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GENERAL ECOLOGY AND DISTRIBUTION

The small Indian mongoose (Herpestes auropunctatus) is a diurnal opportunistic
omnivore native to parts of the Middle East, India, and Asia (Corbet and Hill 1992;
Lekagul and McNeely 1977; Veron et al. 2007). Much of what is known about the
species comes from records of populations where they were introduced to control
rodents on sugarcane plantations (predominantly the Caribbean Islands and Hawaii)
rather than their native range (Horst et al. 2001). In published research, the introduced
mongoose is alternately, and often synonymously, identified as H. auropunctatus
or H. javanicus. However, research by Veron et al. (2007) suggests that H. auro-
punctatus and H. javanicus are distinct taxa with unique biogeographic ranges: H.
auropunctatus from the Middle East to Myanmar and H. javanicus from Myanmar
and east, throughout Southeast Asia. Myanmar represents the eastern and western
limits of H. auropunctatus and H. javanicus, respectively (Veron et al. 2007). Given
documentation by Espeut (1882) that the mongoose’s introduced to the Caribbean,
and later Hawaii, originated from Calcutta, India, it is now generally accepted that
the mongoose species introduced to North America is H. auropunctatus.

Small Indian mongooses were introduced to several regions worldwide to reduce
rodent damage to sugar plantations and in some cases for viper control (e.g., habu
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[Trimeresurus flavovirids] and horned viper [Vipera ammodytes] [Barun et al. 2011];
fer-de- lance [Bothrops lanceolatus, B. atrox] [Barun et al. 2011; Myers 1931]; St.
Lucia Lancehead pit viper [B. caribbaeus] [Des Voeux 1903]). These introduc-
tions took place in Croatia (Barun et al. 2008, 2011), Fiji (Gorman 1975), Okinawa
(Yamada 2002), Australia (failed attempt, reviewed by Peacock and Abbott 2010),
Trinidad (Urich 1914), portions of coastal South America (Nellis 1989), throughout
the Caribbean (Hoagland et al. 1989), and Hawaii (Doty 1945; Baldwin et al. 1952).

Mongooses are slender with short legs, an elongated muzzle, and short ears (Nellis
1989). The dental formula is similar to the basic formula for carnivores: 13/3, C1/1,
P4/4, M2/2. Mongooses exhibit sexual dimorphism: females reach sexual maturity at
approximately 305 g with an average adult weight of 434 g, whereas males typically
reach sexual maturity at approximately 395 g and average 650 g as adults (Nellis and
Everard 1983). However, males weighing over 1000 g have been recorded in food-rich
habitats (Berentsen, unpublished data). The term “auropunctatus” means “golden
points” and refers to the speckled, gold-colored tips of the pelage. Mongooses are
terrestrial and diurnal (Baldwin et al. 1952) and occupy terrestrial burrows, includ-
ing spaces beneath large boulders and likely spaces around roots and logs as well as
natural cracks in lava substrates in Hawaii (Pimentel 1955a; Hinton and Dunn 1967).
They are opportunistic generalists and feed on a variety of prey items, including
insects, lizards, rats, crustaceans, human refuse, seeds, birds, bird eggs, vegetable
matter, and carrion (Williams 1918; Spencer 1950; Baldwin et al. 1952; Wolcott
1953; Kami 1964; Vilella and Zwank 1993; Vilella 1998; Horst et al. 2001; Pitt
et al. 2015). Mongooses are largely considered a solitary species but will congregate
around locally abundant food resources and discarded animal carcasses (Pitt et al.
2015). Throughout their native range, mongooses are found in open, forested, and
scrub habitats (Shekhar 2003). Pimentel (1955a) suggested that because mongooses
are poor climbers they avoid forest habitats, but in many Caribbean regions they
have expanded their range to include broad expanses of subtropical dry forest and
subtropical rainforest (Vilella 1998; Horst et al. 2001). In addition, their introduced
range includes agricultural land and urban areas (Spencer 1950; Baldwin et al. 1952).
In Asia, the species can be found in elevations up to 2100 m (Simberloff et al. 2000)
and has been recorded at elevations of up to 3000 m on Hawaii (Baldwin et al. 1952).

