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Abstract The endemic Fijian Crested Iguana’s range has been dramatically reduced since its discovery on islands other than Yadua Taba Island 20 years ago. Now numbering less than 6,500 individuals, it is considered almost locally endemic. It is currently known to exist in populations of between 1 - >6,000 individuals on only 6 islands within the Fiji group. The small size of populations inhabiting many islands and their complete dependence upon dry forest, Fiji’s rarest habitat, means they are critically endangered. Only two populations are considered to be large enough to be viable in the long-term without human intervention – those on Yadua Taba and Macuata Islands. Current conservation efforts are, however, significantly inhibited by gaps in our knowledge of the species’ status in the wild, general ecology, threats to survival, and appropriateness or ability to implement interventions to curb the current trend of population decline. Conservation efforts may benefit significantly from exploring opportunities for regional cooperation; which would increase the infrastructure and expertise at the disposal of those involved. By exploring the benefits and feasibility of eradication of introduced plant and animal species, translocation and eco-tourism, this paper facilitates informed decision making and the development of a much needed Fijian Crested Iguana Species Recovery Plan while highlighting the potential benefits of a regional approach to conservation within the Pacific Region. Of all the conservation strategies discussed, ecotourism appears to offer both the greatest potential and difficulty for the conservation of the Fijian Crested Iguana. Key words: Fiji Islands, B. vitiensis, Fijian Crested Iguana, Regional cooperation, conservation strategies.



Introduction The lizards of the genus Brachylophus are the most geographically isolated of all iguana species (Gibbons, 1981). They are found only in the South Pacific island groups of Fiji, Tonga, and Vanuatu - many thousands of kilometers from their nearest possible relatives (Colgan & Da Costa, 1997; Gibbons, 1981). For 180 years, only one species was recognised in the genus; the Fijian Banded Iguana (Brachylophus fasciatus: Gibbons, 1981). It was not until 1979 that the endemic B. vitiensis (Fijian Crested Iguana) was discovered on the 0.7 km2 island of Yadua Taba near Vanua Levu, Fiji’s second largest island (Gibbons, 1981). In 1980, even before the species description was published or other populations identified, the Fijian National Trust set Yadua Taba Island aside as Fiji’s first (and is still the only) wildlife sanctuary offering legal protection to the species (Gibbons, 1981; Harlow & Biciloa, 2001). Today, Yadua Taba Island is a stronghold for the Fijian Crested Iguana, and is home to the only wild population considered large enough to be both secure and self-sustaining (Harlow et al, 2007a; Harlow et al, 2007b; Morrison, 2003). 1 Mark Roper S11044297 MS441
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While potential threats to their survival such as introduced predators have been identified, after 30 years of research our knowledge of the Fijian Crested Iguana remains limited by a severe lack of quantitative data. Perhaps most importantly, little is known about the status of populations outside of Yadua Taba Island; except that most are in serious decline (Harlow & Biciloa, 2001; Harlow et al, 2007a). In an attempt to facilitate conservation efforts, a workshop held in Suva during 2004 identified the following key objectives: 1) prioritisation of islands most suitable for long-term survival, 2) field research on iguanas and their habitat requirements, 3) genetic research, development of captive breeding and reintroduction strategies, and 4) the establishment of education, awareness and eco-tourism programs (Harlow et al, 2007a). Interestingly, the potential benefits of strengthening the wider Pacific Region’s capacity to effectively implement conservation initiatives were not a key feature of the workshop. However, a Species Recovery Plan to enable the effective implementation of the objectives that were identified is now nearing completion (Burgess, 2005; Harlow et al, 2007b; Morley, personal communication). The methodologies for collecting data on iguana distribution and abundance, forest restoration and threatening processes (e.g. forest degradation caused by rats and goats) on Macuata, Monu, Monuriki and Yadua Taba islands specifically is described in my earlier paper (Roper, 2007). Such data is urgently needed to facilitate informed decision making, and to provide guidance on how to achieve maximum benefits from the implementation of conservation strategies discussed here. In the current absence of data, this paper discusses the potential of several conservation strategies to benefit Fijian Crested Iguana conservation on Macuata, Monu, Monuriki and Yadua Taba islands and conservation of endangered species in general within the Pacific Region. The primary focus is on the benefits and methodologies for removal of introduced species as a measure to restore dry forest habitat on degraded islands - high quality habitat being the most critical prerequisite for the survival of Fijian Crested Iguanas (Harlow & Biciloa, 2001; Harlow et al, 2007a). Translocation of animals to restored islands, and the role of eco-tourism in achieving conservation goals are also discussed. The discussion of these specific aspects of Fijian Crested Iguana conservation is undertaken within the broader context of the need for strengthened regional cooperation. The potential benefits for conservation efforts of cooperation on the regional level, and the methods by which these can be obtained form a critical part of this paper’s discourse. Such discussion is identified as necessary by the Draft Species Recovery Plan (Harlow et al, 2007b) and Roper (2007); both papers making it clear that if action is not taken soon, many of the more remote iguana populations will be extirpated by the end of the decade (Harlow et al, 2007a). This work directly contributes to objectives 1), 3) and 4) identified at the 2004 Iguana Conservation Workshop, and is also urgently needed to facilitate the completion of a Species Recovery Plan.



Conservation Strategies – Turning the Tide Fijian Crested Iguanas were once geographically widespread; inhabiting at least 10 but probably many more islands within the Fiji group. Populations have been recorded from 8 islands in the Yasawa group (Devialu, Levu, Matacawa, Monu, Monuriki, Nacula, Naviti and Waya), 2 islands in the Mamanuca group (Monu and Monuriki), 1 island off northern Viti Levu (Macuata) and Yadua Taba Island (Gibbons, 1981; Harlow & Biciloa, 2001; Harlow et al, 2007a; Harlow et al, 2007b). Today, most of the surviving populations are small, and are continuing to decline in size (Harlow et al, 2007a; Harlow et al, 2007b). The most recent distribution and abundance data, collected during surveys of more than 20 islands, indicates that the species is now almost locally endemic (Harlow et 2 Mark Roper S11044297 MS441
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al, 2007a; Morrison, 2005). Fijian Crested Iguanas are currently known to exist on only 6 islands (Devialu, Macuata, Monu, Monuriki, Yadua Taba and Waya) and it is estimated that there are now less than 6,500 individuals left (Harlow & Biciloa, 2001; Harlow et al, 2007a; Morley, 2006). The available distribution and abundance data suggests that conservation strategies to protect existing populations should be focused on the islands of Macuata, Monuriki, and Yadua Taba along with Monu Island, which may also warrant further investigation. These four islands have the largest known remaining iguana populations, estimated at 280, 40-80, >6,000, and 5 respectively (Harlow & Biciloa, 2001; Harlow, 2006; Harlow et al, 2007a; Morley, 2006).



