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Abstract Context. There has been concern that feral cats have negative impacts on the endangered endemic mammals of Amami-Ohshima Island, Japan, including the Amami rabbit, Pentalagus furnessi, Ryukyu long-tailed giant rat, Diplothrix legata, and Amami spiny rat, Tokudaia osimensis. However, no diet study of feral cat has been conducted to support the necessity of an urgent feasible feral-cat management for the island. Aims. The aims of the present study were to analyse feral-cat diet on Amami-Ohshima Island by using scat analysis and estimate the potential predation impact of feral cats on endangered mammals on the island. Methods. The diet of feral cats was studied using scat analysis. We estimated the number of prey, percentage of prey, frequency of occurrence (the percentage of scats in a sample containing a particular prey item), percentage of biomass (biomass of the same prey item divided by the total consumed biomass 100) and daily consumed biomass (DCB). Key results. Three endangered endemic mammals were the main prey species of the feral cat diet (65% of total DCB). The percentage contributions of these species on DCB were long-tailed giant rat (34.7%), Amami spiny rat (21.9%) and Amami rabbit (12%). Conclusions. Mammals, especially endangered endemic mammals, were main prey species of feral cat on Amami Island. In Amami Island, where native and invasive rodents coexisted, feral cats consumed more native (56.6%) than invasive (22.2% for Rattus rattus) species. Implications. Feral cats are likely to be having a signiﬁcant impact on endangered endemic mammals on the island. To ensure the long-term survival of these endemic species, active management of the feral-cat population should be considered.
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Introduction In insular environments, feral cats (Felis catus) have signiﬁcant impacts on endemic species (Fitzgerald 1988; Macdonald and Thom 2001). Feral cats have caused extinctions, extirpations and population declines of many endemic species on numerous islands around the world (Courchamp et al. 2003; Nogales et al. 2004; Bonnaud et al. 2011a; Medina et al. 2011). Island endemic species are vulnerable to invasive species because of their lack of anti-predator behaviour and morphological and life-history responses (Stone et al. 1994; Medina et al. 2011). Feral cats are opportunistic generalist predators (Bonnaud et al. 2011a). They feed on many types of endemic and invasive species when they are most available, including mammals, birds, reptiles and insects (Konecny 1987; Fitzgerald 1988; Fitzgerald and Turner 2000; Nogales et al. 2004; Bonnaud et al. 2011a; Medina et al. 2011). The domestic cat, which is the supply source of feral cat, is among the most popular and abundant pet mammals in Japan. Journal compilation  CSIRO 2015



According to the recent statistics, about 10 million cats are kept as pets in the country (Japan Pet Food Association 2014). There is no research on the number of unowned cat; however, stray and feral cats are seen everywhere in Japan, even in a small village at a small island. The domestic cats were ﬁrst introduced to Japan along with Buddhist scriptures, so as to protect the scriptures from damage by rats (Hiraiwa 2009). Since then, cats have spread across the country as a useful pet for rat control and a healing pet, including many oceanic islands. As on other oceanic islands in the world, the feral cat is recognised as a problematic invasive species that has negative impacts on endangered endemic species on several Japanese islands (Nagamine 2011). However, few studies of feral cats, such as those on their ecology and diet, have been conducted in Japan (Kawakami and Higuchi 2002; Kawauchi and Sasaki 2002; Jogahara et al. 2003); therefore, it is difﬁcult to evaluate the impacts of feral cats on endemic species in detail. Japan is an important biogeographic region, as a biodiversity hotspot, with exceptional concentrations of www.publish.csiro.au/journals/wr
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endemic species. However, it has also experienced an exceptional loss of habitat (Myers et al. 2000; Bonnaud et al. 2011a) and negative impacts from invasive species. Thus, it is important and urgent to reveal the impacts of feral cats on endemic species in Japanese islands. As Towns et al. (2006) pointed out, dietary studies might be a poor indicator of impacts on populations, particularly when the prey is rare. However, they represent the ﬁrst step to interpreting the impact of feral cats on endangered and endemic species (Paltridge et al. 1997). Moreover, on islands where many endangered endemic species are found, the results of studies on the diet of feral cats have been considered as important evidence of their predation on endemic species (Medina and Nogales 2009). Bonnaud et al. (2011a) concluded that future studies of cat diets on islands should (1) have a sufﬁcient number of samples (>100), (2) indicate the main prey categories, not only in frequency of occurrence but also in percentage of total prey and biomass, and with an index of relative abundances and (3) examine under-sampled and under-studied insular regions (e.g. the Caribbean, Indonesia, Japan and French Polynesia). In Japan, feral cat diets have been most intensively studied in Yambaru, the northern-most part of Okinawa Island, because it is an important habitat of some endangered species and because several endangered endemic species have been found in cat scats, including the Okinawa woodpecker (Sapheopipo noguchii), Ryukyu long-tailed giant rat (Diplothrix legata) and Okinawa spiny rat (Tokudaia muenninki; Kawauchi and Sasaki 2002; Jogahara et al. 2003). The main cause of the rapid decrease to near extinction of the Okinawa spiny rat is thought to be its predation by feral cats in Yambaru (Yamada et al. 2010). The ecosystem of Amami-Ohshima Island (hereafter, Amami Island) is similar to that in the Yambaru area, in that it also harbours several endemic and endangered species that are considered threatened by feral-cat predation. Introduced mammals are common prey of feral cats on island when available (Fitzgerald and Turner 2000; Bonnaud et al. 2007, 2011b), but endangered endemic species have rarely been found in previous studies (Bonnaud et al. 2011a), even though insular rodents have been the endemic mammal taxon most vulnerable to cat predation (Nogales et al. 2004). According to the preliminary scat analysis of feral dogs and cats by the Ministry of the Environment Japan (2009), three endangered endemic mammals (the Amami rabbit; Pentalagus furnessi, Ryukyu long-tailed giant rat, and Amami spiny rat; Tokudaia osimensis) are seemed to be predated by feral cats on Amami Island. However, because this scat analysis did not separate cat scats from dog scats, the actual diet of feral cats and the impact of cat predation on these endemic mammals were unsolved in detail. A study of the diet of feral cats on this island is accordingly deemed necessary. Therefore, in the study, we calculated the number of prey, percentage of total prey, frequency of occurrence and percentage of total biomass. We also estimated the daily consumed biomass (DCB) and the percentage contribution of each prey species on DCB to know the speciﬁc importance of each prey in the daily food requirements of cats. As Bonnaud et al. (2007) suggested, the biomass ingested daily provides a more complete representation of the diet than do the percentage frequencies of prey items in scats, because neither the number of individual prey nor their
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weight are taken into account by percentage frequencies. The percentage contribution of each prey species on DCB could also take into account weight differences of each prey species, and the different combinations of daily prey items rather than total biomass consumed. The bodyweight of prey species on this island varies widely; thus, percentage contributions of small prey species, such as rats and insects, are thought to be underestimated by the total biomass. The aims of the present study were to analyse feral-cat diet on Amami Island using scat analysis and estimate the potential predation impact of feral cats on endangered mammals on the island. Materials and methods Study area Amami Island (28190 N, 129220 E) is an island of the Ryukyu archipelago in southern Japan, located 380 km south of Kyushu and 250 km north of Okinawa (Fig. 1). The size of the island is 721 km2, making it the second-largest remote island in Japan. The climate is warm (mean temperature in summer 27.7C, in winter 15.5C) and wet (mean annual rainfall 2840 mm). It is a continental island and its highest peak, at 694 m, comprises a Paleocene stratum. The northern part of the island has a relatively ﬂat landform underlain by Oligocene Ryukyu limestone and is mainly farmland, whereas the southern part of the island is mountainous. Some of the mountainous forest is used for pulpwood production, whereas some of the lowlands are used for fruit farms and sugarcane ﬁelds. However, Amami Island is still largely covered by native subtropical evergreen broadleaf forests, dominated by Quercus miyagii, Castanopsis sieboldii and Luchu pine (Pinus luchuensis). Mangrove forests are located along the south-eastern coast of the island. Forests cover 85% of the island, although less than 1% of this is protected from development by law (Sugimura et al. 2003). Most of the residential areas, where more than 44 thousand people live, are located mainly along the coastal area, and several small villages are scattered in habitats of the endangered endemic mammals (Fig. 1). The Ryukyu archipelago was separated from the Eurasian continent ~1.5 million years ago (Sugimura et al. 2003). As a part of the Ryukyu archipelago, Amami Island has been isolated and its fauna and ﬂora have evolved within the insular environment. As a result, the island has a many endemic species and subspecies of terrestrial animals (Sugimura et al. 2003; Watari et al. 2007). Most of the endemic terrestrial species on Amami Island inhabit the forests and mountains. Thus, disturbances by human activities such as logging and farming have reduced the habitat of these species (Sugimura et al. 2003). Since the 1970s, there has also been concern that predation by invasive species may reduce the populations of endemic species (Sugimura et al. 2003). Many of them have been threatened by these factors and are listed in the Red Lists of the International Union for Conservation of Nature and Natural Resources (IUCN 2013) and the Ministry of the Environment Japan (2002; Table 1). Some invasive predatory mammals have been introduced to Amami Island, such as the black rat, the feral dog (Canis familiaris) and the feral cat, presumably having been brought to
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Uke Island Fig. 1. Map of collection points of feral-cat scats, mainly in the habitats of endemic mammals, on Amami–Ohshima Island in this study. Table 1. Diet composition of feral cats found in 102 scat groups on Amami–Ohshima Island from August 2009 to December 2012 and endangered endemic prey-species information referred to Japan Red List (Japan Ministry of the Environment 2014) No. Prey, number of prey in feral-cat scats; %Prey, percentage of total prey; %FO, frequency of occurrence in feral cat scats; %BO, percentage of total biomass based on mean bodyweight of each prey species ingested by cats; Mean bodyweight, mean biomass of each prey species ingested by cats. *Used maximum daily consumed biomass of feral cat as the weight of Amami rabbit (see detail in ‘Materials and methods’), **Non identiﬁed, *** Estimated, ****Not listed in the Japan Red List because of non-threatened species Food category