Mongooses are capable of breeding year round, although two to three birth peaks
tend to occur throughout the year in an apparent correlation with day length (Nellis
and Everard 1983), as has been suggested in Fiji (Gorman 1976). Gestation is approx-
imately seven weeks (Asdell 1964), and young remain with the mother for four to six
months (Hays and Conant 2007). Typical litter size is two to four pups (Asdell 1964;
Nellis and Everard 1983; Coblentz and Coblentz 1985a). Precise life expectancy is
unknown as traditional aging techniques relying on tooth wear are inconsistent as
a result of differing regional diets and a paucity of known-age reference specimens.
Pearson and Baldwin (1953) established relative age criteria based on tooth irruption
in mongooses on Hawaii and documented mongooses up to 40 months of age, but
did not have known-age samples as a reference. Personnel from the U.S. Department
of Agriculture (USDA)/Wildlife Services captured and uniquely numbered mon-
gooses via subcutaneous injection of a passive integrated transponder (PIT tag)
on Hawaii that were recaptured four and a half years later during a subsequent study
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(R. Sugihara, pers. obs.). In Puerto Rico, Horst et al. (2001) used PIT tagging of
known-aged animals and documented ages of at least 81 months.

Population density and home range estimates throughout the Caribbean and Hawaii
are highly variable and can differ among studies depending on experimental design
and analysis methods. Mongoose population density in the Caribbean ranges from
0.19 to 9.0 mongooses/ha (Pimentel 1955a,b; Hoagland et al. 1989; Corn and Conroy
1998; Vilella 1998; Horst et al. 2001; Quinn and Whisson 2005; Hudson 2010; Johnson
et al. 2016). Horst et al. (2001) suggested that mongoose population density in Puerto
Rico was lower in grasslands than semiwooded regions, Vilella (1998) found relatively
low densities in montane humid and rainforest regions, but Guzman-Colén and Roloff
(2014) found no correlation between habitat type and population density. Population
densities in Hawaii are estimated at 0.04 mongoose/ha in lowland wetlands to 3.0/ha
in moist forests (Stone et al. 1994). Population densities on Hawaii are reported to be
higher at elevations between 1515 and 2060 m above sea level (Duffy 2007).

Mongoose home range estimates in the Caribbean range from 1.0 to over 50 ha
(Berentsen, unpublished data; Nellis 1989; Quinn and Whisson 2005; Edwards
2006) and may vary with season. Males tend to have larger home ranges than
females (Berentsen, unpublished data; Quinn and Whisson 2005). Mongoose home
range estimates in Hawaii are comparable to those found in the Caribbean and range
from 6.0 to over 70 ha (Hays 1999; Pitt et al. 2015). Male mongooses tend to have
larger home ranges and longer point-to-point travel distances than females (Hays and
Conant 2003; Pitt et al. 2015).

INTENTIONAL INTRODUCTIONS TO THE
CARIBBEAN AND HAWAII

Small Indian mongooses have been introduced to over 64 islands worldwide
(Barun et al. 2011). However, in this section, we restrict our discussion to sugarcane-
producing islands of the Caribbean and Hawaii.

As early as 1814, it was suggested that the mongoose be introduced to control rats
(Lunan 1814). The first recorded introduction of mongooses to the Caribbean region
took place around 1870 when an unknown number of mongooses originating from
India were introduced to the island of Trinidad (Urich 1914). Little documentation
exists regarding its outcome, but Urich (1914) suggested a second introduction took
place in 1898, which implies the initial attempt in 1870 was unsuccessful. By 1870,
approximately one-fifth of some sugar plantation harvests in Jamaica were lost to rat
damage, resulting in significant financial losses to plantation owners (Lewis 1953).
Numerous attempts at importing mongooses into Jamaica for rodent control were
made circa 1872, but all failed as the mongooses were obtained from captive colonies
in the United Kingdom (Lewis 1953). However, on February 13, 1872, nine mongooses
(four males and five females) were introduced to the Spring Garden Estate, Jamaica,
directly from Calcutta, India, by W. B. Espeut (Espeut 1882). Initial success in sup-
pressing rat populations in Jamaica resulted in the export of mongooses to several
other Caribbean Islands, including Cuba and Puerto Rico (Espeut 1882). To date, the
small Indian mongoose has become established on at least 29 islands throughout the
Caribbean, with most introductions having occurred prior to 1900 (Horst et al. 2001).
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Following the initial success of rat control in the Caribbean (West Indies), the
small Indian mongoose was introduced several times to Hawaii in 1883 (Doty 1945;
Baldwin et al. 1952), and mongooses currently are found on the Hawaiian Islands
of Hawaii, Maui, Molokai, and Oahu (Baldwin et al. 1952; Hays and Conant 2007).
Anecdotal reports describe early introduction attempts onto sugar plantations on
Kauai, likely during the late 1800s. These reports describe crate(s) of mongooses
shipped from Hawaii to Kauai where, upon being bitten by a mongoose in one of the
crates, a dockworker allegedly disposed of the crates by throwing them off the pier.
While these reports have circulated among families who worked on the Kauai sugar
plantations, they have not been substantiated. Sporadic sightings occurred on Kauai
in 1976 when a lactating female on Kauai was killed by an automobile (Tomich 1986).
More recent reports suggest mongooses persist on Kauai, with two being trapped
(USDA, unpublished data), but it is unclear whether an extensive breeding population
has become established. Credible sightings have been reported (Menard et al. 2013)
but large-scale trapping is prohibited, making population estimation problematic.