Preservation, Restoration Restoration and Protection of Significant Habit Habi tat Areas The severity of the Fijian Crested Iguana’s restricted geographical distribution is mirrored by that of Fiji’s dry or littoral forest; the only habitat in which they are able to survive (Gillespie, 2007; Harlow & Biciloa, 2001; Morrison, 2005). The almost complete destruction of dry forest, which continues on many islands today, combined with the introduction of numerous exotic animals are the primary causes of the estimated 80% decrease in the population of Fijian Crested Iguanas since the early 1990’s (Morrison, 2003; Harlow et al, 2007a). Today only 1% of the historical dry forest area has escaped destruction, which has primarily been caused by human induced burning or clearing to facilitate goat grazing (Gillespie, 2007; Morrison, 2005). There is currently only one dry forest site, located on Yadua Taba Island, which is legally protected (Gillespie, 2007; Gibbons, 1981; Harlow & Biciloa, 2001). All other fragments remain threatened. Because of their restriction to and complete dependence upon Fiji’s rarest habitat, Fijian Crested Iguanas are listed as critically endangered under IUCN (2006) criteria, and as a CITES Appendix 1 species (Harlow & Biciloa, 2001; Harlow et al, 2007a; Morrison, 2003 & 2005). They are also the only endangered Fijian reptile listed in the Fiji Biodiversity Strategy and Action Plan (DOE, 2007; Yarrow et al, 1999). Overseen to a large extent by the South Pacific Regional Environment Programme (SPREP), the development of national Biodiversity Strategy and Action Plans is the result of national consultative processes at all levels and are the basis for biodiversity related work at the country level. Fiji’s action plan recognises that there is now an urgent need to preserve or restore islands where crested iguana are extant, as well as those suitable for translocations of animals from secure wild populations or captive breeding facilities (Harlow et al, 2007b). However, with little understanding of how factors such as habitat size, food tree abundance and food tree distribution affect iguana population size, securing areas of appropriate habitat poses significant challenges (Harlow & Biciloa, 2001; Harlow et al, 2007a; Roper, 2007). Today dry forest habitat only grows on islands leeward of Viti Levu, Vanua Levu, and a few of the western islands (Harlow et al, 2007a; Morrison, 2005). Fijian dry forests contain about 100 tree, shrub, and liana species, 30% of which are endemic (Gillespie, 2007). Many of the small forest fragments remaining continue to be subjected to degradation, and it is believed that species abundance and diversity is declining on many islands (Harlow & Biciloa, 2001; Morley, personal communication). The arboreal and herbivorous iguanas are known to eat at least 26 of the plant species comprising Fiji’s dry forests (Hudson, 2007). In areas of high plant diversity and abundance such as Yadua Taba Island, Cevua (Vavaea amicorum), Yaquata (Mallotus tiliifolius), Kau loa
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Table 1. Abundance of the seven most important crested iguana food trees on four islands inhabited by Fijian Crested Iguanas.



Forest Area (km2)



No. Plant Species



Edible Species %



Presence/Abundance of Preferred Food Tree Species



0.25



-



Low



Mallotus tiliifolius, Diospyros sp., Hibiscus tiliaceus, Kingiodendron platycarpum, Cynometra insularis, and Pongomia pinnata.



-



14



20.6



Diospyros sp. 0.5%, Hibiscus tiliaceus 15.7%, and Pongomia pinnata 4.4%.



Monuriki - 0.4 km2



0.04



14



2



Inocarpus fagiferus 0.2%, and Hibiscus tiliaceus 1.8%. Occasional Mallotus tiliifolius and a Diospyros sp. were found outside beach forest.



Yadua Taba - 0.7 km2



0.63



37



76.3



Vavaea amicorum 28.4%, Mallotus tiliifolius 24%, Diospyros sp. 9.1%, Hibiscus tiliaceus 5.3%, Kingiodendron platycarpum 5.1%, Cynometra insularis 2.4%, and Pongomia pinnata 2%.



Island Name



Macuata - 0.4km2



Monu - 0.7 km2



Yadua Taba and Monuriki - Harlow & Biciloa (2001), Harlow et al (2007a), Monu - Harlow et al (2007a), Macuata - Burgess (2005) and Harlow et al (2007a).
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(Diospyros sp.), Vau (Hibiscus tiliaceus), Moivi (Kingiodendron platycarpum), Cibi cibi (Cynometra insularis), and Vesi wai (Pongomia pinnata) are thought to be preferred (Harlow et al, 2007a). However, tree species diversity and abundance varies considerably between islands (Table 1), and at present little is known about any differences in the dietary habits of the resident populations. The differential plant species recruitment rates thought to exist on a number of islands, primarily as a result of goat browsing and dry season burning, are likely to alter forest succession pathways to such a degree that significant amounts of habitat will soon be lost (Moles and Drake, 1999). Harlow and Biciloa (2001) suggest that differences in tree species diversity and abundance observed between islands on which the largest populations of iguanas are known to exist (Table 1) reflect the differences in recent land use activities that the islands have endured. Understanding forest dynamics and identifying the factors responsible for any observed changes in vegetation assemblages is therefore critical for the preservation of existing forest areas as well as the rehabilitation of degraded islands. Aside from being home to the largest known iguana populations, data pertaining to tree and seedling diversity and abundance on Macuata (Burgess, 2005; Morley, personal communication), Monuriki (Harlow & Biciloa, 2001) and Monu islands (Harlow et al, 2007a) suggests that these islands are also likely to benefit most significantly from habitat restoration. Yadua Taba Island has managed to maintain an amazingly diverse vegetation assemblage despite the continued presence of the Pacific Rat (Rattus exulans) and a now extirpated goat population – reducing the urgency of restoration efforts (Harlow & Biciloa, 2001; Harlow et al, 2007a). Yadua Taba Island’s high plant diversity is mirrored (to a somewhat lesser extent) on Monu Island; which although resisting rat invasion is still inhabited by goats and regularly burnt by locals to promote lush new fodder (Harlow et al, 2007a). Several tree species thought to be preferred by crested iguanas are still abundant on each of these islands – comprising 76.3% and 20.6% of all tree species on Yadua Taba and Monu islands respectively (Table 1). Macuata and Monuriki islands appear to have suffered more extensive goat and fire induced damage; which has now ceased on Macuata Island but continues on Monuriki Island (Morley, personal communication). Several of the iguana’s preferred food tree species are still present on each island however. They have survived to a larger extent on Macuata Island - which evidences “low” abundance - than on Monuriki Island, where food trees account for only 2% of the forest (Table 1). Our limited knowledge of the iguana’s specific requirements (i.e. minimum required habitat size and food tree density) can be overcome to some extent by aiming to preserve or restore as large as possible areas of contiguous dry forest. This precautionary approach increases the likelihood that some suitable iguana habitat is provided initially, which can be expected to become more extensive over time with active management. Aside from being a prerequisite for initiatives such as tree planting to restore forest habitat, the removal of goats (discussed below) from Monu and Monuriki islands may also negate or at least reduce the need for them. Based on the natural approximately 1% per year increase in forest cover recorded after eradication of goats from Yadua Taba and Macuata islands (Burgess, 2005; Harlow et al, 2007a), surviving food trees appear to constitute a viable founder stock for future vegetation regeneration on degraded islands (Harlow et al, 2007a). The natural rate of forest regeneration may also be further enhanced on goat free islands by removing rats. While measures such as tree planting should only be considered subsequent to the eradication of goats (and possibly rats) from areas of habitat to be restored, doing so may head start regeneration - allowing a suitable level of habitat quality to be reached more expediently (Harlow et al, 2007a). 5 Mark Roper S11044297 MS441
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Despite the Crested Iguana being protected by Fijian law under the Endangered and Protected Species Act 2002, legal protection of remaining habitat is also needed (Harlow et al, 2007b). The legal protection afforded by sanctuary status will allow managers to effectively and appropriately address unauthorised activities such as breaching fire bans and removal of iguanas and would also serve as a deterrent to such activities. Negotiating the legal protection of island habitats can be problematic – largely as a result of collective land ownership arrangements. Most of the land in Fiji is owned by traditional clans of indigenous Fijians - known as Mataqali. Each Mataqali typically consists of several dozen families, and tradition dictates that approval and permission must always be obtained before visiting Mataqali owned land (Harlow et al, 2007a). This same principle applies to the management of islands under Mataquali jurisdiction. Agreements currently exist between the University of the South Pacific (and numerous other organisations) and several Mataquali to facilitate research undertaken on Macuata, Monu, Monuriki and Yadua Taba islands (Morley, personal communication). Local villages provide researchers with transport to the islands, Fijian guides, and accommodation on the mainland if required. In return for their hospitality the University provides villagers with an amount of food staples, gives a monetary donation to the village as a whole, pays any guides employed, and provides boat fuel for use during the study period. Researchers are requested to observe traditional Fijian customs, and it is essential to bring a sevusevu for the local chief. The Yadua Taba Island Crested Iguana Sanctuary, the only of its kind in Fiji, was proclaimed in 1980 and a 33 year lease with the traditional owners was settled in 2004 (Gibbons, 1981; Harlow & Biciloa, 2001; Harlow et al, 2007b). A full-time ranger, Pita Biciloa, has been overseeing the sanctuary’s operation since the mid 1990s (Harlow et al, 2007b). Unfortunately Yadua Taba remains Fiji’s only sanctuary for crested iguanas, but work to compliment the Fiji Biodiversity Strategy and Action Plan’s recommendations to legally protect dry forest habitat on Macuata, Monu, and Monuriki islands is ongoing (DOE, 2007). Continuing or beginning negotiations with the traditional landowners of Devialu, Macuata, Monu and Monuriki islands regarding the development of crested iguana sanctuaries is a key focus of the Species Recovery Plan (Harlow et al, 2007b). The primary vehicle through which sanctuary creation is being promoted is that of village based ecotourism, which is discussed in more detail below (Harlow et al, 2007b). The option of World Heritage listing has also been considered a viable option for islands of particularly high conservation value. The Fiji Museum, in conjunction with the United Nations Educational, Scientific and Cultural Organisation (UNESCO) submitted (unsuccessfully) Yadua Taba Island as a site for World Heritage Listing to the World Heritage Committee. Responsibility for World Heritage submission has since been moved from the Fiji Museum to the Fiji National Trust, and the Ministry of the Environment has formed regional committees to submit nominations for heritage status for sites within Pacific Island Countries (Harrison & Hitchcock, 2005). The benefits of having a centralised committee to oversee and prepare all applications increases the chance of success through an increased understanding of the nomination process and the information required. Scarce resources need not therefore be directed in to nominating sites with little chance of securing a World Heritage Listing. Involving the Fiji National Trust with Fijian Crested Iguana conservation efforts will allow researchers to more accurately determine whether protection under the guise of World Heritage Listing is indeed a viable option for islands inhabited by Crested Iguanas. To complicate matters however, there is currently a hotly contested ownership issue being worked through for Macuata Island. The local village has claimed ownership, but the island has been “unintentionally” sold to an Indo-Fijian man based in Suva (Morley, personal communication). The finalising of the stewardship or ownership of the island may prove to be the most crucial factor facing the development of a sanctuary 6 Mark Roper S11044297 MS441
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on the island because of the need to instill a sense of ownership in those people who will rely on the island’s eco tourism potential for their livelihood in the future.