Mammals Rattus rattus Diplothrix legata Tokudaia osimensis Pentalagus furnessi Crocidura.spp.



Birds Garrulus lidthi Turdus pallidus Unidentiﬁed Reptiles Cycophiops semicarinatus Insects Orthoptera Diestrammena gigas Thereuopoda clunifera Unidentiﬁed Plant material Human garbage Total
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the island by human settlers. The time when cats were introduced to the island is unknown, but it is thought to be no more than 2000 years ago (Nishinakagawa et al. 1993). The small Indian mongoose (Herpestes auropunctatus) was purposefully introduced to Amami Island to control a venomous snake (Trimeresurus ﬂavoviridis) in 1979, and has since expanded its habitat (Yamada 2004). These invasive mammals have become threatening predators because insular endemic species usually have not co-evolved with predatory mammals and lack antipredator behaviours (Stone et al. 1994; Courchamp et al. 2000; Medina et al. 2011). Several studies of the diets of the mongoose (Sugimura et al. 2000; Yamada et al. 2000) and feral dog (Sugimura 1994; Nakano and Murai 1996; Watari et al. 2007) have revealed that they, particularly feral dogs, have negative impacts on endangered endemic species on Amami Island. In the case of feral cats, their predation on these endemic mammals has been personally observed (Sugimura et al. 2003), and an automatic sensor camera photographed a feral cat carrying an Amami rabbit in its mouth in 2005 (see Izawa 2007). These reports led ﬁve local governments to enforce regulations for outdoor pet cats to reduce their predation impacts by 2011. The regulations require that cat owners register their cat with their local government. According to the cat-registration record, 1494 households on Amami Island (5% of all households) have cats, and there is a total of 2869 pet cats, of which 991 are raised outside of their owners’ houses (Kagoshima Prefecture, unpubl. data 2012) and may, like feral cats, predate on endangered endemic species. Scat collection and diet analysis The diet of feral cats was studied using scat analysis. Scat analysis is among the most common methods used to study the feeding habits of carnivorous mammals (Trites and Joy 2005; Fukue et al. 2011). The cat scats examined in the present study were opportunistically collected from various places on Amami Island during almost every month from August 2009 to December 2011. Feral cat scats were mostly collected by walking along forest roads and forest paths during trail censuses of endemic species conducted by the Ministry of the Environment, Japan, and researchers. Feral cat scats were not easy to ﬁnd in forests on Amami Island, because feral-cat density seems to be relatively low in forests and feral cats have behaviour of burying their scats. Usually, several (0–4) scats were found by walking 3–5 h at very slow speed (3–4 km h1) along forest-road paths, and each sampling point of scat was recorded by a GPS device. Most of the scats were collected within the habitat of the endangered endemic mammals in forests and these were thought to be the main food source of feral cats. Because some residential areas were close to or within the habitats of endemic mammals, few scats were also collected near, but more than 2 km away from, these residential areas (Fig. 1). According to the previous studies of pet cat in Australia (Lilith et al. 2008) and UK (Thomas et al. 2014), home ranges of pet cats were relatively small and the maximum moving distances from the owner’s house were estimated as 300–656 m. On Amami Island, home range of pet cats is thought to be small also; thus, we considered that 2 km would be far enough to avoid confounding pet-cat scats with feral-cat scats. Collected scats were sealed in
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labelled plastic bags and frozen. Three types of scats of invasive carnivorous mammals, those of feral cats, feral dogs and mongooses, were found in mountainous forest areas. We identiﬁed a feral-cat scat by its size, shape, scent and condition (cat scats are sometimes covered with sand by the cat itself). The width of each scat (1–2.2 cm in diameter) was the main criterion used to identify cat scats (Elbroch 2003). Normally, ~2–6 scats were found in the same place; we counted these as one scat group from the same cat and analysed them together. Scats were washed over a sieve with a 1-mm screen under a stream of water, and dried in an oven at 70C for more than 24 h. All items, such as hairs, jaws, bones, teeth, feathers and insect fragments from each scat were separated by hand. Each item was identiﬁed and compared to reference material to determine each species. The number of individual prey in each scat group was counted on the basis of distinctive bones such as jaws and incisors. Following the recommendations of Bonnaud et al. (2011a), we estimated the number of prey, percentage of prey, frequency of occurrence (the percentage of scats in a sample containing a particular prey item) and percentage of biomass (biomass of the same prey item divided by the total consumed biomass  100) overall, and by year and season. We also calculated daily consumed biomass (DCB) to ﬁnd important prey species for the daily food requirement of feral cats. DCB represents detailed diet in each feral-cat scat. The percentage contribution of each prey species on DCB would be less inﬂuenced by the weight differences of each prey species than that on the total biomass. Thus, we hypothesised that the contributions of heavier species would be smaller and those of the lighter species bigger on the DCB than the total biomass. To calculate the DCB, the number of individual prey (NI) and mean body mass of prey items were required (Bonnaud et al. 2007; Campos et al. 2007; Medina et al. 2008). Cats defecate approximately once a day (Fitzgerald and Karl 1979; Liberg 1982; Konecny 1987); therefore, the number of prey items per day per cat and the DCB could be estimated by the number of individual prey items per scat (Bonnaud et al. 2007). The DCB was calculated using the following equation: X DCB ¼ NI  ðmean body mass of prey itemÞ: For example, if two Amami spiny rats and one black rat were found in a scat, the DCB would be calculated as 2  110 g + 1  175 g = 395 g. The mean body masses of prey were taken from previous literature. Previous studies have estimated the range of average daily food intake of feral cats as 170–328 g (Fitzgerald and Karl 1979; Liberg 1982, 1984; Keitt et al. 2002). Maximum daily intake has been estimated as 452 g (Keitt et al. 2002) and 546 g (Bonnaud et al. 2007). The DCB of feral cats can also be calculated using an allometric equation (Nagy 1987; Keitt et al. 2002). The formula for estimating the DCB to maintain a free-living eutherian mammal from Nagy (1987) is DCB ¼ 3:358ðweight of predator in gramsÞ0:813  2:86=18: According to Keitt et al. (2002), the number 2.86 is included to account for the 65% water content of prey items, and the number 18 is the estimated mean metabolisable energy content
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of the prey dry matter in kilojoules per gram (Nagy 1987). To calculate the DCB, we used the weight data from feral cats captured on Amami Island (n = 96) from 2008 to 2011. The average weight of feral cats was 3.3 kg (maximum: 5.1 kg, minimum: 1.8 kg). The estimated average DCB of feral cats on Amami Island was 375 g (maximum: 548 g, minimum: 237 g). Our estimated DCBs were similar to those in previous studies. Thus, following Bonnaud et al. (2007), we used the estimated maximum DCB (548 g) to calculate the percentage of biomass per cat and per day for the present study. The Amami rabbit is one of the prey items of feral cats on the island. The body mass of the rabbit ranges from 2000 to 2880 g (Yamada and Cervantes 2005) and it is more than the DCB of feral cats on Amami Island. When feral cats catch large prey such as rabbits, they may eat some of the caught prey and leave the rest for later (Fitzgerald and Karl 1979). Following Bonnaud et al. (2007), we used the maximum DCB (548 g) as the weight of Amami rabbits when we found rabbit remains in scats. The DCB of each scat was also calculated not to exceed the estimated maximum DCB. When rabbit or giant rat remains were found in scats, their biomass was calculated as 548 g – (sum of all other prey items in g). We calculated the mean percentage contribution of each prey species on DCB. Results Frequent prey items In total, 102 cat scats (22 in 2009, 57 in 2010 and 23 in 2011) were collected from mountainous forests and forest paths on Amami Island. Eight scats (7.8% of frequency of occurrence, Table 1) contained human garbage, such as nylon and plastic materials; however, these scats also contained remains of wildlife (bones and hair). Thus, all 102 scats were considered as feral scats in the present study. Our sample size was sufﬁcient to identify principal prey remains, but insufﬁcient to analyse yearly and seasonal diet variations. According to previous studies, (1) Trites and Joy (2005) concluded that a minimum of 59 scats is necessary to identify principal prey remains and 94 samples are required when comparing diets to distinguish moderate effect sizes over time, and (2) Bonnaud et al. (2011a) suggested that cat diet study should be represented by a sufﬁcient number of samples (>100). Overall, 205 food items in 15 food categories were identiﬁed, and a total of 175 individual preys was found (Table 1). An average of 1.7 prey items were contained in one scat group. Mammal remains (95.1%) were the most frequently found item in scats, insects (15.7%) were the second most frequent, and bird remains occurred in only 3.9% of scats. Plant materials (21.6%) and human garbage (7.8%) were also found in cat scats (Table 1); however, items such as plant materials and human garbage were excluded when calculating biomass percentages of prey species. Five mammal species were identiﬁed in the cat scats, and four were endangered endemic species listed on the IUCN Red List (IUCN 2013). Of the mammals, the Ryukyu long-tailed giant rat (43.1%), non-native black rat (39.2%) and Amami spiny rat (38.2%) were the most frequent items. Remains of the Amami rabbit (15.7%) were also identiﬁed in cat scats (Table 1). Endemic mammals (76.5%) were found more frequently, with a signiﬁcant difference, than invasive mammals
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(39.2%) in the scats (c2 = 6.14, d.f. = 1, P = 0.01). Amami jay (Garrulus lidthi) was also an endemic species found in cat scats, but it was identiﬁed only in one instance (0.98%). Most of the insects found in cat scats were native but not endemic species in Amami Island. Black rats were the only non-native prey species in the study. Biomass consumption Mammals (99.1%) were the dominant category of prey among the consumed biomass. Among mammalian prey species, the long-tailed giant rat (47.6%) represented the largest fraction of the total biomass, followed by the non-native black rat (22.2%), Amami rabbit (16.3%) and Amami spiny rat (13.1%; Table 1). The Amami rabbit was not a frequent prey species; however, in terms of biomass, it was the third-most consumed prey. In contrast, the spiny rat was a frequent prey species (38.2%), but it was not a predominant prey in terms of biomass. Other prey categories (birds, reptiles and insects) were minor constituents of the biomass. Daily consumed biomass Daily consumed biomass (DCB; mean  s.d.) of feral cats on Amami Island in 3 years was 378.4 g  181.6 (Table 2). Mammals (97.2%) were the most consumed prey category in the DCB of feral-cat diet on the island (Table 2). The long-tailed giant rat (34.7%) was the predominant component of the DCB, followed by black rat (28.6%) and Amami spiny rat (21.9%). Amami rabbit (11.9%) contributed less to the DCB. Other prey categories (birds, reptiles and insects) contributed little to the DCB. Overall, endangered endemic mammals were the prey species (68.5%) that contributed most to the DCB in the feralcat diet on the Island, as well as being of frequent occurrence and contributing most to the total consumed biomass. However, the percentage contributions of heavier prey species (long-tailed giant rat 34.7% and Amami rabbit 11.9%) on the DCB were smaller than those on the total biomass (47.6% and 16.3%, respectively) and the percentage contributions of lighter prey Table 2. Percentage contribution of each prey species on daily consumed biomass (DCB) and mean DCB (g) of feral cats on Amami–Ohshima Island from August 2009 to December 2011 Prey species Mammals Diplothrix legata Rattus rattus Tokudaia osimensis Pentalagus furnessi Crocidura Birds Garrulus lidthi Turdus pallidus Reptiles Cycophiops semicarinatus Insects Orthoptera Thereuopoda clunifera Diestrammena gigas Mean DCB (g)



