islands across the world. The NWMC utilises a range of both lethal and non-lethal approaches 
in these projects. We will present two ungulate case studies highlighting the merits and limitations of each of these 
approaches. This includes NWMC’s recent work to reduce the population of feral goats on Great and Little Tobago in the 
British Virgin Islands. NWMC worked with the RSPB and the National Parks Trust of the Virgin Islands to directly reduce 
this population through humane culling and trained locally-based staff  to increase their capacity to deliver similar projects 
in the future. Although this project proceeded as intended, lethal control is not suitable in all situations. We have found 
that although it can deliver rapid reductions in populations in the short term, and is often the best option where complete 
eradication is the aim of the management intervention, it may be unfeasible or be unacceptable due to its impact on the 
environment and on animal welfare. Fertility control is increasingly being considered as an alternative long-term solution 
to reduce population sizes of problematic species. This non-lethal method can off er a humane, publicly acceptable method 
to reduce population sizes. Recent advances in research and development have led to the registration of novel fertility 
control agents for wildlife. Species-specifi c systems to deliver baits containing oral contraceptives to target species are 
now available. In addition, the development of new software and mathematical models has allowed researchers to make 
predictions of the eff ects of fertility control on population size. In our second case study, we present experimental data on 
the effi  cacy of fertility control agents on model wildlife species and illustrate examples of species-specifi c bait delivery 
systems.
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Diet of introduced black rats (Rattus rattus) on Christmas Island: 
setting the scene with stomach and stable isotope analysis
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The black rat (Rattus rattus) is an introduced and invasive rodent, negatively aff ecting endemic species on many islands 
worldwide. Black rats have existed on Christmas Island for more than 100 years, and feral cats (Felis catus), also on the 
island, are poised for imminent eradication. The risk of meso-predator release needs to be considered, and a combination 
of stomach and stable isotope analyses of rats was used to determine potential impacts on native fauna should such a 
release occur. Samples of rat stomach, muscle and fur, along with baseline and consumer reference groups were collected 
in plateau forest and coastal terrace for stable isotope analysis during the wet and dry season of 2015/16. Stomach 
analysis revealed an omnivorous diet, with reproductive parts (fl owers, fruits and small seeds) of plants signifi cantly 
dominating the invertebrate component. One reptile was found in a single gut, the introduced blind snake (Indothyphlops 
bramini) but no birds were detected in stomach contents. Stable isotope analysis showed an omnivorous to predatory 
role compared with stomach analysis, but no association with nesting seabird sources. The eff ect of habitat and season 
did not result in major diet shifts, with rats consuming items that primarily followed the C3 pathway. Omnivory was 
predominant in plateau forest and carnivory dominated the coastal terraces, while trophic niche width broadened on the 
coastal terraces. Homogeneity of diet across habitat and season suggests persistent plant and invertebrate resources may 
satisfy nutritional requirements through opportunity or necessity year-round. Little evidence of signifi cant dietary overlap 
was shown with feral cats based on stomach data from previous diet studies. Further investigation into the diets and 
relative abundance of rats over time is required to reliably gauge their impacts on vulnerable species and communities on 
Christmas Island, to justify future rat control actions in the wake of feral cat eradication.
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The prospects for biological control of Rubus niveus in the 
Galapagos Islands
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Following its introduction for its sweet edible fruit in the 1970s, Rubus niveus, native to Indochina, has become one of 
the worst invasive weeds on the Galapagos archipelago. It invades open vegetation, scrub and forests where it can grow 
to 4 m in height and form dense, impenetrable thickets. As a result, R. niveus can out-compete native fl ora and decrease 
biodiversity; the endemic Scalesia pedunculata forest on Santa Cruz Island is currently threatened by R. niveus. It is 
also a serious problem for agricultural land where it increases the cost of weed control and may render land unsuitable 
for cultivation. Current control methods are based on mechanical removal followed by chemical control. However, due 
to the long-lived seed bank and rapid growth of R. niveus, this has to be repeated, which is both labour intensive and 
costly. Classical biological control using coevolved, host-specifi c natural enemies from the native range of an invasive 
species can be an economic and self-sustaining method of weed control. It is important to select natural enemies for 
further evaluation that are best-adapted to populations of R. niveus on the Galapagos Islands. The results of on-going 
molecular research undertaken to determine which area in the native range the archipelago biotype originated from, will 
be presented. In addition, the results of a desk-based analysis and preliminary natural enemy surveys in India and China, 
which have revealed a suite of insects and fungal pathogens that target R. niveus, will be discussed.
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