Eradication of Invasive Species from Significant Habitat Areas The successful eradication of invasive mammals such as cats, rats and goats from islands is no longer a rare event (Campbell & Donlan, 2005). In the Pacific Region, the South Pacific Regional Environment Programme (SPREP) has been responsible for preparing a Regional Invasive Species Programme (RISP) since 1998; the goal of which is the prevention, eradication or control of nonindigenous species which threaten ecosystems, habitats and species (SPREP, 2007a). In addition, SPREP’s Islands Ecosystems programme aims to build the capacity of Pacific Island Countries so that they are able to sustainably manage and conserve their respective terrestrial, coastal and marine ecosystems. The Programme also focuses efforts to protect priority threatened species, and to protect Pacific Island Countries from invasive alien species (SPREP, 2007c). To date however, SPREP has not been involved with the eradication of any invasive species, focusing instead on documenting a regional approach for implementation at a later date. While highly skilled experts and special equipment are often involved in large or very complex eradications to provide cost efficiency, smaller eradications can be undertaken effectively without specialised personnel and equipment (Campbell & Donlan, 2005). Indeed, with careful planning, mammalian eradications (including cats, rats, mogoose, dogs and goats) are not expected to present major difficulties on small Fijian islands, and can be achieved for relatively little cost (Denny et al, 2005; Harlow et al, 2007b). Importantly however, the complete removal or continued control of introduced species is known to be much more likely to succeed if factors such as the species present, population density, seasonal behaviors and favored habitats are known. By initiating eradication programs at times of scarce resources and in areas of high population density, poison baits for example, are much more likely to be taken (Masibalavu, 2006). Key elements required for the completion of the Invasives Strategy and the effective implementation of the Islands Ecosystems programme include: background information, strategic context, plan for implementation, identification of actors and their roles, and prioritisation of sites for implementation (SPREP, 2007b). Information specific to the eradication of invasive species from areas of significant areas of Fijian Crested Iguana habitat is detailed below for goats, rats and plants. Goats Goats have traditionally been implicated in the reduced abundance of the most palatable plant species, which are also typically favoured by iguanas (Harlow & Biciloa, 2001; Harlow et al, 2007a). Anecdotal reports and quantitative vegetation studies undertaken after eradications on Yadua Taba and Macuata islands and on islands where goats persist, such as Monu and Monuriki, lend support to this theory. 100 years after their introduction to Yadua Taba Island in 1972, the goat population had grown to more than 200 (Harlow & Biciloa, 2001). In 1980 dry season burning ceased and the majority of goats were removed, with between 5 - 10 individuals persisting until the last goat was removed in 2004 (Harlow & Biciloa, 2001). A vegetation survey of Yadua Taba Island and comparison with 1980s aerial photographs suggests that forest area has increased by 10 - 20% in the last two decades (Harlow et al, 2007a). Both seedling density and diversity are known to be high with on average 19,520 seedlings of 18 species recorded per hectare (Harlow & Biciloa, 2001). Forest area on Macuata Island has showed similar increases after goats were eradicated in 1992 and regular 7 Mark Roper S11044297 MS441
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burning ceased, but interestingly anecdotal data suggests that both seedling density and diversity are still much lower than that of Yadua Taba Island (Burgess, 2005; Harlow et al, 2007a; Morley, personal communication). Monuriki Island has been inhabited by goats since at least 1969 (current population 25 - 50), and dry season burning is still a common practice (Harlow & Biciloa, 2001; Harlow et al, 2007a). The beach forest has virtually no ground cover and both seedling density (5,160 per hectare) and diversity (3 species) are low (Harlow & Biciloa, 2001). Selective browsing by goats on the seedlings of palatable tree species appears to have dramatically altered the species composition of the forest on Monuriki Island. Neisosperma oppositifolium, which is inedible to both goats and crested iguanas, now comprises 69% of trees and 91% of seedlings (Harlow & Biciloa, 2001). Goats have been eradicated from at least 120 islands worldwide (Campbell & Donlan, 2005). The most common method used in eradication programs is hunting, which includes the use of dogs, Judas goats, and shooting from a helicopter. Poisoning, trapping, bio-control (releasing dogs or dingoes), and habitat alteration via fire have also been used. Live removal has been conducted on only 9 islands, and was the methodology employed to eradicate goats from Macuata and Yadua Taba islands (Campbell & Donlan, 2005; Morley, personal communication). Goats are yet to be removed from Monu and Monuriki islands, where dry season burning to promote lush new growth is still a common practice (Harlow & Biciloa, 2001; Harlow et al, 2007a). Similarities in size, topography and vegetation assemblages do suggest however that the live capture methodology applied on Macuata and Yadua Taba islands will achieve similar success on Monu and Monuriki islands (Table 1). The problem, unfortunately, does not lay with the methodology of eradication, but rather the unwillingness of landowners to agree to it. The failure of numerous international eradication attempts has been attributed in no small part to a lack of political support (Campbell and Donlan, 2005). It is a lack of support and even opposition from local communities and Mataquali – many of which rely on goats to provide food and income that threatens to quash eradication projects on Monu and Monuriki islands (Morley, personal communication). The problem is inextricably linked with negotiations to legally protect areas of significant habitat discussed earlier. The threat of failed eradication attempts; either as a result of a lack of effort or deliberate re-introductions of goats by locals highlights the need to 1) integrate locally based environmental education with eradication programs and 2) find alternative sources of income for the Fijian landowners to replace that lost by removing the goats (Campbell and Donlan, 2005; Harlow et al, 2007a). As with the pursuit of legal protection for areas of significant habitat discussed earlier, both of these objectives may best be achieved through low impact eco-tourism ventures, which preliminary investigations suggest should be economically viable (Harlow et al, 2007a). If such ventures can be shown to provide greater benefits than that derived from using the islands for goat grazing, the idea that enhancing and protecting island habitat may begin to be embraced by landowners. Methods for the effective development of eco-tourism ventures are discussed below. Rats Despite the rapid forest regeneration attributed to the absence of goats on Macuata and Yadua Taba islands, anecdotal evidence of depressed seedling density and diversity (primarily on Macuata Island) suggest a secondary factor may be limiting further species succession and forest expansion. Some researchers believe that rats could be responsible (Morley, personal communication; Morrison, 2005). 8 Mark Roper S11044297 MS441