%DCB 97.2 ± 14.8 34.68 ± 41.0 28.60 ± 39.8 21.88 ± 36.1 11.96 ± 29.7 0.09 ± 0.6 0.64 ± 4.5 0.34 ± 3.4 0.30 ± 2.9 0.93 ± 9.2 0.93 ± 9.2 1.23 ± 10.1 1.06 ± 10.1 0.10 ± 0.9 0.07 ± 0.3 378.43 ± 181.6
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species on the DCB were greater (Amami spiny rat 21.9% and black rat 28.6%) than those on the total biomass (13.1% and 22.2%, respectively). Discussion Relationships between feral-cat diet and the characteristics of island prey species We found that mammals were the main prey species of the feralcat diet on Amami Island, and long-tailed giant rats were the most important prey by our analysis of frequency of occurrence, consumed biomass and DCB. Among mammal species, black rats were the only non-native animal among the main prey included in feral-cat diets, and all others were endangered endemic mammals. Black rats inhabiting Amami Island are presumed to have been historically introduced from eastern Asia (Kambe et al. 2013). In some studies of feral-cat diet from other islands with different biomass and availability of prey species, introduced rats and rabbits were found to be common prey species (Liberg 1982; Fitzgerald and Turner 2000; Bonnaud et al. 2007; Nogales and Medina 2009) and threatened endemic species were rarely found (Bonnaud et al. 2011a). Where rats and rabbits are present, rabbits, particularly young rabbits (less than 500 g in bodyweight) are the main prey and rats are less consumed (Alterio and Moller 1997; Fitzgerald and Turner 2000; Keitt et al. 2002; Nogales and Medina 2009). In addition, where more than two rat species are present, the smaller and less aggressive species is more frequently consumed by cats (Fitzgerald and Veitch 1991). On Amami Island, longtailed giant rats were the most frequently consumed prey and Amami rabbits were less frequently consumed. Therefore, we presume that long-tailed giant rats ﬁll the role that young rabbits do on other islands because the mean bodyweight of the longtailed giant rat (483 g: Amami Wildlife Conservation Center, Ito, pers. comm. 2013) is similar to that of young rabbits (Liberg 1982; Alterio and Moller 1997). For feral cats on Amami Island, long-tailed giant rats are thought to be the most important prey because they are easy to catch. Long-tailed giant rats are primarily arboreal and use tree hollows for their nests; however, their movement on the ground is very slow (Abe and Abe 1994; Katsu 1994), and they are likely to be vulnerable to predation by cats both on trees and on the ground. Furthermore, young Amami rabbits are hidden in nursing burrows for a few months (Yamada and Cervantes 2005) when small (mean weight ~300 g: Amami Wildlife Conservation Center, Ito, pers. comm. 2013); therefore, they might be eaten less often than long-tailed giant rats. Amami spiny rats and introduced black rats were eaten equally frequently but spiny rats were consumed more than black rats in spring and summer in terms of DCB, even though black rats are thought to be more abundant than spiny rats. Spiny rats are smaller than black rats and are thought to lack anti-predator behaviour against cat predation, like other native species of the islands (Stone et al. 1994). Thus, they are also easy prey for feral cats. Moreover, spiny rats are thought to have evolved jumping behaviours to avoid attacks by the habu snake (Trimeresurus ﬂavoviridis), a native predator (Kaneko 2005). These movements of the spiny rat could attract the attention of feral cats. In contrast, black rats have co-evolved with predatory mammals; therefore, they have defences against predation (Stone et al. 1994;
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Courchamp et al. 2000; Bonnaud et al. 2011a; Medina et al. 2011). The movements of black rats are much faster than those of endemic mammals. Other food categories (birds, reptiles and insects) are less important components of the feral-cat diet on this island. Our sample size was not adequate enough to analyse accurate results of yearly and seasonal variations (Trites and Joy 2005). However, throughout three years, mammals were the main prey items of feral cat and they never fell below 97% in terms of DCB (Fig. 2). Percentage DCB compositions of main prey mammals were likely to change from season to season; long-tailed giant rats were more consumed in summer and fall, and black rat and Amami spiny rat were consumed during winter and spring (Fig. 3). Yearly and seasonal variations in prey availabilities on Amami Island have not been studied; however, it is well known that generalist predators such as feral cat shift their prey species depending on their availabilities (Fitzgerald and Turner 2000; Bonnaud et al. 2007). Therefore, we assumed that the seasonal variations in feral-cat diet on the island might be related to the prey availabilities. Collecting enough scat samples and information about prey availability so as to analyse yearly and seasonal variation in feral cat diet on the Island is needed for future study. To collect more feral-cat scats, we need to consider searching regularly on open forest roads where it would be easier to ﬁnd scats than on dense forest paths and using scats of captured feral cats. Role of endemic mammals as feral-cat food in an island ecosystem In other studies of feral-cat diets in insular ecosystems, introduced mammals (rats and rabbits) have usually been the most consumed prey species, and endemic mammals have rarely been found