Interisland travel within the Hawaiian Islands, islands in the Caribbean, as well as
between the Caribbean and the Florida Keys has raised concern about unintentional
introduction of the mongoose into mongoose-free islands as well as into the conti-
nental United States. The mongoose has not yet reached the North American conti-
nent, but in November 1976, mongoose sightings were reported on Dodge Island off
the coast of Florida (Nellis et al. 1978). Intensive trapping was conducted in February
1977 and a young female was captured. This followed reports of two other mon-
gooses being killed by local residents in the preceding months. In September 2016
a small Indian mongoose was captured after escaping from a food delivery truck
in Orange County, Florida (Florida Fish and Wildlife Conservation Commission,
pers. comm.). The origin of this animal was unknown, but was of the same species
found in the Caribbean and highlights the potential for inadvertent translocation of
invasive species through interstate or international commerce. No other mongooses
have been reported from this area, and mongooses have not been reported since on
the U.S. mainland.

DAMAGE TO NATIVE FAUNA

By 1882, 10 years after their introduction, mongooses had spread throughout
Jamaica and scientists were noting a sharp decrease in the number of ground-nesting
birds, fowl, and reptiles (Lewis 1953). Eight years later, in 1890, initial attempts
to reduce mongoose populations were being recommended. Hoagland et al. (1989)
found Norway rat (R. norvegicus) densities were indirectly correlated with mon-
goose densities in Jamaica, whereas mouse (Mus musculus) densities and black rat
densities were directly correlated with mongoose densities. Hoagland et al. (1989) go
on to suggest that mongooses are ineffective predators of black rats and house mice.
Thus, the initial success of mongoose suppression of rodent populations may have
been restricted to Norway rats, with little effect on other crop-damaging rodent spe-
cies. In addition, Lewis (1953) suggested that initial reduction in rat populations also
caused rats to become more arboreal and thus relatively safe from mongooses, which
are notably poor climbers. Furthermore, the diurnal nature of mongooses versus the
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nocturnal habits of rats likely doomed the introductions for rodent control to failure
from the beginning.

Westermann (1953) provides an early summary of the overall effects of introduced
fauna, including mongooses, to local flora and fauna throughout the West Indies.
Although extinctions attributed directly to mongooses are likely few (Henderson
1992), there are several cases in which population declines have been exacerbated
by mongoose introduction. In Puerto Rico, the introduced mongoose has been impli-
cated in the decline of the Puerto Rican parrot (Amazonia vittata; Engeman et al.
2006) and Puerto Rican nightjar (Antrostomus noctitherus; Vilella and Zwank 1993).
Mongooses are also known to prey upon the Puerto Rican giant anole (Anolis cuvi-
eri; Schwartz and Henderson 1991), coqui frogs (Eleutherodactylus spp.; Wolcott
1953; Pimentel 1955a,b), and eggs of the Puerto Rican slider (Trachemys stejnegeri
stejnegeri; Ledn and Joglar 2005). Wetmore (1927) suggested the mongoose was
responsible for the decline of the West Indian nighthawk (Chordeiles gundlachii),
short-eared owl (Asio flameus), and two species of quail doves. Espeut (1882) also
mentions a decline in a variety of species on Jamaica that he attributed to the mon-
goose, including snakes, lizards, and crabs, among others. Collar et al. (1992) attrib-
uted the decline of the Jamaican petrel (Pterodroma caribbaea) to the mongoose.
Also in Jamaica, Lewis et al. (2011) suggested the mongoose was responsible for a
reduction in blue-tailed galliwasp (Celestus duquesneyi) and endangered Jamaican
iguana (Cyclura collei) populations. The mongoose has been documented damag-
ing nests of the endangered hawksbill turtle (Eretmochelys imbricate), green turtle
(Chelonia mydas), and loggerhead sea turtle (Caretta caretta) throughout the U.S.
Virgin Islands (Seaman and Randall 1962; Nellis and Small 1983; Coblentz and
Coblentz 1985b).