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Rattus exulans is the only rodent species present on Yadua Taba and Monuriki islands (Harlow & Biciloa, 2001). Macuata Island is known to be inhabited by Rattus exulans and Rattus rattus and possibly Rattus norvegicus, making it the only population of crested iguanas to co-exist with the latter two species (Harlow, 2006; Hudson, 2007; Morley, personal communication). Monu Island is believed to be rat free (Harlow et al, 2007a). Removal of rats to enhance forest regeneration is currently only considered a priority on Macuata and Yadua Taba islands; from which goats have already been removed (Harlow & Biciloa, 2001; Morley, personal communication). While broader benefits are also likely to result from eradications elsewhere (i.e. reduced predation of island biota), the presence of goats on Monuriki Island is likely to continue to significantly depress vegetation regeneration despite the removal of rats (Harlow & Biciloa, 2001). Globally, the effects of rats have been assessed from studies of diet, distributional comparisons of rats and their prey through time and space, rat-proof exclosures, video surveillance, comparisons between the biota’s of rat-inhabited and rat-free islands and responses by resident species after rats are locally reduced or removed (Towns et al, 2006). Evidence indicates that post-dispersal seed predation by rats negatively affects regeneration in some plant species, and that rats can also affect seed output by eating leaves, buds, flowers and fruit in the tree crown or depress juvenile recruitment by eating seedlings (Campbell & Atkinson, 1999; Moles & Drake, 1999; Towns et al, 2006). In New Zealand alone Rattus exulans has been found to reduce recruitment of 17 plant species (including catastrophic declines of 4 tree species), Rattus norvegicus to reduce recruitment of 9 plant species, and Rattus rattus to suppress at least 8 species of forest trees (Towns et al, 2006). Reductions in plant recruitment rates are more likely to affect community structure if rats predate a plant at different stages of their lifecycle i.e. targeting not only the seed, but also the seedling and fruit (Campbell & Atkinson, 1999). Plants most vulnerable to these three rat species are therefore plants with fleshy fruit and/or fruit with large edible seeds, or with heavily scented inflorescences, or dioecious reproductive systems (Towns et al, 2006). Many such species form a significant portion of the crested iguana’s diet on Yadua Taba Island (Harlow et al, 2007a). A vegetation trial on Macuata Island has already yielded some interesting anecdotal results of seed predation by rats. With an experimental manipulation of rat foraging behaviour using ten 2 x 2 x 1m high rat exclusion and control plots, Morley (unpublished) aims to determine the extent of seed and seedling predation by the rat species present. While the final results will only include predation occurring during two phases of the plants life cycle (seeds and seedlings), reduced predation in treatment plots relative to control plots is already evident (Morley, 2006). If confirmed, the presence of three rat species on Macuata Island may exclude direct transfer of results to islands where only Rattus exulans is present, but are still likely to highlight the plant species most at risk of predation by rats. In considering the feasibility of eradicating rats from Macuata and Yadua Taba islands, some important lessons can be learned from Fiji’s only two attempts at rat eradication to date. 0.6km2 Viwa Island, home to an endangered ground frog (Platymantis vitianus), lays 900 m off the east coast of Fiji’s main island, Viti Levu (Denny et al, 2005; Morley et al, 2004). The tiny 0.023km2 island of Vatu I Ra is located in the Vatu I Ra Channel, between Vanua Levu and Viti Levu, about 15 km off the north east coast of Viti Levu (Johns et al, 2006; Masibalavu, 2006). Vatu I Ra Island has been identified as an Important Bird Area (IBA) by Birdlife International because it supports nine species of breeding seabird including in excess of 20,000 pairs of Black Noddy (Anous tenuirostris) as well as breeding Hawkesbill turtles (Eretmochelys imbricata) and the endemic Pygmy Snake-eyed Skink (Cryptoblecephalus eximius) (Johns et al, 2006; Masibalavu, 2006). Both Viwa and Vatu I Ra islands 9 Mark Roper S11044297 MS441
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were invaded by the Pacific Rat (Rattus exulans) some time in the past, which quickly grew to form dense populations (Johns et al, 2006; Morley et al, 2004). While no quantitative studies have been undertaken on either island, the rats were thought to be responsible for high mortality rates and the absence of burrowing sea bird species on Vatu I Ra Island, and threatening Viwa Island’s biodiversity while causing a health nuisance to its human residents (Denny et al, 2005; Johns et al, 2006). Feasibility studies prepared for both projects identified the factors critical to success as: the willingness of island owners and local communities to become involved, technical considerations (i.e. methodology and potential adverse effects) and the ability to prevent future re-invasion (Johns et al, 2006; Morley et al, 2004). Detailed plans of the methodology to be used were then prepared in consultation with locals; who were trained prior to implementing the plans and monitoring their success (Johns et al, 2006; Denny et al, 2005; Saunders, 2006). The feasibility studies and final methodologies for both islands recognised the limited success achieved by trapping operations elsewhere internationally, and the fact that the islands were too small to justify the detailed logistics and high costs of an aerial operation involving bringing a helicopter, pilot and equipment from New Zealand. They therefore recommended hand spreading baits containing the second-generation anticoagulant Brodifacoum in the form of ‘Pestoff 20R’ pellets (Denny et al, 2005; Johns et al, 2006; Morley et al, 2004). The Vatu I Ra operation required a total of 60 kilograms of toxic bait being applied during two applications at a rate of 13kg/ha (Johns et al, 2006; Masibalavu, 2006). No figures are available for operations on Viwa Island at present, but based on Vatu I Ra’s experience, approximately 780kg would have been required (Masibalavu, 2006; Morley, personal communication). Follow up monitoring of the projects, which were both initiated during 2006, suggests that complete eradication of Rattus exulans has been achieved (Cranwell, 2007; Morley et al, 2004). However, in keeping with international protocol, rat free status will not be accorded until the final monitoring (scheduled for 2008) is completed (Johns et al, 2006; Morley et al, 2004). To prevent reinvasions, quarantine procedures are now promoted strongly to Viwa and Vatu I Ra Island visitors, and bait stations have also been placed on boats regularly visiting the islands (Denny et al, 2005; Johns et al, 2006). The similarity in size between Macuata and Yadua Taba islands (0.7 km2 - 0.4 km2 respectively) and Vatu I Ra and Viwa Islands (0.023 km2 - 0.6 km2 respectively), suggests that ground based operations may again be the most feasible option for eradication of Rattus exulans. As with the Viwa and Vatu I Ra eradications, community support and development of planning and technical skills