100



Daily consumed biomass (%)



348



383.7 5 18



372.3 3



393.1 4



3



15



10



12



22



26



22



22



29



38



35



2011 (n = 23)



Total (n = 102)



80



60



31



31 40



20



46 29



0



2009 (n = 22)



2010 (n = 57)



Year Other species Rattus rattus



Pentalagus furnessi Diplothrix legata



Tokudaia osimensis



Fig. 2. Percentage contribution of prey species by feral cats on Amami Island, on the basis of daily consumed biomass (DCB) by years from August 2009 to December 2011. The mean DCB (g) is given above each bar. Other species include birds, reptiles and insects (details see Table 2). n, scatsample size.



Feral cat diet on an island



Daily consumed biomass (%)



100



285.1 7 2



80



Wildlife Research



370.8 3 8



446.3 3 16



25



13



37 60



14



22



17



20 40



366.0 1



349



Table 2), but the percentage total biomass of Amami rabbit (16.3%) was higher than that of Amami spiny rat (13.1%, Table1). The result of the percentage contribution of total DCB indicated that feral cat is likely to have a signiﬁcant negative impact of on each of the four major prey mammals. Thus, recovered population of engendered endemic mammals might be easily driven to the extinction if feral-cat population in Amami Island is not managed at all.
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Fig. 3. Percentage contribution of prey species by feral cats on Amami Island based on daily consumed biomass (DCB) by seasons from August 2009 to December 2011. The mean DCB (g) is given above each bar. (n; scat sample size, Spring; March to May, Summer; June to August, Fall; September to November and Winter; December to February). Other species include birds, reptiles and insects (details see Table 2).



(Bonnaud et al. 2011a). However, on Amami Island, where endemic and introduced mammals co-exist, endemic mammals are consumed more than is an introduced mammal. Bonnaud et al. (2011a) explained that endemic threatened species are rare in studies of feral-cat diets because these studies have not been conducted on the range of these species and because most studies were not designed to detect rare species. It is also obvious that species that are not abundant would be rare in feral-cat diets. In the case of Amami Island, endemic threatened mammals were the main prey items for feral cats, not only because we conducted the study in the habitats of these species but also because these species may be more abundant than thought as a consequence of a mongoose eradication project. According to Fukasawa et al. (2013) and Watari et al. (2013), the numbers of endemic threatened species have recovered since 2008. Endemic mammals such as the long-tailed giant rat and Amami rabbit are relatively large compared with the black rat and spiny rat, but easy prey for feral cat. Thus, they are important prey species that provide a sufﬁcient amount of food for the daily requirements of a feral cat. Amami spiny rats are small, but they were consumed frequently, owing to the fact that they are also easier to prey than are introduced abundant black rats. The percentage contribution of DCB speciﬁed the importance of each prey species in feral-cat diet better than did frequent occurrence and total biomass, because percentage DCB could determine not only the number of prey and their weights, but also the wide differences in prey weight and the variety of prey combinations in daily consumption. In the case of total biomass, differences in prey combination did not take into account the percentage contribution of heavy species and could overestimate than that of DCB. For example, the percentage DCB of Amami rabbit (12%) was much less than that of Amami spiny rat (21.9%,