Mongoose introduction has also been suggested as a contributing factor in the
decline of the endangered Hispaniolan solenodon (Solenodon paradoxus) in Haiti
(Turvey et al. 2008; Thomas 2009). Westermann (1953) stated that the Cuban solen-
odon (S. cubanus) went extinct around 1910 and suggested mongooses were a signifi-
cant factor in the solenodon’s demise. However, three live Cuban solenodons were
captured in 1974-1975 and remnant populations survive in isolated pockets, and
the species is now listed as endangered (Soy and Mancina 2008). The impact, or
lack thereof, of mongooses on populations of the Cuban solenodon remains unclear.
While Westermann (1953) suggested the mongoose was likely responsible for its
extermination, Borroto-Pdez (2009) suggested domestic dogs and cats were more
likely predators of solenodons than mongooses, as the two species are not considered
sympatric on Cuba. However, given the adaptability of mongooses to a variety of
habitats and evidence of mongoose predation of solenodons in Haiti (Turvey et al.
2008), potential impacts should not be ruled out without further investigation.

Nellis and Everard (1983) discuss the disappearance of various snakes, includ-
ing Alsophis sancte-crucis, A. ater, and A. rufiventris, from St. Croix, Jamaica, and
St. Kitts and Nevis and attribute their demise to mongooses. Damage to domestic
poultry is also a concern, although mongooses are more likely to affect subsistence
producers rather than commercial poultry operations in the Caribbean. There is
anecdotal information on damage to domestic poultry farms (hens, chicks, and eggs)
in Hawaii and to sweet potatoes on Okinawa, although published reports are scant.



256 Ecology and Management of Terrestrial Vertebrate Invasive Species

Overall, it is estimated that the annual economic impact of mongooses associated
with public health, poultry loss, extinctions of various reptiles and amphibians, as
well as destruction of native bird species is approximately U.S. $50 million in the
Hawaiian Islands and Puerto Rico alone (Pimentel et al. 2005).

Hawaii has not been excluded from damage by mongoose introduction. The mon-
goose’s impacts on bird populations were noted as early as 1900 (Anonymous 1900).
Since its introduction to Hawaii, the mongoose is suspected to have contributed to
the decline or extinction of various species of ground-nesting birds, including sev-
eral species of honeycreepers (Smith and Remington 1996) and the Hawaiian goose
(Nesochen [Branta] sandvicensis; Loope et al. 1988; Banko 1982, 1992). Hodges and
Nagata (2001) attributed 38% of known-cause Hawaiian petrel (Petrodoma phaeo-
pygia sandwichensis) mortality to mongooses or domestic cats (Felis catus sylvestri)
and 41% to rats (Rattus spp.). Exclusion of mongooses has also been suggested as a
strategy to assist in the recovery of the Hawaiian petrel and Newell’s shearwaters
(Puffins newelli; Cowan et al. 2014).