throughout the region will be central to the ultimate success and sustainability of eradication programs (Cranwell, 2007). With both Macuata and Yadua Taba islands being located in close proximity to human settlements and frequented by visitors (both locals and researchers), the likelihood of re-invasion should also be comprehensively addressed by eradication plans, and also adds further justification to the use of this relatively inexpensive and easily repeatable methodology. Aside from the possibility of being adapted to also prevent the invasion of cats and mongooses, plans for preventing rat reinvasion will need to address at least one issue specific to Macuata Island. This island presents a more complicated eradication problem than Yadua Taba Island because 3 rat species are thought to be extant (Harlow, 2006; Hudson, 2007; Morley, personal communication). Rattus norvegicus are known to be more wary of new items in their territories, such as traps and poison-bait tunnels, than either the Rattus exulans or Rattus rattus (Atkinson & Atkinson, 2000). “Second-generation” anticoagulant poisons, the same as that used on Viwa and Vatu I Ra islands, have been used very effectively against this rat, for example, on Kapiti Island (1970 ha), New Zealand, in 1997 (Atkinson & Atkinson, 10 Mark Roper S11044297 MS441
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2000). Second-generation anticoagulant poisons are also used widely for control of Rattus rattus, but eradications have so far only been attempted on small islands and it is not known whether their treeclimbing habits will make eradication more difficult (Atkinson & Atkinson, 2000). While the task of eradication may not pose insurmountable problems in itself, Rattus norvegicus poses a very real and much higher reinvasion risk than either of the other two species. Rattus exulans is not regarded as a good swimmer, Rattus rattus avoids swimming, but the Rattus norvegicus is very proficient (Atkinson & Atkinson, 2000). From its distribution and recorded reinvasions, it appears that they can cross up to 1km of water comfortably, and up to 2km of open water more rarely when conditions are suitable (Atkinson & Atkinson, 2000). For this reason, a mainland control option for Rattus norvegicus (in conjunction with island quarantine procedures) may be needed near Macuata Island, which lays only 1km off the northern coast of northern Viti Levu. Plants Although researchers generally expect eradication of goats and rats to benefit native flora, increases in non-native plants because of herbivore release have also been recognised following such eradications elsewhere (Griffith et al, 1989). When burning and intensive grazing ceased on Yadua Taba in 1980 for example, more than 50% of the island had been converted to grassland and was already, or quickly became, invaded by introduced weeds (Taylor et al, 2005). Those species currently causing the greatest concern include: Rain Tree - Samanea saman, Vaivai - Leucaena leucocephala, Trailing Daisy Wedelia trilobata, Guava, Psidium guajava, and Lantana, Lantana camara (Taylor et al, 2007). While none of the five species seem to actively invade undisturbed dry forest, they are quick to colonise disturbed habitat and once established, two species in particular (Rain Tree and Trailing Daisy) appear to prevent the regeneration of native plants (Taylor et al, 2007). Data on introduced plant species for other islands is much less comprehensive, and in places non-existent (e.g. Monu Island), but similar trends are still evident. Selective browsing by goats on the seedlings of palatable tree species appears to have dramatically altered the species composition of the forest on Monuriki Island. The forest has virtually no ground cover, and both seedling density (5,160 per hectare) and diversity (3 species) are low (Harlow & Biciloa, 2001). Neisosperma oppositifolium, which is inedible to both goats and crested iguanas, now comprises 69% of trees and 91% of seedlings (Harlow & Biciloa, 2001). Despite the previous disturbances to Macuata Island by its now extirpated goat population, the forest harbors few introduced plant species at anything more than low density; the climber Passiflora suberosa and the shrub Lantana camara probably being the only ones (Olson & Keppel, 2004). The legumes Samanea saman and Leucaena leucocephala are major problems in other dry forest areas (including Yadua Taba Island), but here they are restricted to few individuals on the edge of the forest area (Olson & Keppel, 2004). Vaivai (Leucaena leucocephala) is a topical species in crested iguana conservation. One iguana was recently found in a Vaivai tree on Macuata Island – out in the open and surrounded by grass - although no direct evidence exists that it was feeding on the Vaivai leaves (Morley, 2006). Perhaps, on Macuata Island which for the last 5 years has been particularly drought stricken, Vaivai may constitute an important drought refuge – offering green shoots even in prolonged dry weather (Morley, personal communication). Once established in an area however, Vaivai is an incredibly difficult tree to eradicate. It re-sprouts vigorously after cutting, and cut stumps need to be treated with diesel or other chemicals. Furthermore, the soil seed bank can remain viable for at least 10-20 years after seed dispersal (Taylor et al, 2005). In light of this information, removal of plants when density remains low may be the only opportunity to do so.
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Under its Island Ecosystem programme, SPREP plans to conduct a feasibility study of the potential to biologically control key target Pacific environmental weeds. The intention is to use Samoa as a pilot to develop techniques both suitable for Samoa and suitable to be subsequently applicable in other Pacific Island Countries after personalisation to each country’s needs (SPREP, 2007b). In the absence of a solid working relationship facilitating regional cooperation between conservation organisations, SPREP’s plan appears to duplicate the work already being spearheaded by researchers studying with the Fijian Crested Iguana. An invasive-plant assessment and weed management plan for Yadua Taba Island is now in its third year of implementation, but similar initiatives are yet to be developed for other islands (Harlow et al, 2007b). The plan relies on the use of easily-implemented eradication techniques requiring minimal resources – primarily removal or poisoning of plants by hand (Taylor et al, 2005). Species for which this technique is deemed successful, which so far is only Trailing Daisy and Rain Tree, can therefore be replicated on other remote Fijian islands at a similarly low cost. While continued monitoring is required, results to date indicate that natural regeneration of disturbed tropical dry forest is possible after the removal of disturbance caused for example by goat grazing and the associated fire regime (Taylor et al, 2007). In addition to those on Yadua Taba Island, the management of introduced plant species would benefit from the establishment of a number of permanent vegetation quadrats on Macuata, Monu, and Monuriki Islands. This would allow researchers to accurately describe, compare, and most importantly monitor any changes in distribution and/or abundance of tree and seedling species and help avoid unexpected negative consequences of introduced herbivore (e.g. goats) or seed predator (e.g. rats) removal (Campbell & Donlan, 2005).