Feral cats on islands have the largest negative impact on insular endemic mammals, and this impact is exacerbated by the presence of invasive prey species (Medina et al. 2011). Because the presence of abundant introduced prey increases the growth of predator population, consequently, invasive predators have more negative impacts on rare endemic species (Courchamp et al. 1999, 2000). This explanation is applicable to the situation on Amami Island, for example, in the case of black rat. Black rat is abundant and has a wide distribution, whereas the endangered endemic mammals are restricted to habitats in certain small areas of Amami Island. Furthermore, reproductive rates of endangered endemic mammals are low (Hayashi and Suzuki 1977; Kaneko 2005; Yamada and Cervantes 2005); for example, Amami rabbits reproduce only once a year and their litter size is generally one (Yamada and Cervantes 2005). Thus, if a feral cat consumes our estimated maximum DCB (548 g), up to 1 Amami rabbit, 1.1 long-tailed giant rats, 5 Amami spiny rats, or 3.1 black rats per day would be estimated to be predated by each cat. These estimated numbers indicate that even a small number of feral cats could cause serious negative impacts on populations of endangered endemic mammals. Our study revealed that endangered endemic mammals were important prey species for feral cats on Amami Island. Our next step would be to evaluate impacts of feral cat on populations of these endemic mammals. Impact evaluations of feral cats have been conducted by several other studies, such as, for example, Keitt et al. (2002), Bonnaud et al. (2009, 2011b) and Mitchell and Beck (1992). The evaluations of predation impact have mostly used mathematical models or direct observation. Observation method requires open-area habitats or colonies of prey species such as seabirds, where predation activities are easily observed. The habitats of endemic mammals on Amami Island are mainly forested areas, and these species are nocturnal and do not form colonies; thus, direct observation of predation is very difﬁcult. Mathematical models require information of prey species, such as life-history, population dynamics and population size and population size of predator species. However, these data of endemic mammals of Amami Island are less well known. Among endangered endemic mammals on Amami Island, the population size of Amami rabbit has been estimated (Sugimura et al. 2003), whereas those of Amami spiny rat and long-tailed giant rat are unknown (Table 1). Other recorded data include reproductivity of Amami rabbit under captivity in a zoo (Sakoh et al. 1991). Thus, more studies of endemic mammals, especially for longtailed giant rat and Amami spiny rat, would be required. Feral-cat population on the island has recently been studied by camera-trap method. So, we will be able to calculate the number of prey species killed by feral cat on Amami Island during 1 year by using
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the results of tthe presentstudy. Thus, collecting data to evaluate the impact of feral cat is an important next step. Studies of endemic mammals are also required to understand these species for protection. In the present study, we have reported on feral-cat diet and the number of endangered mammals as their food on the island for the ﬁrst time. The results showed sufﬁcient evidence of feral-cat predations on endangered endemic mammals. Countermeasures to feral cats for the conservation of island endemic species Eradication is one of the feral-cat management methods and 83 campaigns on islands have been conducted (Campbell et al. 2011). Many of the islands where feral cats have been successfully eradicated are small-sized islands under 5 km2 and human population on the islands was low (Nogales et al. 2004, 2013; Campbell et al. 2011). According to the feasible criteria of eradication by Nogales et al.(2013), eradication seems considerably difﬁcult for Amami Island, owing to its size (720 km2), complex topography and heavy population (63 000 people), and also because residents accept or are indifferent towards feral cats. As Nogales et al. (2004) suggested, new techniques are needed to eradicate feral cats from large islands. In Port-Cros Island, a cat-control campaign was conducted in 2004, which did not introduce a new eradication technique but adopted a new strategy to eliminate the strong threat from the feral-cat predation to the small shearwater (Bonnaud et al. 2010). The strategy was to concentrate trapping near shearwater colonies, and where cat scats were found (Bonnaud et al. 2010). Port-Cros Island (6.4 km2) is much smaller than Amami Island; however, this control strategy might be applicable. In fact, the Ministry of Environment Japan has conducted a 1-month feral cat-trapping project at the core habitats of endemic mammals once a year. However, it has not achieved the desirable effect because the trapping does not cover every core habitat of endemic mammals and the implementation period has been too short. Nogales et al. (2013) recommended that control of feral-cat population should be prioritised to where species are endemic to a single island. Amami Spiny rats are present only in Amami Island and they are one of the main prey species of feral cats. Eradication of feral cat can also have a negative effect on native species through the increased impact of invasive omnivores, such as rat (Rayner et al. 2007). Thus, Nogales et al. (2013) recommended that feral-cat eradication should be integrated into multispecies eradication campaigns, if possible. Black rats are likely to be distributed mainly around farm ﬁelds and residential areas in Amami Island (Fukasawa et al. 2013) and in Tokunoshima Island, which is located 60 km south of Amami Island and has similar fauna and ﬂora (Yabe and Wada 1983). According to Fukasawa et al. (2013), there was no detectable effect of invasive black rats on native rodents after an eradication campaign of invasive mongoose, because predation impacts of mongoose were much lower on black rats than on native rodents. Population dynamics of rats are likely to be driven by resource availability and habitat complexity, such as rainfall, and not by predators (Russell et al. 2011). However, feral-cat impacts on black rats remain negligible. Therefore, on Amami
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Island, feral-cat eradication campaign should be planned as an adaptive management and managers should pay attention to signs of undesirable outcome, such as an explosive increase in black rat population. Feral cats are breeding in nature and their kittens may easily survive the mild winter of the island. Thus, elimination by trapping and other techniques should be conducted regularly throughout the year at as many core habitats of endemic mammals as possible, and feral cat-free areas should be established for protecting populations of endangered endemic mammals. Along with elimination of feral cats, there should be regulations to prevent cat owners near these habitats from allowing their cats to roam outside of their house. Other than those practical management strategies, environmental education about the predation impact on endemic mammals by introduced species and the beneﬁts of the eradication program to biodiversity is needed (Donlan and Keitt 1999). The evidence of feral-cat impacts on endemic mammals in the present study is predicted to be applicable to the Yambaru area of Okinawa Island and to Tokunoshima Island, which have similar ecosystems and problems from invasive mammalian predators. However, the management of invasive species has been delayed; therefore, studies of feral-cat impacts and urgent actions are also needed in these areas. Acknowledgements We are very grateful to Abe Shintaro and Masaya Tatara for the opportunity to study this subject. We thank the staff of Amami Wildlife Conservation Center and the members of Amami Mongoose Busters for help in collecting cat scats. We also thank Mari Kamikubo and the members of the Toyonaka High School biology club for helping with scat analysis, and Hikaru Ishida for the insect-weight data. We thank Sugoto Roy for recommending us to submit our manuscript to Wildlife Research. We are grateful to two anonymous referees for their helpful comments on our manuscript.



References Abe, H. (1967). Classiﬁcation and biology of Japanese Insectivore (Mammalia) I. Studies on variation and classiﬁcation. Journal of the Faculty of Agriculture, Hokkaido University 55, 191–269. [In Japanese] Abe, S., and Abe, Y. (1994). Observations on juvenile long-tailed giant rat. Chirimos 5, 1–4. [In Japanese] Alterio, N., and Moller, H. (1997). Diet of feral house cats Felis catus, ferrets Mustela furo and stoats Mustela erminea in grassland surrounding yellow-eyed penguin Megadyptes antipodes breeding areas, South Island. New Zealand Journal of Zoology 243, 869–877. Bonnaud, E., Bourgeois, K., Vidal, E., Kayser, Y., Tranchant, Y., and Legrand, J. (2007). Feeding ecology of a feral cat population on a small Mediterranean island. Journal of Mammalogy 88, 1074–1081. doi:10.1644/06-MAMM-A-031R2.1 Bonnaud, E., Bourgeois, E., Vidal, E., Legrand, J., and Le Corre, M. (2009). How can the Yelkouan shearwater survive feral cat predation? A metapopulation structure as a solution? Population Ecology 51, 261–270. doi:10.1007/s10144-008-0134-0 Bonnaud, E., Zarzoso-Lacoste, D., Bourgeois, K., Rufﬁno, L., Legrand, J., and Vidal, E. (2010). Top-predator control on islands boosts endemic prey but not mesopredator. Animal Conservation 13, 556–567. doi:10.1111/j.1469-1795.2010.00376.x Bonnaud, E., Medina, F. M., Vidal, E., Nogales, M., Tershy, B., Zavaleta, E., Donlan, C. J., Keitt, B., Le Corre, M., and Horwath, S. V. (2011a). The diet of feral cats on islands: a review and a call for more studies. Biological Invasions 13, 581–603. doi:10.1007/s10530-010-9851-3