The mongoose is not only a contributing factor to the extirpation of some spe-
cies, but also potentially influences behavior. For example, the bridled quail dove
(Geotrygon mystacea), a ground-nesting bird on St. Croix, was thought to be extinct,
but Nellis and Everard (1983) suggested it has become an arboreal nester in response
to nest predation by mongooses. Also, on St. Croix, the snake Alsophis sancticrucis
and two species of lizard (Amevia polops and A. exsul) have declined presumably
due to mongoose predation (Nellis 1982). Follow-on effects of mongoose predation
may increase populations of various species in trophic cascades, such as in Japan,
where Watari et al. (2008) suggested decreases in native predators, such as frogs and
lizards, may result in an increase in the abundance of smaller animals. Nellis (1982)
also reported an increase in populations of Spaerodactylus and Hemidactylus liz-
ards following mongoose introduction and, presumably as a result of reduced preda-
tion by Ameiva spp., an increase in populations of the moth Cactoblastis cactorum,
with a resulting estimated 90% reduction in the cactus Opuntia sp. Townsend (2006)
suggested that deforestation may have forced nesting of the threatened golden swal-
low (Tachycineta euchrysea) in an unsuitable habitat in the Dominican Republic,
resulting in nest predation by mongooses, and Allen (1911) describes a reduction in
Ameiva lizards on Grenada likely due to mongoose predation.

DISEASE

Cases of leptospirosis have been reported as a result of mongooses in Puerto Rico
(Pimentel 1955a,b), Trinidad, and Grenada (Everard et al. 1976). In addition, lep-
tospirosis is highly prevalent in Hawaii (Alicata and Breaks 1943; Alicata 1958;
Minette 1964; Higa and Fujinaka 1976), with dozens of cases reported statewide,
some requiring hospitalization (Wong et al. 2012). Cases of Salmonella spp. and
Campylobacter spp. have been reported in free-ranging mongooses on Barbados
(Rhynd et al. 2014; Matthias and Levett 2002), and although rabies is not present
in Hawaii, the mongoose is the primary rabies reservoir on Puerto Rico, Cuba,
Grenada, the Dominican Republic, and most likely Haiti (Everard and Everard 1992;
Zieger et al. 2014; Berentsen et al. 2015).



Ecology of the Small Indian Mongoose (Herpestes auropunctatus) in NA 257

References to rabies in Puerto Rico date back to the 1840s, prior to the introduc-
tion of the mongoose; the first clinically documented case of rabies in mongooses
did not occur until 1950 (Tierkel et al. 1952). Seroprevalence in mongooses ranges
from 11.7% up to 40% on some islands (Zieger et al. 2014; Berentsen et al. 2015),
and in Puerto Rico, 70% of animals testing positive for rabies virus in 2013 were
mongooses (Dyer et al. 2014). Rabies virus strains from Grenada (Zieger et al. 2014),
Cuba (Nadin-Davis et al. 2006), and Puerto Rico (Nadin-Davis et al. 2008) suggest
independent introduction of rabies to different Caribbean islands. No oral rabies vac-
cination program exists for mongooses, although research into potential oral rabies
vaccine baits in the Caribbean has been conducted (Linhart et al. 1993; Creekmore
etal. 1994; Berentsen et al. 2014). With large populations of feral dogs and cats, along
with no compulsory vaccination for kept domestic animals, risks of rabies transmis-
sion between mongooses, domestic animals, and, ultimately, humans remain high.

MANAGEMENT STRATEGIES

As the perception that mongooses are useful in rodent control waned, they rapidly
became a pest species in areas where they have been introduced, and currently the
mongoose is listed as one of 100 of the world’s worst invasive species (Lowe et al.
2000). Globally, there have been six successful attempts to eradicate mongooses
from islands (Barun et al. 2011). All of these islands were less than or at most 115 ha,
and populations were eradicated using a variety of methods, including trap/remove
and primary or secondary poisoning using rodenticides such as brodifacoum, bro-
madiolone, or thallium sulfate. Two large-scale ongoing mongoose eradication
attempts are being conducted in Japan (Abe 2013). The eradication efforts on 71,200-
ha Amami-Oshima Island began in 1993, starting with support from local villages
and then taken over by the Japanese Ministry of the Environment in 2000. The mon-
goose eradication effort in northern Okinawa also began in 2000 and encompasses
much of the island (227,130 ha). Because these areas have native mammals, control
methods are limited to kill traps or live traps requiring euthanasia. Where mongoose
populations have been reduced to low levels, native species are recovering (Watari
et al. 2008). The challenge remains, however, to develop methods for detecting and
controlling mongooses at low densities.