Translocation of Crested Iguanas from Yadua Yadua Taba Island Although the one secure population of crested iguanas - on Yadua Taba Island - exhibits a remarkably high population density, these animals are vulnerable to extinction due to demographic and environmental stochasticity caused by the introduction of exotic predators and competitors, natural and deliberately lit fires, natural disasters (i.e. cyclones), and the spread of disease (Harlow & Biciloa, 2001). All other known populations are small, and as a result they are exposed to the additional risks of increasing genetic homogeneity and potentially a lack of females which would result in reduced breeding success. Translocation and reintroduction programs are now receiving increasing attention from conservationists as a method of minimising these risks for a number of endangered species in an effort to improve population security (Griffith et al, 1989; Harlow et al, 2007a; Knapp & Malone, 2003; Nelson et al, 2002). The Fijian Crested Iguana’s continued survival is indeed thought to depend on having a number of discrete and self-sustaining populations (Harlow et al, 2007a). There is an urgent need therefore, to protect, reintroduce, or establish populations outside of Yadua Taba Island (Harlow & Biciloa, 2001). A translocation is the intentional release of animals in an attempt to establish, re-establish, or augment a population (Griffith et al, 1989). Translocation can increase a species’ conservation security by bolstering genetic heterogeneity of small populations, establishing satellite populations to reduce the risk of species loss due to catastrophes, and speeding recovery of species after their habitats have been restored or recovered from the negative effects of environmental toxicants or other limiting factors (Griffith et al, 1989). For the crested iguana, which is confined to several small offshore islands and unable to swim, translocation is the only method by which they can be reintroduced to parts of their original range (Nelson et al, 2002; Harlow et al, 2007a). As a conservation tool, 12 Mark Roper S11044297 MS441
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translocation has already had some success with other iguanid species and is now considered a valuable addition to management programs. Between 1988 and 1990, eight iguanas from Leaf Cay were translocated 35 km south to Alligator Cay in the Exuma Cays Land and Sea Park as a safeguard against potential deleterious stochastic events. The translocated population rapidly increased to an estimated population size of 75–90 individuals (Knapp & Malone, 2003). For the crested iguana, reintroduction to areas of the Fijian mainland following removal of causes of species decline (e.g. cats and mongooses) is unlikely, so offshore islands within their historic range where these threats are absent offer the best alternative (Harlow et al, 2007a). Further, crested iguanas appear to be an xeric species, being unable to tolerate prolonged cool and wet weather conditions, making the success of translocations to mainland forest refuges unlikely to succeed even in the absence of predators (Gibbons, 1981). Successful translocation attempts depend on the survival of founding animals and the success of subsequent breeding events. That is, that a self-sustaining population results from the introduction of a number of founding animals (Griffith et al, 1989). The persistence of a population descendant from founding animals is known to be more likely when 1) number of founders is large, 2) the rate of population increase is high, 3) the effect of competition is low and 4) the habitat is of high quality and located within the species’ historic range (Griffith et al, 1989). By definition however, the size of endangered species populations is small, meaning that it can be almost impossible to find a high number of founding animals without compromising what may represent the last secure wild population. As a result most translocation attempts have involved only a few animals in an attempt to minimise the effect of removing animals from the source population (Nelson et al, 2002). The reliance on small populations for supplying founding animals also has other problems that require careful consideration. The deleterious effects of genetic deterioration through inbreeding and genetic drift can have grave consequences on the survival of a species. Inbreeding potentially leads to inbreeding depression which can negatively affect overall fitness, and a decrease in genetic variation reduces evolutionary potential, diminishing the ability of a population to adapt to environmental fluctuations and increasing susceptibility to disease (Knapp & Malone, 2003). Obtaining a sufficient number of founders may prove particularly problematic for the translocation of Fijian Crested Iguanas. Populations from some of the more southerly islands are less morphologically distinct from B. fasciatus (Banded Iguana) than is the Yadua Taba Island population although, with one exception, all were referred to B. vitiensis by Gibbons (1984). The exception, from Malolo Levu near the southern end of the island arc, is morphologically intermediate between B. vitiensis and B. fasciatus (Gibbons, 1984). This, and the fact that it is possible to hybridise the two species in captivity, led researchers to suggests that their genetic divergence may not be as great as would be expected from their morphological distinctiveness (Colgan & Da Costa, 1997). However, analysis of DNA samples taken from iguanas on Macuata, Monu, Monuriki and Yadua Taba islands during 2005 and 2006 has identified that each of these populations is genetically distinct; that is they each represent a unique sub-species of Fijian Crested Iguanas (Harlow et al, 2007b). In order to maintain the genetic integrity of these populations, there is a need to keep each iguana lineage separate (Harlow et al, 2007b). Bolstering the declining populations on Macuata, Monu and Monuriki islands by translocating animals from the largest and most secure population, Yadua Taba Island, is therefore not a possibility. Captive breeding of the remaining individuals (and eventual reintroduction) will therefore have to be considered while the forest habitat is being restored on these and other islands (Harlow & Biciloa, 2001; Harlow et al, 2007b). 13 Mark Roper S11044297 MS441
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Captive breeding management programs use techniques to maximise effective population sizes in order to maintain genetic variation within populations. Examples of these techniques include: acquiring an adequate number of founders, expanding the population as rapidly as possible, equalizing sex ratios and founder representation, and managing inbreeding coefficients (Knapp & Malone, 2003). However, by aiming to keep every animal alive – even those which in the wild may have perished - animal husbandry may make captive reared animals less adept at finding food and avoiding predators (Nelson et al, 2002). It is for this reason that translocations of exclusively wildcaught animals have enjoyed more success than those of exclusively captive-reared animals (Griffith et al, 1989). While captive reared animals may be less desirable founders for this reason, captive breeding can protect small source populations from needing to be relied upon as a source of founding animals (Nelson et al, 2002). Captive breeding colonies of Yadua Taba Island provenance are currently kept at Kula Eco Park in Korotogo (25 iguanas), and in 9 Australian zoos (49 iguanas), however all captive breeding has stopped since 2000 due to the small number of founders in Australia (2 male and 7 female) and because Kula Eco Park has exceeded its holding capacity (Harlow et al, 2007b). No animals from islands other than Yadua Taba Island are currently involved in any captive breeding efforts, but negotiations with Mataqali Vunaivi are underway to obtain crested iguana breeding stock from Monu and Monuriki islands (Harlow et al, 2007b). There are also plans to expand the captive breeding capabilities at Kula Eco Park to allow populations from a number of different lineages to be housed there (Harlow et al, 2007b). While integration in to other populations is not desirable, animals from Yadua Taba Island (and possibly even Macuata Island) could be translocated to islands where crested iguanas have become extinct, thus providing an insurance policy against a catastrophic event wiping out the original populations. Islands that appear best suited to the reintroduction or translocation of crested iguanas have been identified by Harlow et al (2007b) as Namenalala Island, Castaway (Qalito) Island and Devuilau Island, although cats will have to be removed from the latter (Harlow & Biciloa, 2001). Each of these islands is within the crested iguana’s historic range, and translocations into the core of species historical ranges are usually more successful than those moving animals to the periphery of or outside their historical range (Griffith et al, 1989; Harlow et al, 2007a). While each of these islands has areas of high quality habitat, active management will still be required to ensure translocated animals have the best chance of surviving. This should at least involve monitoring for introduced plant and animal species, and their removal as required. We have not yet been able to quantitatively identify a single aspect of dry forest composition influencing iguana distribution or abundance (i.e. how food tree abundance impacts habitat suitability), and only scarce anecdotal data is available on the effects of direct (e.g. through predation or competition by cats, mongoose, or rats) or indirect (e.g. fire, goats, or rats altering dry forest composition) factors potentially responsible for causing the observed crested iguana population decline over the past 20 years. Before translocation of crested iguanas can be considered anything but “high risk” these issues will need to be resolved. Further, resolving these issues may reduce the need for and increase the success of translocations by improving our ability to identify potentially tenuous situations and act before we are faced with a rescue operation (Griffith et al, 1989).