Feral cat diet on an island



Bonnaud, E., Bourgeois, K., Zarzoso-Lacoste, D., and Vidal, E. (2011b). Cat impact and management on two Mediterranean sister islands: ‘the French conservation touch’. In ‘Island Invasives: Eradication and Management’. (Eds C. R. Veitch, M. N. Clout and D.R . Towns.) pp. 395–401. (IUCN: Gland, Switzerland.) Campbell, K. J., Harper, G., Algar, D., Hanson, C. C., Keitt, B. S., and Robinson, S. (2011). Review of feral cat eradications on islands. In ‘Island Invasives: Eradication and Management’. (Eds C. R. Veitch, M. N. Clout and D. R. Towns.) pp. 37–46. (IUCN: Gland, Switzerland.) Campos, C. B., Esteves, C. F., Ferraz, K. M. M. P. M. B., Crawshaw, P. G. Jr, and Verdade, L. M. (2007). Diet of free-ranging cats and dogs in a suburban and rural environment, south-eastern Brazil. Journal of Zoology 273, 14–20. doi:10.1111/j.1469-7998.2007.00291.x Courchamp, F., Langlais, M., and Sugihara, G. (1999). Cats protecting birds: modeling the mesopredator release effect. Journal of Animal Ecology 68, 282–292. doi:10.1046/j.1365-2656.1999.00285.x Courchamp, F., Langlais, M., and Sugihara, G. (2000). Rabbits killing birds: modeling the hyperpredation process. Journal of Animal Ecology 69, 154–164. doi:10.1046/j.1365-2656.2000.00383.x Courchamp, F., Chapuis, J. L., and Pascal, M. (2003). Mammal invaders on islands: impact, control and control impact. Biological Reviews of the Cambridge Philosophical Society 78, 347–383. doi:10.1017/ S1464793102006061 Donlan, C. J., and Keitt, B. S. (1999). Using research and education to prevent extinction. California Coast and Ocean 15, 20–23. Elbroch, M. (2003). ‘Mammal Tracks & Sign: a Guide to North American Species.’ (Stackpole Books: Mechanisburg, PA.) Fitzgerald, B. M. (1988). Diet of domestic cats and their impact on prey populations. In ‘The Domestic Cat: the Biology of its Behaviour’. (Eds D. C. Turner and P. Bateson.) pp. 123–147. (Cambridge University Press: Cambridge, UK.) Fitzgerald, B. M., and Karl, B. J. (1979). Foods of feral house cats (Felis catus L.) in forest of the Orongorongo Valley, Wellington. New Zealand Journal of Zoology 6, 107–126. doi:10.1080/03014223.1979.10428353 Fitzgerald, B. M., and Turner, D. C. (2000). Hunting behaviour of domestic cats and their impact on prey populations. In ‘The Domestic Cat: the Biology of its Behaviour’. (Eds D. C. Turner and P. Bateson.) pp. 151–175. (Cambridge University Press: Cambridge, UK.) Fitzgerald, B. M., and Veitch, C. R. (1991). The diet of feral cats (Felis catus) on Raoul Island, Kermadec Group. New Zealand Journal of Ecology 15, 123–129. Fukasawa, K., Miyashita, T., Hashimoto, T., Tatara, M., and Abe, S. (2013). Differential population responses of native and alien rodents to an invasive predator, habitat alteration and plant masting. Proceedings. Biological Sciences 280, 20132075. doi:10.1098/rspb.2013.2075 Fukue, Y., Takeshita, T., and Nakanishi, N. (2011). Diet analysis methods to assess the food habits of carnivore in Japan: I. Canidae, Mustelidae, Felidae. Mammalian Science 51, 129–142. [In Japanese with English summary] Hayashi, Y., and Suzuki, H. (1977). Mammals. In ‘Animals of Medical Importance in the Nansei Islands in Japan’. (Ed. M. Sasa.) pp. 9–28. (Shinjuku Shobo: Tokyo.) Hiraiwa, Y. (2009). ‘A Wildcat Became a Cat.’ (Tsukiji-Shokan: Tokyo.) [In Japanese] Ishida, K. (1997). Garrulus lidthi. In ‘The Encyclopedia of Animals in Japan. Vol. 4: Birds II’. (Eds H. Higuchi, H. Morioka and S. Yamagishi.) pp. 172. (Heibonsha Publishers: Tokyo.) [In Japanese] IUCN (2013). ‘IUCN Red List of Threatened Species. Version 2013.2.’ Available at http://www.iucnredlist.org/ [Accessed 15 December 2013] Izawa, M. (2007). The feral cat (Felis catus Linnaeus, 1758) as a free-living pet for humans and an effective predator, competitor and disease carrier for wildlife. In’ The Wild Mammals of Japan’. (Eds S. D. Ohdachi, Y. Ishibashi, M. A. Iwasa and T. Saitoh.) pp. 230–231. (Shoukadoh Book Sellers: Kyoto,Japan.)



Wildlife Research



351



Japan Pet Food Association (2014). ‘Japan Pet Ownership Survey 2014.’ Available at http://www.petfood.or.jp/data/chart2014/index.html [Accessed 5 February 2015]. Jogahara, T., Ogura, G., Sasaki, T., Takehara, K., and Kawashima, Y. (2003). Food habits of cats (Felis catus) in forests and villages and their impacts on native animals in the Yambaru area, northern part of Okinawa Island, Japan. Mammalian Science 43, 29–37. [In Japanese with English summary] Kambe, Y., Suzuki, S., Yabe, T., Nakata, K., Maezono, Y., Abe, S., Ishida, K., Tanikawa, T., Hashimoto, T., Takeda, M., Tsuchiya, K., Yoshimatsu, K., and Suzuki, H. (2013). Introgressive hybridization of two major lineages of invasive black rats, Rattus rattus and R. tanezumi on the Japanese Islands inferred from Mclr sequences. Mammalian Science 53, 289–300. [In Japanese with English summary] Kaneko, Y. (2005). Rodentia. In ‘A Guide to the Mammals of Japan’. Revised edn. (Ed. H. Abe.) pp. 115–146. (Tokai University Press: Hadano, Tokyo.) [In Japanese and English] Katsu, H. (1994). A long tailed giant rat on a rainy night. Chirimos 5, 18–19. [In Japanese] Kawakami, K., and Higuchi, H. (2002). Bird predation by domestic cats on Hahajima Island, Bonin Islands, Japan. Ornithological Science 1, 143–144. doi:10.2326/osj.1.143 Kawauchi, N., and Sasaki, T. (2002). Food habits and distribution of the three introduced carnivores (mongoose, feral cat, feral dog) in forest region of northern part of Okinawa Island. Biological Management of Okinawa 40, 41–50. [In Japanese with English summary] Keitt, B. S., Wilcox, C., Tershy, B. R., Croll, D. A., and Donlan, C. J. (2002). The effect of feral cats on the population viability of black-vented shearwater (Pufﬁnus opisthomelas) on Natividad Island, Mexico. Animal Conservation 5, 217–223. doi:10.1017/S1367943002002263 Konecny, M. J. (1987). Food habits and energetic of feral house cat in the Galapagos Island. Oikos 50, 24–32. doi:10.2307/3565398 Liberg, O. (1982). Correction factors for important prey categories in the diet of domestic cats. Acta Theriologica 27, 115–122. doi:10.4098/AT. arch.82-9 Liberg, O. (1984). Food habits and prey impact by feral and house based domestic cats in a rural area in southern Sweden. Journal of Mammalogy 65, 424–432. doi:10.2307/1381089 Lilith, M., Claver, M., and Garkaklis, M. (2008). Roaming habits of pet cats on the suburban fringe in Perth, Western Australia: what size buffer zone is needed to protect wildlife in reserve? In ‘Too Close to Comfort: Contentious Issues in Human–Wildlife Encounters’. (Eds D. Lunney, A. Munn and W. Melkle.) pp. 65–72. (Royal Zoological Society of New South Wales: Sydney.) Macdonald, D. W., and Thom, M. D. (2001). Alien carnivores: unwelcome experiments in ecological theory. In ‘Carnivore Conservation’. (Eds J. L. Gittleman, S. M. Funk, D. W. Macdonald and R. K. Wayne.) pp. 93–122. (Cambridge University Press: Cambridge, UK.) Medina, F. M., and Nogales, M. (2009). A review on the impacts of feral cats (Felis silvestris catus) in the Canary Islands: implications for the conservation of its endangered fauna. Biodiversity and Conservation 18, 829–846. doi:10.1007/s10531-008-9503-4 Medina, F. M., Lopez-Darias, M., Nogales, M., and Garcia, R. (2008). Food habits of feral cats (Felis silvestris catus L.) in insular semiarid environments (Fuerteventura, Canary Islands). Wildlife Research 35, 162–169. doi:10.1071/WR07108 Medina, F. M., Bonnaud, E., Vidal, E., Tershy, B. R., Zavaleta, E. S., Donlan, C. J, Keitt, B. S., Le Corre, M., Horwath, S. V, and Nogales, M. (2011). A global review of the impacts of invasive cats on island endangered vertebrates. Global Change Biology 17, 3503–3510. doi:10.1111/j.13652486.2011.02464.x Ministry of the Environment Japan (2002). ‘Red Data Book of Japan: Mammalia.’ (Japan Wildlife Research Center: Tokyo.) [In Japanese]