In the Caribbean, early management strategies for mongooses took place in
Trinidad through a bounty system which ultimately proved ineffective and costly
(Urich 1931). In an effort to protect populations of endangered Puerto Rican parrots
as well as human health and safety, limited mongoose control is performed on Puerto
Rico (Engeman et al. 2006; Quinn et al. 2006). Rather than large-scale eradica-
tion efforts, local control of mongooses has been conducted much more frequently,
with live box traps the most common method employed (Barun et al. 2011). Morton
(2005) describes trap and removal efforts to protect native iguana (Iguana iguana)
nesting sites on St. Lucia. Kill-trapping and acute toxicants such as thallium sulfate,
strychnine, sodium monofluoroacetate (Compound 1080), and even ground glass
were used historically in the Caribbean (Pimentel 1955b; Everard and Everard 1992;
Barun et al. 2011). Currently there is no islandwide control program for mongooses
on any islands in the Caribbean.
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The history of organized mongoose control in Hawaii began in 1915 when the
Territorial Legislature had appropriated funds for a bounty on the mongoose (Public
Health Reports: 1896-1970). The Territorial Fish and Game Commission and indi-
vidual counties eventually led extermination campaigns that offered cash prizes for the
greatest number of mongoose heads (Anonymous 1921). Mongoose bounties eventually
proved ineffective and were discarded. Early research into mongoose control included
the use of warfarin and zinc phosphide. Although zinc phosphide was found to be
effective in killing mongooses, because of its extreme toxicity and risks to domestic
livestock, its use was not recommended (Woodworth and Woodside 1953). Subsequent
eradication efforts included the use of toxicants such as thallium sulfate (Kridler 1965),
and sodium monofluoroacetate injected into chunks of meat that were deposited in
crevices near Hawaiian goose nests and throughout sanctuaries (Walker 1974). Later,
the anticoagulant diphacinone was also employed (Stone et al. 1995; Smith et al. 2000).

For a wide-ranging carnivore like the mongoose, the efficacy of a control
method depends upon the ability of the target species to detect a bait or lure from a
distance, follow it to its source, and be attracted enough to it to enter a trap or bait
station. The bait or lure must also be evaluated for its stability and longevity: how
long does it remain both detectable and attractive? For a toxic bait, the toxicity to
the target species must be quantitatively evaluated to ensure that the toxicant is
lethal to the majority of individuals in consumable doses. The palatability of the
matrix of toxic bait is critical to ensure that the target species will eat enough of
the bait to consume a lethal dose of the toxicant. Therefore, each toxic bait product
must have its own series of laboratory and field trials to establish its efficacy for a
target species (and potential hazard to nontargets), since the active ingredient is not
the sole determinant of efficacy (Palmateer and McCann 1976; Keith et al. 1985,
1987, Pitt and Sugihara 2008; Pitt et al. 2015). Field efficacy trials for any method
targeting mongooses must be designed on a scale large enough to have a statisti-
cally significant sample of mongooses, be replicated in several locations, use mul-
tiple independent methods to assess the effects on mongoose abundance within the
treatment areas, and be compared with a site where no control methods are used.

In a USDA/Wildlife Services study (Keith et al. 1987), both acute and chronic
toxicants, including zinc phosphide, warfarin, and diphacinone, were effective
against mongooses in laboratory bioassays. Diphacinone was highly effective
in low doses (0.18 mg/kg), which would minimize hazards to nontarget species.
Subsequent field trials at Hawaii Volcanoes National Park and at James Campbell
National Wildlife Refuge using diphacinone mixed in raw hamburger at a concen-
tration of 0.00025% diphacinone, placed in bait stations 125-250 m apart, killed a
high percentage of radio-collared mongooses (Keith et al. 1990). In 1991, a Special
Local Need registration was approved for 0.1% diphacinone concentrate to be
mixed into raw hamburger to make a 0.00025% diphacinone bait to be applied in
specially designed bait stations. The design specified a 4-in.-diameter polyvinyl
chloride (PVC) pipe in the shape of a T, with entrances in the arms of the T, and bait
placed in the supporting arm. This technique proved effective but expensive due to
a variety of factors, including bait cost, labor costs associated with bait preparation,
bait station construction, logistics involved with ensuring fresh bait over a 12-15-
day feeding period required to effect control, and installation and maintenance in
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remote areas. Given these restrictions, it was impractical to apply to large conserva-
tion areas (Stone et al. 1995), and the registration was allowed to expire.