Ecotourism as a Means to Conserve the Fijian Crested Iguana The need for education, awareness, and sustainable ecotourism programs to highlight the conservation of crested iguanas in the wild have been promoted by numerous researchers, and such 14 Mark Roper S11044297 MS441
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initiatives are a key focus of the draft Species Recovery Plan for the Fijian Crested Iguana (Harlow et al, 2007a; Harlow et al, 2007b; Harlow & Biciloa, 2001). Indeed, the development of locally based eco-tourism ventures is touted by conservationists as the most significant benefit to local Fijians following restoration and legal protection of islands where crested iguanas are extant (Harlow et al, 2007b). The claim being made by conservationists is that tourists will be prepared to pay to see endangered Fijian Crested Iguanas in the wild – which effectively requires island sanctuaries comprising high quality habitat for the iguanas to thrive in. The goal of conservationists and ecotourism operators is then fundamentally the same. Both groups desire the existence of large and selfsustaining populations of crested iguanas on a number of Fijian islands; conservationists to preserve the species, and eco-tourism operators to secure a sustainable income for the future. Proposed changes to the Tourism Industry Act in Fiji present a significant opportunity for education and awareness initiatives to be implemented comprehensively through the use of eco-tourism ventures (Johns et al, 2006). When the new provisions come into effect they will require tour operators to have a license to operate, which will positively benefit islands with tourism potential as it will require all tour operators to have permission from landowners before they visit ecological sites (Johns et al, 2006). While also providing a way in which conservationists can highlight and enforce quarantine measures, eco-tourism also necessitates the support of local communities, international communities, and visitors, and reinforces the idea of community ownership and management in the long term (Harlow et al, 2007b). The involvement of local people has already been identified as a significant predictor in the success of eradications elsewhere, including the Fijian islands of Vatu I Ra and Viwa, and eco-tourism is no exception (Johns et al, 2006). Without local involvement, or at least landowner approval, visiting iguana inhabited islands would not even be possible. While eco-tourism clearly has significant potential to benefit efforts to conserve the Fijian Crested Iguana, there a need to understand how best to utilise it to ensure maximum conservation benefits are derived while providing an income for local people. The role of eco-tourism is not simply to make an income, but rather to operate sustainably in the long term to provide benefits to local people and conservation efforts. It needs to be demonstrated therefore, that by making sacrifices in the short term (e.g. a loss of income from goat grazing) that landowners can earn a higher level of income in the long term. The same argument could then be used to justify, or achieve landowner “buy in” to additional conservation initiatives such as tree planting or the eradication of rats on islands where such action is required. Unfortunately landowners have forgone the income from goat grazing on the islands of Yadua Taba and Macuata for many years, but to date, the commonly espoused theme that ecotourism will provide a better return than goat grazing has never eventuated (Morley, personal communication). It is understandable then, that many Mataquali are weary of removing goats – their source of income – from islands in the hope that tourism will provide them with greater returns. Negotiations with local Fijians have in fact proven to be one of the most significant impediments to the conservation of crested iguanas because of the lack of evidence that ecotourism can provide benefits locally. The Mataquali that owns Monu and Monuriki islands has proven particularly unwilling to remove goats from these islands – despite continued negotiations with conservationists (Harlow et al, 2007b). For those islands where tourism operations may already be feasible (Macuata, Monu, Monuriki and Yadua Taba islands), any ventures established will directly benefit the local village operating it by providing income. If successful, ventures established on these islands could be used as demonstration projects, showing landowners what earning potential they have if island restoration – rather than destruction by grazing – becomes 15 Mark Roper S11044297 MS441
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the focus of their attention. In the absence of a single money making tourism operation based around the crested iguana however, it is unlikely that goats will be removed willingly from any islands by locals. At least one successful ecotourism venture must be developed as a test case, with the intention of being used as a model for use on a number of crested iguana islands. The success of such a project is the only way that the claims made to date that eco-tourism can replace the income lost if goats are eradicated can be substantiated. Income from the burgeoning tourism industry on restored islands could even be redistributed to kick start the restoration of other more degraded islands until independent and self-sustaining ventures can be established in their own right. There is however, a considerable amount of work do be done restoring islands before eco-tourism will turn from a pipe dream in to a reality. The focus of conservation efforts must remain firmly on developing the potential of the tourism industry (i.e. by implementing successful conservation measures), rather than attempting to ‘put the horse before the cart’ and risk losing credibility – or worse, the Fijian Crested Iguana itself! Conclusion The endemic Fijian Crested Iguana is regarded as critically endangered because of their dependence on dry forest habitat, 99% of which has been destroyed largely through anthropogenic causes in the last two decades (Gillespie, 2007; Harlow et al, 2007a; Morrison, 2003). This almost complete destruction of dry forest, which continues on many islands today, combined with the introduction of numerous exotic animals has reduced the total iguana population to only 20% of 1990s estimates (Morrison, 2003 & 2005). While the survival of the Fijian Crested Iguana would likely benefit significantly from a reduced fire regime, eradication of cats, mongooses, goats, and rats, reforestation, and translocations or reintroductions of iguanas to suitable islands, current knowledge and funding is simply too limited for all of these initiatives to be implemented cost effectively or successfully. Moreover, the Species Recovery Plan must be based on sufficient and accurate data to ensure that expenditure is justifiable and maximum benefits are realised from all conservation initiatives implemented (Roper, 2007). It is clear however that some actions based on the data presently available (e.g. eradication of goats to allow natural reforestation of degraded islands with preferred food tree species) must be undertaken (in conjunction with quantitative studies of the effects) sooner rather than later. What use is it after all, to know how to effectively conserve an extinct species? A regional approach to conservation in the Pacific presents a significant opportunity to overcome the problems of limited infrastructure, expertise, funding and awareness of the plight of endangered species. Work on the Fijian Crested Iguana, while still in its infancy, has already provided some of the most comprehensive data available on the impact of invasive species and potential methods for their control. By integrating this work, along with the knowledge already gained, with SPREP’s Island Ecosystems programme and work on invasive species the ability of Pacific Island Countries to effectively manage their environments will be dramatically improved. Further, improved access to expertise and funding will enable researchers studying the Fijian Crested Iguana to expand their focus – making their work even more relevant to conservation efforts elsewhere. To date however, SPREP’s Invasives Strategy remains at the management level, and lacks a track record of implementation. Incorporating the successes already achieved by those working to conserve the Fijian Crested Iguana the Strategy will gain valuable momentum and respectability within the region. The most recent distribution and abundance data, collected from over 20 islands, indicates that the Fijian Crested Iguana is now almost locally endemic (Harlow et al, 2007a; Morrison, 2005). It is 16 Mark Roper S11044297 MS441