352



Wildlife Research



K. Shionosaki et al.



Ministry of the Environment Japan (2009). Amami rabbit book. In ‘Wakyaamami. Vol.8’. (Eds Amami Natural Experience Activity Association, and The Amami Wildlife Conservation Center of the Ministry of the Environment.) p. 8. [In Japanese] Mitchell, J. C., and Beck, R. A. (1992). Free-ranging domestic cat predation on native vertebrates in rural and urban Virginia. Virginia Journal of Science 43, 197–207. Myers, N., Mittermeier, R., Mittermeier, C. G., da Fonseca, G. A. B., and Kent, J. (2000). Biodiversity hotspots for conservation priorities. Nature 403, 853–858. doi:10.1038/35002501 Nagamine, T. (2011). Feral cat: the closest invasive mammal. In ‘Invasive Alien Mammals in Japan: Biology of Control Strategy and Conservation’. (Eds F. Yamada, T. Ikeda and G. Ogura.) pp. 285–316. (University of Tokyo Press: Tokyo.) [In Japanese] Nagy, K. A. (1987). Field metabolic rate and food requirement scaling in mammals and birds. Ecological Monographs 57, 111–128. doi:10.2307/1942620 Nakano, A., and Murai, Y. (1996). The feral dog Canis familiaris predated on the Ryukyu spinous country-rat Tokudaia osimensis and the Ryukyu long-tailed giant rat Diplothrix legatus on the Island of Amamiohshima, Kagoshima Pref., Japan. Mammalian Science 36, 53–58. [In Japanese] Nishinakagawa, H., Matsumoto, M., Otsuka, J., and Kawaguchi, S. (1993). Faunal remains from Jomon and Yayoi archaeological sites in Kagoshima. Bulletin of the Faculty Agriculture, Kagoshima University 43, 19–24. [In Japanese with English summary] Nogales, M., and Medina, F. M. (2009). Trophic ecology of feral cats (Felis silvestris f. catus) in the main environments of an oceanic archipelago (Canary Islands): An updated approach. Mammalian Biology 74, 169–181. doi:10.1016/j.mambio.2008.10.002 Nogales, M., Martin, A., Tershy, B. R., Donlan, C. J., Veitch, D., Puerto, N., Wood, B., and Alonso, J. (2004). A review of feral cat eradication on islands. Conservation Biology 18, 310–319. doi:10.1111/j.1523-1739. 2004.00442.x Nogales, M., Vidal, E., Medina, F. M., Bonnaud, E., Tershy, B. R., Campbell, K. J., and Zavaleta, E. S. (2013). Feral cats and biodiversity conservation: the urgent prioritization of island management. Bioscience 63, 804–810. doi:10.1525/bio.2013.63.10.7 Paltridge, R., Gibson, D., and Edwards, G. (1997). Diet of the feral cat (Felis catus) in Central Australia. Wildlife Research 24, 67–76. doi:10.1071/WR96023 Rayner, M. J., Hauber, M. E., Imber, M. J., Stamp, R. K., and Clout, M. N. (2007). Spatial heterogeneity of mesopredator release within an oceanic island system. Proceedings of the National Academy of Sciences, USA 104, 20862–20865. doi:10.1073/pnas.0707414105 Russell, J. C., Ringler, D., Trombini, A., and Le Corre, M. (2011). The island syndrome and population dynamics of introduced rats. Oecologia 167, 667–676. doi:10.1007/s00442-011-2031-z Sakoh, T., Uchimura, M., and Koreeda, Y. (1991). Rearing and breeding of Amami rabbit. Animal and Zoo 43, 272–274. [In Japanese] Shinohara, A., Yamada, F., Kashimura, A., Abe, S., Sakamoto, S. H., Morita, T., and Koshimoto, C. (2013). Long term feeding of endangered Amami spiny rat (Tokudaia osimensis) in a laboratory condition. Mammalian Science 53, 335–344. [In Japanese with English summary] Stone, P. A., Snell, H. I., and Snell, H. M. (1994). Behavioral diversity as biological diversity: introduced cats and lava lizard wariness.



Conservation Biology 8, 569–573. doi:10.1046/j.1523-1739.1994.080 20569.x Sugimura, K. (1994). Forest exploitation and the preservation of the Amami rabbit. Bulletin of Kansai Organisation of Natural Conservation 16, 117–121. [In Japanese] Sugimura, K., Sato, S., Yamada, F., Abe, S., Hirakawa, H., and Handa, Y. (2000). Distribution and abundance of the Amami rabbit Pentalagus furnessi in the Amami and Tokuno Islands, Japan. Oryx 34, 198–206. doi:10.1017/S0030605300031197 Sugimura, K., Yamada, F., and Miyamoto, A. (2003). Population trend, habitat change and conservation of the unique wildlife species on Amami Island, Japan. Global Environment Research 7, 79–89. Thomas, R. L., Baker, P. J., and Fellowes, M. D. E. (2014). Ranging characteristics of the domestic cat (Felis catus) in an urban environment. Urban Ecosystems 17, 911–921. doi:10.1007/s11252014-0360-5 Towns, D. R., Atkinson, E. A. E., and Daugherty, D. H. (2006). Have the harmful effects of introduced rats on islands been exaggerated? Biological Invasions 8, 863–891. doi:10.1007/s10530-005-0421-z Trites, A. W., and Joy, R. (2005). Dietary analysis from fecal samples: how many scats are enough? Journal of Mammalogy 86, 704–712. doi:10.1644/1545-1542(2005)086[0704:DAFFSH]2.0.CO;2 Ueda, Y. (1997). Turdus pallidus. In ‘The Encyclopedia of Animals in Japan. Vol. 4: Birds II’. (Eds H. Higuchi, H. Morioka and S. Yamagishi.) pp. 108. (Heibonsha Publishers: Tokyo.) [In Japanese] Watari, Y., Nagai, Y., Yamada, F., Sakota, T., Kuraishi, T., Abe, S., and Satomura, Y. (2007). The diet of dogs in the Amami–Oshima Island forest, with special attention to predation on endangered animals. Japanese Journal of Conservation Ecology 12, 28–35. Watari, Y., Takatsuki, S., and Miyashita, T. (2008). Effects of exotic mongoose (Herpestes javanicus) on the native fauna of Amami– Oshima Island, southern Japan, estimated by distribution patterns along the historical gradient of mongoose invasion. Biological Invasions 10, 7–17. doi:10.1007/s10530-007-9100-6 Watari, Y., Nishijima, S., Fukasawa, M., Yamada, F., Abe, S., and Miyashita, T. (2013). Evaluating the ‘recovery level’ of endangered species without prior information before alien invasion. Ecology and Evolution 3, 4711–4721. doi:10.1002/ece3.863 Yabe, T., and Wada, Y. (1983). Food habit and population changes of the roof rat Rattus rattus in sugar cane ﬁelds on Tokunoshima Island. Japanese Journal of Sanitary Zoology 34, 21–24. Yamada, F. (2004). Impacts and control of introduced small Indian mongoose on Amami Island, Japan. In ‘Turning the Tide: the Eradication of Invasive Species IUCN SSC Invasive Species Specialist Group’. (Eds C. R. Veitch and M. N. Clout.) pp. 389–392. (IUCN: Gland, Switzerland.) Yamada, F., and Cervantes, F. A. (2005). Pentalagus furnessi. Mammalian Species 782, 1–5. doi:10.1644/782.1 Yamada, F., Sugimura, K., Abe, S., and Handa, Y. (2000). Present status and conservation of the endangered Amami rabbit Pentalagus furnessi. Tropics 10, 87–92. doi:10.3759/tropics.10.87 Yamada, F., Kawauchi, N., Nakata, K., Abe, S., Kotaka, N., Takashima, A., Murata, C., and Kuroiwa, A. (2010). Rediscovery after thirty years since the last capture of the critically endangered Okinawa spiny rat Tokudaia muenninki in the northern part of Okinawa Island. Mammal Study 35, 243–255. doi:10.3106/041.035.0404



www.publish.csiro.au/journals/wr



























[image: Formation and Stabilization of Anisotropic ... - CSIRO Publishing]
Formation and Stabilization of Anisotropic ... - CSIRO Publishing












[image: masello MU04047.qxd - CSIRO Publishing]
masello MU04047.qxd - CSIRO Publishing












[image: PDF (126 KB) - CSIRO Publishing]
PDF (126 KB) - CSIRO Publishing












[image: gea-iz WR04129.qxd - CSIRO Publishing]
gea-iz WR04129.qxd - CSIRO Publishing












[image: Feral Hogs in Texas - Coping with Feral Hogs]
Feral Hogs in Texas - Coping with Feral Hogs












[image: FERAL-doublingMM.pdf]
FERAL-doublingMM.pdf












[image: VERMONT Endangered and Threatened Animals.pdf]
VERMONT Endangered and Threatened Animals.pdf












[image: Predation by Hunting Spiders on Citrus Leafminer, Phyllocnistis ...]
Predation by Hunting Spiders on Citrus Leafminer, Phyllocnistis ...