Recent research on mongoose control has focused on identifying nontoxic baits
and lures with a large call distance (distance of effective attraction) to stand out in
prey-rich environments (Pitt and Sugihara 2008; Pitt et al. 2015). The instructions
for mongoose on the current Ramik® Mini Bars SLN describing the spacing and
area over which bait stations should be distributed are based upon the results of Pitt
et al. (2015), which determined home range sizes and measured the distances mon-
gooses traveled to investigate novel food baits. No field trials have been conducted
to determine the effectiveness of the current bait station instructions at reducing
mongoose abundances.

Mongooses were eliminated from within a portion of the Ka’ena Point Natural
Area Reserve on Oahu that is separated from the rest of the island by a predator-proof
fence. Ramik® Mini Bars containing 0.005% diphacinone were placed in bait stations
in a 25-m grid during construction of the fence, and mongooses were not detected
in the area prior to final completion of the fence (Young et al. 2013). Since animals
were not radio-collared, and no carcasses were recovered, the exact methods respon-
sible for the apparent eradication are unknown. Of two mongooses that subsequently
entered the fenced area, one was caught in a leg-hold trap, and mongoose scat was
detected on top of a bait station from which bait take was noted (Young et al. 2013).

A variety of live and kill traps are used for mongoose control in Hawaii. The
effectiveness of these methods for controlling mongooses primarily depends on the
type of bait used, the spacing between traps, and the area over which they are placed
(Keith et al. 1987; Pitt et al. 2015). The skill and experience of the individual trapper
in trap placement and setting also affect trapping success. However, while mortal-
ity numbers have been recorded in preliminary field trials evaluating efficacy of
a variety of trapping methods (Peters et al. 2011), no independent monitoring has
determined whether overall mongoose abundance is reduced under current mon-
goose trapping practices. A variety of multikill, “self-resetting” devices have been
developed for use on stoats (Mustela erminea) and rats in New Zealand. Limited
data are available on the efficacy of self-resetting traps on mongoose control, but
VanderWerf (2015) reported poor success for mongoose control relative to other
removal methods. No trials using standardized quantitative methods have been con-
ducted in Hawaii to evaluate the humaneness of self-resetting traps or their effective-
ness at reducing local mongoose populations to levels low enough to protect native
species. Furthermore, successful use of such devices would require the use of mon-
goose-specific lures and/or toxicants, neither of which are available. The lures cur-
rently used in self-resetting devices come in a variety of food-based scents, but scent
lures have been shown to be ineffective for mongooses in Hawaii field trials (Pitt
and Sugihara 2008). No extensive evaluation comparing the efficacy of different trap
types or trapping strategies on mongoose population densities has been performed.

FUTURE CONTROL METHODS

Several commercial rodenticide products are registered for use in rodent control
in Hawaii, including chlorophacinone (0.005% a.i.) (Rozol® Pellets; EPA SLN No.
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HI-080002), which is approved for field use against rodents in Hawaiian fruit and nut
orchards, sugarcane fields, and selected field seed (corn, soybean) crops (Pitt et al.
2011), as well as a pelleted diphacinone bait (Diphacinone-50; EPA Reg. No. 56228-
35) for broadcast application in conservation areas. Only one product is registered
for use in mongooses: a diphacinone (0.005% a.i.) rodenticide bait block (Ramik®
Minibars; EPA Reg. No. 61282-26) for use in bait stations. However, the attractive-
ness and palatability of these baits to mongooses has not been thoroughly evaluated
in controlled feeding trials. In addition, poor bait acceptance and problems with
regurgitation (emesis) have been reported from the field. Other registered rodenticide
baits are routinely used in and around industrial, commercial, and agricultural food
commodity storage, as well as sorting, processing, and packing structures in Hawaii
to control rodent infestation, reduce product and structural damage, and address
health and sanitation concerns. Mongooses have been known to visit the rodenticide
bait stations, but the operational efficacy of these baits for free-ranging mongooses
has been questionable or unknown. Preliminary results from recently completed
trials conducted at the USDA National Wildlife Research Center (NWRC) Hawaii
Field Station suggest that most commercial wax block or pelleted bait formulations
were not palatable to mongooses in free-feeding laboratory trials (USDA/NWRC
Hawaii Field Station, unpublished data). One exception was bromethalin, which
mongooses readily consumed and to which they succumbed after one day’s feed-
ing. Incorporating effective registered rodenticide toxicants into a more palatable
matrix may result in more effective bait for mongooses, but would require additional
research and evaluation. In addition, mongooses have been shown to be highly sus-
ceptible to diphacinone, and formulations with fresh ground beef have proved to be
efficacious in free-ranging mongooses (Keith et al. 1990).