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currently known to exist on only 6 islands, and it is estimated that there are now less than 6,500 individuals left (Harlow & Biciloa, 2001; Harlow et al, 2007a, Morley, 2006). The available distribution and abundance data suggests that conservation strategies should be focused on the islands of Macuata, Monuriki, and Yadua Taba along with Monu Island, which may also warrant further investigation. These four islands have the largest known remaining populations, estimated at 280, 4080, >6,000, and 5 respectively (Harlow & Biciloa, 2001; Harlow, 2006; Harlow et al, 2007a; Morley, 2006). Only the Yadua Taba and Macuata Island populations are currently thought to be large enough to be self-sustaining – with all other populations except Monuriki Island only supporting a handful of individuals (Harlow et al, 2007a). Before truly effective and successful management is possible however, factors limiting population growth must be identified and options for control investigated in even greater detail than is entered in to here, and ecological information such as factors determining habitat quality, species interactions, and minimum habitat fragment size must be well understood (Griffith et al, 1989). The impact of introduced species on iguanas and their habitat for example has never been quantitatively studied, yet two goat eradications have been implemented to date. While based only on anecdotal data, thankfully the cost appears to have been justified by an increase in forest cover (Harlow et al, 2007a). The resulting natural 1% per year increase in forest cover recorded after eradication of goats from Yadua Taba and Macuata islands also suggests that surviving food trees constitute a viable founder stock for future vegetation regeneration on other degraded islands (Harlow et al, 2007a). However, the lack of quantitative data collected during eradications means that the actual physical effects of goats on dry forest regeneration and the subsequent benefits for iguana populations remain largely unknown (Harlow & Biciloa, 2001). Quantitative data collected on the effect of goat eradications may also have been able to shed some light on the impact of rats, which are now believed to be contributing to changes in vegetation assemblages on some islands. Fortuitously however, with careful planning, mammalian eradications (including cats, rats, mongoose, dogs and goats) are not expected to present major difficulties on small Fijian islands, and can be achieved for relatively little cost (Denny et al, 2005; Harlow et al, 2007b). Some islands will however require specially designed reinvasion plans (i.e. Macuata Island) based on their proximity to sources of reinvasion. The removal of goats from other islands could also be more easily justified today if the benefits of doing so were known in more detail. Further, while eradication is consistent with the Fiji Biodiversity Strategy and Action Plan and not expected to incur significant cost when implemented on small islands, it is often not justified for many species when more detailed information on their impact becomes available (Yarrow et al, 1999; Denny et al, 2005; Towns et al, 2006). Both eradication and continued control programs can in fact be controversial if they are considered likely to be very expensive, cause unacceptable collateral damage, produce adverse public reactions, have unclear benefits, or have only limited success (Towns et al, 2006). Before SPREP can be expected to contribute significantly to eradication of invasive species, data justifying the need for eradication or long term control must be collected – an undertaking that is now well underway on islands representing significant Fijian Crested Iguana habitat. A significant benefit for SPREP becoming involved in grass roots conservation efforts will be the opportunity to use the weed control work on Yadua Taba Island as a stepping stone to the implementation of a regional management plan for invasive plant species. As described above, the work on Yadua Taba Island parallels SPREP’s planned work in Samoa, yet having already been completed in Fiji presents an opportunity to move in to the second phase of work. That is to begin developing specific management tools for the Pacific’s many unique environments (SPREP, 2007b). 17 Mark Roper S11044297 MS441
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Although large areas are always preferable to small areas for wildlife reserves, small uninhabited islands may provide the best options for the creation of additional sanctuaries because 1) goats will never be removed from large islands in Fiji due to their economic importance to the islands’ traditional owners, 2) it is difficult and expensive to remove goats, feral cats and invasive plant species from large islands, and 3) under optimal conditions crested iguana population densities are high, and even small islands can potentially maintain large populations (Harlow et al, 2007a). Similarities in size, topography and vegetation assemblages between Macuata, Monu, Monuriki and Yadua Taba islands suggest that generic eradication strategies can be employed for the removal of goats, rats and introduced plant species. Such an approach offers opportunities to develop cost effective, easily implemented and repeatable eradication plans as required for each island. Negotiations with the Fijian clans that own the islands of high conservation potential should include discussion about the removal of goats and the end of dry season burning practices, which is necessary before active restoration (i.e. tree planting) or translocations are possible (Harlow & Biciloa, 2001). Alternative sources of income for the Fijian landowners will need to be investigated to replace that lost by removing goats from these islands. The primary vehicle through which sanctuary creation is being promoted is that of village based eco-tourism, and while apparently feasible, its potential has yet to be fully realised (Harlow et al, 2007a; Harlow et al, 2007b). Aside from the benefits accrued by local tour operators, eco-tourism ventures also present conservationists with a significant opportunity to educate and get “buy in” from Fijian landowners for the implementation of other conservation strategies. Community support and the development of planning and technical skills throughout the region have in fact been identified as critical to the ultimate success and sustainability of eradication programs (Cranwell, 2007). It needs to be demonstrated therefore, that by making sacrifices in the short term (e.g. a loss of income from goat grazing) that landowners can earn a higher level of income in the long term from eco-tourism. Before this process can begin the true land owner must be deciphered for islands such as Macuata, where this issue is being hotly contested. The same argument could then be used to justify, and get landowners agreement to additional conservation initiatives such as tree planting or the eradication of rats. At least one successful ecotourism venture must be developed as a test case, with the intention of being used as a model for use on a number of crested iguana islands. The success of such a project is the only way that the claims made to date that ecotourism can replace the income lost if goats are eradicated can be substantiated. In addition to our currently poor understanding of physical threats such as habitat destruction, little is currently known about iguana ecology or population demographics. Despite a lack of data, many populations are however already believed to be too small to recover unaided. Unless effective conservation strategies are implemented they are expected to become extinct within the next ten years (Harlow et al, 2007a). Such an extinction event would be catastrophic, and although Yadua Taba Island exhibits a remarkably high population density it too is vulnerable to extinction; due to demographic and environmental stochasticity caused by the introduction of exotic predators and competitors, natural and deliberately lit fires, natural disasters (i.e. cyclones), and the spread of disease (Harlow & Biciloa, 2001). Translocation and reintroduction programs are now receiving increasing attention as a method of minimising these risks and improving species security (Knapp & Malone, 2003; Nelson et al, 2002; Harlow et al, 2007b). Ideally however, translocation should be considered long before it becomes a last resort for a species’ survival - before population density has become low and populations are in decline. Both of these traits are associated with low chances of successful translocation, and in addition, by then it may be too late to obtain sufficient numbers of founder animals to achieve reasonable chances of success (Griffith et al, 1989). The greatest potential for 18 Mark Roper S11044297 MS441
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