[image: On Publishing and Perishing: Some Approaches in ...]
On Publishing and Perishing: Some Approaches in ...












[image: Predation by ants on jumping spiders]
Predation by ants on jumping spiders












[image: pdf-1865\endangered-desert-animals-endangered-animals-crabtree ...]
pdf-1865\endangered-desert-animals-endangered-animals-crabtree ...












[image: Feral Hog in Texas - LandCAN]
Feral Hog in Texas - LandCAN












[image: pdf-1853\seed-fate-predation-dispersal-and-seedling-establishment ...]
pdf-1853\seed-fate-predation-dispersal-and-seedling-establishment ...












[image: Acorn predation and seedling production in a low ...]
Acorn predation and seedling production in a low ...












[image: FERAL 4 ROOMSHEET 2015 .pdf]
FERAL 4 ROOMSHEET 2015 .pdf












[image: Press report on CAT programme on Ethno veterinary Medi.pdf]
Press report on CAT programme on Ethno veterinary Medi.pdf












[image: Download Owls, Caves and Fossils: Predation ...]
Download Owls, Caves and Fossils: Predation ...












[image: Factors controlling seed predation by rodents and non ... - Springer Link]
Factors controlling seed predation by rodents and non ... - Springer Link












[image: Divergence, Convergence, and the Ancestry of Feral ... - Cell Press]
Divergence, Convergence, and the Ancestry of Feral ... - Cell Press












[image: Publishing]
Publishing















Feral cat diet and predation on endangered ... - CSIRO Publishing






Aug 24, 2015 - AGraduate School of Global Environmental Studies, Kyoto University, ... BForestry and Forest Products Research Institute (FFPRI), 1 Matsunosato Tsukuba ... necessity of an urgent feasible feral-cat management for the island. 






 Download PDF 



















 380KB Sizes
 2 Downloads
 195 Views








 Report























Recommend Documents







[image: alt]





Formation and Stabilization of Anisotropic ... - CSIRO Publishing 

Sep 23, 2008 - mission electron microscopy. Rapid microwave heating resulted in 'star-shaped' palladium nanoparticles, but platinum nanoparticles were ...














[image: alt]





masello MU04047.qxd - CSIRO Publishing 

Introduction. Psittaciformes have become one of the most endangered orders of birds. The parrot action plan for 2000âˆ’04 (Snyder et al. 2000) considered that ...














[image: alt]





PDF (126 KB) - CSIRO Publishing 

health.1 To promote sustainable policies, the World Health. Organization ... of Transport and Regional Economics (BTRE) recently calculated the economic costs ...














[image: alt]





gea-iz WR04129.qxd - CSIRO Publishing 

The great importance of warrens to rabbits and their social behaviour have been highlighted by many authors. (Wheeler et al. 1981; Cowan 1987; Parer et al.














[image: alt]





Feral Hogs in Texas - Coping with Feral Hogs 

at about 8 to 10 months old, or as young as 6 months if food is abundant. ..... gloves, particularly if there is contact with blood or reproductive organs. Feral hog ...














[image: alt]





FERAL-doublingMM.pdf 

There was a problem previewing this document. Retrying... Download. Connect more apps... Try one of the apps below to open or edit this item.














[image: alt]





VERMONT Endangered and Threatened Animals.pdf 

Common Nighthawk Chordeiles minor E. Eastern Whip-poor-will Caprimulgus vociferus T. Loggerhead Shrike Lanius ludovicianus E. Sedge Wren Cistothorus platensis E. Henslow's Sparrow Ammodramus henslowii E. Grasshopper Sparrow Ammodramus savannarum T. A














[image: alt]





Predation by Hunting Spiders on Citrus Leafminer, Phyllocnistis ... 

1996, Peiia and Subramanian, unpubl. data). Few studies have identified indigenous generalist spiders (Amalin et al. 1996) or assessed their effects or: citrus ...














[image: alt]





On Publishing and Perishing: Some Approaches in ... 

The conference clearly created a call to research in forensics (Forensics as Communication, 37-40). That was in 1974. The Sedalia Conference also ...














[image: alt]





Predation by ants on jumping spiders 

Mar 4, 2004 - 1990). That myrmecomorphic salticids are Batesian mimics of ants (i.e., ant mimicry serves to reduce predation on the mimic due to its similarity to a dan- gerous model, in this case ants) is the most widely accepted hypothesis for thes














[image: alt]





pdf-1865\endangered-desert-animals-endangered-animals-crabtree ... 

... the apps below to open or edit this item. pdf-1865\endangered-desert-animals-endangered-animals-crabtree-hardcover-by-dave-taylor-j-david-taylor.pdf.














[image: alt]





Feral Hog in Texas - LandCAN 

Releasing feral hogs is not recommended because they are destructive and may transmit disease. Cage traps for feral hogs come in a variety of designs and shapes. Most are constructed of stock panels with a steel pipe or angle iron frame. The pri- mar














[image: alt]





pdf-1853\seed-fate-predation-dispersal-and-seedling-establishment ... 

... apps below to open or edit this item. pdf-1853\seed-fate-predation-dispersal-and-seedling-e ... na-e-lambert-philip-e-hulme-stephen-b-vander-wall.pdf.














[image: alt]





Acorn predation and seedling production in a low ... 

Vertebrates which cache seeds such as birds (Vander Wall and Balda, ... suber trees are distributed either in the marsh-scrub ecotone or are scattered over the ...














[image: alt]





FERAL 4 ROOMSHEET 2015 .pdf 

There was a problem previewing this document. Retrying... Download. Connect more apps... Try one of the apps below to open or edit this item. FERAL 4 ...














[image: alt]





Press report on CAT programme on Ethno veterinary Medi.pdf 

Retrying... 2.9.14 - Press report on CAT programme on Ethno veterinary Medi.pdf. 2.9.14 - Press report on CAT programme on Ethno veterinary Medi.pdf. Open.














[image: alt]





Download Owls, Caves and Fossils: Predation ... 

Download Owls, Caves and Fossils: Predation, Preservation and Accumulation of Small Mammal Bones in Caves, with an Analysis of the Pleistocene Cave Faunas From Westbury-Sub-Mendip, Somerset, U.K., Download Owls, Caves and Fossils: Predation, Preserva














[image: alt]





Factors controlling seed predation by rodents and non ... - Springer Link 

May 10, 2009 - Nacionales, E. Frei 749, 8371 San MartÄ±n de los Andes,. Argentina ... on plant recruitment (Choquenot and Ruscoe 2000;. Sweetapple 2003 ...














[image: alt]





Divergence, Convergence, and the Ancestry of Feral ... - Cell Press 

Jan 19, 2012 - geographic regions of recent breed development (Figure 1). [4, 5, 8]. First ... tering method in STRUCTURE software [9] to detect geneti- cally similar ..... North America: glacial refugia and the origins of adaptive traits. Mol. Ecol.














[image: alt]





Publishing 

Elsevier website at: http://www.elsevier.com/ ... The build-up of citations tends to .... 30 chemistry journals examined, 24 changed in rank by up to 11 positions ...


























×
Report Feral cat diet and predation on endangered ... - CSIRO Publishing





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