A relatively new vertebrate pesticide containing the active ingredient para-
aminopropiophenone (PAPP) has shown to be effective in Australia (foxes, feral
dogs/cats) and New Zealand (stoats, ferrets, and feral cats) (Fisher et al. 2005; Fisher
and O’Connor 2007; Eason et al. 2010). In the United States, PAPP is being inves-
tigated as a tool for coyote control (Savarie et al. 1983; Young 2014). PAPP, a met-
hemoglobin forming chemical, reduces the oxygen-carrying capacity of the blood,
and, at toxic doses, induces a reported humane death (sleepy, lethargic, unconscious-
ness within a few hours) (Savarie et al. 1983). The NWRC Hawaii Field Station
has informally collaborated with researchers in Japan toward the development of
control tools, including microencapsulated PAPP for mongooses. Its lower toxicity
to rodents has attracted Japanese interest in testing PAPP against mongooses owing
to the presence of two species of native rats in Okinawa and Amami Oshima Islands
in the Japanese archipelago. Preliminary results with formulated microencapsulated
PAPP delivered in fresh minced chicken look promising for mongoose control.

Sodium nitrite, a commonly used food preservative and ingredient in commer-
cial fertilizers, is another methemoglobemia-inducing chemical that has been inves-
tigated as a potential vertebrate pesticide. Australian researchers have conducted
studies on the use of microencapsulated sodium nitrite to control invasive wild pigs
(Cowled et al. 2008; Lapidge et al. 2012). Hog-Gone® pelleted bait containing sodium
nitrite was developed in Australia for invasive wild pig control and is being tested in
the United States (Campbell et al. 2012). Witmer (2013) evaluated sodium nitrite as
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a rodenticide, and preliminary results suggest the potential for its use as a toxicant
against selected rodent species in the United States. However, preliminary research
with mongooses shows some taste aversion at higher concentrations (5%) when for-
mulated in fresh chicken meat (USDA/NWRC, unpublished data). Additional trials
at lower sodium nitrite concentrations are planned.

CONCLUSION

The introduction of the small Indian mongoose as a biological control agent has
resulted in failure and significant ecological damage throughout much, if not all, of its
introduced range. Not only have mongooses failed to provide long-term rodent control,
but mongooses have caused irreparable damage to native fauna and become reservoirs
for diseases such as rabies, leptospirosis, and in some regions possibly Salmonella and
Campylobacter. Mongoose suppression of viper populations has met with some suc-
cess in some Croatia (Barun et al. 2010), but snakes, including vipers, did not make up
a significant proportion of the mongoose diet in Japan (Abe et al. 1999).

Effective and efficient population control methods for mongooses have yet to be
developed. Trap and lethal removal programs such as those practiced on Okinawa
may be successful in significantly reducing populations but are labor- and time-
intensive, taking decades of consistent effort, with no guarantee of ultimate success.
A variety of toxicants have been evaluated that are effective in laboratory trials, but
a bait matrix/delivery system, palatable to mongooses and suitable for field appli-
cation, has remained elusive. Furthermore, numerous strategies for mechanical
removal (i.e., live trap/remove, kill traps) are in use with no standardized measure to
evaluate efficacy.

The risk of unintentional mongoose introduction to the North American conti-
nent (including currently mongoose-free islands of Hawaii) is highlighted by the
early reports of mongooses found in Florida and more recent documentation of this
invasive pest species on the island of Kauai. With increased interisland travel among
Caribbean Islands and between islands and mainland countries, vigilance must be
maintained in inspecting cargo and vessels to prevent further mongoose introduc-
tions. Additional intensive research into local and large-scale mongoose management
strategies is necessary. Future discussions of introducing biological control agents
should carefully consider the long-term consequences before taking any action.
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